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The general sampling theory by using
reproducing kernels

H. Fujiwara, Graduate School of Informatics, Kyoto University and
S. Saitoh, Institute of Reproducing Kernels
saburou.saitoh@gmail.com

November 17, 2016

We would like to propose a new method for the sampling theory which
represents the functions by countable discrete point data in a very general re-
producing kernel Hilbert space function space. The result may be looked as
an ultimate sampling theorem in a reasonable sense. We shall give numerical
experiments also as its evidences.

Conclusion:

We showed a general sampling theorem and the concrete numerical exper-
iments for the simplest and typical examples. We gave the sampling theorem
in the Sobolev Hilbert spaces with numerical experimences. For the Sobolev
Hilbert spaces, sampling theorems seem to be a new concept.

For the typical Paley-Wiener spaces, the sampling points are automatically
determined as the common sense, however, in our general sampling theorem,
we can select the sampling points freely and so, case by case, following some a
priori information of a considering function, we can take the effective sampling
points. We showed these properties by the concrete examples.
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log0 =logoo =0 and Applications

Hiroshi Michiwaki, NejiLaw Inc.,
Saburou Saitoh, Institute of Reproducing Kernels
E-mail: kbdmm360@yahoo.com.jp

November 17, 2016

In this talk, we will show that log 0 = log oo = 0 by the division by zero

z/0 = 0 and its fundamental applications. In particular, we will know that
the division by zero is our elementary and fundamental mathematics.

Key Words: Division by zero, 1/0 = 0,0/0 = 0, log0 = 0,log oo = 0,

0°=1,0; €’ =1,0; cos 0 = 1, 0; field, Y-field, point at infinity, infinity, Green
function, Robin constant, capacity, conformal mapping, Riemann mapping
function, Laurent expansion, singular integral, Hadamard finite part.
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Analytic functions concerning with
some subordinations

Shigeyoshi Owa (Yamato University)
Junichi Nishiwaki (Setsunan University)

Let A, be the class of analytic functions of the form

(1) fE) =2+> a  (n=234-)
k=n
in the open unit disk U. If we consider a function
1
n
then
n(l —r"1) z2f'(2) n(l+r"1) 2n
3 0<— <R U).
(3) < n —rn-l < e(f(z) < n —+ rn-1 <n+1 (z€0)

In view of the above, we say that f(z) € S¥(«) if f(z) € A, satisfies

zf ’(Z)>
4 0 <Re < <« 2e€U
(@) s (-€0)
for some real a > 1, and f(z) € K,(«) if f(z) € A, satisfies zf'(z) € S}(a) for some real
a > 1.

Let p(z) and ¢(z) be analytic in U. Then p(z) is said to be subordinate to ¢(z),
written by p(z) < ¢(z), if there exists an analytic function w(z) in U, with w(0) = 0
and |w(z)| < 1 (¢ € U), and such that p(z) = ¢q(w(z)). If g(2) is univalent in U, then
p(z) < q(z) is equivalent to p(0) = ¢(0) and p(U) C ¢q(U).

Theorem 1. If f(z) € A, satisfies
zf'(2) a(l+ 21

(5) f(2) a+(2—a)z ! (z€0)
for some real a > 1, then

2f'(z) « o B
(6) o) a1 “2a-p €U




Theorem 2. If f(z) € A, satisfies

2f"(z) 2z _ (n=Dla-1)
(7) Re (1+ 16 B ) < (z €U)

for some real o > 1, then f(z) € S a )

Theorem 3. If f(z) € A, satisfies

oo

(8) Y (2k—al - a)la| S a - [2 - a

k=n

for some real a > 1, then f(z) € S} (a). The equality in (8) is attained for

B (a0 — |2 — a|)ne B
) Z+Zkk+1 Z—alra) d=1

Theorem 4. Let f(z) € A, satisfies

B(1+ 2" zf'(2) . a(l+ 271
- S 1) Cat@E-ae

for1 < g <a. Then

(10) (z € U)

(11) hz) < 7/02 t}j;t()t)dt Zg(z)  (ze),

where v # 0, Rey 2 0,

oy [Pt
(12) h(z) = i —ﬁ+(2—ﬁ)t”‘1dt

and

v (7 a(l+ et
13 SERRDAY e S A )
(13) 9(2) 27/0 a+ (2 —a)tn!
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Numerical solution of the radial Loewner equation

Ikkei HOTTA (Yamaguchi University)*!
Hirokazu SHIMAUCHI (Yamanashi Eiwa College)*?

1. Introduction

The Loewner equation provides a one-parametric family of conformal maps on the unit
disk whose images describe a flow of an expanding simply-connected domain on the
complex plane. It has been successfully used for various problems in Geometric Func-
tion Theory, in particular the extremal problems exemplified by the famous Bieberbach
conjecture. Further we would like to remark that the Loewner equation has made re-
markable advances in various fields, e.g. the cerebrated Schramm-Loewner Evolution,
a stochastic version of the Loewner equation [7].

We formulate one of the standard models called the radial case, following Pom-

merenke’s characterization (see e.g. [6]). A time-parametrized holomorphic function

fi

:D— C (t > 0) is said to be a (radial) Loewner chain if;

L1. f; is injective, i.e., a conformal map on D, for all ¢t > 0,

L2. f,(0) =0 and f/(0) = €,

L3. fs(D) C fi(D) for all t > s > 0.

By the normalization of f;(0), it follows a strict inclusion of the images f5(D) C fi(D).

It

should be noted that it is differentiable with respect to t almost everywhere in

t € [0,00) and independently in z. Further, it satisfies the Loewner equation

e M) e (1)

for all z € D and almost all ¢ € [0,00), where the term p(z,t) is called a Herglotz
function; measurable with respect to ¢ € [0, 00) for all fixed z € D, holomorphic with
respect to z € D for almost all fixed ¢t € [0, 00) and satisfies Rep(z,t) > 0 for all z € D
and almost all ¢ € [0, c0).

On the other hands, one can construct a Loewner chain f; that satisfies (1) for a

given Herglotz function p. Further it is essentially uniquely determined. Hence, it is
natural to ask how a Herglotz function p encodes analytic and geometric properties of

Ji

. A large number of researches are devoted to this problem, see for example [6], [4],

[3], [1], [2] and references therein.

The aim of this talk is to present a simple method for the numerical solution of the

Loewner equation in [5].

This work was supported by KAKENHI (26800053,16K16061).
2010 Mathematics Subject Classification: 34K28, 65E05.
Keywords: Loewner equation, conformal mapping.
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*2

e-mail: ihotta@yamaguchi-u.ac. jp

web: http://web.cc.yamaguchi-u.ac.jp/ ihotta/

e-mail: shimauchi@yamanashi-eiwa.ac.jp

web: https://sites.google.com/a/yamanashi-eiwa.ac.jp/hirokazu-shimauchi-home-page/home



2. Numerical Solution

Suppose that a Herglotz function p has the form p(z,t) = 14 > ° ¢,(t)z" on D. For
given fixed time-parameters tg,t1,...,t,, we approximate the corrcspondmg Loewner

chain -
fi(2) = €2+ an(ty)2
k=2

by the Maclaurin polynomial of degree N € N. It is known that the coefficient a,(t)
has the form [6, p.165]:

n—1 0
"3y / e ay (F)en ()t
v=1 s

where n € N and s € R with n > 2,5 > 0. We discretize it as the recursive formula;

n—1 ((M s)/h]
Q1 ( e’ Z e~"stilg, (s + jh)cn_u(s+jh) |,

v=1

where £ is a small positive real, M > s a positive real and n > 2 with @y prp(s) :=€®. A
number of methods of the numerical integration, e.g. the trapezium rule and Simpson’s
rule, are known. Here we employed the rectangle rule of the numerical integration for
simplicity. The recursive formula can be justified with reasonable regularity.

Theorem 1 Let n € N and suppose the coefficients ci(t), ca(t), ..., cn—1(t) of a Her-
glotz function are piecewise continuous with respect to t. Then, for given ¢ > 0 and
s €ERY, |an(s) = @narn(s)| < € holds when M € N is large enough and h € R is small
enough.

3. Numerical Experiments

We will show numerical results of the Loewner equaiton with some Herglotz functions.
To observe precision and performance, we treat several examples that explicit solutions
of the Loewner equation (1) can be obtained.

References
[1] F. Bracci, M. D. Contreras, and S. Diaz-Madrigal, Evolution families and the Loewner
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2. LE D IEBEREEK
W 1 BB d(21, ) = |21 — 2|/ (|21] + |20]) 1EFH C EOEMBIRTH 2,

Z NE prelative metric [4] $ & O triangular ratio metric [5] DKL LETH 5,

I8 D(z1, R|z1|) & D(z2, R|2s]) MEST B L & R=d(21,22) TH 5B, d(1,2™) =
d(27,297™) d(1,2™) = d(1,27™) DERALD, 0 < d(z,w) <1 TH Y, JFEIEI D
WU TR E 725, — & 2 Do DFEFER—E D RES X, FIWREIFRD, <27
VDY U THB,

Van Tterson (&, B o (21, 22) = ﬁcos b (2= rjeF"J r; >0,0; € (—m, 7,
j=1,2) &2\, d & o ORNTIEo(21, 20) = /1 —d(21, 22)2 £\ D BRA LD,
B o DIES D, BEOEIE TRV I W,

3. ARFTEE RO/ A 5E
IRIESE DR FET N E LTIE, FRAEDIZNZ, Ru /A Eox1) v 7%
FEZBWMEL DD, WPIREE T AN2) 2 BREGL TR/ A 80X v
i ATHEO A R /A EEZAD Z LICE > TRIIRBAEHR I ND, £<D
. AR E ) AHEBIEANATTH Y., Z20/RMIREE S D, &R0/ A EEIY
ﬁﬂﬁ?ttiét%\ RAY T DOORFIREEE D, TD LD HAEKT » DESIXE
B 1(b) DAEFRTRT & S RO L 725,
z=reV 1 0 e (—m 7] £T 3, 0 FEFDOHET divergence angle ([Al#zfg) & WHE
N5, NBURTEM T A(2) 2 EERES & T 2HRAEOMIIREIX. 0/2r D (F) &
PR TH o [1). Fo /A pEORFIREIE. 0/2r O (EZRWUHRE) G2 T
HB22] ZeRbroTWVD,

WE2 A2) 2RAERL TR0/ A DEDRNUME LAY V2 Th Y, RIIREE
mn &35, TDLE, WU L, 27", 2" 20 ik, ZOETH—MEICH O, Bl d 12
DWT (1, 2™ = d(2™, 2") > d(1,2™),d(1,2™) DKL D,

i 3 NEURGEM T A(z) 2 RREA L T OHRFTHOMIIBEIEX, Ao/ 1 x1Y
YT ORMFIRBTEH B,

EIH 4 Van Iterson DK F 1d Farey KAOWEZ D, L7zAi>TFU{0} 13RS
MOHHEITH 5,

& 3

[1] F. Rothen, A.-J. Koch, Phyllotaxis or the properties of spiral lattices. II. Packing of
circles along logarithmic spirals, J. Phys. France 50 (1989) 1603-1621.

[2] Y. Yamagishi, T. Sushida, and A. Hizume, Voronoi Spiral Tilings, Nonlinearity 28 (2015),
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Abundance of semihyperbolic dynamics in
the boundary of the Mandelbrot set

AP IESR (RUERRSE RABE AN - BREEADITR)
NI BB (RECTSERY: K2R B 22 ZER) )+

QRZIHA P.(2) =22+ c DFIEIJuliakd K., JuliakB J IR TEHRINDS :
Ke:={z€C| P!(z) A oo},  Jo:=0K.
F 18T A= =2 DA L LT, XD Mandelbrot EEMWEHRETND :
M= {c| J. : i} ={c [ {P0)}2, : A}

K7z, ZHA f(2) D 2 € J(f) Tsemihyperbolic TdH 5 &I RDT L2V 1z DL
U EHBN c NWMFEEL, f(U) ("n) DEEOEER S VICHLT 'y : V = U
&

deg(f"lv:V —=U)< N

Zfited. IS, EED 2 € J(f) T f(2) Aisemihyperbolic TH 5 & &, BT f(2) &
semihyperbolic T % £\ 9. ZIHR f(2) A semihyperbolic TH % 72D DRAE 775
EE f(2) DR R AR Z2 5729, DD e e J(f) 75 AR DEFFL AL ¢ A non-recurrent
TH2 WL cdw() T&THB ([CIY]) . fHhyperbolic’s 5 semihyperbolic
THB. X7z fHsemihyperbolic 7% 5 & Siegel disk *° Cremer ;UIIFERT, £z J(f)
D 2 X7t Lebesgue HIfEIX 0 THB T EMHSNTWVS. T DT semihyperbolic 7% /]
PRI LT WE DL FE A %.

BHC 2 RETR P.(2) Te € OM DBERERD &, Pu(z) DEFUEIZ 0 DAEDT,
P.(z) A semihyperbolic T&H % C LIFFRFR 0D J. DJEL, M Dnon-recurrent TH 5
CELAMETH S, HlZIE ¢ HYMisiurewicz /3T A—2— (P, DEFFL A0 D i I
5%, BB, 7k, 1>1 PFPL0) = PY0) &BERKD P.ld semihyperbolic £ 75 5.
ZlT

SH :={ce M | P. |&semihyperbolic}
9B ERMKD D

Theorem. P,/ semihyperbolic 725 ¢ HY Misiurewicz /37 A —X—TEW\K I K chH
OM ICHABICAAES 5. KT
dimp (SH) = 2

T % (dimy {3 Hausdorff Zot 2K 7).
RROBXISHERIC dimg (OM) =22 W05 DHH2 (S . Ko TLELOREE v

VTV T O —EE OB I EIERIR LT W IR B EIFET S T EBER
LT3 (Jz72L, OM @ 22XT Lebesgue HIEN 0 THZH5 =) .

*le-mail: kisaka@math.h.kyoto-u.ac.jp
*2e-mail: kawvahira@math.titech.ac.jp



AEAIC I LART D2 CTHES L7TeRDBIGZ W% ¢ &2 Misiurewicz X 723
INTGA—=5— (1B, P, CHSAODEIEMNICE S, X2 P, B E Rz
FoXko%%Em) £9%. /NEW Mandelbrot #286 M,, ZATEIC 1 D& 0, M, WD,
MM DISTRA—=B— 350 L ¢y € My, DifERIERT B L Ty (€ C, |n| t 537,
co+n ¢ M)IBIIZKIENRZ%. HICZDOREOHITEZIEKL T L & ZDOKED
2K BWHG, BICZTOHHG ---, LWV ANTREENRA, TORTITEIT/NEW
Mandelbrot 82EMEINS (FX Tl co (3HHEL ("Douady’s fat rabbit” ICXSd %)) .

BRIV J oy (T XIE EOERDI8T X — 2 — 6 LT P. A semihyperbolic T
BB LRRT.

BEXHER
[CTY] L. Carleson, P.W. Jones, and J-C. Yoccoz, Julia and John, Bol. Soc. Brasil. Mat.
(N.S.) 25 (1994), no. 1, 1-30.

[D-BDS] A. Douady, X. Buff, R. Devaney and P. Sentenac, Baby Mandelbrot sets are born
in cauliflowers, In The Mandelbrot set, theme and variations, London Math. Soc. Lecture
Note Ser. 274, Cambridge Univ. Press, Cambridge (2000), 19-36.

[DH] A. Douady and J. Hubbard, On the dynamics of polynomial-like mappings, Ann. Sci.
Ecole Norm. Sup.18, (1985), 287-343.

[M] C.T. McMullen, The Mandelbrot set is universal, In The Mandelbrot set, theme and
variations, London Math. Soc. Lecture Note Ser. 274, Cambridge Univ. Press, Cambridge
(2000), 1-17.

[S] M. Shishikura, The Hausdorff dimension of the boundary of the Mandelbrot set and Julia
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Takanori MATSUNO  (Osaka Pref. Univ. Col. of Tech.)*

1. Introduction.

R. D. M. Accola[l] developed a theory of strongly branchecd coverings of compact Rie-
mann surfaces and among other applications of the theory, he constructed a Riemann
surface admitting only the identity automorphism. In this talk, applying the theory of
strongly branched coverings, for any given finite simple group, we construct a Riemann
surface whose automorphism group is the finite simple group. Though Greenberg ’ s
well-known theorem[2][3], which states that, for any finite group, there exists a com-
pact Riemann surface whose automorphism group is the finite group, is known, our
method is very simple and easy.

2. Preliminary.

Let # : C; — C5 be a holomorphic mapping of compact Riemann surfaces of degree
d, and total ramification r,. We denote by g; the genus of C; for ¢ = 1,2 . From the
Riemann-Hurwitz formula, we have

201 — 2 = dr (292 — 2) + 7.
Definition. The mapping 7 will be called strongly branched if
re > 2dn(dy — 1) (g2 + 1).
Remark. If d, =2 and g» = 0 and r > 4, we are in the hyperelliptic case.
The function field on C; will be denoted by M; for ¢ = 1,2. My is the subfield of
M; of index d,, obtained by lifting meromorphic functions from C5 to Cj.

Definition. M, is called strongly branched subfield of M; if 7 : C; — Cs is a
strongly branched covering.

Definition. A strongly branched subfield M, will be called a maximal strongly
branched subfield of Mj, if whenever My C M3 C M; and My # M3 then M3 is not
a strongly branched subfield of M;. The corresponding definition will also holds for
coverings.

Remark. If 7 : €7 — () is a Galois and strongly branched covering whose covering
transformation group G is a simple group , then 7 is a maximal strongly branched
covering.

Keywords: branched covering, automorphism group.
*e-mail: matsuno@osaka-pct.ac. jp
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3. Theorem.
Applying the theroy of strongly branched coverings, we have fairly simple new proof
of the following theorem

Theorem. Let G be any finite simple group. Then there is a compact Riemann
surface whose automorphism group is isomorphic to G.

References

[1] R.D.M. Accola, Strongly branched coverings of closed Riemann surfaces, Proc. Amer.
Math. Soc., 26(1970), 315-322.
[2] R. Greenberg, Maximal Fuchsian group, Bull. Amer. Math. Soc., 69(1963), 569-573.

[3] S.Mizuta, M. Namba, Greenberg’s theorem and equivalence problem of compact Riemann
surfaces, Osaka J. Math.,43(2006), no.1, 137-178.
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Takanori MATSUNO  (Osaka Pref. Univ. Col. of Tech.)*

1. Introduction.

Let X be a compact Riemann surface of genus g > 2. We denote by Aut(X) the full
automorphism group of X. By a theorem of Hurwitz[1], the order |Aut(X)] is finite
and the following inequality holds:

|Aut(X)| < 84(g — 1).

We call Aut(X) as Hurwitz group if the bound is attained. It is known that the bound
is attained for infinitely many values of g[2]. The purpose of this talk is to show that
the bound is often not sharp. In this talk, we often use the terminologies of branched
coverings of complex manifolds.

2. Preliminary.

Lemma. Let X be a compact Riemann surface of genus gx > 2. Then X does not
have any automorphism whose order is a prime number and is greater than 2gx + 1.

Proof. Suppose that X has an automorphism, say o, whose order is a prime number
p with p > 2gx + 1. Then ¢ generates a cyclic subgroup H =< ¢ > of order p
in Aut(X). We now consider the quotient space Z = X/H. The quotient mapping
m: X — Z = X/H is a cyclic Galois branched covering over Z of degree p. ™ may
branch at several points. Let [ be the number of the branching points of 7 in X and
let gz be the genus of Z. From the Riemann-Hurwitz formula, we have

29x —2=p(2g97z —2)+1(p—1).
If we reduce mod p — 1, we have
29x —2=2g97z—2 (modp-—1).
So as a result, the following congruence equality must hold:
2(gx —9z) =0 (mod p—1).
But it is impossible, since
0<2(g9x —gz) <2gx <p-—1.

