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The Integral Contour of N-Fractional Calculus, Interval of
Fractional Integral of Riemann-Liouville and
that of Weyl, and N-Fractional Calculus
of Some Functions

Katsuyuki Nishimoto Descartes Press Co.

Abstract

In this article, the integral contour C ={C_ C,} of N-fractional calculus,
interval of fractional integral of Riemann—Liouville and that of Weyl-are

discussed applying the set theory.
Moreover, N-fractional calculus of some composite functions are shown

again. We have the theorem as follows for example.

Theorem 1. We have

< [(4k+4+ y)Sk

(i) (=0 =™, = -0y YT

(IT(4k + 4+ p)] < =)

o

(i1) (@=B)' =0, =(-1) ¢ -b) " 4k +4], "
( n-th derivatives) (n€Zy)
where

(z-b)*-c=0, = and S=G-:€—Z5;, ISl<1 .






The invertible Toeplitz operator and
the Berezin transform

Rikio Yoneda

Otaru university of commerce

Let D be the open unit disk in complex plane C'. For z,w € D, 0 < r < 1, let
p(z,w) = ‘ Y2 and D(w,r) = {z € D, p(w,z2) < 7"}.

1—wz

For « > —1 and p > 0, the space L? (dA(z)) is defined to be the space of Lebesgue
measurable functions f on D such that

I £ lasann= { [ 1F(IPAAE)} < +oo,

where dA(z) denote the area measure on D. The weighted Bergman space is defined by
L? (dA(2)) = H(D)N LP (dA(z)) .

Let X, Y be Banach spaces and let T be a linear operator from X into Y. Then T is
called to be bounded below from X to Y if there exists a positive constant C' > 0 such
that || Tf |ly> C || f ||x for all f € X, where || % ||x, || * [y be the norm of X, Y,
respectively. For f € L2,

f(w)

Pf(z) = [ ) _ga
fe= [ T opdAe)
And g € L*(D), the Toeplitz operator is defined by

Ty f = P(gf)

where f € L2

In this talk, we study the invertible Toeplitz operator.

Definition . 7,(z) =< T, k., k., > (z € D) where k, be normalized reproducin
g g g
kernel.

Theorem 1. Let g € L(D) be radial. Then T,: L%(D) — L2(D) is invertible
if and only if there exists a constant C' > 0 such that

1
(n+1) ‘/ g(r)r**ldr| > C
0

for all n



Theorem 2. Let g € L>(D) be radial, g € C(D) and g > 0
Then the following are equivalent:
) T, is bounded below on LZ(D)
) T, is invertible on L(D)
) there exists a constant C' > 0 such that —— [! f(t)dt > C >0, forall 0 < z < 1
) >

l—x Jx
4) there exists a constant C' > 0 such that T,(z) > C' > 0.for all z € D

(
(
(
(
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Intrinsic ultracontractivity and the
boundary Harnack principle — A unified
approach with capacitary width

Hiroaki Aikawa (Hokkaido University)*
Let pp(t, x,y), t > 0 be the Dirichlet heat kernel for A — d/0¢ on a domain D c R",
ie., fD po(t, x,y) f(y)dy is the solution to
0 .
(A - a—t)u(t, x) =0 in(0,00) X D,

u(0,x) = f(x) on D,
u(t,x)=0 on (0, c0) X dD.

We say that pp(t, x, y) (or simply D) is intrinsically ultracontractive (IU) if

(i) —Au = Au in D with u = 0 on dD has the first eigenvalue 4p > 0 and the
eigenfunction ¢p > 0 (ground state) normalized by ||¢pll> = 1;

(i1) if £ > 0, then c,;pp(X)pp(y) < pp(t, x,y) < Cipp(x)pp(y) for all x,y € D, where
¢, and C, depend on ¢.

Definition 1 Define capacity by
Capy/(E) = inf { f VePdx: ¢(x) 2 1on E, ¢ € CY(U)).
U

Let 0 < 1 < 1. Define the capacitary width w,(D) of an open set D by

CapB(x,Zr)(B(xs I") \ D)
CaPB(x,zr)(B(x» 7))

w,](D)zinf{r>0: >n forallxeD}.

The following theorem gives a complete condition for U (i)
Theorem 2 The bottom of the spectrum of —A
IVel*dx
Ap = lllf{fD—2 LpE CSO(D)}

llell;
is positive if and only if w,(D) < co. Moreover Ap = W,,(D)’z. If,%im wp(D\ B(0,R)) =
0, then —A has no essential spectrum, Ap is an eigenvalue and ¢y, € L*(D).

We give sufficient conditions for IU and the boundary Harnack principle in terms
of capacitary width. Let g(x) = G(x, xp) be the Green function for D with pole at xg
and write w,(g < 1) = wy({x € D : g(x) < t}).

This work was supported in part by JSPS KAKENHI Grant Numbers 20244007, 25287015 and
25610017.
*e-mail: aik@math.sci.hokudai.ac. jp



Theorem 3 Suppose lim w, (D \ B(0,R)) = 0.

(i) If 1
f wy(g < t)zd—t < 0o, (1)
0 t
then D is 1U; and pp(x) =~ g(x) for x € D near 0D.
(it) If
1
f wig <% <o, @)
0

then D enjoys the global boundary Harnack principle, i.e., if K is a compact set
suchthat KND # 0 and KNAD # 0, if V is an open set such that K C V, and if
u and v are positive superharmonic functions in D such that u and v are bounded
and harmonicin VN Dandu=v =0gq.e. on VN ID, then

u(x)/u(y)

<A forx,ye KNnD.
v(x)/v(y)
The proof is based on some estimates of caloric measure and harmonic measure.

Lemma 4 Let P(t,x,D) = f p(t, x,y)dy. Then

D

At
sup P(t, x, D) < Ag exp( - !

p ” (D)z) fort>0, (3)
X€ n

where Ay, A; > 0 depend only on n and n > 0. By w*(E, D) we denote the harmonic
measure of E in D, evaluated at x. Then

w"(D NOB(x,R), DN B(x,R)) < Ayexp (- WAzg)), )
n

where Ay, A3 > 0 depend only on n and n > 0.

Compare the exponents of w,(g < ) in (1) and (2), and those of w,(D) in (3)
and (4). The crucial idea is a parabolic box argument which estimates P(z, x, D) in
compensation for the time ¢ > 0. The parabolic box argument for the space dimension
1 is depicted below.

Ejy+2 Ejo+2
E; E,
Sjot2 [~7~ ot! ot -] Sjp+2
Djy+2 Ej, g 2 exp(=2”) Ej, Dijy+2
Sjo+1 fp---------b——et |  p—t Sjo+1
D]0+l D]UH
Sio Sio
Dj, Dj,
g < exp(-2/0*T) g < exp(-2/0*1)
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On Teichmiiller metric and the length spectrums of
Riemann surfaces of infinite type

Erina KINJO (Tokyo Institute of Technology)*

1. Definitions and results

Let Ro be a Riemann surface of infinite topological type. We consider a pair (R, f)
of a Riemann surface R and a quasiconformal mapping f : Ry — R. Two such pairs
(Ry, f1) and (Ry, f2) are called equivalent if f, o f;': Ry — R, is homotopic to some
conformal mapping, where the homotopy map does not necessarily keep points of ideal
boundary OR, fixed. We denote the equivalence class of (R, f) by [R, f]. The set of
all equivalence classes is called the Teichmiiller space of Ry; we denote it by T'(Ry).

The Teichmiiller space T'(Ry) has a complete metric dr called the Teichmiiller met-
ric which is defined by

dr([Ry, f1], [Re, f2]) = ifflf log K(f),

where the infimum is taken over all quasiconformal mappings from R; to R, that is
homotopic to fy o f;* and K(f) is the maximal dilatation of f.

We introduce another metric on T(Ry). Let C(Ry) be the set of non-trivial and
non-peripheral closed curves in Ry. We define the length spectrum metric dy by

log Cr, (fi(a))

Cry(fa(a))

where (g, (fi(c)) is the hyperbolic length of the closed geodesic on R; which is freely
homotopic to fi(«).
In 1972, Sorvali [6] defined dy,, and showed the following.

Lemma 1.1 (Sorvali [6]). For any [Ry, f1], [Re, f2] € T(Ro),

dr([Ry, fil, [Re, fo]) < dr([Ry, fil, [Ra, f2])

dL([Rla fl]v [RQ, fQD = sup
a€C(Ro)

)

holds.

Sorvali conjectured that dj defines the same topolpgy as that of dr on T(Ry) if
Ry is a topologically finite Riemann surface. In 1986, Li [3] proved that the statement
holds in the case where R is a compact Riemann surface with genus > 2. In 1999,
Liu [4] proved that Sorvali’s conjecture is true and he asked whether or not the state-
ment holds for any Riemann surface of infinite type. To this question, Shiga [5] gave a
negative answer, that is, he showed that there exists a Riemann surface Ry of infinite
type such that d; and dr do not define the same topology on T'(Rp). Also, he gave a
sufficient condition for these metrics to define the same topology on T'(Ry) as follows.

2010 Mathematics Subject Classification: 30F60, 32G15.
Keywords: Teichmiiller metric, length spectrum, Riemann surface of infinite type.
*e-mail: kinjo.e.aa@m.titech.ac. jp
web:
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Theorem 1.2 (Shiga [5]). Let Ry be a Riemann surface. Assume that there exists a
pants decomposition Ry = Uy, Py satisfying the following conditions.

(1) Each connected component of 0Py, (k = 1,2,3...) is either a puncture or a simple
closed geodesic of Ry.

(2) There exists a constant M > 0 such that if « is a boundary curve of some Py then

0< M <lp(a)< M

holds.
Then dj, defines the same topology as that of dr on T(Ry).

In this talk, we show that the converse of Shiga’s theorem is not true, that is, there
exists a Riemann surface Ry such that Ry does not satisfy Shiga’s condition, but the
two metrics define the same topology on T'(Rg). Also we generalize the example and
extend Shiga’s theorem as follows.

Theorem 1.3. Let Ry be a Riemann surface. Assume that there exists a constant
M > 0 and a decomposition Ry =S U (Ry — S) such that

(1) S is an open subset of Ry whose relative boundary consists of simple closed geodesics
and each connected component of S has a pants decomposition satisfying the same
condition as that of Shiga’s theorem for M, and

(2) Ry — S is of genus 0 and dg,(x,S) < M for any x € Ry — S, where dg,(-,-) is the
hyperbolic distance in Ry.

Then dj, defines the same topology as that of dr on T(Ry).

On the other hand, we consider Riemann surfaces with bounded geometry. Here
we say that a Riemann surface Ry has bounded geometry if it satisfies the following
condition: There exists a constant M > 0 such that any closed geodesic has the length
greater than 1/M and for any 2 € Ry, there exists a closed curve based on x with the
length less than M.