Then X cannot have any automorphism whose order is a prime p with p > 2¢gx + 1.

Keywords: branched covering, automorphism group, Hurwitz group.
*e-mail: matsuno@osaka-pct.ac. jp
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3. Result.

Theorem. Let py,---,ps be mutually distinct s prime numbers and let ny,---,ng be s
positive integers which satisfy the conditions:
(1) 84 < P1,

(2) 84p7111 pzliil <pj (.7 = 2775)
Then, if X is a compact Riemann surface of genus g = pi*---pls + 1, the order of
Aut(X) is strictly less than 84(g — 1).

Remark. The case s =1 and ny = 1 of Theorem is given in [3].

References

[1] A. Hurwitz, Uber algebraishe Gebilde mit eindeutigen Transformationen in sich, Math.
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On holomorphic motions and the extension problem

HE O (REIERE B2ER)”

1. Holomorphic motion & Z DHLARRIE

U —= VERIH C LIRS B L EEZEEK M T L, LUFOZ&MET 3514
¢p: MxE—=CxZMLED (7213 M%Z/)8FRA—ZRZE &%) E D holomorphic
motion & FE5

1. MINDB B po ISR L, ¢(po,-) : E — Cld E_FOHESE 4.
2. fEEDpe MITHL, ¢(p,): E— Cld E_FTHS
3. fEEDz e EICRL, ¢(-,2) : M — CIZIEH.

CNHDOFEMITINAT, EN0, 1,028, EEDp e MITHL, ¢(p,-)HY0,1,00D
SMZENTHNEET 5L, ¢ ZIEHEE N7 (normalized) holomorphic motion &
. AT-E D holomorphic motion I& Mobius Z#1DHAR ZEAUL HE I EHREE N 5.

Holomorphic motion (& Mané-Sad-Sullivan DL TEA TN, 5137 A-lemma”
& LC, holomorphic motion ICB9 2 A DEH 27z, 975bH, HAFRA =
{NeC| |\ <1} 2,37 A—2Z%E[{] &9 % E O holomorphic motion {&, [A T AZ/3Z
A—Z2E[ T % E DA E @ holomorphic motion & LT [quasiconformal ] I E7E
T&E3, twollkZzmrlLlk.

Z D%, TONemmaDILENZEN, LODIFFELVHIR L L TROEHD Slod-
kowski [3] I K> T/RENTL.
Theorem 1.1 (Slodkowski). C _FOEEDEIES EICHL, A %S X—27ZERH
&9 % ED holomorphic motionld, HIC A%INT A—RZE[ &4 % C D holomorphic
motion \[THEIRE NS,

& 51T Earle-Kra-Krushkal & Slodkowski D E 7% #E[E] 25 75 holomorphic motion D5
BICEHDTDT &R L. T T Tholomorphic motion ¢ : A x E — CHEERIZ L
3H2HG C PSL(2,C) WFIELT, GE=EMD

o(p,9(x)) = 0p(9)(¢(p, 7)), (9,p,2) EGXAXE (1)

Zii/2 9 & 5756, € Hom(G,PSL(2,C)) "MEED p € AICHLUTHIZT 2 & E 20 5.
72720, &5 OO FEE Theorem 1.1 & AR FiEEZHWTHEEEZEZE DT
HBT LEERLTBL.
Theorem 1.1 (& ZORHFAIZLTR) K0, XROEMITARICHDNS.

Q1. /N\T A—ZRZENER 2 DOt EDGEE KD NIDN ?
LA L, ZTHid Hubbard DFSRICK > THENTH S T EMNRLIHIEN TV .
DT NS, REMS>DEHRTHS.

AWFERITE (FRRERS:16H03933) DI ERZIT 128 D TH B,
* T 152-8551 HEELH BXAMIL 2-12-1, BB T IR IR S8R
e-mail: shiga@math.titech.ac.jp

ry




Q2. /3T A—RZERHY 1 KITIE D HGERE TR WIES, 975D 5 Riemann DA,
[FIRED TR KA. T 5 S 2

2. Main Results

A TIE QQD—DDREMEENIT L2 MG T 5 !

Theorem 2.1. Riemann[f X Z2/35 A—X2E[{ &% E @D holomorphic motion ¢ :
X x E — CHX LD C D holomorphic motion \CHEET & % e D DRAED5AFE ¢
D monodromyMEHHTH AT L THS. EHIC, HBIREG < PSL2,C)ITH LT
G-AZRBIE, MO TT, ¢l G-AZ% X D C O holomorphic motion | HERE
TZE5.

CDEMTHNTUVS Tmonodromy O EHBHME | ICDWTIEEEHPICHEIT 5D, T
NEPITDNTDH 2 bRV IVEEMNTHS. FHC X = ADEEIEHEICHTZEN
THY, Theorem 1.1 ZFFREEEE UTHEGRT 245 RICEZ> TS (FHA DREHIC
B TIE Theorem 1.1 DFERIZFH N W) .

Riemann [fil_[-® holomorphic motion DFLFRFEICEI U Tid, Chirka [1] &FEIERIC bR
Oy VIR B &M 2SE LT Wiz, L LERRED S, HOFEFITIE BN
fFEL. 97bb, LFDTENFA 5.

Theorem 2.2. E = {0,1,00,wy,...,w,} £9% (n>1). TDOEE, H% Riemannli
X & X ED E D holomorphic motion ¢ : X x E — C T Chirka D5 Z T &Mt 2729
M, X EDC D holomorphic motion \TIFHEETEIRWE S R E OIMEET 5.

3. ZDIEHLBEHET HER
T ZTClZ, Theorem 2.111CHEHT A HWHES LT 3.

1. Lifting ORENDISH. Beltrami fREXDZE [0 5359 % Teichmiiller 24\
HRZ RIS DMFEET 5. T DE52D holomorphic section (& local ICIXTFET S
M global ICIZTFEE LRV EDVFISNTWS. Theorem 2.1 ZHWV4UE, Riemann
Il X 7 5 Teichmiiller ZZfNDIERI BRI LTI, DLt X ETHEIES %
ZEhbhsb.

2. Theorem 2.1 Tf37z monodromy O HIHMZF v 79 % DIE—RICIIKNEHETDH
%. LAL, Flasett FCREICKD > T3, BRI, EAMEAT, ED
FlER S OEAS R D THERS A7, E © holomorphic motion @ monodromy
WEHICHHICE .

3. Theorem 2.1 5, WhHDD OKA’S PRINCIPLEMWEK D LD &b 5.

BEHR

[1] E. M. Chirka, On the extension of holomorphic motions, Dokl. Math. 70 (2004), 37-40.
[2] H. Shiga, Extension of holomorphic motions and monodromy, preprint.
3]

3] Z. Slodkowski, Holomorphic motions and polynomial hulls, Proc. AMS 111 (1991), 347-
355.
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INT A — X} E Bernstein-Sato 1 7 7L &
A/ I —DIBEDEFHE

MR (ERKRF)
INEUIE (SR k)2
R (SR

INT A — R f}E Bernstein-Sato 1 T 7NV & ZIIMBET SR8/ I —D IO E
B B UBHARRE S 2T AITERK LT,

2 DDMRMAMERAZEE %2 Clr,0,) & Cls,2,0,) &KL, v = (v1,...,2,), 0p =
(O1,...,0,) (0i = a%i), s = (s1,82,...,8,) &35, Clx,0,) TOIEAHELRILQw =
{ziz; = xjx;, 0;0; = 0,0, Oju; = x;0; (i # j),0;x; = x;0; +1} TH Y, C(s,x,0,) T
DIEFHBILRIZ Qfy = Qw U {s58; = 8:8), 8ity = 284,80 = Opsi1 < i < j <gq,1<
(< n} TH>3, WBIEAZE g1,...,9- € Clz,0,) (£721F C(s,2,0,)) TEKI NS
AT TIVE (g, .., 9.) TET

EBTIRWLIER f1, fo, ..., [ O U, ffs2 - £ ¥ a{bA T 7V % Ann(f f5?
e fay eRT, TRbD,

Ann (f{ ;2-~quq) = {p e C(s,z,0,)|p- (f3* s2eee fo) = 0}.
ZoXufbA 77N Ann(f 52 - f39) 1& Poincaré-Birkhoff-Witt %% FIfH$ % Z
L TCEAEARETH 5 (1],
(fifa- -+ f,) D Bernstein-Sato 1 7 7 )V B %

B = (Ann( T f) H Id(fife fq)) N Cl[s]
CEET B, COLE, bs) € BIHL, bs) S fi = p- (S fr)
DM ERFEp € C(s,x,0,) WFET 5,
[FRRIZ, G (3] T, XD & S 7% Bernstein-Sato 1 7 7 IVAEHZR I N T WD,

Bf. = (Ann( fl 252f;q)+[d(f])) ﬁ(C[s],

J

Bs = (Ann(fyf3* - f) + 1d(f1, for- ., fo)) N Cls].

Z 5 3FFED Bernstein-Sato 1 T 7 VL, x U0 > s LR BHEIEFIZBET 2L T
FHEERHRETLIZETROND, 72, fi,..., [ ORI T A =R EELGE
LEtEARETH 0, S0, FHEBNRES AT L Risa/Asir iIZHEE L2, PUF, BRI
FIEAERE RS,

NIA=Ra%FOZHAfi = +yz+ 2 vtav fo =0y 2ERX5, TDELE,
Bernstein-Sato 1 5 7V By 13k & 72 5,

ARFIE IR AR s A B 4 TS 15K 17513, 15K04891, 15KT0102 DBk #3213 TH b £
2010 Mathematics Subject Classification: 14F10, 32525, 13P10
¥ — 7 — K : Poincaré-Birkhoff-Witt algebra, comprehensive Grobner basis
LT 770-8506 8 i = S HT 2-1 fHE K KB oA g
e-mail: nabeshima@tokushima-u.ac. jp
*2T 920-1192 R AR SICREIR TH 7SR R
e-mail: ohara@se.kanazawa-u.ac.jp
*3 T 305-8571 D K IXHRER 1-1-1 FUH R R BRI E R BEA B

e-mail: tajima@math.tsukuba.ac.jp



e’ —4£0DLE, By = Id(s1 + 1,(s2+ 1)(5sa + 7)(5sg + 8)) N Id(g1), 7=7ZL,
g1 = (4s1 + 5o + 6)(4s1 + 582 + 7)(4ds1 + 5sa + 8)(4s1 + 5s2 + 9)(4s1 + Hsa + 10),
0d’?—4=0D, %, By=1Id(s;+1,(so+ 1)(5sy +6)) N Id(g2), 772U,

g2 = (251 + 259 + 3)(4s1 + 552 + 6)(4s1 + 5sa + 7)(4s1 + 5s2 + 8)(4s1 + 5sa + 9)

RIZ, {22 +y2+ 2%, yz} TEBRSI NDEAIRGE R R A (T ¥ ,\,m)’a’:ﬁéo D
EE, 51,5 NT A=K ERMU T = Ann((2? +y3 +23)%1 (y2)*2) + Id (22 +y +23,y2)
DEFEN TV TF —FIEREFET R B, 2T, 0, = 2,0, = —, 9.=4Z
EREERL, HEP R EREEHEREEF Ce -y -2 >0, = 0, = 0. “Cz‘f)éo

Losi+l=8+1=00t &, G ={yz,a*+y*+2% —320, —2y0,—220,—10, 2220, +
2r — 32%0,, —2xyd, — 22+ 3yP0,} WID T L 7T F—HKTH 5,

2.5+ 1 =485+ 7 =00 &, Gy = {yz,xz,2y,y> — 25,22 + 223 2% —2%0, —
4z, —y?0, + %0, —y*0, — 4y, =320, — 2yd, — 220, — 13,20, + 22°0,, —x0, —
2020y, —x0? + 4205, Y202 + 220,,y0? — 202,105 — 4y0,, yd,07 + 6207 + 207 +
702,6y02 4y + yd2 + 602} MIDT VT F—REKTH 5,

3. 651+ 489+ 7T=0D, &, Gy={n,y,2} PIDITVLTF—HKETH 5,

4. 651 +4s55+9=0D & &, Gy ={z,2%,yz,9y% 90, + 20, + 3} I DT L TF—%k
JKTH 5,

5. 651 +4s2+11 =00 & &, G5 = {z,yz, 2% —y? 220, + 32,90, + 20, + 4} [ D
TV T F—HETH D,

6. (s1+1)(6s1 + 4sg + 7)(651 + 452 + 9) (651 +4se +11) A0 F 72l Ts; +1 =0
D (sp+ 1)(dsy + 1) (482 + 3)(4sy +5)(Adsa +7) £0J DEE, Gg= {1} BIDIL
T —HIETH 5,

ZORERPS, &R0/ Iy 7 DIREIL(G,)(1 <j<5)Dsupport bfF5 Z LN TE

%, 1d(G;NClx,y,2]) (2 <j <5)DOWEA T TNV, d(z,y,2) THBT, ED2345

DEE, support lZC* DF A, 1DEE, supportiZa?+ >+ 22 =yz=0TdH 3,
Bernstein-Sato 1 7 7 )V D¥EFZ A F 7 IVl %EEHR T 5 &

Bs, = Id(s; + 1,83 + 28y + 1) N 1d(s; + 1,485 + 7) N 1d (651 + 489 + 7)
n [d(651 + 452 + 9) N [d(6$1 + 482 + 11)

L%, ZONREEERROEGEDTH1,2,345THRONT WD, 7405, Bernstein-
Sato 1 T 7 IVDRMELZA T T IV TDFRI ) Iy 7 DIEEEEDLZENTE S,

—#Z, NS DIRMAAERRGIEEZ S DEREEATED, Ih2HiTT 52
12 & Y Bernstein-Sato 1 7 7 )V By, LRREAOEE 2B MR TE S,

S 3
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1

LR OFE T IV T X L1
(—fDGE)

INEDIE (BIRRE)
HEE—  (BURKF)

KREGCIE, ZEBEBE exact ICHHET 27 )VIV XL%E52%. (8K U c C* FOIE
HIBBOM F = {fi(z), ..., fo(2)} WREELNTHY, £z, UIKBI S fi(z),..., f.(z)
OHEFRE—RKH e U RTITHBELETSH. TDOLE U ETIEAIZEREE o(x) X
L, B

o (7 ) = () Lo 7o re®

7 ZEEEE (Grothendieck local residue) &9 ([1]). TT T I(B) = {z € U |
LA@N = 2. fu(@)]| = €} & FRER e > 0 TREDEn JGEH A VLT
b5, LEREE Resg &, F DOEXBRMAMEAETr = >, calz)2s IT&KD,
Ress (flffndx) = (Tip)|oey EETTENTEBCEMHSENT NG, LD T,
TRITTERZR Tr 23R % T L322 RDZ T LITFE L.

bhbNOBHEE, FHARICIEERTRER, ZEBEEOD exact %ZEMHR 7 IVIY XL
ZHZBHTETHB. LIEh>T, fi(n),..., folr) PBEHATEZA5NTWS L EIC,
Tr ZHKS 27 )V A ALICDWTEZS. ZHAES F X 0otA 77V I 2%
K95 ELTERW. ZBIHAA T 7IVOUERA T 7 )V 7 iR

I=6LN---Nly, (&I, 3FEATTN)

OFHFEEE L HISNTWS. Ve(I) IBEZBDREMNRaRER YKo = [} ]
BHERD. 7 = Vo) L. EEATT7IVARIERREGORNSIH Vo(l) =
ZiU---UZy ERIGLTWEM, EHIC o BB Z, ICHEZE DR ER Y —HH
op Ofllo =01+ +oy KHREND. Z, IKEZEDTIVEREE 6, £T5. C
DEZE, o =Tidz, EXRDBWMEMZER T, € D, MAHEL, TNDTr O Z, ICBTF B
filfRZ52%. LIe->T, {Ti,...,Ty} 2R & ThbNONOHMIEERE N
%. TTTD,=C(z,0) 391 NETH 5.

X9, RATTI I, OFEZREHAMEHRETRI L ZEALS. HELEE my,
L35, RMOTEHZEOES P, = (P, . P WFHELT (h— 2 —{ERI ),

Iy ={geCla] | {PMg,....,PPg} c V/I,}

EERING. P RLUTFOT7IVIV RLTRES. {0 ] a € NI} IC2XREEENIETZ
MB. LV, KD 1P, ELTEKVDT, Po={1} £35. RI<—FEDOIEHZ
P =040 aj(2)0;, (a;(x) € Cla]/VIy) ZEAS. TDOLE, Cla]/VI EHERX
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Bloch functions on bounded symmetric domains

Cho-Ho CHU (Queen Mary, University of London)
Hidetaka HAMADA  (Kyushu Sangyo University)*!
Tatsuhiro HONDA
Gabriela KOHR (

Hiroshima Institute of Technology)
Babeg-Bolyai University)

This talk is an announcement of [5]. The classical Bloch functions on the unit disc
in C play an important role in geometric function theory and have been widely studied.
The concept of Bloch functions has been extended to various complex domains in finite
or infinite dimensions. In particular, it has been extended by Hahn [7] and Timoney
[16, 17] to bounded homogeneous domains in C", and to infinite dimensional Hilbert
balls by Wicker [18] and Blasco, Galindo and Miralles [2], where a Hilbert ball is the
unit ball of a complex Hilbert space and is a rank one bounded symmetric domain.

Following our study in [4], [8] of C"-valued Bloch mappings on n-dimensional
bounded symmetric domains, our objective in this talk is to focus on complex-valued
Bloch functions on bounded symmetric domains which can be infinite dimensional. We
introduce the concept of Bloch functions on a possibly infinite dimensional bounded
symmetric domain and show that many equivalent conditions for Bloch functions on
the unit disc U are also equivalent on bounded symmetric domains of all dimensions,
including the cases studied in [2, 16]. This enables us to extend a number of results
concerning Bloch functions on the unit disc to bounded symmetric domains.

To generalize to infinite dimensional domains, our idea is the substitute for the
Bergman metric with the Kobayashi metric. To achieve our results, we make use of
the underlying Jordan structures of bounded symmetric domains. This is facilitated
by Kaup’s Riemann mapping theorem [11] which asserts that a bounded symmetric
domain is biholomorphic to the open unit ball of a JB*-triple, which is a complex
Banach space equipped with a Jordan triple structure. More precisely, a complex
Banach space X is called a JB*-triple if it admits a continuous Jordan triple product
{,+,-} : X3 — X which is symmetric and linear in the outer variables, but conjugate
linear in the middle variable, and satisfies the followings

(1) {z.y.{a,b,c}} = {{z,y,a},b,c} — {a, {y,x, 0}, ¢} + {a, b, {z, y, c} };
(ii) aoa is a hermitian operator on X which has non-negative spectrum;
(i) llao all = [la]?

for a,b,c,z,y € X, where the bozx operator anb : X — X is defined by aob(:) =
{a,b,-}. The open unit ball of a JB*-triple is also a bounded symmetric domain.

A bounded symmetric domain is a bounded open connected set D in a complex
Banach space such that each point a € D is an isolated fixed point of an involutive
holomorphic bijection s, : D — D (i.e. s is the identity) with a holomorphic inverse
s;'. Finite dimensional bounded symmetric domains have been classified by Cartan,
the irreducible ones come in four classical Cartan domains, and two exceptional do-
mains of dimension 16 and 27 respectively (cf. [13, p. 33]). The classical domains can be
represented as open unit balls of finite dimensional JB*-triples (cf. [3, Theorem 2.5.9]).
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By identifying a bounded symmetric domain D as the unit ball By of a JB*-
triple X, we can describe the geometry of D via Bx in terms of the ambient Jordan
structures. For instance, the automorphisms and the Kobayashi metric of By can be
described completely by the Jordan triple product, which is particularly useful in our
computation involving bounded symmetric domains. We will refer to [3, 14, 15] for
further relevant details and references.