As a corollary of Theorem 1.3, we obtain the following:

Corollary 1.4. Suppose that Ry is of finite genus and Ry has bounded geometry. Then
dy, define the same topology as that of dr on T(Ry).
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Growth and distortion theorems
on homogeneous unit balls
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The notion of a linearly invariant family (L.I.F.) was introduced by Pommerenke [25].
He obtained various properties of L.I.F.s on the unit disc, including growth, distortion
and coefficient bounds of L.I.F.s, which are generalizations of related results in the
theory of univalent functions. Generalizations of this notion to higher dimensions
were obtained by Barnard, FitzGerald and Gong [1], Pfaltzgraff [21], Pfaltzgraff and
Suffridge [22, 23, 24], Gong (see [10] and the references therein), Godula, Liczberski and
Starkov [9], Hamada and Kohr [16, 17], and the authors (see [13] and [14]). Pfaltzgraff
and Suffridge [24] proved a number of interesting results concerning the norm-order of
L.I.F.s on the Euclidean unit ball in C* and connections with univalence (starlikeness,
convexity).

Recently, Duren, Hamada and Kohr [8] extended the notion of linear invariance
on the Euclidean unit ball B" in C" to the case of affine and linearly invariant fami-
lies (A.L.ILF.s) of pluriharmonic mappings of B™ into C™. To this end, they obtained
various results concerning two-point distortion theorems for A.L.I.F.s of harmonic func-
tions on the unit disc U and of pluriharmonic mappings of B™ into C". We mention
that A.L.I.LF.s of harmonic functions on the unit disc U were first introduced by Sheil-
Small [26]. Other results about L.I.LF.s in C" may be found in [10] and [11] and the
references therein. Also, recent results related to two-point distortion results for har-
monic mappings of the unit disc and necessary and sufficient conditions for univalence
of pluriharmonic mappings of the Euclidean unit ball B” in C" may be found in [4]
and [5].

In this talk ([15]), we continue the above work on L.I.F.s and we obtain growth and
distortion theorems for L.I.F.s F of locally biholomorphic mappings on the homoge-
neous unit ball B of an n-dimensional complex Banach space X with finite norm-order
||lord||e,1 F, where

1
ford oo =sup sup {11020}

feF flwllx=1

and

[Allx.e = sup{[[Az[le : [[2]lx =1}, A e L(C").

Note that the reason for which we use the Euclidean norm || - ||, for the target space
instead of the norm on X is that we are able to obtain lower bounds in the two-point
distortion theorems for L.I.F.s on any homogeneous unit ball in C". Next, we obtain
similar results for A.L.I.F.s of pluriharmonic mappings of the unit ball B into C".

This work has been supported by JSPS KAKENHI Grant Number 25400151.
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Pluriharmonic mappings and linearly connected
domains in C"
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This talk is an announcement of [3]. Let C™ denote the space of n complex vari-
ables z = (21,...,2,) with the Euclidean inner product (z,w) = >°7_ zw0; and the
Euclidean norm ||z|| = (z, 2)'/2. The open unit ball {z € C" : ||z|| < 1} is denoted by
B". In the case n = 1, B! = U is the unit disc in C.

Let L(C™) denote the space of linear operators from C” into itself with the standard
operator norm. Also, let I, be the identity in L(C"). Let H(B") be the set of holomor-
phic mappings from B™ into C". If f € H(U), we say that f is normalized if f(0) =0
and f'(0) = 1. Let S denote the usual family of normalized univalent functions on U.
If f € H(B"), we say that f is locally biholomorphic on B™ if det Df(z) # 0, z € B",
where D f(z) is the complex Jacobian matrix of f at z.

A complex-valued function f of class C? on B" is said to be pluriharmonic if its
restriction to every complex line is harmonic, which is equivalent to the fact that

82
6zj6§k

f(z)=0, VzeB", Vjik=12...,n.

Every pluriharmonic mapping f : B® — C" can be written as f = h + g, where
g,h € H(B"), and this representation is unique if g(0) = 0.

If f=h+7:B"— C”is a pluriharmonic mapping such that h is locally biholo-
morphic on B", we denote by J; the real Jacobian of f and wy(z) = Dg(z)[Dh(z)]™*
for z € B". Then

g ( Dh() Dyl
o = an (G 3 )
|det Dh(2)|* det(I, — ws(2)ws(2)), 2z € B™

Hence f (with A locally biholomorphic on B") is sense-preserving, i.e., Jy(z) > 0 for
z € B, if and only if det(I, — wy(2)ws(z)) > 0, for all z € B". In the case n = 1,
wy = ¢'/I is the dilatation of f. It is known that f = h + g is locally univalent and
sense-preserving on U if and only if |¢'(2)| < |W/(2)] for z € U, i.e., h is locally univalent
on U and |wf(2)] < 1 for z € U. In dimension n > 2,if f =h+g:B" - C"is a
pluriharmonic mapping such that h is locally biholomorphic on B" and ||ws(2)]| < 1
for z € B™, then f is a sense-preserving locally univalent mapping on B™ [7].

Definition 1 (see e.g. Pommerenke [15], for n = 1) A domain Q C C" is said to be
linearly connected if there is a constant M > 0 such that any two points vy, vy € Q
can be connected by a smooth curve v C Q with length £(v) < M|jv; — vs]|.

Partially supported by JSPS KAKENHI Grant Number 25400151
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Remark 2 It is clear that M > 1 in Definition 1 and that any convex domain is linearly
connected with constant M = 1. On the other hand, if 2; C C is a linearly connected
domain with constant M; > 0 for j = 1,2,...,n, then it is easy to see that (2 = H;;l Q;
is a linearly connected domain in C" with constant M = y/nmax;_y __, M;.

In the case of one complex variable, every bounded linearly connected domain €2
is a Jordan domain [15]. Chuaqui and Hernandez [4] proved that if h € H(U) is a
univalent function, then there is a constant ¢ € (0, 1] such that each harmonic function

f =h+7g with |wy| < ¢ is univalent on U if and only if A(U) is linearly connected.

In this talk, we investigate linear connectivity and its role in the study of certain
sufficient conditions for univalence of pluriharmonic mappings on B", thereby finding
n-dimensional analogues of the results in [4]. Other necessary and sufficient conditions
for univalence of harmonic or pluriharmonic mappings may be found in [2], [7] and [11].
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The aim of this talk is to generalize certain results in Loewner theory from C" to
the case of reflexive complex Banach spaces [5].

On a domain in C", any univalent (holomorphic and injective) mapping into C" is
also biholomorphic. However, this result is no longer true in infinite dimensional com-
plex Banach spaces. For example, if f : l5 — {5 is given by f(z) = (2%, 23,23, 23,...)
for = (z1,x2,...) € {3, then f is univalent on the unit ball of ¢5, but is not biholo-
morphic, since Df(0) = 0 (see [11]). In particular, on a domain in C" any univalent
mapping is open. Heath and Suffridge [7] gave an example of a univalent mapping on
the unit ball B of a complex Banach space which is not biholomorphic, f(B) contains
an open set, but f(B) is not open. Moreover, there exist biholomorphic mappings
on the unit ball B of an infinite dimensional complex Banach space X which are not
bounded on the closed ball B, for 7 € (0,1) (see [5]). In this talk we shall consider to
what extent such phenomena require changes in the development of Loewner theory.

Pfaltzgraff [10] first generalized to C" the Loewner differential equation and devel-
oped existence and uniqueness theorems for its solutions. The existence and regularity
theory (including changes in normalization such as those considered in this talk) has
been considered by several authors (see [1], [2], [4], [5], [6] and the references therein).

The main results of this talk can be summarized as follows.

Theorem 1 Let X be a reflexive complex Banach space and let h = h(z,t) : B X
[0,00) = X be a generating vector field such that Dh(0,t) = A, t > 0, where A € L(X
is such that k(A) < 2m(A). Then the following statements hold:

(1) For each s > 0 and z € B, the initial value problem

0
a—;j =—h(v,t) ae t>s, wv(zs,8) =z,
has a unique solution v = v(z, s,t) such that v(-,s,t) is a univalent Schwarz mapping.
Also, there exists the limit
lim ev(z, 5,t) = f(z,5) (1)
t—o0
uniformly on each closed ball B, for v € (0,1) and s > 0. Moreover, f(z,t) is an
A-normalized univalent subordination chain. In addition, assume that %(z,t) exists
fort € [0,00) \ N and z € Bs, for some d € (0,1), where N C [0, 00) (independent of
z) has measure zero. Then %(-, t) exists and is holomorphic on B fort € [0,00) \ N,
and for each z € B there exists a set N, with N C N, C [0,00) of measure 0 such that

%(z,t) =Df(z,t)h(z,t), te[0,00)\N,.

Partially supported by JSPS KAKENHI Grant Number 25400151
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(i) Conversely, assume that there exists a standard solution f(z,t) = ez +--- of
the generalized Loewner differential equation

af

8t(zyt):Df(z,t)h(z,t), t€[0,00)\ N, Vze B, (2)

where N is a subset of [0,00) of measure zero. Also, assume that for each r € (0,1),
there is M = M(r, A) > 0 such that |[e" A f(z,t)|| < M(r, A) for ||z|| < r and t > 0.
Then f(z,t) is an A-normalized univalent subordination chain and (1) holds.

(iii) Let f(z,t) be the A-normalized univalent subordination chain given by (1).
Assume that f(-,t) is biholomorphic on B for t > 0, and that there exists a standard
solution g(z,t) of (2). If for each r € (0,1) and T > 0, there exists K = K(r,T) > 0
such that ||g(z,t)|| < K(r,T) for|z| < r, t € [0,T], then g(z,t) is a subordination
chain and there exists a holomorphic mapping ® : | J,~, f(B,t) = X such that g(z,t) =
®(f(2,t)) for z € B and t > 0. In addition, if g(-,t) is biholomorphic on B fort >0,
then ® is a biholomorphic mapping of U,~q f(B,t) onto ;- 9(B,1).
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Extremal properties associated with univalent
subordination chains in C"

Tan GRAHAM (

Hidetaka HAMADA (Kyushu Sangyo University)*!
Gabriela KOHR (Babeg-Bolyai University)
Mirela KOHR (

University of Toronto)

Babeg-Bolyai University)

For a linear operator A € L(C"), let k4 (A) be the upper exponential index of A and
let m(A) = min{R(A(2),z) : ||z|| = 1}. Under the assumption ky(A) < 2m(A), we
consider the family S9(B") of mappings which have A-parametric representation on the
Euclidean unit ball B” in C", i.e. f € SY(B") if and only if there exists an A-normalized
univalent subordination chain f(z,t) such that f = f(-,0) and {e " f(-,t)}s>0 is a
normal family on B".

If f,g € H(B™), we say that f is subordinate to g (f < g) if there exists a Schwarz
mapping v (i.e. v € H(B") and ||v(2)| < ||z|l, 2 € B") such that f = gow.

Definition 1 A mapping f : B" x [0,00) — C" is called a univalent subordination
chain if f(-,t) is biholomorphic on B", f(0,t) =0 fort >0, and f(-,s) < f(-,t), 0 <
s <t < oo. A univalent subordination chain is said to be A-normalized if Df(0,t) =
etd fort >0, where A € L(C") with m(A) > 0. We say that f(z,t) is a Loewner chain
(or a normalized univalent subordination chain) if f(z,t) is I,-normalized.

The above subordination condition is equivalent to the existence of a unique Schwarz
mapping v = v(z, s,t), called the transition mapping associated with f(z,t), such that
f(z,8) = f(v(z,s,t),t) for z € B" andt > s > 0.