Let © be a domain in a complex Banach space Y. We denote by H(Bx, ) the set
of holomorphic mappings from By to Q. We will equip H(Bx,Y) with the topology
of locally uniform convergence, as defined in [6, Chapter TV,§3], so that a sequence
(f*)in H(Bx,Y) converges to f € H(By,Y) in this topology if it converges uniformly
on any open ball strictly contained in By, which is equivalent to uniform convergence
on compact subsets of By if dim X < oo. The automorphism group of By, denoted
by Aut(Bx), is the group of biholomorphic maps from Bx onto itself. For a bounded
symmetric domain By, the automorphism group Aut(Bx) acts transitively on By.
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This talk is an announcement of [2]. One of the interesting topics concerning
Bloch functions is that of composition operators. The questions of boundedness and
compactness of composition operators between Bloch spaces on the unit disc in C has
been studied by many mathematicians (see [3, 12, 13, 14] and the references therein).
On the Euclidean unit ball in C", this problem has been investigated in [3] and the
references therein (see also [16, 19, 20]).

Shi and Luo [16] showed that composition operators on the Bloch space of bounded
homogeneous domains in C" are bounded and they gave a sufficient condition for
these operators to be compact. They further showed that the latter condition was
also necessary for the Euclidean unit balls. Later, Zhou and Shi [21] proved that
this condition is necessary for the classical Cartan domains. Recently, Dai [4] obtained
further equivalent conditions for the compactness of composition operators on the Bloch
space of the Euclidean unit ball.

We introduce the concept of Bloch functions on a possibly infinite dimensional
bounded symmetric domain and we show boundedness of composition operators be-
tween Bloch spaces and prove various criteria for compactness of these operators, ex-
tending the aforementioned results in [4, 16, 21] for finite dimensional domains.

Let X and Y be JB*-triples with norm | - [|x and || - ||y, respectively. Given a holo-
morphic mapping ¢ : Bx — By, we define the composition operator C, : H(By,C) —
H(Bx,C), induced by ¢, by

C<p(f):f090
for f € H(By,C).

Our first result is the boundedness of a composition operator C, between Bloch
spaces on infinite dimensional domains, which extends a finite dimensional result in
[16, Theorem 1].

Theorem 1 Let By and By be bounded symmetric domains realized as the unit balls
of JB*-triples X and Y, respectively. Let ¢ € H(Bx,By). Then C,, is a bounded linear
operator from B(By) to B(Bx). If p(0) =0, then

1Co(Nlisx) < I flls@y) for feBBy). (1)

For a Hilbert ball Bx and dimY < oo, the composition operator C, restricts to
a map between the little Bloch spaces on By and By exactly when the coordinate
components of ¢ are in B(Bx)o, which extends a result in [16, Theorem 2| for the
Euclidean balls.
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Proposition 2 Let Bx be a Hilbert ball and let ¢ = (¢1,...,¢n) € HBx,By), where
dimY =n < oo. Then C, is a bounded linear operator from B(By ) to B(Bx)o if and
only if p; € B(Bx)o forj=1,...,n.
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Weighted composition operators from H* to the Bloch
space of bounded symmetric domains

Hidetaka HAMADA (Kyushu Sangyo University)*

This talk is an announcement of [9]. Ohno [18] investigated the weighted compo-
sition operators from the Hardy space H* to the Bloch space on the unit disc in C.
The study of the weighted composition operators from H* to the a-Bloch space was
carried out in [15] for the polydisc case, and [16] and [23] for the case of the Euclidean
unit ball. In [1], the bounded weighted composition operators from H> to the Bloch
space of a bounded homogeneous domain in C" were characterized and operator norm
estimates were derived. In [6], they obtained sharper estimates on the operator norm
of the multiplication operators from H® to the Bloch space on a general bounded
symmetric domain in C" and determined such norm precisely in the case when the
symbol of the operator fixes the origin as well as when the domain is the Euclidean
unit ball or a bounded symmetric domain in C" that has the unit disc as a factor, up
to a biholomorphic transformation, and the symbol is not subjected to any restriction.
They used this norm to show that for a large class of bounded symmetric domains in
C", there are no isometries among these multiplication operators.

On the other hand, Wicker [22] and Blasco, Galindo and Miralles [2] generalized the
Bloch space to the unit ball of an infinite dimensional complex Hilbert space and Chu,
Hamada, Honda and Kohr [5] generalized the Bloch space to an infinite dimensional
bounded symmetric domain realized as the open unit ball of a JB*-triple X.

In this talk, using the Bloch norm introduced in [5], we will generalize the results
in [1] and [6] to the Bloch space on an arbitrary bounded symmetric domain realized
as the open unit ball of a JB*-triple X and give positive answers to the conjectures in
[6]. We note that the Bloch norm introduced in [5] is different from that in Timoney
[20], but they are equivalent, in the finite dimensional case.

We characterize the bounded weighted composition operators from H® into the
Bloch space. We also give estimates on the operator norm. The lower estimate is an
improvement of that in [1].

We show that the bounded multiplication operators from H* into the Bloch space
are precisely those whose symbols are bounded. We also determine the operator norm
of the bounded multiplication operator. As a corollary, we show that there are no
isometric multiplication operators.

We show that there are no isometric composition operators.
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ZEfe v, T, TRT. HEMEOLREM LI, ¥, EOBEEME LKA, S0E
(x—=F27) OMDZETH Y, HEITEHEHRDFE PE—HHTRET S, v —F 7
DENEEHTZE) FOI—FX M eIa7—EVa 78 (G Mod, TH
Z6h, B, LOBERMEDRIKDEMTHDEY 27 1 2MIE T,/ Mod, TRINS.
TEX A Ia7—2M T I L Z2EDMEORI I a7 —EfziddTE 55
RKTHY, A IaF7—FEVaT7—FIHYET S Mod 252, 5, (g > 2) DEHEN
BEOEDEELT, 7y 27 AT T—REitd5&, I'C Mod D T ~DIEHDERE
R 675 T OS2 T, ITHYS T 5.
ZOHIONEIE [1], [15], [19], [20], [27] & & DEZIZfEHBH 5.
1.1. B EGRHEEEEY I 15—EH
D %MK, S = oD 2¥MAAETS. S € C 2HE2 —RAME Bk (=
PSL(2,R)) % Mob THRL, AUVURAEHEL L. D OHCEEMAEH G- D—D
RS R 2 EEAGTEEEE QCD) TRT. ZHIEFMAGHERE Conf(D) 288, g
QC(D) 1S FTHMEZZROFEIMEEMHE UTIIRL, ¢: QC(D) — Homeo(S) TIZ D
Rtk x R 9 £ 95, ¢(Conf(D)) = Mob TH 5.

EE HAME S omE 2R oA FAMER g: S - S T, BAMK D ©HHSE

AT ISR R (BREE 5:25287021) DB A2 Z F 72D TH 5.
2010 Mathematics Subject Classification: 30F60, 37E30
* T 169-8050 HUEHEE X VH R ARG 1-6-1 FRGHKRZE BEEHBER

e-mail: matsuzak@waseda. jp
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4G D — D OBEFRILE (9 = ¢(7) £ h2HDEBENMEHRE VD, TOLK
QS = ¢(QC(D)) ZHIFRGARREL EHT 5.

—7/i, g€ QS DS HHDEHL UTORMEOTEFIEL, T, PR HEEZ
BERIFR (— Rz 2 T RFE) 129232 ThEA NS, ZOMEDEE NI
B ER CERMILEI NS, g€ QS d— Mz idfoiiie & 13RS 2.

TiEA A Ia7—2MT 2RRBEOEAIZLD T=Mob\QS TEHETS. fe
QS ZRFILLTH/ME[f]eT TKT. S ED QS %2 D IZHIELT QCD) 2£ %5
ZXizkY, TIZHAOREEZMNINT 5 Z LN TES.

BETFREAREE QS IXERICADL S HBX A & I 27 —22[ T = Mob\ QS (ZHERBH
ZIEHTS 5. T0bb, [f1eT,geQSIZRUT g*[f] =[foyg] LEET S :

TxQS—T:(fl,g) = [fogl

IDOQSHTDEAIaT—EVaT5—8 Mod IZHNTBHDTH 5.
T I ARET C QS D T ~OIEFHDEE s ES

TT) =A{[f1eT|v[fl=[f] (vyeT)}

FV—=<VHID/T ODRA e IaT—2MEis. &My [f] = [f] & frfeMsb &
FETHS. EoTT) X T O Mob OFTD (HFENFERIZE D) BIPAER & Ax
TIEeNTES,

1.2. 91325 —ZERAICEDLZEFEER
XA IaT7—BEIHEEZ 5 57-ODICHRERDEREGHELTDOL DI
EHT 5.

NV kT I RO %

Bel() = {u € L(D) | ulloc < 1}

TEDD. BEAER g€ QOD) OEMBIEE 115(2) = §:/9. TEET DL, 5 1
Bel(D) 2@ 5. #iZ, NV hT IHABRR ws/w, = pu(z) OMOFEE —EME (A
V= VEMRER) LV, FED peBel(D) IZXHULT, yz=p %5 5 QCD) »
Conf(D) DLDEN S DEHERVT—ENIZHEEST S, ZhkD

Conf(D)\ QC(D) = Bel(DD)

DE—H25F5.
BEFHIEER ¢ - QC(D) — QS D& IHZ Conf(D) = Méb(D) & Méb T#S &,

Conf(D)\ QC(D) = Bel(D); Méb\ QS =T

LG, ZHUZEY, B4 Ia 7§ 1 Bel(D) - T %195.
EHI 2 R D%l % D = C—D OMEHEEREE po-(2) = 2/(|22—1) £ LT,

INF o NZERE

B®ﬂ={¢€ﬂﬂwﬂHﬂm=iﬁ%ﬂdW@ﬂ<w}
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WEDEHT S, 20L&, X7 AHK & : Bel(D) - B(D*) 2ATD XS IZED .

@€ Bel(D) i LT, D BATO LHEELT C O~V M T IR 11 € Bel(C)
2EHTS. CIIBITFBENLVE T IAHBRAROMOIEIEL —EIELD, we QC(C) T
ws/w. = fi(z) ZHFTHDOH Conf(C) DS DEHERE —EIIIFET 5. D
NOHIR wlp- ZFEAGHTHS. Va7 IVIYHY

5.0 = (D) 2 (W) ey

w'(2) w'(2)

~

X S, € B(D*) (FEEE ||Suwllee < 3/2) AT, XL KT IFHREADMED Conf(C) D
BERIZE D REMNIE Y 2T VY MR ELZEHEADDT, uc Bel(D) 12 LT =
Sy € B(D*) WEHTES. &b o=0(n) LEDS.

NV T IREL g, e € Bel(D) IZHUT, 7(py) = 7(ue) & ®(ur) = ®(uo) EIFH
ThHb. LIBRo>T dorn 1 : T — BD") WHEEYGEHRELTERTES. ZOEHL%
Bi=Cor':T — B(T) C B(D*) LEFELTRTAHDIAAL WS, B(T) I3ARE
ATHS.

1.3. 91315 —ZEREOEE
ETCEHEUAZEREEHBEZRRTEEUTDLIITRS

Bel(D) = Conf(D)\ QC(D)

/ \

T = Méb\ QS g B(T) = ®(Bel(D)) C B(DY)

Y2 A b 2T —220 T O, Bel(D) 50 n 2 k202525, Zh
1% QS DECIFRERM» S EHRINDMMHE BT 22 LHSENTNWS. I 5I2 Bel(D)
DOMHHFERED SFEE I NS BN X I 2 T — il dr L7225

T B &0 Bel(D) 3G %2 D, Zhid, # QS BXU QC(D) OEIARFHDONEKR
LT, ERbERMEAZTA2ERNEND L, BIOEZTORKRVBEHIZEL T
BELRBZENODLNE. 12720, ML IZ RSN, 208 E 1 (XHEFET Ker
FHIEZRANL S I IR SR EREIRTH S, ve Bel(D) OHILELD S M
% Bel(D) DAZEH r, - p— pxv! (v 0) IZNERECFHHEERTH 5.

N7 AHDIAA B OEEEE, ¢ DML  OFEEMEL Db S, FIGEIEX
U CBel(D) 2 LT 771 (7(U)) = Upegern v(U) TH2ZZLIZHEET . 8 ORHEH
ML, UIFRTHB LD, EED ¢ € &(Bel(D)) = B(T) 2B WT & HSFATHIZ Hi
YW (BB 2522k Dbhrb.

EIE 1 ([7]) N7 AHDAA §IZHES B(T) O EADRME#KT, Zhizky, T
& B(D*) OFFREK L L TOEZEELEZ .

51T, RT7 G @ : Bel(D) — B(D*) X EHIEHETH D, LED ¢ € &(Bel(D))
ZHEWT, FETHNER LYW o, 2HD. KoT, Bel(D) OEMLEE r, 1%, 7
WZED T OMEMEMR, T - T (r=7(v)—o=[d]) THEINE. Iz T D
B e NS,
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1.4. RRDIEHETO BT EIET

R7 24 @ : Bel(D) — B(D*) Of% &(Bel(D)) = B(T) IXE A 0 FubnTHEE 1/2 O
FAFIR Up(1/2) 2L Z Mo NT WS, ZOMK ETIX & OEAIYIE AL DE
DI 72 GHTEARIZEZ 605,

EHE 2 ([2]) 0:Up(1/2) — Bel(D) %

a(p)(2) = —20p7 (") (227)*p(2")

TEHRTDEL Poo(p)=p 2HA/zd. TIT2=1/zeD* iZ2eD DS IZHETS
BT H Y, pp(2) =2/(|z* = 1) i& D* ONEHEEREKTH 5.

1.5. FAE/OILRIC & 5 08T
BEFRUEIR ¢ - QC(D) — QS (2xf LT, Yl (H¥E4) e: QS — QC(D) ¥ LTHH
b DIZEMEONEEYRD 5.

gEQSIZTHULT, weD »oBELLFEEE

1 _ 1 (@) —w
() = 3= [ula(@lacl = 5 [ L=

TEETS. 727U, 70 € Cont(D) & w > 0 % &7 3% ECRMELTH 3.
E(we) =0 722wy € DIF—HEMIZEEL, TNz { DELEWVWD. ZhHzHV
Te(g)(0) =wy EEDD. —fD 2 € DITHT 2 e(g)(2) 1& &op. PELTEHZS.

Z DEAELILER e(g) 13 D OBREAMDFRMEEERTH Y, MEOMLEHTIOEAE
PRME

e(miogom)=moe(g)or (Vy,7 € Mob = Msh(D))

ZHD. ZN&ED 7:BelD) = T QYW s: T — Bel(D) 218 5%.

EIE 3 ([11]) FAELYIN s T = B(T) — Bel(D) IXEMFNTH S, ZOWMH%HE
FTHZLITED, RT ARG & D e Bel(D) 2B 27 d,0 DEFEERERE
Bgnr5zons,. <2 ¢ ORFFERMYINAE SN S.

HL R KR TIW OFEICE D T (X5 IEFEARRELVEEDO 7y 2 AT 12
HE B T(D) RAfTHSZ L bRIN5.

2. BIRIRICK 2 ERD 22
BESFREAE QS OMARHIHREZRE LT, HEX A b I 27 —%0M T OHn2%EM
EHKT 5. LICERIIBRD NI ZEFETNE, ZOXSICLTTEEMa%EM
&, T ORMPTT Y 7 ABOEEMESTEZ NS T(T) LIEBIHFIZIAA 52/ T
Ho. FEE, Ty IART HPHY) -~ vEE BT 251, AW [f] e T(TD)
ZHLUT feQS IZeRRAREHRTHS.

R 5 INE LAKEHERE U WA, (IHER7ZR) SFREARRE Sym C QS 2 Sk S
BINZA I 25 —22[ Ty = Mob\ Sym ¢ T 22 O S OHGRD ORI 5.
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2.1. IENFEATR, WHER, NI1EI15—%EH
WL SE A OBERZ HWT T OFMDZEMEEAT S, NV T IR e Bel(D) &
€ (0,1) XN UTr,(t) = ess.supp oy |pu(z)| &B L BEAN N T IFHOERZ

Belg(D) = {4 € Bel(D) | #,(t) — 0 (t — 0)}

IZEDEETS.

g € QC(D) »HNEEMEHRTH S & 13, BRI 1 5 Bely(D) KT 5 & T
H5. WHENEAEREED? SRS QCD) OELREE ACD) EE, WHLN%ME
BREE NS,

EE WEMEATGR g OBFILRIZE 5 g =¢(@) € QS ZRHBEHR LV, D
BIERP 57225 QS DR Sym = ¢(AC(D)) ZNIREEM L EHT 5.

geSym IZ2oWTH, S HEDEGLE UL TORBOIAEEL, L, Wi
B 2 WL PR G REIRm AV E < v, JFRICEDK) 252328 ThHALN5.

INZA v I 25— % T, = Mob\ Sym TEHT 5. Ik T ONAH TS ZE
M7 5. MikEIE T OMNAAEZ 5 2 5. xed 2 IER] 2 PRI D28 %

By(D*) = {p € B(D*) | sup pp?(2)|(2)] = 0 (t = 0)}

|z| <1+t

THZ%. 20 B(D*) O (KNFun) EOERTH 5.
INHDZEMIZ, TEXAL Iad—ElIClbLb {54 E2HRLZEE, UITD
O A RAKIT B Z e AREND ([16], [6]) :

Bely(ID)

T T

T, = Mob \ Sym - B(T) N By(D¥)

FMIEZENENICDEMOMNAMTH 5 DT, GBHROERME, Ukht> TEAMNEZ
EiIMUEVASR

EIE 4 ([16] [13] [14]) /MR A I 2T —2 M Ty IZBEE LU T RARD 2D,
(1) ® : Bely(D) — By(D*) IZEHITH 5.
(2) ® DREFTYIN o, IXIERIT @ € B(T) N Bo(D*) DiEfE%E Bely(D) OHIZ> DT,
(3) FAELYIW s (ZFEMITIIT s(Ty) C Belg(D) 2A72F. T, IEA#ETH 5.

(4) HZH r, (v € Belp(D)) 1% Belg(D) OXUERIH CFAMEE T, MEHZ T, O3
MAEBEEL, Ty X T OFIBECAMEEE 72 5.
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2.2. 7774 VEREL, IENYMEI 15 —2H
TORT2FMo=[d [T DT ELLWE R T T &35, T 2L AHRER
Ty \XEABET, 2O 7' 2RETLLTEHEARE Tyr! 2 R(Ty) TH 5.

T 5 ([15] [14]) (LD r e T IZHLT, ¢ =B(r 1) e B(D*) B &

Bo R (Ty) = B(T) N {y + Bo(D*)}
MER D 3D,

IRICED, BARENRT = | |R(Ty) &7 7 741 V2RI & 5 4# B(D*) =
LI{) + Bo(D*)} HINT ZHDIAA 3 T —I12ff7znbd. Zhrk T O T, i2&37
77 A VR X3

WA XA e 22T —2%M% AT = T)\T = Sym \ QS TEEKT 5. NAHIXREGAAHT
5%2%. LOEMED, N7 AMHDAK B IZHEEGEE & 5 AT — By(D*)\B(D*)
T 5. 0 B DX SIZERD EADFEMELTH S Z L hbh D, AT \ZfiNF Y
NZER By(D*)\B(D*) OF RS E L TOEEMEEZEATE .
2.3. IREDYM1EIa5—2H

ANV b T IRBUTHHEHRIZEE T B A Stk 23R LT, WIGd 5 T D2 % E
£9 5. HMHEAIZE DY, UFTIEp>212d LT p BaEMMEZEZS. D ON
M ERE % pp(2) =2/(1 — |2>) 2 LT, ANV N T IFHOZEM%E

Ael’(D) = {n € Bel(D) | [|ull;= /D (=) p (2)dardy < oo}

r5<.
AMY XA 32T —%l% TP = r(Ael’(D)) 12 & VEFHL, TP = Mob\ Sym? %
A7=F QS DA HZ AR SymP LEFET 5. wIRS ER 2 X80 D2/ %

AP(DY) = {p € BID") | [loll; = /D ()P o= (2)dady < oo}

THZ%. Zh By(D) KEEND Z L AHISNTNS.

EE g Sym? DS HEDEMSE U TOREO T IIRMREETH - 7203, HE Sym?
IZDWTIE, g P #AE T h = logg A

)~ h)P
(éxgﬁnﬂﬁn—yMZYidy<

EHRIZT L LAETH ST LA Shen [29] 12X DR NIz,

INSDEMIZEREX A LI a7 —EfIlbsE&EZHIRELZEE, BMFDLS
RAMBE RN RALT B Z e BRI NS ([9], [17]) :

Ael”(D)

T

TP = Mob \ Sym”
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72720, MAHIEZENTNOHSEMIZENT, T BXUTH & D2 S O
LD BRMNIHEE Z S, FEE, BRI 2B ¢ D IVAIZIE, EB e, >0 PMFEEL
Tl ¢lloo < colloll, RBFHMIA D B. & <12 AP(D*) OALFHIE B(D*) & ORI &
DER. AelP(D) 11 [|ull, + llulle TEXBMMESL X, O & BRMME TP
TEHFEZS. INoDAHDS & T, KBGO EZRT I eAMEL RS, EHI
PEIZE R ED S — R & b L7285,

EI 6 ([9] [17] [31] [33] [36]) IR & A & I 2T —2EM TP IZBIUCTUARA D
WASR

(1) @ : AelP(D) — AP(D*) IXIERITH 5.
(2) & DRFIN o, KERIT ¢ € B(T) N AY(D*) DIEHEE AP (D) DHIZ 5 DT
(3) HAELYIN s LT s(T7) C Acl’(D) 2 AT, T, RAHTH 5.

(4) v e s(TP) Iz LT, A2 r, 1 Ael?(D) OMER E S G4 T, WIEMZA
TP DEGEEWAEL, TP \IMHETH 5.

T2 220 TIX, MHEHY T 23R LTy o2 ¥—&—Y VitRPEAZH
% ([9], [31]). B o = [id] € T> DHELRNIZBWTIE L~V M A2(DY) ORFEZ
SHEE L, [EEOE e T? OBEMIZBWTIX, T2 OREEALHMOMY R, I2&5
R TOFEDIIERLTEH RS, ZOFED TP TO—MAKIZ DWW TIXE 4 itk
R5.

2.4. WHRBEEHRDY M £ I 15—/
HD—EDWOSNE %L OWMAPFRMEGEIED D T OMHZEMEHEZD. BRI
iﬁaeﬂﬂ)nﬁbfamw«»ﬁ~ﬁﬁwﬁ%%omﬁﬂm%@ﬁDﬁf%&%
#>. TIZTgeDIffL(S) Ba RDANVE =R %2 b DL, HDEH c>0DF
LT, gDFBET §G: R RIZDOWVWT|F(2) -7 (y)| < clz—y|* PMEED z,y € R
THARZINDEZ L THS.

WA FEMEEHO XM v 2T —6M%E Ty = Mob\ Diff' t*(S) & &#T 5. —4
a RIFHEAIV b T IRBD %M %

Belg (D) = {u € Belo(D) | |[tlla00 = ess-sup.ep p5(2)|1(2)] < oo}

ILEDEDSB. ThRDL, pe Beld(D) ik, () = 01 (t — 0) LEMTHZ. ok
PR LR 2 R DN T v NZEf %

Bi(D") = {¢ € By(D HHMua—$mpﬁ”(ﬂﬂ@%<w}

£95.
INSOEMIZ, TR A Ia7 Bl 85 H8EHBLEZEE, UFD
KD A RAIKALT B Z e ARE NS ([8], [32], [4], [12]) :

Bel?(D)

T T

Te = Méb \ Diff.+(S) B(T) N Bg(D")
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MAIZZNETNOEHAZERICE VT, T B8X0H & D%/ S O & 0 £if
WHRIHIZ R > TV B. EEE, Belf(D) 8 & BY(D*) DEAMIED co / IV LIFEAR
LD oo JIVLAEDKREW. Te OAfHIE 7 12X 5 Bel§(D) ORififHEZE 2 5. 7=
pa>1DEE, T¢ CTP THEN, ZOLETS ONMIE TP H 5 O K 0 i
W, IhoDRMHOL & T, EEGOERMEERT I ENHEE 0B, ERIMEEER
Mo —fGmE D L7zd3S.

Diff{**(S) 121d, id IZBWT O PR LMD D o IRV X —EBD PR & FART
BREED, TOLAEMTAREDORTOERNEFEREZG A THMHEPERTES. Ih
% Diff"*(S) DA kAL £ RZ &i2T 5. T4bb g e DIff i *(S) iTxt LT

By Jx)— gy
pHJQZSWMQﬂ*M+&mw%ﬂ*1H*pril‘ﬁél
€S zeR z,y€R |x _'y|

Y5LL, gy — g€ DIfEFNS) Epiialgnog™) = 0 (n— o0) L& DERSNE. Tp
IZ 4% DIff'r(S) DAL, S B X N B RS A .

T 7 ([24] [25]) MOFEMEEEO XA I 27 =20 To (2B U T RAK Y 32D,

(0) DIfLr*(S) DAY SFFEI N D T OALAHIE 7 12X 5 Bely (D) OfL
He—5d 5.

(1) @ : Bels(D) — BY(D*) IZIERITH 5.
(2) & ORFFIN o, KIERIT ¢ € B(T) N BY(D") D% Belg (D) DHIC > DT
(3) ZMELYIN s LT s(T9) C Belg(D) &A=F. To XAHTH 5.

(4) £HZH r, (v € Bel§(D)) % Bely(D) OXEAIH CEFEGHT, BIEAZR T O
B AL T I TH 5.

2.5. VMOA 91 X 215—%/H

ANLY VHEEZGZZR)L N T BB LS EO BMO 7D 58 L Wiz
MEERTLHIENTES. D LOPE m BANVLY VHIETHS LI, S EOMEE
DOX[E TIZHLT

C(I)={rC[Cel, 1-(m) || <r<1}

tplLg,
m(C(I))

2
HW&—%g—ﬁr*<w
EHRTIEEZNS. D EOANVLY VHIEORKE CM(D) THHHT. D LDV
LY VHIESFEMRICERT 5. 20 LY VHIEDERTRILT 5 21k, m(C(1))/|I] —
0(JI| = 0) ZATILEZV, ZOX50bD057%3:5 CM(D) DEIEE CMy(D)
THT.
BRI T 2 0L Y VHIEDED BV T IR0 %

Bel,(D) = {u € Bel(D) | [u(2)|*pn(2)dady € CAM(D)}
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YU, BIRTIRET 2001 Y VRENED B IR 2 RIE D% %
By(D") = { € BID") | pp?(2)|o(2)*dxdy € CMy(D")}

L35 i, m* = pp(2)|e(2)|Pdady ITHT BNV VOV I ImF|| (S & DN
FuNEEED, ByD) LA END I LHRING.

—7%, S E® BMO BI$D5 ERE LA BMO k745 X5 %M &E %D H CFMHES A&
U THEBAMEEIREO T ondH, Tho2hkoRrdHE SQS L35, &5
2 g € QS WIENMERTH 2 Z L % g HWHXERT logg’ € VMO(S) &5 Z &
TEHL, TOLKOLTHAE SS £ §5. SSCSQSNSym A LD. ZDL &,
BMOA XA & X a5 —2%E#% T, = Mob\SQS TEFHL, VMOA XAk IaF—2%/H
% T, =Mob\SS TEET 5. UFTIIEEDOAKS.

INSHDOZEMIZ, WEXA I a7 —ZHICEbIEEHEEZHIRLZEE, BIFOD
&5 A RN T B Z e RIS ([5], [10], [30]) :

Bel, (D)

T

T, = Mob \SS g B(T) N B,(D*)

MAHIZZNZENDOE A ZERICBWT, T 8L 2 DM S DML D iR
WALAHIZ 72 5 TW A, Bel, (D) (Zidm = |u(2)|?pp(2)dxdy DAV Y > IV A ||m).
Elpllee EOHMSEXBMMEE A, T, IIE n ICX2EMHE2525. ZhoD
KD & T, BEGDOEFMZRT I EHBMBEE 25, FEAIMIZEEEMED & — R
O UNS.

—7, SSiZiXlogg ® BMO /Ao EHSINAMM (BMO (ifHE £3) HA
D, T, IZEENr o8I NLMHEE AS.

EIE 8 ([30] [10] [34] [35]) VMO X1 k& I 27 —2M T, \ZB LTI RA D LD,

(0) SS ® BMO hiffih &S 05 T, DAL, 712X 3 Bel, (D) ORGALAH & —
5.

(1) @ : Bel,(D) — B,(D*) IXIEAIEMRTH 5.
(2) ® ORFTYIN o, IZIEAIT p € B(T) N B,(D*) DiEfE% Bel, (D) 12527
(3) FEMEOLYIWT s 1% #Eifi T s(T,) C Bel,(D) 2A727. T, W#ETdH 5.

(4) v € s(T,) XL T, HZEH r, X Bel,(D) OXEAH CFRHEEST, SIEAZ
T, DH A HE E <.

3. [l E I

Ty 7 ARET C Mob DERMER fe QS Ik BB fIf~! 5 Mob @9 5 &5
7 f OREEOZEME LTT OEBERTHE R AL I 2T —%/ T() WEHXTE
7z. Mob ~"DRBZAZDLEMKIZLT, QS DEMEDEDEE P ~NDREZE 2 NIX,
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I ODRZLZERZEMAPFGENE. T OP TOEED D WIEREOHIMEL X, f¢ P I
SAEENPEER DD RHRTH 5.

Feplze 7w 2 ZRET OME (e ZIX=ARE) L LTHINE2E 2 52550 8BHE TH
B3, ZITIETIE—Me LT, W54 f e Sym (L X 2MAFRMESGR P ~DX
BDMIMEIZ DONWTHRAR B,

3.1. MERIC & B HE OB EE

WFREARIZ K BB OMIMEDFFE L B HERIFLLTDEBE D THSD. ZDXA TDH
PEEHOFHIZIZR A € I 2T —EMORT AMDAAZFHATEZ LRG0 5
DT, WHEANLIGEDIHHTENERNT .

EIE 9 ([26]) MMEMHETIEAWEE T C Mob OXFREMS f € Sym 12 & 2 L&D
JTfL cMéb 2A723751E feMsb TH5.

(GEBR) ¢ = B([f]) € Bo(D*) &L, &M fTfF C Méb IMEED v e D ITHLT
Yo=p LFAMETHE. ZOLE

P2 (2)]e(2)] = pp? ()| (V) (2)] = pp2 (v(2)) | (7(2))]

MERTD 2z € D" THDIED. T DILDHIT |y(z)| - 1 £72D2BDEFZNIE,
¢ € By(D*) &V pp2(2)p(2)| =0 Pond. XoT e=0ThH, ZHiE fe Mdb
ZRILT B, u
ANV R — Y & © DI GG DO RBUZB LT, RO & 5 @IV EE
MDD, ZORROIEHIZDOVTIE T TIER 5.

EIHE 10 ([26]) WHBL L2 BTLHE T C Mob ONFEH f € Sym (T & B HED
fLf~t C DIffr™(S) 2 A 7= 372 51F f € Diff\™*(S) TH 5.
3.2. ZEY A LIS —EHOT7T 7714 VEELL

ANV R —E i & B DM R G2RD LT

Diff7'(S) = [ J Diff;*(S)
a>0

LBE, Ty = Mob\ Diff7'(S) &~V X —ilifiiisn & & DM FAMHGHO X1 e I a
T ERT D, MIHTH00 N IBBOZEM, ER 2 RS 0% E EhE
1 Bely%(D), B7O(D*) &3 5.

INRA I 2T—RM T, T&2MBERAIIaT—RM T O7 771 VERFEL
CHBRIZULT, T3 12k T O7 774 VERIEAFGONS. T4bb, T;0\T &
BO(DN\B(D*) BART ZHDIAAZ X D f7=Nn 5.

EIE 11 ([26]) XT AHDIAA B: T — B(T) C B(D*) IHMEED g€ QS 1T LT
Blg™(15")) = B(T) N{B((g) + By (D)}
T M1 T.
Ik, B oo EADRMEEE 570 T;\T — By°(DY)\B(D*) BEH/RTE 5.
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3.3. MARERMBEEDI I I 25—
7w ARET C Mob iIZx LT,

QS(T) = {f € QS| fTf~ C Mab}
REZ5. Mob\QS(D) XD DX A b3 a5—%M T() ¥ —HF5. AIZLT

QSsym(T) ={f € QS| fTf" C Sym}

B &, Mob\ QS (1) C T X T(T) 258, T-ALNIMEED XA L I 2 5 — %]
%
AT(T) = Sym \ QSgy,(I') C AT

WCEDEHET L. I T ONIEEEFEOHF TOLEREMEART I LNTES, U—
X VHE DT OWREHZ A a5 —2HEEIZRRLZ2EDTHD I LITHETS.
TEX A a7 —2MlroWalNE 1 I ad—ElDOHEE

a:T =Msb\QS — AT = Ty\T = Sym \ QS

T£T. AT(T) X aT(D) :=a(T(l)) 2ET. WHAMX A b I a7 —Z2MOgR T A
BiAH AT — By(D)\B(D*) 12 & H AT(T) 1 By(D*)\B(D*) D D-REZEHRS 22
OREFRFESICHDIAENS. 2L ATT) CEEBENEAINS.

EHE 12 ([23]) MEMERO 7 v 7 AR T 28 dimT(T) #0 A3 LT5H. ZDLE
AT(T) BEERXTTH 5. T(D) & o 12X DIEANT AT(D) 28R E N, oT(T)
AT(T) &7 5.

3.4. MIEEEDRIDERL

ORI R A & X 27 —%2M AT O5& LKL, DT =Diff7'(S)\QS & B &, Z
IS AT ~DH#F%E 0: DT — AT 5. NIRGEEIEDO R TOZERAEM & Rk
LT, 7Yy ZARET C Mob 23t LT

QSp(T) = {f € QS| /T~ C Difi7'(S)}
U, T OAIVE =iy % & DM R GG O T 022 %
DT(T) = Diff>*(S)\ QS,(T') € DT
R DEHT S, EH 10 LEH 11 K0 RDD1S.
EIHE 13 ([26]) WHELCEZEL 7 vy 7 AR T € Méb iz LT
Olprey : DT(T) — AT
FHEHTH Y, Bi% oT(T) C O(DT(T)) C AT(T) % A7= 7.

REHL 12 DRED S & Tl oT(T) S AT(T) TH 5. EE 13 @ 9(DT(D)) 2BIT 5
WEMBRIZEY, 7y 7 ARET ONEGHS KONV X —H#ign 2 H DM FHE
EHRBHANORBOHIN 2 EHTZZ MW TES. PHELTE «T(T) =0(DT()) %
EiRT 5.
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3.5. DA REEHREFNDRE
EH 13 DIGHE LT, 2B EHEDT, Mo OB 1 £ O KEWHD FEHE AR
Diff’,(S) (r > 1) DFTDT7 v 7 AT OERIZ OV T T ORISR ZF5. #i & [k

D'T = Diff’ (S)\QS, 0" : D'T — AT;
QSp- (D) ={f € QS| fTf ' cDiff,(S)}, D'T(I') = Diff’, (S)\ QSp-(I') C D'T

ZEHRT .
EE 14 WA TGAEL 7y 2 AT cMséb &r > 112/ LT
9T|DrT(p) : DTT<F) — AT

FHHTH D, £ <IZ G C DIt (S) 2D & 5747 v 7 AFOEIFFILA T, f € Sym
M fGf~1 C Diff’, (S) 2 A7=F751F f € Diff!, (S) &7 5.

AEEEIZIE, £ 13 2HWT f ML FMEEHRTH S Z L Z2 W0\, Ghys-Tsuboi
DFERDOHLIR [28, p.152] ZEHT 5.
AT ZHI U727 v 7 ARE T OE B2 O & BRI,

aT(T) C 0"(D'T(T)) C 6(DT(T)) C AT(T) (r>1)

£72%. Ghys [18] OMIMEER (BAFOEH 22) 512 T Aaavy s b Thde
g, FAREV P IZHLT (ZERIEr>3) o (T)=0"(D'TT)) THEZLEEA
TW5.

4. M ERBREFEOHIZREE

HIEiCIE 7 v 7 AMOFN IR EAAIT & 2 GO I U72hY, ZOHiTIRE X
SN FAMEERE G BRICESH S 2L DOMAHMEE f 12k 7y 7 AR
G RB-DDEMIZOVTERT D, WO, 7y I ARERS G ~DHI
IREGIFIES 272D D5ME G EHWTE R 5.

ZME, GO XA eI a7 —ZHANDIERADPEEREZ D DZDODFEMEL LT
EAMEIND. EGH PG ERUBO»I 2L DWAHEMEGHELTENEZ L
T EHE OIS TH S, AP XA LI as—Elicycfa - ¥—&2—Y VitR%
HZ, % ORMAN IR D o FREHAE L UTIENT 5 G DEERDIFEZRT.
4.1. AIEN Y1 eI a5 —EFEDT (1 - E—F—Y VEE
pEAMEN XA LI aT—EH TP (p>2) TRHLTTzA 2 =X =Y VEIEDILE
EEHTHILENTES., £, Filo=[id € TP 2 B(T)NAP(D*) IZBWVWTIE, #X
7 MV e AP(DY) DEZ % wi(p) =2/l THEAD. TIT ||6,. &, ¢ e AP(DY)
NED B AYDY) (1/p+1/q=1) EOKIEILEIEK

b AD) 5T v [ DRy
.
DIEAZE I VLATHD. FEDR e TPIZRHUTIE, BEEH R, TP - TP DRT R

HDAMZ L B %% R = foR, 0B LT, FHREDIIERL wP(dR:(p)) = wh(p)
L DERT D,
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EE p BRAMDEXACIaT—ZEM TP (p > 2) IZHLT, &l 7 e TP OHZEM
AP(D*) EOEHE wP Zp-Jx4 1 - E—F—YUEEEWVS. WP ITXDFEEIND
" LM &, & pT oA ==Y VEHEEE WD,

EE MAED o e ADY) THUT |lol/3 < 1ol < lloll, A0 zo. &<z
(APD*), || - ) & (AP(D*),||le]ls) WEABTH Y, pT A2 E—X—Y VERDE
FZ | -, BHOTEEBETDAEL DR,

BB pUz A2 ¥—X—Y VEHRIZ TP LR 7+ VA7 —3ETH Y, Sym?
DIEFHTARETH . Sym? 1 (TP, d%,p) WCHEEM), HWRIIIERT 3.

4.2. T4 E—49—Y VEEDERYE

AR A e IaT—EM TP EOY A2 - ¥—&X—Y VEIRDEMEIZDOWTIE
p=2DHAITIE Cu [9) KLV RINTWDS. FAKROHERT—HOLGAEDIHE T
5.

HE 16 TP DR EDHZEHE U LER c> 1 BWFIELT, [FED 1,7 e U IZXHLT

cHB(T) = By < diyp(r, ') < cllB(r) = BT,
N ARVACN
ZORBEE TP OHEMD O AP(D) OSENE 0 SEREES.
TR 17 ([26]) pV = A2 - =X =Y VI &, ICBLT TP 3% TH B.