For various results on subordination chains in several complex varables, see [1, 2, 3, 4,
5,6,7,9,10, 11, 12, 13] and the references therein.

Let X be a locally convex linear space over C and let £ C X. Let ex F and supp E
be the sets of extreme points of E and support points of E respectively. By the Krein-
Milman theorem, it is known that if F is a nonempty compact subset of X then ex F
is a nonempty subset of E. Also, it is known that if £ is a compact subset of X which
has at least two distinct points, then supp F is a nonempty subset of E. We shall
consider X = H(B").

It is well known that no bounded mapping in S = S?l (B') is an extreme or support
point of S. Indeed, if f € exS or f € supp .S, then f maps the unit disc U onto the
complement of a continuous arc tending to co with increasing modulus (see e.g. [14]).
In higher dimensions, we have the following theorem [8].

Theorem 1 Let A € L(C") be such that ky(A) < 2m(A). Also, let f(z,t) be an A-
normalized univalent subordination chain such that {e=*Af(-,t)};>0 is a normal family
on B". Let vsy(2) = v(z,s,t) be the transition mapping associated with f(z,t). Also,
let vi(2) = v(z,t) = vou(2) for z € B® and t > 0. Then eAuv(-,t) € S4(B") \
(exSY(B™) UsuppSY(B")) for any t > 0. In particular, the identity mapping idp. €
SA(B")\ (exS{(B") U suppSy(B")).

We also have the following theorem [8].

Partially supported by JSPS KAKENHI Grant Number 25400151
*le-mail: h.hamada@ip.kyusan-u.ac. jp
web: http://www.ip.kyusan-u.ac. jp/J/kougaku/tb/hamada/
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Theorem 2 Let A and f(z,t) be as in Theorem 1. Then the following results hold.

(4)
(i7)

If f = f(-,0) € exSY(B"), then e *Af(-,t) € ex S§(B") fort > 0.
If f € supp SY(B"), then e A f(-,t) € supp S4(B") for t > 0.

Note that Theorem 2 is a generalization to higher dimensions of related results due
to Pell [15] and Kirwan [14].
We also consider extremal problems related to bounded mappings in S (B").
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On holomorphic automorphisms fixing the origin and
the Bergman mapping

LB )24 (POSTECH)*

1. EA
DUR, 3 F I iRz &t LRET 5. AR MRS (circular domain) TlE AL %
VICXBROEBBRELAISNT WS,

EE 1. BRI D D)5 mi 2 /79 2 IEHIH QR SR I I ER TH 5.

AGEBETII MG 2 SO0 7 7 A TH 5 m-FH (quasi-circular) HEIE %2 5 %2
5. SITHEMD Cc C*m-MRFIETH 2 &%, DGR fo,, : D — C", 2 —
(eV=Tmilz o eVTImnly ) CARZE (IS f,.(D) € Aut(D)) TH B Z L BRSNS
(B m \FIERER). EREBEBEOMm = (my,...,m,) 27 =4 F LS

m-FIRBEIIZ ST LT AV E v DEBDORERIDRALT 5 [1]:

EE 2. A m-MEGER D O 2 /5§ 5 IEHH CRAMERIZLHEALR TH 5.
CITHAZMEL LTUTTREZSNS.

MIRE 1. m-MAGEI D D = 4 b EJFEAZE T 2 1EHIH CRBI SO REDS E DRk
BB L T B 87

KEHETIE ZOMEIZ O TEHE SN R 2RET 5.
2. EHER
FEREREZBRDENCm-FBEIE D O = A4 P m 2B L TIERME E w2 EAT
5. LUF, =2z EkbT 724 bm= (my,...,m,) 1Emy <o <m, ZWi7cT LK
ETE 5.
T 1. m-AREED IZ7 =4 b mPBPROFEHZHMT-TEZTERTHD E v

(@) my > 2,

(b) mi #m; TH 5 EZ ged(my,m;) = 1DRLT 5.

BIZAE, AT D Doz 37 = A b3 (2,3) THEDTIERTH S, —J Dyypld v = A
L 2% (3,4,6) L7 2 DTIERITIZ AR\,

Dg’g = {Z S BQ : |Zf+2§| < 1}, D37416 = {Z (S BS : |Zil+Z§’+Z§| < 1}

DUFBSERIRTH 5.

EHE 3 ([3]). A% IR m-MEHIR D O 62 (4779 2 1A H R EAIS NG
TH5.

i 7):, D17 D2 %IE%EA& m‘FEJE!%EiEﬁ é'_ L, g ﬁS‘Dl h [5 D2 J\O)E/ﬁ%{%ﬁj 5%]]3/5\”@
REWET B & gMPUERICA S 2 L bAHS NS,

*e-mail: yamamori@postech.ac.kr, ats.yamamori@gmail.com
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3. FEBADHRRS
FHAMEG, B2EIGER S [2] 12T Bergman 544
- Kp(z,w)
P(2) := Tp(0,0)"V2grad,, log —2-——~

) (Z) D( ) ) grady 10g KD(O,U)) o
ZHWTAHILY V@%@@ﬁ”?ﬁ%%%i?’” ZDFEHIZBEWTH L > 72 DIZLLT D
HHETHS (T TTp(z,w) = log Kp(z, w)) . ).
ij=1,

dw 0z;
(1) Kp(2,0) = Kp(0,0) 2332 F 5.
(2) Tp(z,0) = Tp(0,0) HHLZT 5.

[2] DF GRS 7, (1), (2) SRAZT % K 9 RO LT
T5IENHEKE. 2o OWED m-MEBE T ORI T 2008 E 2 5. (1) 1%
(IEBLEZR S 2 W0) D m-MBFEIRCRALT 5, — 5 (2) 1220 THE— D m-FE
T Z) %5 LIRFEAT, IEBMEO T THIUIIRLT 5 2 LHVRSI LS. Bergman
FiR ol DY 3 EfTH1 J (0P, 2) 1d Tp(0,0)"2T(2,0) IHEL L, £/ 0l (0)=0TH 2
=@, (2) & O IEBLm-MESESIZ 51T % Bergman 5 ol IIFBGHRLE 025 2 LIRS
nz. B f% DOIEHIACHAME®RD?D f(0) = 0% TdbDETE. ZDLED
52=8 VATHIL(f,0) D3EE L T T ORIAD A & 72 %

p—L.p
crn 22 L(1,0) Cr.

i€, f = (o) o L(f,0) 008 7 5. Bergman 5ol & L(f,0) 13 TH 2

25, fORATH .

ER 1. FEOEEIZIFAEHRTY Bergman L L, 05 (1), (2) 27z TR
DIEHL m-FIRGHSRI N U THRAZT 5. Wik 26858 8 & b IERIFEE & 722 6 2 WwWIER
ﬁm@%ﬁﬁf( ), (2) Z i 72 IR D BRGNS [4) TR o 7.

B 2. ERMHEOERICETm >2THE I E2EHLLD, ZOEFEENT EE
rfﬁ'::% CIRBIDSEAET 5. 2B, P. Zapalowski I35 [5] ICEWVWT Y7 =4 F2¥m = (1,2)
TdH 5 &) m-MAEHEOIEHIH CRBHE 2 RGE L 72, 2 ISIBIERAITH % D35
27T 2 HORREE BN 5.
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FRlRE

Teichmiiller 22[&] D #4012 D Thurston B
L HEE CRERORS:)*

Z DFEETIE Thurston HER O —ii T H 5 X s BRI & % fefnkiid D42 o & fn2f4
WZOWTEL 5., UT, SIEEuerBATH S L) e a 87 bl
ET 5,

W R HEGRORISORE 2 BOBIRE OHRICIE, o, RlERED X 9 ki
BEHERE5 2T REEE LRI EICEH O LET, HOEHS T 0ET,

1. BEREEIE

1.1. &= : Teichmiiller ZRI® Thurston A/ Mt & BEIEREDHEE

1.1.1. AIEGEEEEEDZEM

I S EOIEEBHD D 0S DRy E HAE FE Y 7 ThWHHIEAfEO A€ F E—HD X
THEAZSEHEHL, a,feSITNLTat D (EAREH) TRz

i(a, B) = min{# (/' N3 | o € o, € 3} (1.1)

LEET D, I TEMIZTEMEAMBROLEA L L BN AEO2E WS = {ta |
t>0,a €8} 2EX 5. L TRREEH=

i: WS x WS 3 (ta, sf) — i(ta, sf) == tsi(a, ) € [0,00) (1.2)
EERLTWVS RICIBRT 2. CORAHBESEH 5 &
WS 3 ta— [S 36— i(f,ta) € R :=[0,00)° (1.3)

%BBMOAAEEZ D EPHES, RICIESFDEMH (5904H) 2 Az, WS
DROMEMF Z AENERBR/EDER L ). H¥

proj: R — {0} = PR := (R —{0})/R+,
kB MF-{0} 0% PMF LEHEZ, HENIEMEEBBEDERL V). WS
AN A T BB SR (1.2) 13 MF RIS IRER T 5,

1.1.2. Thurston AV /\Y ML EBGIERDITD I EE

S O Teichmiiller 22 T(S) Dy = (Y, f) € T(S) & Wit o € SITHLTY EoD
f (o) NOXEHRIZBY 2 AR DR S % (,(a) £ 3. T D & & Teichmiiller Z£fH] D
HiA#A (ThurstonIB&HiAH) % Gk

Oy T(S) 2y [S28—4,(B)] R (1.4)

AWFZE I RHIFE (R 5:21540177) DR %2 Z T - b DTH 3,
2010 Mathematics Subject Classification: 30F60, 32G15, 37F30, 51M10, 32Q45, 54E40
¥ —7 — F ! Teichmiiller space, Teichmiiller distance, Extremal length, Mapping class group
* T 560-0043 B RFIRIIET 1-1 KRBCRFRFBERLFRTFERE
e-mail: miyachi@math.sci.osaka-u.ac.jp
web: http://www.math.sci.osaka-u.ac.jp/ miyachi/index.html
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EHHED AR Ory, = projo®py,: T(S) — PR E L TERT 5. BOHE% clpy (T(9)) 1
aUNT N ER D, ZE Teichmiiller 22O Thurston A/ ME & FESS, Thurston
W elpp(T(9)) DA & L TUE Ory, (T(S)) UPMF £—FL T, 69— 6+ 2n RICDOEHER
BO9—6+2n LEMHICAR B Z L&A L, ALY b (Liowille AL v k) ZHWS L
WHINR S 0, () 135 4 & 2 27—y Lo EEZ6ND (1, 2], [4) .
ZD10, Op(y) ZyD—2DEML (S EOBSE L ToHEEKl) LEAT,

i(®r1(y), @) = €,(a) (L5)
& (i)Th<y) & a@ﬁ)ﬁﬁ’i’i%?% Z G)i%na J: b 5‘{%@(1 4)
T(S) 2y [S3 8 i(Pru(y).0) € R (1.6)

DEHIITEL LIRS,

i S Lo E ZEORMEMSRD € b E—HD 4 T2 GEHEEE £ Vv MCG(S)
EE L. MCG(S) DFTLIE Thurston 2 > 737 MU clp, (T(S)) ICHARICHEHESH L LT
EM$ %. Brouwer D AHFUEH D S [f] DFEMIE Thurston 2 > 287 M clry, (T'(S))
ICHEE s 2 FF2. W, Thurston (& Z DRIE M & 75 5 ML AT 2 TEJFREE O 5 2 % &)
I % F O CEARSEERE [f] € MCG(S) oita L 72 ([4], [18]) .