4.3. FIEDLBER

WEXAIaT7—RE T=p(T)C BD) Lot eIad—ftRwlL FiHocT
LERZ ML o e B(DY) ISR UTw,(p) = 2[,]l, THERSND. 7272 UIEAHE v
INES SIS

b MDY =G ¥ [ DRI dndy

NI H5EDTHS. ZOFtEIVEXLHHN XA I 2T -1l dp &—T 5.
1/p+1/q =112 UT by = supaipey_qo |9ll/ 0] <00 £BEL L, ERLDVEDIC
AL Iad—38D TP NOHIRE pT 12 - E—X =Y VERIZDOWT, KD
x5,

R 18 LD 7€ TP LHENRT MV p € AP(D*) IZH U T w.(p) < bwk(p) LD AL
D, e Zdy < bdy,p D3 TP ETHD LD,

—H, pUzA3 - ==Y VL, NV T IS p BAES /AL
JIVITEMEIS 2 Z L P ARETH 5.

T 19 ([26]) (LD 1 € AeP(D) ISH LT, dypo,7(1)) < Cllull, A0 2. =
2T C |l DAL BEBTH B,
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4.4. 2RABH I LI 15 —EHOEESR

2D RA I 2T %M T? TOREHDOEERDFEEZEAZD I LITLD, W
DEMEEE G D7y 7 AHANDOIEMEDOMREZUTD LI ITHBRE I LN TE 5.
72770, GBRT? IZEATEE5I2T572012, GOSN IIZEMENDL Z LIziE
BY5.

ERR 20 ([26]) HEAHEE G C Diff7(S) (o > 1/2) A2 EY ZBBHAC f € Diff ()
R DR (bbb fGFC Mob) 7B b DBEFHRIMR, KO (1) ¥ (2)
D FMEOSEDI L THB.

(1) FEERM ke < 1 PEELT, [EED ge G fJi\infﬂ.(M):[g] HMHOO < ko ZATZT ;
(2) TERH by < 00 BHAEL T, FERED g € G Ainty gy s < ks &H7T

(GEBADIERE) MEMZAZDIIABDRDT, +oEOAMIEEZRT. o >1/2 D&
&, Diffl**(S) C Sym® BV D, INkb G OT ~OfEfI, 2FAFS XA L
RaT—EMT? 2ARBIZTEIeRb0b. 2, TOERIET? DTz E—
K= VM & CBEUTEHERNTH S, EH 19 25, &M (1), (2) &b, FHE
o=lid] € T? D#E G(o) & d},p ICEALTERTHS. —H, EH 1T X0 (T?,d}p)
FEMETHY, p=2 DHE, VA1 E—X—Y ViRIFTILI— EFRE A
REEDI LM 3], 37 KL OREINTWE., Th&b (T?,d3,) 1& CAT(0) 22
ThHY, TOMELIY, BRHEZED G IX T? ICEHEM 7 25222 bh 5.
feSym?> Cc Sym ZHWTr=[f] £BL&, fGf'cMoéb TH5. I'= fGf ikt
UCER 10 28H3 5 & f~1 € Diff™(S) »E>. [ ]

4.5. BB DO —M#K1L
EH 20 IZBTBE a > 1/2 2B RV—EDO ERIPAGENE S 0E2EET 5. (T
D geSym? (p>2) ITHLT

2 p/2
’Mm:ﬂg%<4<lT&gP> %@Mma
LERTS.

EHE 21 ([26]) FEFHEE G C Diff*(S) »' f € Diff.*(S) ik b fGf~ C Mob &
BBEODTNEMZ, pa>12AETpITHLT kyg) <, NTRTD ge G T
JEONDZ & ThHD., ZIZT, 6, dp DALV EE D /NS REEHTH 5.

FEEOEH 20 LFEBRRFRD T E RV, (TP, d, ) OEFRZEWREH A FLE %
HCIEFEERZE DI D TFHHTER VWA STH S, b DIT—HMR NN F v
74t AP(D*) ~NOEESEH CEEMOFAEZRL, TNH TP =2 B(T) N AP(D*) 17 E
T2 LR FERT DO, PuELFITEARITEVE W REZ B\ -.

1/p
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5. NV —EHED &6 - RWHOEBBERENDRE

WM X AR PRI B3\ T, A R GBS D~V & — ik 2 53 2 L &
b IaT MmO ATIIAERNTH S, ZOLERZIFTIEEDESIZRS
DP%IRD Ghys OHIEEHEZH LIZLTERD. ZOEHIE, +9720 5 »RMS
FFBEO T A IR N7 v 7 ARORELRREIX, KERIZZD T Z7 2D 5T
TOHEKETEZLNDZ R TERLTWS.

EIE 22 (18]) Iy 2V —~ vz —Et$T5 7 v 7 AL 95, EREOFADM
BER 0. Ty — DIffS(S) WNULT, 27 v I AT AOFRM g, : [y - ' &
[ € Difff(S) BFAEL T, 0(y) = [0o(7) [ (Vy € To) AHD LD,

Z OEHH DL (S) 1T U TIEMRNL L AW TH A S HE%E, XAk a7 —% Wi
NOBHT ORI OHIOEETHS. EH I L0, ZOREDZDITIE, Ty I A
BED I ULTHS feSym—Diff\ (S) TfIf! C Diff}(S) &7 % D&M T NI
X,

5.1. Diff} (S) ®NIL b T SRS & 2HED T

BRI 1 € Bel(D) 252 D OEE%MHCFAMEEE f' € QC(D), Z DBk %
fr=q(f") € QS &9 5. kyu(t) =esssup, oy, |u(z)] 1IZ£2 f* e Diff | (S) TH 7%
w®+ﬁﬂ#iuT®;5’HQMTmé.

T2 23 ([8] [3]) / Vit < 00 51 f# € Diff'(S) L 725,

1 € DIffLHe(S) 1 ku(t) = O(t%) EAMET, ZO& E&M [ Ot < oo lEAEN
TWB. —F, WoDRBERIEL LTRRA S5, BT 28R LT, [ =W g <
0o S fr DRATEL (SS) THEILHHMONTWVNS,

8 24 fr € DiffL (S) 51X fr €SS TH 5.

ZOMELY f= f* € Sym— Diff’ (S) DA TD X 5 ITHKT 5. 1 € Bel(D)
B D-AERADVN T IFHET S, Z0iE n(u) € T(T) 2EKL, L0 BRI

& —mla) (er)

)

(V" o) (2) = po(v(2))

v

EAETEDTHS. BHEDID, TSI () =c>0 ERIEDEER (X1 L
Ta5—WHRY). 0<e<1/2 ITHLT

1 £
nz) = {<—log<1 - z|>> A 1}“°(Z)
L5, peBely(D) &0 4 e Sym EHSHTHS. —F
()2 v/l L
o112 Y= ) HegrE =

Ronrsd. Zhh pxKerr =7 r(p)) TETHTRTONIL T IFHTE AN,
fr ¢SS kb fr ¢ Diffl (S) Bbn 5.
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5.2. 4 ATEEME DEERR
EOH U7 p it U fF=f, &L, fyf ! (y el c Mob(D)) DEMGE v(z) 23
HT 5.

|(v*1)(2) — p(2)|
L—|lull%

(V') (2) — p(2)
L— (y*p)(2)p(2)

<

(D] = g (FE)] =

TH5D, BfEOHED D TIE

(7" )2 '( bg1—w »E(—bdi—VD>s
<<

2)51%1w<mmg1|4n

|10(2)]

DEIITFHiENS.
ZIZTEW —log(l—|y(2)]) & —log(l —|z]) DREIDBH ZFEET, ZOREIE 2 12
E5Ty DARIZED |log|y(2)|] LIEATRELREHTHE A 6N 5. Th&D

v (f(2))] = O((=1/log(1 — |2]))"**) (2] = 1)
%%5.% u — () = O((1 = |2)"55) (K7 1% | ockEME) 2HW5 L,

of(a)"), [

Bbh s, XoTEH 23 &Y fyf! € Diffl (S) £ % 5.

AR FABOHEHRT f € Sym — Diff\ ™ (S) 22D fTf~! C Diffit*(S) 2 A7/=F f = f*
EMELES T3, uz) = (1—|2))%m(2) (B < a) &BLL k(1) = O(?) kb
ﬂ¢Dﬁf%$u%ﬁ@§5.u#u,ﬁf%wﬁ@%ﬁ®%%u

(7)) = ()] = [ 90PED — o1 g 2)
sﬂf%%u—w&m—bdrﬁdﬂ
= B )1~ 2 og | (2)| = O((1 = |2])")

ThH57-0, HBEBOMITHE B 2L KRESTET, fyf! € DiffF(S) & ik
MTERW,

SE R
[1] L. Ahlfors, Lectures on quasiconformal mappings, Van Nostrand, 1966 (3%aR : 7 DM,
BESE M BARGE S, U, 2015).
[2] L. Ahlfors and G. Weill, A uniqueness theorem for Beltrami equations, Proc. Amer.
Math. Soc. 13 (1962), 975-978.

[3] J. M. Anderson, J. Becker and F. D. Lesley, On the boundary correspondence of asymp-
totically conformal automorphisms, J. London Math. Soc. 38 (1988), 453—462.

-46-



[4]

[10]
[11]
[12]

[13]

[14]

[15]
[16]

[17]
18]

[19]
[20]

[21]

[22]

23]
[24]
[25]
[26]

[27]

J. M. Anderson, A. Cantén and J. L. Fernandez, On smoothness of symmetric mappings,
Complex Var. Theory Appl. 37 (1998), 161-169.

K. Astala and M. Zinsmeister, Teichmiiller spaces and BMOA, Math. Ann. 289 (1991),
613-625.

J. Becker and C. Pommerenke, Uber die quasikonforme Fortsetzung schlichter Funktio-
nen, Math. Z. 161 (1978), 69-80.

L. Bers, A non-standard integral equation with applications to quasiconformal mappings,
Acta Math. 116 (1966), 113-134.

L. Carleson, On mappings, conformal at the boundary, J. Anal. Math. 19 (1967), 1-13.

G. Cui, Integrably asymptotic affine homeomorphisms of the circle and Teichmiiller
spaces, Sci. China Ser. A 43 (2000), 267-279.

G. Cui and M. Zinsmeister, BMO-Teichmiiller spaces, Illinois J. Math. 48 (2004), 1223~
1233.

A. Douady and C. J. Earle, Conformally natural extension of homeomorphisms of the
circle, Acta Math. 157 (1986), 23-48.

E. Dyn’kin, Estimates for asymptotically conformal mappings, Ann. Acad. Sci. Fenn. 22
(1997), 275-304.

C. J. Earle, F. P. Gardiner and N. Lakic, Asymptotic Teichmiiller space, Part I: The
complez structure, In the tradition of Ahlfors and Bers, Contemporary Math. 256 (2000),
17-38.

C. J. Earle, V. Markovic and D. Saric, Barycentric extension and the Bers embedding
for asymptotic Teichmiiller space, Complex manifolds and hyperbolic geometry, Con-
temporary Math. vol. 311, pp. 87-105, Amer. Math. Soc., 2002.

F. P. Gardiner and N. Lakic, Quasiconformal Teichmiiller theory, Mathematical Surveys
and Monographs vol. 76, Amer. Math. Soc., 2000.

F. Gardiner and D. Sullivan, Symmetric structure on a closed curve, Amer. J. Math.
114 (1992), 683-736.

H. Guo, Integrable Teichmiiller spaces, Sci. China Ser. A 43 (2000), 47-58.

E. Ghys, Rigidité différentiable des groupes fuchsiens, Publ. Math. THES. 78 (1994),
163-185.

Y. Imayoshi and M. Taniguchi, An introduction to Teichmiiller spaces, Springer, 1992.
O. Lehto, Univalent functions and Teichmiiller spaces, Graduate Texts in Mathematics
vol. 109, Springer, 1986.

K. Matsuzaki, The universal Teichmiiller space and diffeomorphisms of the circle with
Hélder continuous derivatives, Handbook of group actions (Vol. I), Advanced Lectures
in Mathematics vol. 31, pp. 333-372, Higher Education Press and International Press.
K. Matsuzaki, Circle diffeomorphisms, rigidity of symmetric conjugation and affine fo-
liation of the universal Teichmiiller space, Advanced Studies in Pure Mathematics vol.
72, Mathematical Society of Japan, pp. 145-180.

K. Matsuzaki, The Teichmiiller space of group invariant symmetric structures on the
circle, Ann. Acad. Sci. Fenn. Math. (to appear)

K. Matsuzaki, Teichmiiller spaces of circle diffeomorphisms with Holder continuous
derivatives, arXiv:1607.06300.

K. Matsuzaki, Continuity of the barycentric extension of circle diffeomorphisms of
Hoélder continuous derivatives, arXiv:1607.06310.

K. Matsuzaki, Rigidity of groups of circle diffeomorphisms and Teichmiller spaces,
arXiv:1607.06316.

S. Nag, The complezx analytic theory of Teichmiiller spaces, John Wiley & Sons, 1988.

47-



28]

[29]
[30]

[31]
32]
33]
[34]
[35]
[36]

[37]

A. Navas, Groups of circle diffeomorphisms, Chicago Lectures in Math., Univ. Chicago
Press, 2011.

Y. Shen, Weil-Petersson Teichmiiller space, arXiv:1304.3197.

Y. Shen and H. Wei, Universal Teichmuller space and BMO, Adv. Math. 234 (2013),
129-148.

L. Takhtajan and L. Teo, Weil-Petersson metric on the universal Teichmiiller space,
Mem. Amer. Math. Soc. 183 (2006), No. 861.

L. Tam and T. Wan, Quasi-conformal harmonic diffeomorphism and the universal Teich-
mdller space, J. Diff. Geom. 42 (1995), 368-410.

S. Tang, Some characterizations of the integrable Teichmiiller space, Sci. China Ser. A
56 (2013), 541-551.

S. Tang, H. Wei and Y. Shen, On Douady-FEarle extension and the contractibility of the
VMO-Teichmiiller space, J. Math. Anal. Appl. 442 (2016), 376-384.

Y. Wu and Y. Qi, Douady-FEarle extension of the strongly symmetric homeomorphism,
Kodai Math. J. 39 (2016), 410-424.

M. Yanagishita, Introduction of a complex structure on the p-integrable Teichmiiller
space, Ann. Acad. Sci. Fenn. Math. 39 (2014), 947-971.

M. Yanagishita, Kdhlerity and negativity of Weil-Petersson metric on square integrable
Teichmiiller Space, J. Geom. Anal. (to appear)

-48-



16

B Riemann EA DI 239 558 LV A REIHE

CEETRNIE S

AR DOWNEIL Abe + Nakamura [2] OETH 5.

BRLEMII ORI OFE 2 IR &9 5. BHEZER R ORFHENTES E
WZOWT, #HIRE®R OR) — OE) DBIN OE) (2B T a3y MBALHEIZ
L TREBECTHLEE, EIXFRIZBWVWTCRunge THDH LW,

—F, BRZEM R OBES D2 RICBWTRUVARMEELZ 2727 81X, 5
% @A — R2NEE, @la AIER], @0OA) cD 72 51E @A) cD B DT &
Thbd. 7272L, Ai={teC||t|<1l}cC.

81 R % Stein 2%, D %# R® Stein BAEA L +5. DL &, D DIEE
DEFERKST 78 R IZBW T Runge 72 H1E, D 1 R IZE W CTHRW R & A
7=

EE2 REHAEZ F'EEJ D%R@Eﬂ%/\&ﬁ‘ét% D75>‘ IZBW\ T Runge 72 51F,
D OATFE O EAE ALY ZEBWT Runge THDH. #iid— ﬁx IZIELL 220, filz
X, R:=C\{0}, E; —{t€C|0<|t|<1}, E,:={teC||t|>1}, D:=EiUE, Dt X, E,
E; IZ RIZHBWT Runge TH D23, DIE RIZEWT Runge T72V (Narasimhan [5,
p. 159]).

FEHE 3 (Abe [1]) Stein Z4%{Kk R DBAE S D NHERESHEHA OR) 72
51X, DI RIZBWTHRWHRKMEE % #7-7.

—MRIZI%, ME 1 OWIEIE L < A2V, Nishino [6], Duval [4], Wold [7] 12
kv, C ROHEEE L SHBZREHERIEA T, C? 128V T Runge TIE7ZW
LOWNFET S, B3 LY, CNBITR=CCOBEEGORFITHS. —7J, C
WNOBES D CIZBWT Runge THDHZ & L DD CITEBWTHRW IR
ME AT LIXEETHS. £2C, dimR=1D& X, ME1 OFENIE
LW E 9 DM DOW TR 2.

T RY NTRW 1 RTEEER LR ZH Remann@E WV 9. (EE O
Riemann (% Stein T& 5 (Behnke - Stein [3]). B Riemann fl%, € O
FEPHES EMER|D & X, BER L I,

FIH 4 R ZHIER Riemann i, D% ROBAES L T5. Zobx, kD245
FRIZFETH 5.

(1) DI RITHWTIRWAMRAIMEE 2 279

(2) D DALEOERERSY X RIZH VT Runge Th 5.

* AWFGENTE S BN ATEOE N B AP IR B2 Al A 22 Bh sl 4 Bh sl B (C) G
AT 25400147) OB E ST T,
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;1%5 —% B Riemann ifi R (22O, 6 1 O IE LWbIFTidZew. T:=C/T,

=(a,f)z, 1 RFTERIN—TR, m:CoTEHELTSH. 0<p<l/2 L,
WO_{xa+y/3|x yeR x> +y2<p?}, R:= T\{n(O)} W:=g(Wp), D:=W\{n(0)} &
B ZOEE, DIXROERKHEATHY, DI RIZBWTHROARMEE Z &
7=9. L»L, DIZRI jbb\’CRunge'ClifoLb‘

FARE 6 i/ 1 DALY 3> K 9 728 Riemann [ R 1TXHIERNZIR 25 0> 2

FI7 R %l 1 R0 Stein 221 & L, R OIEHLOAEE O Rk 4> 13 B IER
LIRETAD. ZOLx, ROEEORES DIZX LT, RO 2EMIIFEET
H5.

(1) DIE RIZEBWTHEWIRPIMEE %2 A 727,
(2) D DIEEOBERIASY X RIZH VT Runge ThH 5.

¥E 8 R % Stein Z=2f, D%R@Stemﬁﬁ%/\&?“ék% D DARE DR 23 R
IZ8WC Runge 72 51X, D OEE ORI, iol/‘“CRunge“C%é Wi #}x
WZIZIE L L Z2v, Bz, R._{(z,w)ea:2|w =2+ DIV, -}, R=C\{-3
n:R—R, t—(2-1,8-1, F ::{te@|0<|t+§|<2}, Egzz{tec:||t+§|>2},
E::E1UE2 El —H(El), E2 —H(Ez)y —JT(D) k‘é—é @&%, Rbil&iﬂﬁ;f@
Stein ZZ[H, m:R— RIX R OIEHIL, DX R OEHERIES, D=E UE X D OBEKSY
it CdH Y, Ep, B 1T RIZBVWT Runge THSHA, DIE RIZHVT Runge TIE7ARV.

SE X
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Complex surface singularities with a fixed integral
homology sphere link

B Bk (B R)*

B =

Fixing a topological type of a normal surface singularity, which is an inte-
gral homology sphere link of degree one, we compute fundamental analytic
invariants of possible complex structures supported on it.

This is a joint work with A. Némethi (Rényi Institute of Mathematics).

BR2GTIERFFER A (X, 0) DIEFHEIX) V7 2 Wb BEIRTEMHEK Y EOfie
FfHTHD, V7 I3RRGHES 7 7 (BNRRRSREEOFINEG DI 7T 7)
[:=T(X,0) IZ&kDPEIN, TOFE D LD, B3 2Ot IERF RSO A
26N &, TNERBTHIEEMER2 L 5252 IEbE5A, BAREE p, 2 Y
DA BRALEREEZRD D Z L XX —MRITITKRERNETH 5.

VY OPEBAERY —KETH I HEICHIRT 2L, [ OFRLE

pg(T) := max {p,(Y,0) | (Y,0) 1FEHE 2V T IERFEL, T'(Y,0) =T}

ZDOWT, IRDE D BEERPHSNT WS, 7272L, Path(D) & Laufer OFHEFIDJ5
EPSoNd T ODALETHY, py(I) < Path(l) Z2Wi7=3 ([2)).

Theorem 1 (cf. [3],[4]) A FORFE TN U T py(X,0) = py(T') = Path(I') 23K D
NED.

1
2

(1) weighted homogeneous normal surface singularities,

(2)

(3) isolated hypersurface Newton—nondegenerate singularities,
(4)

(5) G

superisolated hypersurface singularities,

4
)

BN X LOBER TR A 2L (INE —Z LR ICEENE/TH B
& &, (X,0) I XBUAM Gorenstein M & KlENn b, ZoL &,

rational singularities,

orenstein elliptic singularities (p, is the length of the elliptic sequence).

py(X,0) = dim H*(Og)/H(Ox(~Zk))

M DALL, MRFVHTH BN, p, (3HISES LT vanishing order 2VNZ WEIED
%3 %Rd. LOEHPZOHENS, BN (X, o) BEUER Gorenstein T py(X,0) =
py(T) ZHi7=9 & &, (X,0) »* Gorenstein (2725 Z &%, MKA T 7Y A 7LD
INZT2 5 Z e 2 FT 2 DIXARRZ 2 0E LR\ GEHEIXZZ O BT 0wE LR).
L2 L, SHEEET DFERIZZNDED Lz & 2R,
AFEIE B E GRETE 5:26400064) DL EZ T 72 DTH 5,
2010 Mathematics Subject Classification: Primary 32S25; Secondary 14B05, 14J17
F — 77 — K : surface singularity, integral homology sphere, geometric genus, multiplicity, Kodaira
singularity, splice type singularity
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ez, LIGRUE T 2FEEL, Atk p, DML ThEFEET SRR SDEA
7B I DWW THEE L /-,

-3 -1 -13 -1 -3

I—Z I—2

1: The graph I’ (TR TOMEIL 0, BFIZH L RE)

LIz s 27 S IEBREUY—KATH D (EE, Kafiilida=€va7—
Th5). FHiZ, BUEM Gorenstein THD. HEARY A Z V% Zy,, KA T T7NHA 2
W% Zpax WCEOTRT. Zyy & T TIREDID, Znu T D TlEARL, HEEMEIC
£%. BbRAT, TNEREREEOBINESIZZDD (2,3)-cusp ZFD, HOAR MK
(—1) OLEHEhIRTH 5.

IR, (X,0) B T(X,0) =T Zifilz T EEOEHE 2WTIFHRRALL, X - X %
BNRRRAEE T 5.

Theorem 2 Path(I') =4, 2 < p,(X,0) < 3. If (X, 0) is Gorenstein, then p,(X, 0) = 3.

BISNEG DRI % B, ¥ RU, By, By % (—3)-curves £ 9 5. Ef I EfE; = 0y
BTV A 20V ERT. 72, mult ITEKE, embdim IFHDIAARKITE KT,

Theorem 3 XD W IPHEK D VLD,
(1) py(X,0) = 3, Zmax = Zgun, mult(X,0) = 3, embdim(X,0) = 4, and (X,0) is a
non-Gorenstein Kodaira singularity ([1]).
(2) py(X,0) =3, Zmax = 2Zpyn, mult(X,0) = 4, embdim(X, 0) = 4, and (X, 0) is a
complete intersection of splice type ([6]).
(3) pg(X,0) =2, Zax = 22, Ef, or Ef, mult(X, 0) = 6, embdim(X,0) = 7.
Corollary 4 Z,.x = Zpuy if and only if (X, 0) is a Kodaira singularity.

Corollary 5 The following are equivalent:
(1) Zmax = 2Z1n; pg(X,0) = 3;
(2) (X,o0) is a complete intersection of splice type;
(3) (X,o0) is Gorenstein.

SE R
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Bonk’s distortion theorem for locally biholomorphic
mappings on bounded symmetric domains in C"
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Py

Let B™ be the Euclidean unit ball in C*. We denote by H,.(B™, C") the family of
C"-valued locally biholomorphic mappings on B". We set for f € H),.(B",C"),
11l == sup { (1 = }2]12)5 | det DF ()" : = € B}
Bonk’s distortion theorem has been extended by Liu in [17, Theorem 7] to the
family Hio.(B™, C") as follows.
Theorem 1. If f € Hi,(B",C"), ||fllo =1 and det Df(0) = 1, then

exp <7<T7+”12>‘|‘|zu)
— |7

This inequality is sharp.

Using the above distortion theorem, a lower bound of the Bloch constant for f €
Hyo.(B",C™) was obtained in Liu [17].

We denote by Hio. (U™, C™) the family of C*-valued locally biholomorphic mappings
on the unit polydisc U" in C". For f € H),.(U",C"), we set

- 1 1 n
[[fllo = sup {H(l —|zP") 7| det Df(2)|» : 2 € U } :
j=1
The following distortion theorem has been shown by Wang and Liu [22, Theorem 3.2].
Theorem 2. If f € Hyi,.(U",C"), ||fllo =1 and det Df(0) =1, then

exp ( =2l
|det Df(2)] > Rdet Df(z) > (1|‘;|)”2n c U,
— ||Z

This inequality is sharp.
This theorem was also used in Wang and Liu [22] to derive a lower bound of the Bloch
constant for classes of locally biholomorphic Bloch mappings on U™.

Both the Euclidean unit ball and the unit polydisc in C™ are examples of bounded
symmetric domains in C". The following natural questions arise.

Question 3. Can we explain the difference of the exponents in the distortion bounds
in Theorems 1 and 27

Question 4. Can we extend Bonk’s distortion theorem to other bounded symmetric
domains in C"?

We give an affirmative answer to both questions in this talk and as an application,
we derive a lower bound of the Bloch constant for various classes of locally biholomor-
phic Bloch mappings on a bounded symmetric domain in C".

This work has been supported by JSPS KAKENHI Grant Number JP16K05217

2000 Mathematics Subject Classification: 32H99, 30C45, 46G20.

Keywords: distortion theorem, Bloch mappings, Bloch constant, bounded symmetric domains .
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Wﬂﬁﬁ MM = o> fe7 B Hardy 22 [H]
B2 EAZOKEMIZ W T

Rt B GLERTF)

1 BA
2 RIEFEZEM C? o 2 EHALBAMAR D? Fo Hardy 22 % H2(D?) T£ 7,

& 1 H*(D?) OPERZER M WARETHD &% zM C M > wM C
M %{%t#t X9, E£, £A E C HY(D?) & e/ NOREMR Sy
72 % [E] TET,

A TIL, 1991 4712 Nakazi I K> TH SN RO FEIZHONWTE 2 D,

PRSE 2 EE OB f € H2(D?) 12 k- C/ER SN DRI 2 My =
()] 1ok LT

Myo zMy+wM;=C.g, g#0

mo My = [g) %302

2 M; & H(dp) DR
BRI f € H2(D?) Ikt LC.

dy = |f|*dm on T?

LB, 22T, dmiE T EOESUES N A_R—ZHETH D, S5
iz, C? LOSIERER C O L2(dp)-FA% H2(dp) 12 & » TERILT 5,

i 3 LED fe HX (DY) X LT, My = fH*(du) ThH o,
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EE 4 (1) A e DTk 2 H*(dp) OFER K € H*(dp) 13,
f()‘> = <f7 K:)HQ(du) for all f € H2(dﬂ)

TR TH S,
(2) B3%% f € H2(dp) 235KERZ ST 5 &1d, fC 78 H2(dp) T T
HDEEITVI,

@@ 5 fe (D) L35, TOLE, [fK)] =My &liil-d &,
MK, I8 HA (dp) OB S Th2 2 LIBRETH S,

3 R

FE 6 H2(dy) BQENY M TROEAEMEES L 72 f € H2(D?) 7
1T 5.

FE 7 H(dp) B D? LI BES 2 HOBAREESL 57 f € H (DY)
WFET B,

RES feHADY) L L, My=[f] 45, Z0Lx,
(M © [zMy +wM;]] # My
T TR f BIFEET D,

25 30K
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On proper holomorphic self-mappings of generalized
complex ellipsoids and generalized Hartogs triangles

Akio Kodama (Kanazawa University)*

Abstract

In this talk, we discuss proper holomorphic self-mappings of generalized
complex ellipsoids and generalized Hartogs triangles and announce that, by
using our previous results, we can obtain natural generalizations of some
results due to Landucci, Chen-Xu and Zapalowski.

Let Dy and D5 be two domains in C™. A continuous mapping f : D; — D, is said to
be properif f~1(K) is compact in D, for every compact subset K of D,. In connection
with proper holomorphic mappings, there is a fundamental question as follows:

QUESTION. Let D be a bounded domain in C™ with n > 1. Then, is it true that
every proper holomorphic mapping f : D — D must be biholomorphic?

The main purpose of this talk is to announce that, by using our previous results
and methods in [Complex Var. Elliptic Equ. 59 (2014), 1342-1349; Tohoku Math. J.
68 (2016), 29-45], we can obtain some results on this question in the case where D is
a generalized complex ellipsoid or a generalized Hartogs triangle. In order to state our
precise results, let us start with defining generalized complex ellipsoids and generalized
Hartogs triangles. For any positive integers ¢;, m; and any positive real numbers p;, g;
with 1 <i<I,1<j<J, weset

f:(fl’,,,,fl), m:(mla’“7mJ>7 p:(plv"'apl)a q:(QDH‘qu)

and define a generalized complex ellipsoid E] and a generalized Hartogs triangle ’HZ’%
by

I
& = {z ech, Z l|z:l1% < 1} and

i=1
I J
Hyy, = {(w) e OV Yol < 3l <1 } ,
i=1 j=1

respectively, where

z=(21,...,21) €COx-..xCr=CH |[t|=t+ - -+,
w=(wr,...,ws;) €C™ x - x C™ =C™ |m|=my+---+my,
and CN¥ =Cl x C™ N =] +|m).

In general, both the domains & and HJ, are not geometrically convex and their
boundaries are not smooth. Notice that 87—[2’21 contains the origin 0 of CV.

2000 Mathematics Subject Classification: Primary 32A07; Secondary 32M05.
Keywords: Proper holomorphic mappings, Holomorphic automorphisms, Generalized complex ellip-
soids, Generalized Hartogs triangles.

*e-mail: kodama@staff.kanazawa-u.ac.jp
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In the case where D is a generalized complex ellipsoid £/ or a generalized Har-
togs triangle Hy'!, we have already known the following: If all the exponents p;
are positive integers, then &£ is a bounded pseudoconvex domain with real-analytic
boundary. Hence, by a direct consequence of Bedford-Bell [Math. Ann. 261 (1982),
47-49], every proper holomorphic self-mapping of £ is a biholomorphic mapping. In-
dependently, Landucci [Trans. A. M. S. 282 (1984), 807-811] studied the structure of
proper holomorphic mappings between generalized complex ellipsoids £ and 5;’,/ with
i, 0 = 1,p;, p, € N(1 < i < 1I), and proved that every proper holomorphic self-
mapping of such a generalized complex ellipsoid £ must be a biholomorphic mapping.
If some of p;’s are not integers, then the boundary of £ is no longer real-analytic.
However, as is shown by Dini-Primicerio [Ann. Mat. Pura Appl. 158 (1991), 219-
229], even in such a case the same conclusion holds for £/, provided that all the ¢;’s
are equal to one. On the other hand, for generalized Hartogs triangles, Landucci also
studied in [Ann. Mat. Pura Appl. 155 (1989), 193-203] the structure of proper
holomorphic mappings between generalized Hartogs triangles 7—[%] and H?f”g;, with
U, O=1,p;, p e N(1 <i<T)and m, m' =1, q, ¢ €N. In particular, he found an
example of a generalized Hartogs triangle H%z admitting a proper non-biholomorphic
self-mapping. Landucci’s result was later extended by Chen-Xu [Chin. Ann. of Math.
Ser. B 22 (2001), 177-182; Acta Math. Sin. (Engl. Ser.) 18 (2002), 357-362] and Za-
palowski [arXiv:1601.01806v1[math.CV]] to the class of generalized Hartogs triangles
o With £i, m; =1, 0 < p;, ¢; € R for all 4, j and J > 1.

In view of these results, it would be naturally expected that the same conclusion
as in the case where ¢;, m; = 1 for all 4, is also valid for our generalized complex
ellipsoids & with ; > 1 or generalized Hartogs triangles Hy’, with ¢;, m; > 1. This
cannot be achieved in full generality at this moment. However, under the assumption
that all the exponents p; and ¢; are real numbers greater than or equal to one, we can
give an affirmative answer to this. Before stating our results, observe that the boundary
of ) is C?-smooth if and only if p; > 1 for all ¢ = 1,...,I. Therefore, in connection
with the question above, it would be the class of generalized complex ellipsoids &) with
p; > 1 foralli=1,...,I that we should study first.

As a main result, we can prove the following

THEOREM. Let £ be a generalized complex ellipsoid in Cl with || > 2. Assume
that 1 <p; € R foralli=1,...,I. Then every proper holomorphic mapping f : E} —
&) is necessarily a holomorphic automorphism of EJ.

It should be emphasized that if 1 < p; € R for all i, then &} is a geometrically convex
bounded domain with C2-smooth (but not C*-smooth) boundary 9€7, in general, and
our & admits the case where some of ¢;’s are greater than one. Therefore our theorem
is not an immediate consequence of any other papers.

Our proof of this theorem is based on our previous result on the structure of holo-
morphic automorphism groups of generalized complex ellipsoids [Complex Var. Elliptic
Equ. 59 (2014), 1342-1349] and an extension theorem of local CR~diffeomorphisms de-
fined near a C*-smooth strictly pseudoconvex boundary point of a generalized complex
ellipsoid due to Monti-Morbidelli [J. Math. Soc. Japan 64 (2012), 153-179).

Once the theorem above has been proved, we can apply the same method used
in our previous paper [Tohoku Math. J. 68 (2016), 29-45] to clarify the structure of
proper holomorphic self-mappings of generalized Hartogs triangles ’HZ’Zl in Cll x CI™|
with 1 < p;, ¢; € R for all ¢, j.
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C*NOYEMBIGERIZ BT DR 2 RIET 5
IEANE A RBEARIZDOWT

L1 8 A (Academia Sinica)*!
Liyou Zhang (Capital Normal University)

1. 8A
IR, % B OEREROAEZ Z 5. Cartan 12 & D [H R (circular) FHIH O i

RERET 2 ENE ARBEEHIIHILESR] PrRInfz HEEEEDIRNWS AT
H BN TIX, Z OO FRIT—MIIIELET, LHAGEHEI NS, 22
THEHHZFIK D C C" BHEM R (quasi-circular) & 1%, (€02, ..., e™02,) € D PMEED
0 €ER, 2= (21,...,2,) EDTHET DI EEWV, m = (my,...,m,) EZ" & T A
MRS, —fEERDT my <o <my,, ged(my, . ..,my) = TERELTRVWZ
IZHERT 5.

k@Y | BRI B W T H R E2RET 5 EHH SR SEHRIZZHAG G L 72
5. AEHOHMWIX, ZOLHAGHE I VFELI AT EI L THS. Bl DFGR (cf.
(1], [2], B) e &0, ZOZHAEHEOREBUE T =1 bm il UE X 8L Y F Y A% —
X — (quasi-resonance order) 7R 2 B EMA LN LB ST IR o7z, —F, K DD
R D 72 DI I IRITE R B MENZE LB B EAL AR TH 5.

BRE 1. VA bmZEEEL, 2OV A NE2FOWMNTERD CcC"2E2X5%. 20
EEDOEMACRBZRLIEHAEG f = (fi, -, fu) 1ZHU (deg fi,- -, deg f,) DHL
DS2ELD%ENHEE L.

AHEHETlEn = 205G OREM R I NI L 2WMET 5. £72, RongDF
3, p97T) BEEMIMRIRLEINE Z L HHETS.
2. FHER
ROEHIZT =1 FHY (1, m) DBRITBEONEHERTH S [5).
FEB 1. DCC2%Y7xA A (1,m)TH5 &S REMAREERE U, f=(f1, fo) ZEH
PRETAEAHCAMESRE TS, 20L&, (deg fi,deg fo) IFIRD 3 DD S HDWN
ThhrTh 5.

(Z> (degfhdeg f2) = (17 1)7

(Z/L> (degfladeg f?) = (17m)7
(Z”) (deg fl;deg f2) = (ln%mz)'

—77, 2 <my < my DBEITIX[A] TIROFERDBEICAF SN TN S,

FE2.DCC*%IxA b (my,me) D2 <my < my 72T EMBIGIKE L, [ =
(f1, [2) RS2 RF T 2 EAIHCRIB GG ET5. ZD& Z (deg fi1,deg f) = (1,1) T
H5.

*Le-mail: ats.yamamori@gmail.com
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FE2ODEHEHAEGDLELZ L TIROFERBIEBELNS.

1. DCC2EY A M (my,ma) THBEFBGERY U, f = (f1, f») 2R & A7
THEAHCAAMESRETE. 20L& X (deg fi,deg fo) (& (1,1), (1,ma), (my, m3) DWW
TNLTH B, £<IT2 <my < my R S IXHIKIZ & ST HIT (deg f1,deg f2) = (1,1) T
»H5.

ST, TN XD RBITMHE TR O NFER L D B BFRPF O N, —FHT, K
O RITMEIR DIHDEH % B 8\ 7280, Tsog(D) DFEED K © FWEHRIZ IR D[]
EDERE BEATRTH 5.

B 2. EAERTHEONEZE 2 DGEIZZHEANGEHB LI VDR EE%2 L TWE0HR K.

Fix, FAOEHOHFFHTHWS FHEIFZZOREADRE BT 5 2 ¥ 2 K#EHT
FHAT 5. R1IZED (deg fr,deg fo) D& D S5 2EDIFRTHILZZ. T, [EREIZY =
A b (1,me) 25 A 728 & (deg f1,deg fa) = (1,ma), (ma,m3) £7525 & 5 L5 % /17
35 EHIE QA EG 2 & OHEEPERICFEMAT 20 E 0P REE 2 5. AGHETIE
FEIZZD LS BHINFEET L2 Z L BMEL, T S IZFDHIH§1 TRz Rong 2 £ 5
THROKFNZ 7225 Z & 2 fEHT 5.

Rong ® FAEDFHMIZME DO E EZ ZTRBATERVWA, E LFENCZHOY
A N A (1, mg) D HEFHIFEHISIZ DWW T IE U 1 max(deg fi, deg fo) < my &785 (ie.
EHL (i) &R B HNIFEL W), FEWV, (deg f1,deg f2) = (ma,m3) & 72 B BIPEET
NI & 7325

3. SEDE-E

SENE CP NDFHIBDAZER L=, ZOfEREZEIRITILT 5 Z R T o DFET
H5. £72, Rong DFEIE—MITIFIEL < BWZ EAVHBH L0, 2 vwDEL W
PEFAETLIEEINMETH 2. EROARBLEMRMEE D c CClzyLT
Bergman G ol IFMERITH O, ZDE D' = ol (D) 1FMREKMHEIHK L 725, Z OIS D’
DEFEHIHEEZHANT Rong DFRTIHERSNT WD ERAVWDIEL KRB 0FLATE
L EHHL TWED, REROBMER L TIZITEII L TV,

S 3k
[1] F. Deng and F. Rong, On biholomorphisms between bounded quasi-Reinhardt domains.
Ann. Mat. Pura Appl. (4) 195 (2016), no. 3, 835-843.