1.1.3. ¥&&

LR L9z, 22T Thurston Hiald MRREEIEZ AW MEED R DB
A%, ¢cbhH2s. 2% D, Thurston HlDIAAR TIIEGRA &V —< 2 NHhE S 2 H
DT RBEE LOBIE EE AT, ZDafz 5l U 7220 2 M v T 2 R L
T3, I TREEDOBFRTZ DM ZEC 2 Lo ikE vy, 2l MF P PMF
WBEMEBBROGEE T TIERL, 794 V#n L & X009 TN S AR
OREEREMTHS Z LIFFERELTEL.

1.2. =D D& : Teichmiiller ZE DR ATHEE & Thurston IB5R

AR DEED—DIZ, ZD K I % TREEEIEE F 7 G o 22 D %y %2 H
W, Teichmiiller Z2fH] £ ® Teichmiiller BiEEICB§ 2 il 2 J€HH 2 Z & 25 A TAHK
W, EWVW)TENHS, DFD, (2.1)I25 2 5 X 9 I Teichmiiller 22 I D Teichmiiller
PREE IS A G0 6 £ 2T ARG NRTH D,  RED %ML MF XA AHE M2
BENRTH D, RIFIICF I &, BEEATE BEFEALIY) O X9 BETRNSR Gl
BERIRFER) & HAEHMAR D X 5 2 A2t R (BERIINR) 2 &0 L 23k %
9% 'T'B'g{*f‘g] ZEAMLT UL, WFEOHFRDOIERICEHF G TE LD TRV L IR
T35, Ltw)HZLThH5.

1.3. A LEMEEICH TS Thurston IBE
ZD &9 %#FEZ)51E Thurston UETIIHI Z IERD L ) b DH 5,

(1) S hoMidAh v+ D%EM 0L BB Z v 72 R ~D 54 (Bonahon, Otal,
Duchin-Leiningher-Rafi) @ $#(Z Teichmiiller 22 (% Liouville 77 L > + % F >l
HiA L v P OREMNICHBLINT, ZOBHREDHKEZEZ S Z LITX D Thurston
HDIAHBBEILI NS,
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(2) S FOREHBEEZEM D C(S) ~DEDIAA % L 729281 (Duchin-Leiningher-
Rafi) . ZOBEESE, MBI -HEEE &GRS & EEMIE O 72 TR
MEDZEM E 5%, ZOMOIAAISRFRHGGZER WM A L >~ + DZERA~D
HWOARE, (VIZHEALHHAL Y PP DFEREZERTHIEICEIDEZS
ns.

(3) MRfEMYE X % FH\» 7 Teichmiiller 22 D FEBL (Kerckhoff, Gardiner-Masur) .
D a7 MUk Gardiner-Masur AV /XY MELE WS, 2D a7 MMl
DL TIFRICHN S,

(4) HAMEAHRARDYE > F L 72 B~ D Weil-Petersson Hilfi 2 & 2 5 2 L 12 &k 28 0IA
A (IUH, KEE-ILH-EH, BEE) @ 2 O DIAZ I Weil-Petersson S fi[~2 12 B\
T Teichmiiller 2% %2 \™MEES & LCIHEBIL, & 2EWKT MTeichmiiller 24 % 4HMil,
0 HLEMETH S,
RO (1) & (2) TIE, BRI RITH L TRREDE # S 10T Thurston Fama &R
INTw3, FHEE, X BRREUIHHA LY b ORREEB» S EE > TV 5,
#ibd 2 k91T, (3)ICE 2 MENE X % H\ 7z Teichmiiller ZEf D FEHUCE VT H
S BEABDSER I NS, (4) DHLDIARIT B TOREBEIEIc>WTIE (FAh3H 2
BRD) fIbHEIS TR,

2. BEMNR I DM D Thurston ¥E5H
2.1. #{F
2.1.1. Teichmiiller Z2f & Teichmiiller 2EEf#

DIF, Sidav 7 rzmEo0enifhie 75, S Teichmiiller ZRT(S) & 1&
Tt &Y — = VI (Y, f) D Teichmiiller [FAfED 72§22/ TdH 5. T T TY (TMEHTIY
ARZY —<YETHY f:Int(S) —» YV IZAEZHEOMAMEHRTH 2. 2 DDEGERNMN
&) —< v (Y1, fi), (Yo, fo) 23 Teichmiiller EHETH % £ 1%, foofi'EAEIEY
I2BY D0 Y, NDEMGENEET LI ETHS, 22700 —< VHMBORE %D
FMHE f: Y — Yo loxf LT

K*(f) =inf{K(g) | g: Y1 = Yo ld f £ FE b E vy 7 LHEEEATHR )
LEFRT D, T DL E Teichmiiller BE8E d- 13
1
dr(yi,y2) = 510gK*(f2 ofi") (2.1)

12k D EE I NS Teichmiiller 22 EDOSEfR 2R CTH 5.

2.1.2. BEMR X & Kerckhoff DA
aeSty=(,f)eT(S)IcXHLT

Ext, (o) = igf{l/Mod(A)} (2.2)

LT, Iy kD oDBERRS S HL, 22)DTRIE f(a) EFERE Y
s%Y FOMBAZBIE, Mod(A) ZMBEABLES 25 ATHS, TOLE, KD
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Kerckhoff DAL T %,

1 Ext,, («
dr(y1,12) = 3 log sup —=—* (@) (2.3)

aEeS EXtyz (a)

ZORKITL D, Teichmiiller FREEICET§ 2 A 2 BENR S ORMAZE (extremal
length geometry) & WXL,

2.2. BENR S DM D Thurston IB5H
FERYE & Z H W CHIE OB D Thurston Big 2 BT 2. HOIAAIZ

Dar: T(S) 2y — [S 3 am Exty (@)’ €R (2.4)

DEFAL @y = proj o Panr: T(S) — PR TH D, GR Dgpy FHDIARTH D, &
W3 a 87 FTH B (Cardiner-Masur) . & DHDIAA Oy # Gardiner-Masur
BHAH LW, ZDa v 7 Mbeeu(T(S)) Z Gardiner-Masur A2/ MEL
MR, BiR 0T (S) = clay(T(S)) — @aun(T(S)) Z Gardiner-Masur ¥58 & W55,
Gardiner & Masur (Z PMF C 0o T(S) Zm L7z, TDEEZE

Canr = proj H(clgn (T(S))) U {0} c R

9%, ERIDBHR24) DBIZCon ITEEFNTVD, £/PMF C OeuT(S) LD
MF C Camr TH 5,

EHE 1 (B ([14]). K27 Tl E S
it Canr % Canr — [0, 00)
P—REMNICTFIET 5.
(i) LDy € T(S) IS L T
i(Pan(y), @) = Exty(a)'/? (2.5)
PMERED o e SITHLTHRAZLT %,
(i) a,b € Con 12X L Ti(a, b) = i(b, a) BT 5.
(iii) a,b € Canr & t,5 > 01X L Ti(ta, sb) = tsi(a, b) DIKALT 5,
(iv) y,z € T(S) TR L T,
i(Pan(y), Pon(2)) = expldr(y, 2)).
TH5., Fiicye T(S)ITHLT, i(Pam(y), Pam(y)) = 1 DALT 3.

(v) A S EEHGE F, G € MF C Caon ISR LT, fHi(F, G) 138 % DB FI 58
e T 5.

DX, MERYE S DORMAITEI T % Thurston #lim 2 EH T 5 2 L 3K 2 2
E3birs, TIT(14) L (24), BLXU(1.5) & (2.5) 1 Thurston #H@iAZ & Gardiner
M ZADHETHEINZMWHTH 5.
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2.3. Teichmiiller ZZ/E_E® Gromov &

1 OME (1) & D HDIAR Doy MR NTHRBMLTL £ 9 70, FHERIC Te-
ichmiiller 22 b CAS B BIEIC B § 2 8f 2 JBBH 2 72 0121, HHOIAR Oy DD
DICHERRLRE IC B W TEE L7z Copy ~NDMDIAAREE Z 20BN H 5,

Maoe T(S)Z[ET S, oL E

Ve T(S) 2y [S3 a— K, ?Ext,(a)?] € R (2.6)
EEFETDH, TTTaxo= (X, fo) BXUQy=(Y, /)L T5LZ
K, = exp(2dr(zo,y)) = K*(fo fy'')
Thd, IDLEr Z2BRETIRABEN ., 2
ixo (Y1, Y2) = 1(Wan (1), Yam(y2)) (1,92 € T(S))
LEFET S, GHEICKD,
ina1,2) = 1 (K20 (1), K, B (12)

= exp(dr(y1,y2) — dr(zo, y1) — dr(2o,y2))
= exp(—2(y1 [ Y2)x,)

1
(V1 1y2)ze = 3 (dr(xo, 11) + dr(xo, y2) — dr(y1,y2))

d g Z MR ET 5 (T(S),dr) D GromovETH 5.

EE 2 ZHRHBBI%E Gromov i ([14])). HROIAR gy 1F Gardiner-Masur 2 ¥/ 2%
7 MED S Copy DIRNDEMEGITHNERET 5. KIS, zo 2HR & T 28R,
\& Gardiner-Masur 2 ¥ 2327 MUISHEBIER T 2. S 5 IUEED [F],[G] € PMF C
0T (S) 1TH LT

i(F,G)

iz ([F], [G]) = Ext,, (F)Y2Ext,, (G)'/?

DKL 5.

B ERETOBER. MHTINRTH % Teichmiiller FlE (BEEMAGEG) & MAHR
IR T B % 58 RIBBIEDS Teichmiiller FEEfED Gromov & % 3 L T HERRE TR L T
VBB EBDID, FHE 10— (Xos )y e = (Yo g) O [F], [G] € PMFICHEL
T, — [F], ym — [G] (n,m — 0) LT 3L E,

K*(gmo f71)
K*(fuo fo VK (gmo fo ')

(n,m — oo) MHILT 5,

. i(F,G)?
Exty, (F)Ext,, (G)

= exp (74<.’L’n | ym>zg)
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3. Teichmiiller ZEHDERZTRDERETODIRDF L)

IR OB/ 2 i &, Teichmiiller 22 D Teichmiiller FHEEIC B 9 2 SR A Halkt 13 f5R
SNLGHBEREMCGH(S) (AEZ2KANICT 2AMGGRE2 &) Ths (TiloEH4
Zf) . Z D7 ® Thurston i, 2 F D, HEMAGHROBE O THHEME~D
WS % %5 Z 72 %56, Teichmiiller 2% D PR 12 8 W CHERFEM 2 RS 5 & 9 7%,
SRR TR v dEldh AL 3 BB E k2t EZoN%, 2T, TMRE
Wt by 2R T 5 2 L 2 HEIC LT, Teichmiiller ZRIC/ER T 2y GEfE T4
VW) BARIZOWTHRT 2.

3.1. ERICIERT 3 A5 & FHEMNICRBITE R LW AT

(X, dx) ZEEBEZRM L § 5, Firirg € X ZHE L (22| 22)s % (X, dx) TP Gromov 1%
£E9 5, RI{a, o, Cc X3

n=1
(Tn | Tm)ey — 00 (R, m — 00)

27z 9, EPRBEICIURT B & v ). DUNRHICH S 2 10 dud s A1 3 e R 1 IR g
2bDLT5, 22005 x = {2}y ={ym}>_, C XV

(Tn | Ym)ay — 00 (R, M — 00)

Zit 72 IR, EHERICXBITZE AL (visually indistinguishable) £\ 9, T L F
X~ Y k %3 ’
Vis(x) = {y | y 13y ~nix Ziii 72§ K41 }

75, k<HIONE XIIT, (X,dx) DY Gromov W Z2R D BE I IZBITR THHEMIC
AT E 2o (MR ICIR T 2 iy o 2RI HERIfR 2 52 5. FEB%, Z DRatE
A3 Gromov BiFL & 72 D) Vis(x) IZEA R 2R T,

B Teichmiiller ZZRDIE Gromov MEltE. ZDFlikEHV2 L, SV ORHE —
AL L 134 2R B ZERIATIE WS, S D Teichmiiller 24ft]43 Teichmiiller FHEEIC
B L T Gromov WY TR W I E2FNT 22 LRBEHTH L. ZDGH, (T(S),dr)
LTI BEIGR THRE I DT & 2o I IERRGE ISR T 5 Ao kI FERE AR I 722
520V 5TH S,

FEEE, o, 8,y € SZi(a,B) =i(B,7) =0, i(la,y) #0Zii7zT LIlcEdb. DL
% o], 19, ] € PMF C dunT(S) 1IAT 5 19I% 2 2 A, y, 2 & THUE, 200
21240, x,y, z3ZNZTNERHE IR T 2851 TH D, xX~yy, Y~z THBHD,
X~y Z TR0,

3.2. BHEMICRTFHLGEROLGIE/ 1 N &8
GIERHE (X, dy) ZHEEEZER E 75, 2oL ZHEEEBOMOERW: X — YV 23, IE
BEOMIZ IR T 2 Rl x KOy 2 L Tx vy THD I E L w(x)~vyw(y) 23H
ETH %35 DALY 2K, BHEMICRFIITH S (Asymptotically conservative)
Ev) ([15]). EREIT X D WHERNSERSFIY T H 5 GARIZ RS IR 5 i1 2 M fRia
IR 5 KA E T,

TR ERSF I T d % BARIC 2 D DMHBEIRSFIN 2 GAR w1, we IZDWT T 20D
Fllx, y 122 T Vis(x) = Vis(y) THUL, Vis(wi(x)) = Vis(wa(y)) TH 51 DIKLT
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2, 216 OERIZBWBETIEWVWE ), WHENICHRTFNTH 25K w: X - Y IC
DWVT, wow BLUOW ow DEEFEGH EMBETIHEL 725 &9 % BnEIICRSFNT
HBEGHY Y — X DMFET BRI, w3AETH B L), ZDE F W ZERERE
B L5, BEEEZ o o % R R GRS 2 W ISR IN R 5R T h % .

X LW 2 WHE IS EESFIN T H 2 GRD 2% AC,, (X) £EH . ACL (X) BE
BOEHICBALTE /A FEkd, 2 L TAC, (X) LicBwT, PR TERE TV,
REREAFIC AR D, ZOAFRBEEGACX) FHRICHEE 2 2. R w DA FRED WG
13w DWHEREER D ARBETH 2 ([15, §2]) .

3.3. Teichmiiller Zf{ L DIHEMICRTFHLEER
B EREGOERSTOMMN. XK LT 2.

EE 3 (HIPEER ([15]). SH—2RHEF—FABLIF4DORHERMM TRV ET
5. X(S) % SOMMEERLE TS, T E, RHHER

[1]

» ACiy (T'(5)) — Aut(X(S5))

CHE[F
AC(T(S)) — Aut(X(S))

ZHEL, PORXROWHKAE BT HDVHHET 5

MCG*(S) —2 Tsom(T/(S)) —Z> AC:n (T(S))

~ l \
proj

AC(T(S)) 222 Aut(X(S))

m

2 2T Aw(X(9)) I X(S) @ HAFBREE, Iy: MCG*(S) — Isom(T'(S)) 1& H A 7 HE[F]
A, ZLTZ: Isom(T(S)) = ACi(T(S)) I3 EEEMHRTH 5.

22T, SW2ORDEL—FADAD L FIZiE MCG*(S) & ZDHKRZIEMT
Aut(X(9)) EFIETH % Z £S5 LTV 5 (Ivanov [8], Korkmaz [11], Luo [12]). #&
2, FHCROEHDRIEIAEZ 2 (cf. [19], [5], [9], [13])

EIE 4 (Royden, Earle-Kra, Ivanov, Markovic). S 23—2RHE F—F A, 2D2KH
EF—7Ab LK IEF4ORHERMATHRVET S, 20 L EARLERIC X 2 M
MCG*(S) — Isom(T'(S)) IZ[FEITH 5.

B BHEUER. HEEROROGHRW: X — Y 58
ldy (w(z1),w(xs)) — Kdx(z1,29)] < D (21,22 € X)

272 9 (K, D)-BHEUEE&R &5, BIAIUERIRINER IS RTFIICTH 5.

EIR 5 (MHMEBRDIEFLE ([15]). K # 11Tt L T, Teichmiiller 2218 112 i30T 30
B % %R0 X 9 7 (K, D) -G IZEE L 2o,

Z DEMD 5 Teichmiiller Z2fIE 2 — 27 VU v FEEEINTIZ W L8305,
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F5ERIE RIS D 70§ 2R O PR D % 2 RN ZEE)
WO T (A

1.
C. oMo LMAMIRC,, ..., C, THENHIED TO L2 IS D& § X
)V k220 A(D) @ Bergman B8 % K (2, () X ' Bergman %% K (¢, () £ £X.

WRE 1 (4], [5]) DORCEMET S 7 — VBB g(z, ) BLOTaNVERNC) ZH
WA K O BARNRBIZ 145

_29%9(2,.0) L 10°A()
7 020C T 9COC

DT Bergman #%B#% > T, D DEEOBUERIZE#IZ X ) A28 7% Bergman &1 &
K(C Ol DA Z S,

WHEATA=F teB={t|<pl CC%ILDZTLICC, LOFFREIRD(t) 2% %
%5.te BEXU D) DR CZEEL, 220 A(D(t)) D Bergman %% K(t,(,() £ 6.

EE 1 (PKA-1U1T, 2004]) D = Uiep(t, D(t)) 25 B x C, T 2 Ryt IRFES 2 & 1F,
log K(t,¢,¢) 13D FZEEFNBIEKTH 5.

K(z,¢) = (by M. Schiffer), K((,¢) = (by N. Suita).

A(D) D) BRESIDS T D 2 BB D 7 T b L~ L b2 b b SEA TR
NOBRTEME S(D) LR E, ZOFEMMEE K(2,0) L T5. SOLE, HLNMR
AD)=SD)oSD)Yr 2HEZ 5L, K(2,0) 13 K(2,() D S(D) ~NDELHETH 5.

iR 2 ([2]) 2/{0, ¢} C DTzt + 307 buz™, Yoo Bo(z — Q)" Ziiize L, Dz
VARSI IS B9 BB 2 Q1(2, ), BB TIRICE T8 %Z Qo(2,() £ T5. 2Dt
&, Li-FEBIE ¢i(2,¢) == log|Q;| (i = 1,0) 1F 2 &M {0,¢} THE —log|z|, log|z — (]
HL, BIRT LA 2 T TH 5. L-ERB(() = log|%L(¢,¢)| D%
h(¢) := B1(¢) — Bo(€) & (D,0,0) ICBHF 2FMA S E X E DL F,

~ _28q(2,0) . 20%q(2,¢)

K(z,{)—ﬂ 020C T 020¢

_ 1o _
L

K(¢.€) s(C).-

22T, s(Q) 131K ¢ THiE Re 1 & b O ERIBD S FHE SN2 (D, () ICBIY 2 Schiffer
ANV TH D,

[2] T K(¢, O)|d¢|? Wi D 0% TADIHRE bosEfinitittds L %
AL 7z, [Zarankiewicz, 1934] 1ZFIBRFEINIC B\ T K (¢, Q) [d¢C|? DHIRZ IR L TWw 3.

EHE 2 ([2]) D = Uep(t,D(t) %% B x C, TD 2RXIGHEEMRAEI 2 5 12, log K (£,¢,C)
D FLESGHMPERTH 5.

AWFZE L 7T (B) GRER5:23740098) DK EZ T 7. b DTT.
2010 Mathematics Subject Classification: 32U05, 32F45, 30F30, 30C40
¥ —7—F  EREEIE, R, R, A%V

*T960-1296 RS TR 1 FHh W ERY: ANRIFEE Sy

e-mail: hamano®@educ.fukushima-u.ac. jp
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EBLLIE 7 7 A4 N—D(t) BWHRBEBOEHRODZ Y —< Vil (g > 0) 64852854~
SIkEE TR TE S, Lo L, @213 7 77—V —< Vi (g = 0) ICHIBR L 22558
ThHot. 2t g = 0 DEAFSERIEMM D 72 T 2RO WAL K (¢, ¢) & Schiffer
ANRNZEHEL L, 2 OBMANE 1] 2o 2 &, BXO, FAFHDBRIHIA L 72 Lo-
FBIEL go(t, 2) B L OHAIZ > h(t) @25.57”\@% FRIC L 270 TH o7z

& 3 ([3]) R(t) 3HiLg(> 0) DY =< IT, R(t) D {0,¢(t)}, 2 = ((t) i BTIE
HILE U, R(t) DEEUERES {A, (1), Be(t)}_, 13 B @R L ET 2. Co L &,
82q1 32%

O*n(t) 1 oq i
Vo2 ke an ds. 0| ) dud
otf 7 /E)R(tf( %) < 0z T / / 0:0t| | 9a0t| ) T
2 .9 ( 0
+ —Im E — / *dq t,z></ *dq, t,z) .
m {kzl Ot \Jap (o) 2 ) o Bi(t) oltr2)

T, kalt, 2) WHEROR O L ETUR L(p) 25 U B BIBK kot 2) == L(y) /| 22P.

2. SEIOHFER : FHIED ) —< VIHADILIR

AIRFEHOW & RER (Cy,...,C) b2V —2VH R Lo L2 Iy w =
f(2)dz DEFT eV F%ER%E AR) £ BL. A(R) D) b5 ERIS) @&?WF‘EFJ
S(R)%##%2%. S(R)x A(R) DEEESYZ2RTH 255, S(R) OFFERMBIB K (2, ()dzdl
B X O K(CO|dC2 DHFIET 5.

WRE 4 FROPAEMBISE & AL K O BARIEBL

~ O? . 952
K(z&)=i§i§é0, K(c,g):% a?a(g)'

22T, qu(%,) 13 (R,0,0) ICBIT 5 Li-FPIEL, B1(C) 13 Li-EHTH .