[2] J. Ning, H. P. Zhang and X. Y. Zhou, Proper holomorphic mappings between invariant
domains in C", Trans. Amer. Math. Soc. 369 (2017), no. 1, 517-536.

[3] F. Rong, On automorphisms of quasi-circular domains fixing the origin, Bull. Sci. Math.
140 (2016), no. 1, 92-98.

[4] A. Yamamori, Automorphisms of normal quasi-circular domains, Bull. Sci. Math., 138
(2014), 406-415.

[5] A. Yamamori and L. Zhang, A classification of origin-preserving automorphisms of quasi-
circular domains in C2, preprint.
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On minimal singular metrics of line bundles whose
stable base locus admits holomorphis tubhular
neighborhoods

il

R (KR
Nt i

(AR R )™

X W ER LR U, L% X EOIEAIEMRRE TS, £72, Y =SB(L) %, L
@ stable base locus, $72D5, Y = (\cyoxmpyments =0} £ T 5. TORRT, LD
RNFEMHE (ThbE, iR ALV MDEATH S & 574 L EORE Hermite G &
D5, FEEVPR/NDED) I, X\Y ETRFERTHZ ZLWEGITbNrS. L
Do T, IRD LD BEENREZEZ NS :

B 1. Y25 L O/ RMEIEOZH) 2 il L. BN RMEEHE D weight B
BIXY O CTHRIRT 207 72, KT 556, TORBMIILOBREIZRE1T? O

L EOR/NREMEFERIX, L 2 pseudo-effective 22 SIXIFIE L, HIZIE, L ED7d 5
PEFHREZOEDEE L2 L 2, RO TH A 5N5 (hDOFHEHE) :

he :=h-exp(—sup{p: X - RU{—00} | ¢ : Op-plurisubharmonic and ¢ < 0})

ZZT,0,dhD ChernthEThHsb. —H, TOXIBREBROAP S, YVIEHETDEE

BAEENLZIETET, ME12EX5 LTI, SOICHELVWEBEELRKETHS.
ARHEHTIE, KD K S REMOTT, LHOMELIZOWTER L MEREZBNT 5
S 2. (1) YIERIRITr DIER R SZEIRTH B .

(i¢) W Ny x D3 r fHDOEFRANDEMDE Ny, x = N1 N @ ---® N, 2FD. &5

2, ENTNDON, (A=1,2,...,r) ZHIEPETH 2 L5 RO ROFHREERHED. O
Fff2 2T EELRHIE UT, FILOHI(IN, IV, §2.6)) D3 IF 65N, Zhik, &D

& 2 72 modification 217> TH Zariski DMz F 722 WHITH 5. [K1] TIE, Filiofiliz

B /N RMETEOEEL, MONMEGEZHNWTRHRONS ZEMWRINT VWS @

Op ={a=(a,a,...,0a,) € Ry | |of < Lei(Lly)+Y "2y aAcl(N/(l) : pseudo-effective},

ZIT, lal=3_axTh?.

KFEHOEFHRIL, UTIZET250TH 5. ZOEHIL, KEDEMED T TR/
EMEFHEOXEA O, ZHVWTERINEZ 2 ERTLEHOTH Y, flioflics i) 3
BANFFEMFEOMIT OB 2D — B bzl o T\ 5.

T 3. X 24U EHR LA, L% X EOEK (big) REMHE, Y = SB(L) 29 5.
YIXAbel ZRATH 2 L T 5. ZfE2D (), (i) #INET 5. 52, HEA=1,2,...,7
U Ly @ Ny P D¥positive T, &\, piZDWTC Ny 2 N, DK D LD EARET 5. Ly,
ARSI R EE GRERE 5:16J04196, 15J08115), V—F « Y7 K¥ER 7077 AOPE%EZ I 26 DT
»5
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Ny E® C* D Hermite 7t & hy),, hy, ZTNENEET 2. ZHE, byl @ by, O
Chern HHERNIEIZR D L5112 d. 20L&, L OB/NFREMEIE hyp, r D local weight
Oming (T80 L, H2EFTBEFAD FThyn, =e fmint EH6HINHHD) I, Y
DERDIEET,

. — 20()\
Prmin..(2,) loggé%)fgw +0(1)

D TRING. ZIT,ylRY LOEEZRL, 2 = (21,22,...,2,) XY QR
EBBEABTH D, (po)e 1T, RAEFK Ly @ Ny @ Ny -+ ® N, D Hermite 51 &
hrjy @ byt @ hy? -+ @ hiy™ B2 S 4E S V72 FHTFTHE D local weight TH 5. O

PR, EHE QMMM & U T, Zariski 12 & % nef 5D F K72 A EE T W ELRE R DA
D, FRIRTTIZE T 2HLE BN T 5. [K2] TlE, RIXTTH 1 TH B854 (Zariski 12 £ 5
AV T FNDH) B, EFERIEETHD I L E2RLTVS.

T, PPOEOIREIE QL,Q 225, C = QN Qy XIEFFRMEMHIRR, Q, &
Qx XMW TH AL LTEW. pr,....py €CEES. IS NEDSIZBEWTP?
5. ZX=1,....NIZNUT, E\ =7 Yp)), E:=E + -+ Ey, H=7"0Ops(1)
95, F, BQ\DHREME D, T35, UEORESDOFNT, X FOERKL %,
L:=Ox(H+D)=0xBH—-E)IZ&VEDD. T5& LIFEAREMRKTH Y,
Bs|L| C Y 25 Z L NTE 5.

T, N>128F5. ZOLE Nyx = Ox(D))ly ® Ox(Dy)ly D& 5 IZHEH R
TE5. EOEMNZ N, @ Ny b EL. (D)Y)=8—-N < 02DT, N, IFEDERRK
THBILEDBON5. Ly @ Ny'OWEIE, 4ThD. PAEICKD, (X, L)Y) I, FEH
DIREZT-LTWS. O, 25#HET5 &,

Op ={a= (o, 0) €RE, | (N —12)/(N = 8) < |o| < 1}}

DESITHD. LD, LOBNERMFRZEHETE S,

(1) N =120& &, py,...,p1n % C Higeneral IZ& % &, Lly i% Pic”(C) N T non-
torsion £72%. ZD& &, Lidnef " DEKRZHIHEE TR (Zariski DHIOHEELL).
DHBE, 00, THEI s, L LOR/NEFEMFHELY DY TERIZRLZ L%
MePrHB I EMNTES. (X612, [K2] LRIMRDEEERIZ L D, LAVEIEIZR 2 Z 8 2RT
ZLNTED).

(2) N > 120 & &, LIZFEKRZD nef TIEZR\. L OBU/NFEMEEHEIL, YV IZH - TH
EROBIFERZR O LN 5.

S Xk

[K1] T. KOIKE, Minimal singular metrics of a line bundle admitting no Zariski-
decomposition, Tohoku Math. J. (2) Volume 67, Number 2 (2015), 297-321.

[K2] T. KOIKE, On minimal singular metrics of certain class of line bundles whose section
ring is not finitely generated, Ann. Inst. Fourier (Grenoble) Volume 65, Number 5 (2015),
1953-1967

[N] N. NAKAYAMA, Zariski decomposition and abundance, MSJ Mem. 14, Mathematical
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CP" DEZEFITZHAAE TO Fibini-Study
FREED Levi form ICXF9° % Takeuchi DFZ

A Fr (REUEHERR - BT

1. [FC&IC

D % CP" OifE (D +# CP"), D 05 9D % T0 Fubini-Study % 6,p &9
%. 1964 4E1C A. Takeuchi [1] 1, BAEL —logdyp Y D THEZREALFIMTH % T L &R
L, D C CP" ICHd % Levi B (M AEBUE ERIREIEAY) 2 BRIk LTz, 20
FRIORENTZAEFEXD Greene-Wu [2] I K B L

= 1
z@@(— log 530) Z gwpg on D

&, 5 H Tl “Takeuchi OARFX" &IEEN, FFC, CP" (n > 2) NOWE SN TR
7 &, D Levi FHAFEHIEO JEFETE 1T 57 Tu—F01DE LT, &
BB EZ R LT05. COIFFETRIE, n = 2 DEEIEKRMIRT, “Takeuchi D
ARER ORBLICBLLDR =N Tz, T T T, Levi “FHH A%l & &, /i
EHEBMEIC K - T foliate TNAEMANHDOC L TH 5.

M 7% CP" O#EZEIRD MK, M F TO Fubini-Study Hi#%x 6, £3%. D&
& M DL T B Sy, 1E CY THB. Sl BIEL —logdy D Levi form DFER
(Takeuchi D) 2 M D TROZ LM TIIZDT, ZOFFICDOWVTHET 5.

2. FRER

n =2 O, BENTIAERIIRDED TH .

Theorem. S 7z CP* WTRATIC S = {(t, f(t)) | t € V} I K> TERE S NIE 5
M&d%. TTT,VCCEBES, f:V — CIRERBET, 0V, £f(0) = f(0)=0
Zhilzd &9 5. S £TOD Fubuni-Study % 6g TEKY. TDEE, e >0 ABMAEL
T, 0< |w| <e IR UTRAD LD,

82(—10g55)(0 w)|ds? = |w| B P () O
020z ’ 2-tanw| 1—[f7(0)2|lw]? 1+ |w|?
82(—10g65)(0 o) |duwf? = jw| —tan”! |w| + [w|* tan”" [w]  |dw|?
Awdw ' B 4 - |w|(tan=! |w])? (1+ |w|?)?
9?(—log ds) _

Corollary. B#{ —logds ® CP? @ Fubini-Study #HEICEIT % 2DDFEAHEIZ,

tan dg 1+ 1[f"(0))? tandg — dg + tan?dg - dg
2-85 1—[f"(0)]2 tan? g’ 4 -tandg - 0g°

TH5 (0<dsg <tan'e).

* T 278-8510 BFHHTHILIG 2641  FERTFERIALE BET 2450 B4R

e-mail: matsumoto_kazuko@ma.noda.tus.ac.jp
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3. fiE
Theorem 35X U Corollary ICHIN % A%

x 1+ 1f"(0))? x—tan~tz + 2% tan"'x
b(x) = 1.7 _(fr(02.2° U(x) = 1,32
2-tan~'x 1—|f"(0)]%x 4 z(tan™' z)
Exl L,
1 " 2 1
lim &(x) = M, lim ¥(z) ==
z—+0 2 z—+0 3

£73%. Corollary OHID 2 DDEE L, P(tands) and ¥(tands) LRI N2ZH, FE
Bo v 3HITMBAKTHS. 3505, &'(x) >0, ¢ (x) >0 (0 <z < 1/]f(0)]),
V'(z) >0, ¥"(x) >0 (z>0) Zii/zd.
4. AAV b
1. —fR&ZotdD M c CP" I LTE, BIEL —logdy D Levi form ERDSN T
%. FRBITHRROBICES ([5]).
2. M C C" T, HiEADY Euclid BEEEDTE, XSS B4R (Levi form DFR) & (3],
[4] TH%.

5. Theorem DIEEAD A&t
CP" @ Fubini-Study H&X

ds® — S ldz® 2oim Fiz dadz;
L+ 200 el (+ 20 )2
1 |1+ >0, ziw;]
NEED Y RVIED STE

On(z,w) := cos™

LERINSZTEEHANS.
BENEK
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FrhlsEE

L EEH T o BEGHR
SEHMEWRIZE f%%@ﬁ%

RV EA (HUSCELA - BT

®m =

BEHRLRREN ORI B\ ¢, BER DR 201, Flk Lo IRz
;mfér“%m/tFﬁiai%z{%ﬁﬁzT*ﬁz;ﬁ@f%FﬂiOD DTH 5. iR

xt LT, 1970 45X F CIC RSB I3RS L 72 &\ 2 203, SHRE BRI, HF

L BB T 2 R IZ W X 2T TH D, B2, R
WD L EFHIH O IAFE FRIG KRR TH 5. ‘%C%i DI E
HiFL, L EFHEOSIGITH 2PHY) — < VI ORISR 2 @M L L,
L EHIAE O CREEL, % OPH &R B 1R R EGE 2 X T & 7. A

TIX, ZOHGITED 515 N, L EH CR SRADSHEI AR (1], L
t%Biﬁﬁ@ RO T4 —FY v 73V F A8 (2, 3, 4, 6] LEARA
ER)VT 2 22 B, TS T 2 A2 ST 5.

1. ERATFEAADL EFBEOIEFE TR

n RILEBRLRIE X NOW 6 27 (=C> #k) A @M M 252 5. M H»BLEF
BETH 5 &3, MDX D (n— 1) RICEFEITLIRIFIC X 20 & D L TEEMIE F 2§
OkfE V). FELEEBLWS. LB LV, (X =C", M =C"'xR)THDH,
COW, VEZEFIZF = {C" ! x {t}her TH S, L EVHIM M BEMBHTHITH IR,
JEATIC (X, M) 1& (C", C" ! x R) & BUEANCH—# S 4 (Cartan [20]), L EHEE F I3
M DD (n — 1) KICIEEFRIEREERE FICihE S 2 (Rea [50]). 2 £ b, EMHTHIZ
Le $iﬁﬁ ¥, &3 IEHIEEEOLEEA é; k5. ZOHREDS, L EEHIEIE S AR
w2\ ¢ < IERIEER O /AR RIS B O TO EARN AN R E > T 5.

HmwmBm@mm@%ﬁ@@%%@ﬁ“ktf,m%@ﬁ%*,77/W®ﬁh
BTl bl X D RO FEBREI N7 (cf. Camacho-Lins Neto-Sad [17]):

P, EHEHHFIE CP2 ORKIC1 O (K5 EHIEE F 242 5. £DIEDMEIC
FORREBEENETHS).

:@%*H (FCP? LOIERIFERE FISH LT “Y S v b - ¥4 70 OIfEER FIRT 5.
fRiICTFRIC KB H UL, IFAHEBNESG M (DD, E & LRGBS T
%of,aa%Mfr¢®§®)%%0fﬁﬁfﬁa 204, Mizta ) 2 —IcHl
K% 32T %2, FEEHTRIL E AN E 7% 5 £ 9 dichotomy 53 %D%ﬁ’t’Cbl % (Cerveau
21]). ZNLK, XDOEEHEFHNO L EEHE O IEFETFRIZ S ¢ DBk 2 0T
w5l
FA. CP2NIC, 5L ESFHEEEEL B\ TH A 5 .

COTVROMRRE FIRT 253 - 7L 7Y ¥ P ISEEET 2D, Z D4 TUTHFEA
ﬁ%?/7ﬁﬂ6ﬂf%b(dIm@nM%mmehﬁﬁﬁﬁﬁﬁf?ﬁuim&f
e 2RI E: (FUERS 26800057) DI AR I b DTH 5.
2010 Mathematics Subject Classification: 32E40; 32A36, 32T27, 32V10, 37F75
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U7 7 IR T 1980 E R 5 B o 7 TH IR ST /e (cof. Ivashkovich [40]).
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H%. FMRICOPHEZEM CP=? IZB 1T 5 MO FHUL, Takeuchi [52] (cf. Matsumoto
[43]) IC X 2 ERGHEEM Lo L EREOMREZEEE 2, WINbHENICRLTE
D (Lins Neto [42], Siu [51]), FFicBE X, 3RICU LD a v %7 b r—7 —4kkIKICE
%, IERERDIEDOH L E P OIFEEE & LT -RILS RSN TV S (cf.
Brunella [15], Ohsawa [46], Biard-Iordan [14]).

ZITULEYHE M C X OERBEER N, L1, Ny = (T | M) /T, e k h EH S
N5 M D CRIEME (DX D, BHEKEDE S 0, 20, B> TIEAI L % 5 CHEH
W)z T IV EER FOEAFAOBERTF LH—#HEh, N I3V EERF
DEFSNIEREW S PICHABN, ~CRTM/TFTH Y, MHNICIZAATS
%5, —I, M LD CR EMEBIETH 2 L1k, HEMWOH» 757 7 A /N—F1HE hDMFHE
L, B39 F v — v Eec B9 2 S5 1o MR IE R i0-0 7 (— log h) 232 T DI TIEE
HIC% 22 2WV). 22T, 08, 0r(= 0p) 12V ELEE F ORES RO IR - SIERI#ST
2R

L EPHIENE, L ETEADMESICIE A 2 & L COERTE 5. HEMHLIL,
HEHROL EIRADESANEEED & &, mEaNHHE L WX 5. mEEN N LAt
B o T fREFTFIEE, L EHECIREATE 2 L3R 6 2w, IFARERDSIETH UL,
DITIC i 2 & 912, IEARERO#HEE AL “HRXDO L A L LTokElz 1L 2
SRR b & L L 2RI MT 2 2 B0 H B

T, D BRI, 2O0DFEEEZTFELTEI).

ER. L EEHE 2 B OV e R 2 o8 7 MEOBER E L CREERZTFL TE
#IUL, CPPICPHL B HIANIAEET 5. 72 & Z21E, C x ST ¢ C? (ST IFHAZFIE )
DT MIZZ)THD. MIFHERET, "L b —27 2=AF ERCERS 2R,

ER. CHOM Sy 87 b L EFHIEOIFFEERR, RAMEEHD 555 . C,
L DOPERREEE 2, w 2 T, MEESFREE 0 = [2)* + w]? Z2E5. Rica 87k
ZUVEHE M C CPFETIUL, oM 13H D 5p e M TRAMEZ & 508, LELE

JEDp 2@ 5T LT ZHlRT 2 L NHTRAMZINS 2 LICh D FPETH 5.

2. Y —v>ELOFIBAEER & ERIMAREK
CP2ND L EEHMEDIEFAETRICIE, WELREN LT 70 —FBMREIN Tk
VL ERIGIZB T B IEFECEOIEHORIEI, RD KB 35 2026 TH 5.

EHE 1 (Diederich-Ohsawa [27], [28]. cf. Brunella [16], A. [1], [2]). &, X' % [F] U ffi%k
> 20 =< v L L, ABOFR W p: m(X) - m(X) < PSL2,R) ZEET 5.
Y EDVHZ (D F D, RHEEDRATER S ) fifkI X, .= ¥ x, CP' WO R
M, =% x, 5" &, IEAREE N SSIEQ ST RPHL I CH D, & 512, Hlitk
B X, \ M, DRI 25 4 VLR, £33 25 4 VREBOBHENZEL %55,

Z I Tx,ldsuspension Z & L, 7z & 213, ¥ x, CP' 1, ¥ Ok ySuniv [
22 S x CP OFEAREM - (2, w) := (v2, p(V)w) (y € m (D)) 1T X 2REZHET.
ARGTIE PSL(2,R) IFHAZ M ST ~ RPY, BAZPIR D IC/EH 2 & A% 7.