BROEZ) =<2 Vi R(t), t € BIZ2m{0,((t)} &R, 2 = ((t) \& B TIEHI & RE
T 5. te BEBXUR() DECREEL, 220 S(R() DFENE K(t,(,0) 6.

TE 3 R = Ucp(t, R(1) DS HLESD 5755 B x C, Lo 2 KTt RS 7 &
i¥, log K(t,¢,¢) ¥R ELELHABKTH 2.

KIGKHEHR e~ MO|d¢ |2 12 72 BatR e A1 |dC)? DMBIC BT 2R %R £ . (cf. [BLocki])

2530

1] S.Hamano, Uniformity of holomorphic families of non-homeomorphic planar Riemann
surfaces, Annales Polonici Mathematici (to appear).

2 2

a%

\

2] S.Hamano, Log-plurisubharmonicity of metric deformations induced by Schiffer and har-
monic spans (submitted).

[3] S.Hamano, F.Maitani and H. Yamaguchi, Variation formulas for principal functions
(II) Applications to variation for the harmonic spans, Nagoya M. J. 204 (2011), 19-56.

[4] M. Schiffer, The kernel function of an orthonormal system, Duke Math. J. 13 No.4
(1946), 529-540.

[5] N.Suita, Capacities and kernels on Riemann surfaces, Arch.Rat.Mech.Anal. 46 (1972),
212-217.
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NoRX—FftERFrartuy—28HL %
RN 7 B VGO FHEIZ DWW T
SES SR (R o)
AR (IR

C" DR O DL X B W TIERIZRHKE f(z) = f(21, 20, ..., 2,) DVED 2
ZS={rveX|f(z)=0} T 5. £/, @EHSIZFEMAMIRRLAZFEO LT 2,
X FOIFRIRED 2T E% Ox THT.

BR : AT, NI X ESRBWREFatsEnY —2H»T, SiKiho7k
(N7 A=A E) BT P VG ORHRTTEZ T 5.
1. L5 H LK UEREER
EE 1. IEAIRZ b LY

0 0
v=ay(z)=— + ag(as)@—gg2 +-- +an($)87’ ai(z) € Ox, i=1,...,n

SIS TREIE 1, o(f) € (f) AT EZICVS, 22T, (HEflckoT
ERENDOx DA FTTILTHS,

X BTSN~ 7 S VGO 8% Derx(—log S) TR,

-1 S @ polar variety I'y 2 I'y = Sz € X of _of _ . _ 9 =0p &
Odrs Oz oz,

BY 5, £, BURO A ERHOREIRI 2 e 02 —% 1y, (Ox) E L, KOR
BRI 2 kT 0y — % £ 2

_ n _of_of . _9,_

_ " _of,_of . _9,_
H, %a—f{ﬁw—%A?@?H _ 9 Hr,) 43¢, 0 H H, oer H. 0
Ty axl [=] = =) Py — 83}'1 ( Ff) ’ — Ty — Ly — Dy —
35eRSNE 7% 3. %7, Hpy, Hy,, He, DX OLA 77V

_[p9f of  Of _[p9r of  Of
AnnoX<HTf) - <f7 aZL‘17 GIQ’...78.I7L>’ AnnOX(HFf) - <f7 8I2, 81_37---7 8I’n>’

AnnOX(Hq>f) = {a(m) € Oxo

of of of of
a(x)a—xl (S <f’ax27ax37“.’ax”>}

2010 Mathematics Subject Classification: 14B15, 14F10
¥ — 7 — I ! algebraic local cohomology, qusihomogeneous singularities, logarithmic vector fields
LT 770-8502 AR TR E = ST 1-1 R AR AR
e-mail: nabeshima@tokushima-u.ac.jp
2T 305-8571 D IEHR TR 1-1-1 FUIEAEREBHOIE 2 B

e-mail: tajima@math.tsukuba.ac.jp
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THs, ZDEE, alr) € Annp, (He,) % 51F, v(f) = (f) €% 5, 1IEHIRT FLE;

87+a2($)a%+~~+an(x)ax DET (3. 22T, b L Anno,(Hs,)
1 2 n
DAY v &= FEIED 3> T 5% 613, alz)ld, ZORY ¥ — FEKTH SN

5., ZORFFEHETNLITY AL EZREKT 59 A THEHEL LS,

2. STE7Z I TV XL

FRPDOERTEADRBUI AN IX =8 250562525, ZOLE, MBI
7 PVBE, SIRX—=F DI K > THEDBRL VEATIBRETH S, Zo5hG
FFE, N7 A=A EREWHHFaFER Y —HHORRNLEFE 7 LITY XL, 2|
BEEICHIONTWE 2 E XD, WHICKZ “RW AN HRETSH 5. ORIk
Zffi) T EICK DRI X = ESHEIINT VG2 RD 5,

PREARLGHEAZ f = fo+g, ERT. 721, fo AR TH D REBU T XA —
38 F T AU R R 2 FFD, ¢, 1Z upper monomial 2° & 7 % %A THRENC ST
A= t=(t,....t;) AL ET S, BINIC, Annp, (He, ) DAY ¥ — FREIR L, it
BIIR7 TV Derx o(—log S) ZitHd 2 7 )L 3 X L OG22 49 %,

ZILTU X L

AA B RICIINZR R 2 R B RS 8 T X — 7 2 G0 PR RS THA,

A2 89 X =5 2R DS strata ICHIET 5 Annp, (He,) DAY ¥ & — FRK L, X
IR Y SV Derx o(—logS) (A% v & — FEIE) |

Hy, D787 X = A SRIERBWRFra s T oy —2550 9%, (1,2, 4]
1 THE S N7 strata il B WT, Hy, = % (pr) ZEHET 5,
Fstrata lCEB VT, N7 FVER Hy, OIE 2 7 & LIETHET 2.

Fstrata ICB VT, 3THLNAEKD S Annp, (He,) DAY v ¥ — IR %
AET 2.

5. £ strata ICBWT, 4 TRONKLAY V¥ — FEEZHM LMW 7 M v
5% Derxo(—logS) 2t 4 5. Thbb, 1)1(:1,')a(:z,')(5;{}7"1 + bg(:z:)(;%f2 + -+
bu(2) 2L A by 1 f =0 £ 758 %787 X =84 E synygy (bi(x)a(z), ba(),. .., bn(x))
ZEtET %, 7270, a(z) IF4THRONZLARAY VY —FEERD1D2DILTH 5.
AL V= FREED§XTOIRICH LTI DFHREZT ) ENBI~ 2 P vz
B2 LENTE S,

SE

(1] SBESSEHE, FHESRE—~, /S5 & — % fF & BRI 2 1€ B 2 — ORFFLIC D VT RN
R RE DG, BORBITITJERTiEZEt 1784, pp. 111-122, (2012).

[2] K. Nabeshima and S. Tajima, On the computation of algebraic local cohomology classes

associated with semi-quasihomogeneous singularities, to appear in Advanced Studies in
Pure Mathematics.

v =a(z)

Ll e

[3] S. Tajima, On polar varieties, logarithmic vector fields and holonomic D-modules, RIMS
Kokytiroku Bessatsu B40, pp. 41-51, (2013).

[4] S. Tajima, Parametric local cohomology classes and Tjurina stratifications for u-constant
deformations of quasi-homogeneous singularities, to appear.
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— AL X 7 RS RIS S % gap R BE
WA A (RIS

1. BKICX 9 % gap B
B, Tnikuikz d 509 . WKL gap €HITIRTH 5.

EHE 1.1 [H9] f : B, — By 285 E T C? TR T E 2B A EHEMHRT, n >
ILLN<2n—1&95%. ZOLEB, Y ByOHCHBERDEE2EL L flz,...,2,) =
(215, 2n,0,...,0) TH 5.

fliz, EOFEETn =2, N = 3D05A 4O GEHRIZHITE 5 (Faran[F77]), N =
2n — 1D & EITIEFMPHDIAAD, KA Y b= —FHRDEL SPIZHHTE S (Huang-
Ji[HJO1) 53 5. 7=, MR ETOWONI 2 C3ETITTNE 4 <n < N <3n—4
D e ZIT, EFRELAEDOH AR EGDAEZELS L f=(21,... 201,20 c080, 212, sin 0,
ooy Zno172n8ind, (2,)?sin0,0,...,0) IZTE 3, WO EMHD H S (Huang-Ji-Xu). gap
EMDOANEGERE T AL, HD—EDRILE TIEFE UEHRIZ0 2 A THIIZIRGZ 1
RTENFTOEB U IR\ NDIZ, B DRFEDIRITCE R B & 22T HGEE D 54D H
TLBLIAIHD. ZOHHETIEIDOERE ~ LI NZBEMNRDOLEEITHEZT
BB,

2. — RIS N/ZEFERERICT 3 % gap EIE

2.1. T

E(m;mlv"'me;Oé17"'7aL)

={(z,wy,...,wp) €C x -+ x C™ x C™ : |z> + [|w|[** + ... ||Jwp|[*** <1} (1)
tj_é CZ’C“al,...,aLEN,w]—:(wjl-,...,w;nj),||wj||2:|wj1.|2+...+|w;n«f|27m:
Myt my, £ 5B (|| OFEE TT0y 2 OEE] LS. ks kX
N7EEMARE WS . T2 THRRTHEHIIIRTH 5.

E’ 2.1 (F,Gy,...,Gr): E(m;my,...,mp;ay,...,ar) = E(n;ng, ... ,ng; B, ..., Br)
ZEAERGET, A E CIERMNCHEETE 5235, my > 1,n; < 2m; — 1 2{ET
5. ZOLE LRDEH e BFEL Ty = o) THD. T HITTER L HIRO H CF 1
BHRDFEEENT (F,Gy,...,GL) = (2,w1,0,...,0,ws,0,...,0,w3,0,...,wg,0,...,0)
L TES.

AR 1 ZOEMIXTRTDm;,n; D1 OEE (R E W 5) 1X Ebenfelt-Son[ES12)]
WCEORINTWNSD.

2.2. FEBR

25D L & A BERI A DUEHIZHIT & O HATREH {TImz < [Jwy |2+ .. [Jwg |}
TET. &SI EMEHIR S CERMICIEL, 7% BRI B L T EAI CR 5

* T 381- REFFEM 716

e-mail: atsushi@nagano-nct.ac. jp
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Bx2B5H, Tnbc DEHRLEFEUET (F,G,...
1Z3 DD Steps TIN5,

Stepl w D7 HY 7RI DDHEIIRT. KT al pOBKRERDS. a>p0DL
E, alZBOREHTRVWET B EFEHRORA DS FERIZIREZ t#ﬁ#b%%
FoTa=MBTHB. WIZa<BERELZEEIZa<BROFAL K FAERIZ
3z a#ﬁ#@%@.a%b-bf%a_Mﬂfﬁé.éth¢1f%MipﬁE
BEBIEIZE DV BHBD2OHDENIZOWT G =0THEI NN 5DT, fiRa=4
%185, F,GeFRALEAOANZER L T Inz = ||jw||>* D& 12 ImF = ||G|>* &
WO R THERB T L DI EITS &, GOFR VRO A | T NIZERD gap EH %
WHT2 LT 2.1, L =10D5EEMHI NS

&@27n/0®Mﬁ##&®ﬁ a; & B DMRER D 72017, LIRO B o 937
HELUTERED ) =1,. ZHUT Gilu, ., =0THBZLERT. ~LTN7 R
ﬁm%mﬁ%fvzmﬁbﬂmﬁéﬁAw% UZED, RO JITHLTH D K(j) 1
FIEU T Gjluy, = 0TH 2D, BHENEHRTHL Z L 2T 2L K BHEHTH
LMD, %@@ﬁf@ 25, ZTNAREINZS, w AN D w, 2 BIZT S
ZeTTay IR —ODEAIlREIELIENTET, HD LIRDEH 0 BWFEL T

= ﬁg(j) ’Zfﬁ‘é.

&qﬁ7hv7®mﬁﬁ~%®%étfxa%ﬁﬁ%ﬁﬁ@ﬁﬂ@%bf§m1mu
HDEFRSZEHRZODOWTOEBRREZES. TOEBREZAZTHFRAIERIZRES Z
EERL, FRIRRDAPED Z & 2RT. Fo 7R LIRAUTK U TERD gap
EFHHMLTZOREZRET 5.

ZE 3

[F77] Faran. J.,Maps from the two-ball to the three-ball, Invent. Matt. 68, 441-475, (1982)

[H99] Huang. X.,0On a linearity problem for proper holomorphic maps between balls in complex
spaces of different dimensions, J. Differential Geom. 51, 13-33, (1999)

[HJ01] Huang. X., Ji. S., Mapping B™ into B>"~!, Invent. Matt. 145, 219-250, (2001)

[ES12] Ebenfelt. P., Son. D. N. ,Holomorphic mappings between pseudoellipsoids in different
dimension, arXiv:1210.4434v1[math.CV]

(G TERT. AR RT 5
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Levi M O F e aEikIic 81T 5
Diederich-Fornaess 82D ]t 72 2=

JENLEG (K - Zousi)”

B =
BELIEEN D Levi FHIEIOMRHTIC B VT, 2 OPHE IO F58u P O R,
Levi B D N ERDEMES ORILIZTEE LW TH % . Brunella 2] 13, Levi
I D PR T REI D RN 1 HE M & Levi 3ERE O O IR O X i 2 7738 L
7. ZOMNEDERLE LT, Levi FEHM o P T IS BV TR 1 Hih7%
BB REDS S 2 & 172 RfI2, % O Diederich-Fornaess 8% & , Levi /@ D1k
WICFEE X415 Hermite st DO MR ZBEM T 2 AKX 2B D THRET 5.

El=3=—1
1. B

X #EHELMAR L L, 2 WS M cHE Moy 7 MESRQZ2EZ 3.
M »3Levi YHEBETH % & 1%, M DEZRKE p 1IN LEF 5 Levi B i00p|THOM 53
M FESMICHA S Z L2V . THUITYOM DED 3554 DS L FHfETH D,
M F X OIERICEFEINTHNIC X 2 BEEMEE (LeviERE) 2> 2 LItk 5.

Levi FHHAIDO H - & RN LHIE, X =C", M =C"'xR(n>1) TH%. 2
YR MR XIHLT, Z2OHD Levi FHIANZZ C IZAIo L T0Rw». BEMNREGE
DFATHITE & LTE, X = CP" (n > 2) 121} % Levi WHHEIDIEEFLEER (Lins Neto
(1999), Siu (2000)) BIREMTH 5. X = CP2ITH L TH Levi FHIAIDOIEFEED T
INTW3S. ZOMOMERE Z 3254121F, Levi “FH I O PH e 5EIK O 551 o f
B B %0, LeviBERBO N EROEMS OBREDEELERICR L LEZ 5N,

Brunella [2] 12 X#UZE, 2D 2B OWE ORI, KDOEMER 2 X)EASER D 2.

FIE (Brunella [2]). M 23C*>*#ThH D, M D Levi EJgH M DU Lo IERIZERE I HE
BT 228 (BIZIE, MOPERITITHIUIHBINTH 2) ZIKET 2. ZDIE, M DE
RN = THOX/TYOM @ Hermite st & TR (THOM SHENIZOWTEZ %) HIE
ERDHDOVBEETIUE, QI 1ENTH S,

[2] Ti%, NY0 @ Hermite 3l&2> 5 Q Lo 1 ™M BB 2 MK T %03, Z ORER
ZRZE XDEC QOBRN1IENEDNE) 2 033025, 22T, QORRN 1 B8O
ElE, M DEFKE p DFE L, BIEEHE o == —log(—p) IR L T, i00p > w (wiF X
D Hermite it &) 23Q b, 2 a0 87 MEGZERVWTRZT LI 209 . TDLE,
§ = —p X R 1 ERRIEFREERE & TS

2. BBEETHR
C? % Levi FHEE R M OFEIE Q 12 BT, RN 1B B RLEERE § 235- 2 & L7z,

Brunella DR D% 7- &5 & § 285 M T (NER) A ANy U 72 EH5 5 NLO
@ Hermite sl & h ZED, ZDWMHBIEL 25 Z EBT0 5.

2010 Mathematics Subject Classification: 32T27; 32V15.
¥ —9— K : Levi ¥, Diederich-Fornaess f54¢, YK, T8 D REWiHE.
*e-mail: m08002z@math.nagoya-u.ac. jp
web: http://www.math.nagoya-u.ac.jp/ m08002z/
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COMIGDOERMEEZZ T\, ZD0OIC, ROBEEAT S,
E# (Diederich-Fornaess fi#). HE LA X W C2 ik Izl M CIH & A7t
2y Ry MERQ LOBERER S 2 E X 5. FKRip € MIZET % 6 DfFFTDiederich—
Fornaess 68 cpr(0,p) 2, Mp DD HEHFU IR L, = BQNU E1#EE %5 X
I7%ee (0,)DERELTEDS. ZD XK HeBHAHEL RVEAIE, epp(d,p) =0
LD B . 72, 6 D Diederich-Fornaess {6 e pr () % epr(d) = infperr epr (9, p) TE
5.

KIR-Sibony [4] 12 k2, BiAEHEEE 6 25N 1 Bt CTH 5 2 L1F, § D Diederich—
Fornaess RN IETH 2 Z L LFAETH 2. 2 ZTROWTERILEZ Z 5.
FIRE. WA 1 e &R o IEEEoxG 2, KN 1 e 8 HEED Diederich-
Fornaess 88 & |, IFHRICTHFEE X 115 Hermite i DO HEOW)IG E L TERLTE 20 ?

ZOEZIHENTH 55, FRIEFPIL 72 X WM 2. h OEE ORI,
TN ERMwm o MO H 2HOMBHMHEL T2, Fr DBEANL, XD
HWHOTHSD.
FHER. HELRE X ND CP )k Levi I M TH E L7 lxf a2 v %7 FEO 275
Z25. QORN 1M ABIREER 2 £ D, 210 6 FFE I N2 LR NV O Hermite &1
mhZEZ5. O, Mpe MIZET %6 DJRFT Diederich-Fornaess 51,

3

epr(d,p) =sup{e € (0,1) | iOx(p) — An(p) > 0}

1—¢

LRIND. 22 Ti0), = —idydyloghld, h DIEITH - 72 (T M FF D) 3T
b, A, = 0ylogh A dylogh 13 Frankel [3] DRI OPRE SO —MflicH 72 5.
Oy, Op 1E THOM J510DIER, SOERIBIIE R 2 3T

EIC, dmX =20k ¥,

corlo) = (14 ig’jfg";))l

T&H Y, JAAT Diederich-Fornaess 85023, 2 DO M DL & FHEMWICE M TH 5 Z &
WD 5.

SEX

[1] M. Adachi, On several ezponents related to Levi-flat real hypersurfaces, in preparation.

[2] M. Brunella, On the dynamics of codimension one holomorphic foliations with ample
normal bundle, Indiana Univ. Math. J. 57 (2008), no. 7, 3101-3113.

[3] S. Frankel, Harmonic analysis of surface group representations to Diff(S') and Milnor
type inequalities, Prépublication de 1’Ecole Polytechnique 1125 (1995).

[4] T. Ohsawa and N. Sibony, Bounded p.s.h. functions and pseudoconvezity in Kdhler man-
ifold, Nagoya Math J. 149 (1998), 1-8.
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On minimal singular metrics of certain class of line
bundles whose section ring is not finitely generated

Ntz (KT

X ZGHEHITH 5 DR E RS RRIR, L% X O (%)) FRERRE T 5. Ay
% LOK/NRRETR (R L v MAREIER B RRTIV I — M RO NED FEIHEEX
NREHDDPS)) £T25L, LBEFX TP DOERTHIRIIVE VDLV T 2V T Apin
DFEEIIHRHE T NN Z &2 Boucksom IZ &> THIS T WS

EH 1. ([B, 8.2]) LA T DOEKRESIE, &2 € XIZDOVWT v(Pming, z) =0TH
3.0

ZIZTrviEWary#EzERL, onne & 2 2D D TD by, DA weight (A, =
e minl 1055 D) ThHhDLELHRMEML LTWVS.

— /T [BEGZ, 5.4 TIEA TP DOEKRTH D RDS {pninr = —00} # 0785 (X, L)
NdimX =3 THREINTWS. DD LOXT7hrD2EKREWIRER, 27 ed3
OLPA ETIRA R L B/NRG R R OMFMEZ R L2\, Tl Zariski 12 & 2RO T
XESTHA D

Bl 2. (Zariski DFI, [L, 2.3.A]) C & P? DiF 5 278 3IRR L 975, C i —fRDALEIC
HB128p1,p2, - P2 ZHLNETEIPPOBEHKT: X - P22FZ25. COnIl L EHHE
Hxk D PPOEMROTIZEDFERLAHE TS ZOLEEMRL =0(D+ H) XX
Zl72 9. DO AEEDOm > LIZHUTHIER |[LE & D 2 &, D |L¥" @0 (—D)|
IR cAEKR I NS, O

Z D Zariski DFITIX LIZA TP DOEKRTHH0, P EETIER. F-UMBRR(X, L)
IS PIZIEERAERTH 5 728, BuNFRFHEO R R(X, L) DRI 5 o 1350k
ET &7\ ([BECZ, 6.5]). 5HOEFERIFIRTH 5.