CP=3 2B 1) 2L B OIEGFAEEILIL, ambient 233 XIGM ED 3 v %7 by —
7%k TH S L, VEVHADIEARERDIETH 5 2 &, L) 2 DDRMEN

2EMIAEINCIE, L EPHTIATREENTIC SEL TE 2 LRI ERT
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SRS BTE S NS, FEEE o200 EE VS L, L AP AEIR
D OFIEARDEAN E L2 ZZHCOMMT 28 L ¢, L ESEHA LD 0705 flii % BEE O
REWT AT 0§ 2 @itk 2 RO T T E 2. 2D 0,0 E S Z H3U, IEHIER
DMIFEIER%Z 0707 5E2WRELTEL, ZORT V¥ vILIi M Lo KAl % 5
HALCFIEZRLZENTES. L2L, EHIPRTIIIC, 2RILTIEID2ODE
Y22 E D RD 6 B2 070 fEZTS 2 2 EEATHETH 5 ...

fiE> T, CP* 2B 2 IFAETFRICEERNEGR 67 70 —F TE 5 LT3,
CP? D3%ful % o3 ICiGH L 2@ RN AT 2 Tb il k6 Rk w». 20712,

o LEFHA o> CR B / L E PR O RO IEHIEEITERIC ED X
) R RO, 0, TR ) 0 HRRZ E D X ) R Z RO H.

o TG 2ODREEMEIT 5 L EIEHEI DKM, L EEE DM 12>

L) —RIVRETEANDREZ BB E T 5. L L, ZOIAFED L EREAND A RLIXI
DTSN TWLBHRICH S, 2 2 THY —~< Vil LOHHMREE M, &, 2 OPHEHE
WTh A IR Q, =2 x, D 2 E LT, 2D LoD CR B, EHIEEZFEL
CHREI EVHIDTH 5. ZOMEREFIZ, Barrett [10] 1IZH .

%8, Y —< v EOERFRF IS T 2, AV P FroL ERE RO BN,
WEIF L EEEYE 20 5SRO IERNINMEDE D D) OFFEIZLLT D@D

EE 2 (Grauert [33], Diederich-Ohsawa [27], [28]. cf. A. [1]). ¥ ZPHY —~ v,
p € Hom(m (X), PSL(2,R)) £ T 5. p23U(1) KB (PSL(2,R)-) TR IT R, Q,
E> 28 A VERREK, £/ 2 4 VEBODIEERZETH 5. pBU1) RBUILED
IR, BREARIEZ &0 0(Q,) = C, &F L FIUEQ, ZIERIMNZE) Y 2 5 4 v Lkk
FThbya ¥4 v EMOBERRETH R (7221, pBHHEBO L &, Q, 1JERK
Y x DITflZe 5 7200 ).

3. AV JXY kL EFIE CR & L OEEGH

VEFHIEZE TV ET 5 CREMKGEZ LEFIECRZIRE LTS, T4hbb 1S
D7 (2n — 1) RICFESHRIE M TH > T, F (n — 1) RILOERLREZEEL T 245
DRERBE F 526N Tw2b0% 0. LEYH CR %Rk LTk, CR B,
D F DEFANCIERI R A E Z 5. BT CR BEE o 72K, BT AT D regularity
ETPOIEGEL AW I LICERI NV, B, FEEITIYZ L EHH CR Mk, EE
VL5 2 R L RISIIC L B & L CHRBITE 23, W56 2074 b IR KIS ICFBLT
&2 LIFBRS 2\, i Z10E, Barrett [9] 1 Ueda [53] % T, S° OFFHERN L — 7 HEE
L EEHEE LTHBITE R W I L 2R L 7% (cf. Barrett-Inaba [11], Koike-Ogawa
[41)).

2y 87 b L e EOBREGR O HIFE R, RDY 2 —ENVRERTH 5.
EHE 3 (Inaba [38]). a8 b L EHCR EMRE Loz CREEI, L ESEHO
ETOREE, EHE %D, FHREIEDPFET 2 287 b L EFHCR Sk Lo
it 7% CR U EBIERBUIR 5 .

SEA LN 22 L © W E R AUE,) IEHIEERE ORFREAD CP22 TIIRILZ FFo 43, CP? TlERon%
Fite PN & e 2 I DS S 2. RrFRESIRITE S T, RAMEFEED 5 PIHEZE T 5.
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o> T, i lday 8y VEESTEE LOBEGE & BRI, 22827 FLEYH CR
SRERICB T, BREZIF L GHAD K2 EZ L2 EDBHRTHA ). OF
h, CR EMKED CR YIKi 2% Z % (cf. Ghys [32]).

CR YW 5 LRGN 1 A BRIE O A D 3R T % 72 51, +47121E% CRE
PRI IZYII N B ICFEET 5 2 LA N TV 5.

EH 4 (Ohsawa-Sibony [48] cf. Ohsawa [45], Hsiao-Marinescu [37]). 1E CR[E##H L
2ROV FLEHHCREMRIEM 252 5. EEDE e NICNL, H 2 HAK
N = N(E)DSFEEL, m > NIt L, Lo 1 CF # CR YIWi 2 MRt EF>. 61,
L OEPUED CH i CRYIBTIZ K D, M L2 7l E, M 2 SXuDERa#22
HIC CE D CRICHIDIAL Z L 3T E 5.

ZNTlE, CR YW 71 O SERMI O A2 Bk T2 L £ B2 TH 5 9 .
SF 0, ONFRIOMAEIICE T 2 N(k) 13 kIS L CERICIR 2389 TH 5 9 2.
B2 MRIZETHY, LEPHE DR, I 2 TIRIEAREROIEMEEBIRT 5.

FHER 1L (A Q). S, Y 2EAUCEE> 20IEBEMAY) —< v & T 5. EARD
f—tlp:m((X) = m((X) < PSL2,R) ZFEE L, VHHME 7 : M, - S 2%2 5.
Y EOEEHRKL - SOrIc k35 ERL 7L — M, 1%, M, LOIECRIEMKTH 3
D ATEDOm e NIZHWL, 2k =k(m) € NOEEL, 7L @ CF ik CR YIW; o Z2[H]
FEIERL26K2 DD HOS, L) IR 5. Fric, ZOZEMIEHRIITTH D,
ZNSEB D7 7 AN—DRETHEL 220,

BRI & 72 2 1T /718 O RIS | = K(m) &, TERRR O FER B m 128 2 IR E T
52 LG [ TRINTS. 2D k(m) DMl T 2 €8I, 7L Dz M, D
IEAREHR N, ol e kT2 2 LickhfFohn 2.

4. EEORMAEETFsr—RKUvk « 7AILFTRIEH
Hifi <, 8, H 2 \»id, EETEISE WA TEEZ 2 CR BEICO W TEEL
723, —77, KEWT T Mot 2 B L e IR TR, UM i Twn 5.

EI 5 (Garnett [31]. cf. Hopf [36], Feres—Zeghib [29], Atsuji [8]). % > 2 DPHY —
2 VY, AR L MR E A O p - m1(X) — PSL(2,R) % & ), SFEHF)E
WM, 2525, M,, bO L' CRE# (L73>T, L2 CREEED ) 13, V_— 7
WCBL TR EAERTOEL, ERRLTH 5. F, IEAIFIRKQ,, EDON—F 4 —
22 A2 (Q,,) FEBBBOAD 672D, K, AFIERIBBULEBIRE L 2275\,

COEMIFTEFEOMAMEDIHEIC L DB ONbDTH S, 3XILL EFHL G
MIZE T, FMBAIE L 13, MBS OEK T OO =0 273 M EOMERMEE 1D
ETHD. HIZIE, Fa ) I —ALELEBEWHIE IXFIRNEZ ED 5. Md3a v 7 b
THIUE, FARMES D% LS 1 OHFET LI Edah 5.

EHLSIZET 5 M, TRERFNHEZIZ—ESHFEL, V_— 7RIS L, ARz

2idz N dz

EC e

AdO, [(z,€%) € M,y =D x S'/ ~

DED DML L EFLG 2R OT—HT 2. P.(e?) := (1 — |2)?)| exp(if) — 2| 2 E ATV
TH D, ZORCIEEZFFOMMMEDFEDEH S DAHOHTH 5.
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B8, HAMEOTHFEICE D, @2 TR > T 3 BRO— 2 Fi T 5 XOKR
LR S e,
I 6 (Canales Gonzélez [18]). 2 RICEHFELIRIR X N O FMHTHY L IS O A
VR MEBOZEZEZ L. QBT a ¥ A VERREICD Y 28 4 VERDOBEIERZEIZ D
ORI, ROV EREIE R /3 — AL RN & £

ERL5 2B 2 L EI L CR Bi%L / L EFHEER OIS - o [E RIS D 25 8)
X, VEERORAMEIC X > THRElE T 228, ERER1ICEIT 2 CR BBDZH)
&, IEHRER ORI X o> TRl STk, 2o 25— BRAR T 2 8 2# i 2
MAEH D290, o, FRMEIC X 27 7o —F I 3RNEOREESH 2. Thb
b, Z OFEAEINIIERERITH O, @RV EHRZE2 2 L WEET, 72 & 2, Fi
HEDIEIZ K 5 CP2ND L EFHE DIEFET-AND 7 7’0 —F (Deroin [23]) Z #
LD 2 Z L i3HL Y. CoMOWEEZMORMHATHEETERVTH S I »

CDEZICEVEIMRELT, T4—F Vvt 75V FZAENH L. 74—
RV v - 7402 A8, Jok, B o M2 W 28 e L TEAI N,
E#E (Diederich-Fornaess [26]). HELRIE X NOME & 2> 2 FaEE R 2 Ko % a2 v 0%
7 MEEOQOEZEZD. QDEEHREr (Q={re X |r(x) <0}, 90 Ldr#£0) DT 1+ —
FUwE 74V FZAEEEE, —(—r)"D3Q Eav 7 VEAZBRW TS ESH
MER2EI%ne (0,1]DEREZ V). (FELZVEZIZ0EED )

HHRLHRAE X HO L EFHER M O QIcE T, T4 —FY vk - 7417
T 2AIEBIE D EHRBEB DR, IEHIER N D IEFRR O 1)L 2 — b EHEDFE & [
Td % (Ohsawa-Sibony [47]. cf. Brunella [15], A. [2]). 22T, 74 —FUv k7%
IV T AFEE L IERNEHR O #A & DOBIRIIIIRF S 5 53, FERE, ROEKTIEL V.

FHR 2 (A [2). EESHREX TBVT, LEEHER M 2FoM5a v 7 M
BOQ#%#%2%. 74 —FUvkt 73V F T ZARBIEDEREKE r ik L, ZDhi5ic
B 2EMIIC D ERERN,? 0L S —FiHRAZEDS. rODT 4 —FY vk -
7 AV F T AL,

-1

LN DIV — L ERADSEE DL CEBOMBIE = VAICXDEEINS,
FUROE L, hOFEFOMBHERD 1/2451Mth7 67203, Tk picBiL
TLEEEOMR N T ) S —2 28 JHOE L TREDYEE > T 5. TfiR2
D6, T4 —FUvyt 74T ZEEHERNPEDR DR DBIRYIT02 5 .

R dmX =220 T4 —FUv k. 730 F T REH1/2 DERHREEFFCUL,
M DV EFERHI N~ — Z IS T 2 FRME 2 K.

RrIcE s 1IcBinc Q, 374 —FU v« 740 T A1/ 2 DEREKZF D,
FIICZORBUICH B, Q) 1%, ROERTIREDIRIICSH 5.

E#ER 3 (Fu-Shaw [30], A.—Brinkschulte [6]. cf. Demailly [24], Nemirovskii [44], A.
3], [4]). n RICEFLRIE X AD L EHER O 2 > 87 P QIZOWT, 20
ERHBDT 4 —FV vt 740 F AR 1 /n 28R %0,

sup {77 € (0,1) | i070x(—log ) — ] iU i0r log pu A Oxlog i1 > 0 on Tj/}o}
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5. EMMIERNIVIT VYV ZER EFEFEFE
F4—=FVUvk 73V F T ZEBUCBIL TiE, BAMNE LT < v ERICHT 5K
EEBILASNT VS,

FEHE 7 (Berndtsson-Charpentier [12]. cf. Cao-Shaw-Wang [19]). LA X WD
BEMEER O 2 %7 FE QDY T4 —FVU vk - 740 F ARy > 0DE
B r 2FO L &, HAMNEZ AL U 2H A2(Q, Kx) da > —n IR LIERXOTT
bH5.

CCX EOEMERKLICET 2EAQ > 1DV 72 22 A2(Q, L) L1, L
@1»<—bﬁngL®%ﬁ%ﬁm49®%%@ﬁrm%Lt

172 = / FR(=r)2dV < oo

oz—i—l

E%5 fe HO O L)DEFD ELTERINS. TIIH Y vBZERT. @5 ICHN
Ten—T 4 =M A2 (L), |fll-1 = lima 1 || flla < 0oz ZIEHIYIMIOEE D &
LTERT S, N—T 4 —2ICET 2 EHIVIENL, BRE% L2 CR YW & L TR
ZEDBASNT VS, LHYHHKRD & 313, Hz A2(Q) £#<.

CP? NICEHL B M DMRICHEAE L7z EARE T UL, MIZFEISQ 2 P&, 78 = -
2874 5 D S AR N ciFEE S 3 oL S — FRIZIEIE 2 RS, 7= -
AL T4 GHRICHEET 2 QDOERKBIIIEDT 4 —F Y v b - 75 )L T AIEK%E K
D, Lo T, BHER Kep: DL 72 V2218 AZ(Q, Kepe) IZERRIG L 72 2 DT, il
17 CTZ OB RIICHED R U F )G 2 E T 2 RS H 5. HEE, D J5EHD 6 KRDE
SRER PR NS,

FHR 4 (A Brinkschulte [7]. of. Bejancu-Deshmukh [13]). CP2IZ 7 E= « A% 574
ArEZ 52, VEFHE M Cc CP?P O EZRET 5. O, M EITiFRizy v F
HIE Ric™ (€,6) 3 —4 DN & %2 2 05 DFAET 5.

CTTREY v FIIFE LI, SRS RIE M Ic 7= - A T4 iHEZHIR L CEHE
ENB Yy FHERIM ©H b, ISR (E,€), Ec TMN(TF) Dfiz 3. &
FEH A DFHD Ji#ETH 223, TRicM(€,6) > —45 &\ 9 B AN 2 KED & HFE L
FAER 3 DAEHTH 5415 Demailly [24] O vy - 4 = vt Y RIAKICHY T 27
53885y (Griffiths [34]), K& F— %7:/7’ib,waVV%ﬁAﬂQK@ﬂ®ﬁ@
RIGMEZ R L TCHIEZES. Y vy FHRICET 2 RKEIR, 77 2A0RNZ2/EHL,
7EZ - AY T AGHEIED 5 L CEEF OB IR 2 RN A v 2 2 — R
EHEZ D & W OBEAHDFHEICHTE S 2 ENTES

—fRDRBDERTRDEANF & )V 72 228 A2 (Q, Ocpa(d)) 1SR LT, FIEkDH
2o, BRER4EZBANICSEET L 2 LR THL. 2O, T4 —FY vk 7%
VT ZAREPFHICEEND 2 LickD. L L, KEWRLEGEIE R L. 20
PRISE D T BRI, SERIOCIEOM, EH 7128 2 BEADOFHliOREIEICH 2. 71X
0Nz A TR > PO 2 v TRl & TR 2 LT ons s, 20
AEH SHERI I N5 X 912, EREICEMAMICE S X)) 12, > v — 7 4Rz ki
527\, (hE, Ct NOBEYEEESIX L Tld, Chen [22] 23 Berndtsson—Charpentier
[12] IcB T 2 EAN E L2 2T 0 S RAOFHT A & O W2 8B L T 5))
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6. IEAIARRICE T DEHMIENILYT YV ZERDOERRITIE

CP2 12 B \F 2 IR RIS, A E L7 v R QMR - ARXICHED S
TR —FT 5701, ﬁ@?@aﬂz%z’w EHTH B, 2D FAIMBRICE T 2
il ztat L & 9.

IS ICB T B IERIFIRKR Q,, 2 EZ 5. QidT 4 —FU vk - 75 F T 2K
12 DEHEKBZ DL, EHTDOIEDPS A2(Q,,) DIEBRIICHEDS o > —1/212K Lo
oTwb, —J B LD, N—T 4 — %/ A2,(Q,,) =ClF1XLTH 5. 22T,
A2(Qy), —1<a < —1/2, DRIGBHEE 2. ZHZIZMPRICTH 5.

EHR 5 (A [5). SOBEEBRPY_, HO(S, KEY) 225 DR DFE G F well-defined,
HETH D, ZDBRIZO(Q,) KB W TILE BRICRAAHCR% L %2 3.

P K o ] 49, C 00,,)

N=0 a>—1

! W (r)(dr)N
I(¥)(z,w) := BUV"ZV)/TEMWW_D for N > 1,

TE B for N =0

7L, Q, EOIERIEEIE, ZHEMHRD, x D, LD 7, (%) DXL TAZ 72 1EHIi%k
kﬂ%ﬁbﬂn% F7, SORERED, 2T, ¢ € HY(S, KEN) % (1) (dr)?N €
HOD,KSN) ERRL T3, zw i 2006 w~D DNORTHE,

(w— z)dr
(w—7)(T—2)

1 Aut(D) AZ %D, EOHEBMIER, B(p,q) i3 — ¥ Bilis 2 hZhET.

Y OBRERIZMRAIICTH 205, > T AEED -1 <a < —1/21TH LT, 42(Q,,)
FIERXTETH 5. MIBEGRIICED, Q) LOREFEMEKBEIEE > T2 I EIFHE
PR T 5 2 kiﬂ’(?%i)‘ IO DHRBPETOEAEL T2 V2B HICET 5 C
ERMERT 27201213, TOMRZFEL  Ha TR S5 k.

Q, =D x D/m( JIidT a2 Z A VEBOEAERETHYH, Z2oHIcidary 7 +E
FHhiiR & LTﬂﬁ?%ﬁ‘@iﬁﬁDbfé\ih’Cwé. DIy EWIEAITH S, Lo T,
BHEBL DY_, HO(Z, KEN) 1%, @r_ H(D,IN/IH ) L H—HEh 3. 22T, ID 1%
D c Q,, @%’an’f?zwﬁ“ﬂé% DF D, e HOS, KEV) IZIERIEE D D i< ’)IE
HIBKE D (N — 1) RETHAL) NROY =y b EABIND. ﬁﬁ’%ﬂ%[&iD bl
IIEHIRE DY =y by %, Q,, LOEREKE () IHRELTE D, Kl L2/ /»Aﬂ%d\
DIRROIERZGZT05. FERELT, CORBOIEEIW)IE/ VA | o, a > —1,
DED FITIFEFL ToRnI E2ERLTEL.

FHIERB DY 2y + O L2RBREHIC O W TE, W DD %R ([49], [35], [25])
3% 303, PEMGEERIIES L TuAR L, TR OB TIE, — IR
f%t:mf»&) REABUC L DEREFTECIRE O L2 R 2 872, X3 &k 251E

IZR VT, EHS OFEHT Y v 617 M, D L ESEE O FARIHIEE 2 JHEHE I L C R
LD, BAIMNE L2 VLAONKEOFHIICIE, ¥ EOEERICER T 28%7 77
7Y DARY VI VS, Z ORI XA — AU B BT 3 Fy DR I
WEIN5.

[w, T, 2] =
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EEERS 2B 3 0(Q,,) DRFOIEH%E 2 0% T, Kz KA 2.

o A2(Q,)) DEHAMNE NN T2 U By((z,w); (2, w') DY T A BDFEIRADMG
5%, LOMEHE g, KE¥ ORI~ % By(r,7')(dr @ dr)®N, IEBULES

s VD (NeLNY
Ne " P(N+2+a)” " \2N,N+2+a
ERTLEE,
%@W0=7#le+*z: /i(/ NTT&lgj)N_'
s (4g 4) ™ N N rezw Jr' ez w’ U} T, Z]®[w/77—lvz/])®( 2

o EM5ICET EN—T 1 —Z2HDHAM: A2,(Q,,) = COEEEGEIHEZ G525 2 &
TED. WAIDOFEHIZ, ~N—T ¢ —2MICET 2 FHIEROBREICER] L, 2
DEHME M, EOVEEEO I L I— FEEZHVTEL D TH-7. TOE
PEE T IERIER B D B R UE 2 A L 72w,

SE R
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