EH 3. Zariski D] (X, L) IZRAWT, L OF/NRERGFHEIERICENSE. DD, L
I3 T L I — PR THRIERMEZE>EOEFEET 5. O

X0z, RHREZD

EH 4. X 2O PR ERLHIKR, D2 ZORIRIEL DWW S P RERD LRI, L
X EOBEMEREE TS, ZITDRX OhTEEZEEREHEEZFEEO I, B
R L @ O(—D) Do D72 L)V I — FEHETHFEILERLZ D ERD I & 2 {KE
T35, ZDLELDOR/NFEEE by &, Lp WA THL L ELTDE EITRY
Pminz|lp Z0 THY, ZDEE hyinr|p & Lp DBR/NERFTETHS. O

727202 2C DX O TEEZEEREEZRD] &1, XHTODDH 565U
& Npyx HTDO-YIW D 238650 BEAEL T, U L U BRUIEAIE 725 Z & 2 ER L
TW5. EHANSEHINHED Z 21X, IROEH» S 05
ZIKE}:F;'-L. IR (FRAER5:25-2869) MO LIREAE ) —T 1 >/ 7077 LOME%2Z 372D TH

2010 Mathematics Subject Classification: 32J25; 14C20.
*— 7 — K : minimal singular metrics, tubular neighborhoods, Zariski example.
*T153-8914  HEHHERXENS 3-8-1  HIKT: KFEEEHBIAHZER

e-mail: tkoike@ms.u-tokyo.ac.jp
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EH 5. (|G, Satz 7)) X % o e EHEMH, D % X IZHOIA TN S H TR
Mg —< Ve T 5. DOHCKAK(D?) Hmin{0,4 — 49} & D /A FhIE
D3 X o TEBENESE 2RO, O

EHAIZIRDESIZUTRENS. L|p DA TR E ZITIEIH S 2T hyin,p|p = 00
BROT, MFTIK L p DAL T 5. BhdIZ D EOATIHAS H(X,0(D)) DT fp
E,A=LRO(-D) DS HEIIN I — FEtETHEIEELRLZEDhy = P12
5. ZDE Elog |fpl? + pa & JFFT weight &35 L D IEMERZFE DI ENE £ 508,
INEDTHRBMLTCLES>TWS. TZTIOHEZDDEY TIRO LS ITINTT 5.
F9T, XHFTDDDHZEMHU & Np)x HTDO-YIWDH 25850 L LT, UL U B
MIEAI & 7226 D% 5. IZZDU 2ERZEHRIKX =P(L|p ® Alp) TS %
WK D' = P(L|p) Dl & 2729 (X 1 Np)x DAV 87 METH Y, D' & Np/x D 0-
PIBNT IG5 Z IR T ). 2O E X LOMMEYE K L = Ox)p (1) DU
ANOHIR L' | 1, MEHE i: U - U' 2N U T Ljp & CCRFETHS. AFNEEDZD
ApWEETH L L LTI ZED D (—ITIZA|p IFEHEETULRZARWVWS, &
BOFEHIZIEINT TR TH D). ZORE L OB/NMNERFENPRD L 512D EDOR-
EFRH D equilibrium 71 & % W TEARIZHER T E 5.

EH 6. D DR, L p OREFTAM st , A7 p ORATEBME % 2 W T X/
DJFFTEERE (2, 2) % (2,7) = [28%(2) + sh(x)] € X! TEDD. WHNRLp DTV I —
REHR R = e IZH U T pp(z,2) = log maxep y) |2|eltealot0=0¢)@) % B weight
9% L DOFtREBRNGFRFETHS. O

ZZT@)e =19 +sup{x: D — [—00,0];1p—psh} iZ e Y IZX T B equilibrium Ff &
DGR weight TH 5. op(0,2) = (¢')e(x) 1Z L] p DB/NFRFHE D /AT weight TH %
ZEIZEETS. EHD op EXEAH i U - U ZHWT, U k L|ly OFH&ETHAT
weight 23 ¥ + (WO PARFAFBEE) L BT 2L OPEETES. Ik ¢, & EL.
ZDE U DINTDRFHT weight 23 log | fp]> + ¢4 TH Y, D DD TDREFT weight A3
max{yy — C,log |fp|* + ¢a} TH D LOFHEITB/NEGERFIETH D Z D505 (12
ZUCRTARZZIEDER). DFD L|p DER/NGEFHED L O/ REHRIZHER
TEZOTEEWRINZILITRD.

LA EDRRRIZ & D, EELA DRI (T ST A|p WEER L ) T, L OR/NRFER
FHEDOFEHOMT D D ED R-EARAKD equilibrium GH &2 HWT (FE6D L SI12) A
HHNZERTET VWD Z L 5.

SE Xk
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[G] H. GRAUERT, Uber Modifikationen und exzeptionelle analytische Mengen, Math. Ann.
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FRlRE

ERTZEOFEE MM L Steinft

BT ik

ARIZBNT, EREMT ORI OHE 2 IR ERET S, £72, fHIK
DOEEREPEIFE L7V,

2R BGR OWFFE & T T TR O O & oI Julia [27] OFENRH Y,
Ziud NERIRSEE O IR EAISER TH A 9] LW I D Tho7z. =
DOFIEEfRIS 5 7=, Cartan - Thullen [18] 1Tk v ERMPEDORE & AN E A
Shio. —iIC, EHEZRE X EOERIREE . © Fatou 4 (ERMERER)
WY TH Y (Barth [16]), L7=28- T, X 28 Stein ZAEAD & 1%, [ [32]
DOEBLZ — /b L7z Docquier - Grauert [24] OEBIZL Y, F © Fatou 4
X Stein TH 5.

BWREMX Oa 7 MEAKIZXL, £5

wKx =Ky = {x e X [{£ED f e O(X) IZx L f(x) € f(K)}

#KDOX BT 2EBEMEE VS B HREMX OFEE0a 7 MES
KTt L gKy BRar "7 v CThorex, X 1 THEBREMNTHL LV,

BHRZEM X OFIR D IZOWT, DINOIEED 237 MEA K IR LES
uKxND 3= 37 R Th% & &, DIZEER 0(X)-MTh o L5 T2 Stein
Z5[ X OFFE D IZ2WTC, D B3HER 0(X)-IhThDH Z Lk, D NOEED =
LRy MEAKITRL gKx CD B VLo & LFAfECTHY, Fim, HER
O(X)-r725E08 D CTERIZ2 BT OWT, AEALEEUER 3 235k 0 sz (]
& [5]).

X 7% Stein ZERRD & &, X EOERIBIER F @ Fatou 4 1%, HLUZ Stein
ThHEVILEID, bosFELL, AHA OX)-(hThs (E - HE [14],

EL oy %y MES K OBHZEM X B0 2N L JiZn s boll, BT Ky bV,
WKx & pKy 13—#%1213% L < 720y (Hirschowitz [26], Coltoiu [21]). L7z3-> T, [HEEHE)
o LT-fREICIE, = ofE, EETARThER bR,

E2x —Crorx, DAHEER OCH-MThD I &%, DA [31] OFEWTHELTHD
ZELAMETH D, BMOEBATLIEROELE L EH T, W [4,7] 23 H.

3 Hirschowitz [26] 12 & 2 BIOHIAGREIER S &5 5. B [9,10] 1% Picard BE #4524
BECBET 2 — b SN A B A 222 L, Stein 22BN T, ST o0 FELTIER %
—AL L7 CHEA LTz,
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fafEp [2]). 62, Stein ZEfH X OfEE D 73 A HA ﬁ(X)—lﬂ‘lfcﬁ 5iF, X ForER|
Mk F BIFEELT, DIX.F © Fatou 45 ThH5 (s [2,5]).

£72, Stein LR X OfEl D ASHERHSFEA 0(X)-MTHIUL, DX
BOMRIMEEZ S5, 202 b, FlxiE, mEEF [30] o, C" O
fk D OZEANEPMEEOBEREMR L & D OL@EEy DNL NHEERETH 5
WV HEIZ K o THEITIT BN 5258 9 23% R 9 Bremermann [17] O RiRE
DOEBPITHHZ bz (R [6]).

TS OFERIE, Stein Z2[ X OFEMIC T S AEEE, AR O(X)-™Y
PEOREE O AEZRRSED. Lo Len s, —io Stein 2% LTI,
Levi O (Colgoiu [19,20,22], Diederich [23], Fi[#f [11] 2fR), BL W
ZHUCEHET 2 FHICONT, R TREBENME LA TRV DI, AE
B G(X)-MEE, 35 X ONERIBIERE O Fatou 224 OBHMAT T OREE, —RoD
Stein ZEH TIIAR+ IR EETHY, ROMEDOERZNLETHS.

fIEE 1 Stein 22 X a7 MES K IZHOWT, K ®© X I8 56 84N
BONE (gKx)® 13 X (B THER 0(X)-1Mm7 2

RHZE 2 Stein Z2f X OfEIK D 12T, AEAN 2 513 Stein > 2

FS%E 3 Stein 22 X OFEI D Ic>W\C, G4 H(D,0) — H' (D, #) 7"%
Bl ThiuL, toFniesfto T, D i Stein 7»?

X 78 Stein ZARAO L =, ME1, 21IZHEENTHS. b LEE1 BEENT
dHAUE, Stein ZZHNTI1T 5 ERIBI¥LE D Fatou 5 OdRPLIE, Stein ZERAD
B LRI THLD. £72, D7 Stein SO KRIIOMIR T 5 &5 FfhD
T, b LEE3INEEN THILUEL, ME2 L HEENTHD.

Stein Z5ff] X Ok D 1%L, H'(D,0) — H' (D, #) 7 H54 & 9 (K 5E
L0y, H(D,0)=0 Z{ET 5, HHVIZNEHEPOREE B & &,
DM 225D FC, D @ Stein A E < &9 IO LAY 1965~1985
FEHWOHIIZZ S EIN TS, BIZIE, D A Stein FEIKOHIR S DO FRIR
TdHY, 1> HY(D,0) 73 Hausdorff 72 51F, D i3 Stein Td % (Markoe [29],
Silva [33]).

BHRZEMIE, ZOTRTORRADVEFEATHDL LE, (ER) PEMRL L
TN 5. #UERIE Cohen « Macaulay 7> IEM TH 5. Stein BLEIE X OFE D
IZ2WTC, DMEED p e dD)\Sing(X) IZBWTHHT Stein TH Y, 72> D 23
Sing(X) (¥ » TEREFRERBEM A& b2 7ux, DIHMEED p e dD 1Tk
TJRAT Stein TH 2 (BB (1], BIEs - & H [15]). ZOFEBICHW T, Grauert -
Remmert [25] (EH [34]) OMiEEHW5.
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I 3 1B LC, n OT Stein BUER X Ok D B5%4F HY(D,0) =0
2<k<n—1) &2H7L, »OEORITEOHFE Lie B G BFEL T, HEHEGR
H'(D,06) — H'(D, (&)%) BYERH 72 515, D IHEED p e ID 2B\ TR
it Stein Td 5 (B [11, 12]). Z Ui 2 Kkoc Stein ZARKRDOFEIK O Stein £
Ze [l DTN Ko THRAEAT T 720 - v [28] OEBLO — k(b TH 5.

Fo, TRTOREGVBERTH 5 K 5 72 n kot Stein PLE AR X OfEk D
WM HND,0)=0 Q< k<n—1) &=L, »OEHES4 Div(D) — Pic(D)
Mag 4 225 0F, DI Stein TH B (TS [3,8,13]). 7272 L, Div(D) iZ D
O Cartier [N7#f, Pic(D)=H"(D,0*) 1% D ® Picard Bt TH 5.

INOORERIE, B2, 3OREHETIBETHELNZLDOTHD. X
23 2 kot Stein LB ROGEIZET UL, BEE [13] SEPloFECEY, M
B3I RS2 LICEENTH Y, LT, ME2LEENTHS.
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