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1 N- fractional calculus of function
@=logz—5- (2= 0)

K. Nishimoto Descartes Press
Susana S. de Romero
Universidad del Zulia
and Maracaibo-Venezuela

Josefina Matera

Abstract

In this paper, N-fractional calculus of function ¢ in the title and some
relationships for them are reported.
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2 Multiply Elements Beta Functions and N- Fractional
Calculus of Some Logarithmic Functions

Katsuyuki Nishimoto Descartes Press
Abstract
In this article the generalized ( multiply elements ) Beta function is defined as
1 T'(a,)
Blo)=B(a, 0, 0,) ==
r 2 pur %
where
IT(ay)). IF(Za") <w
st
and

o, (k=1,2,---,nEZ" 22) are variables (constants
for special case ) with order number k .

We have then the following identity, for example.

(i) "I:Il(log(z—c))akﬂ —z—0)"" H!_ aan B(a)
(10( —C)) . - n n k
gz Eb-l ag+l Ek-l l
where
z-c»= 0,1, n€EZ* =22,
and

<,

|T(e, +1), Ir(ia,‘ +1)
-1
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3 Notes on integral means of certain
analytic functions

Tadayuki Sekine (Nihon Univ.), Shigeyoshi Owa (Kinki Univ.)
and Rikuo Yamakawa (Shibaura Inst. Tech.)

Let A,, denote the class of functions f(z) of the form

f(z) = z + i a2 (neN={1,2,3, ---})

k=n+1

which are analytic in the open unit disk U = {z € C : |z] < 1}. For analytic
functions f(z) and g(z) in U, we say that the function f(z) is subordinate to g(z)
in U if there exists an analytic function w(z) with w(0) = 0 and |w(z)| < 1 (2 € U)
such that f(z) = g(w(z)). We denote this subordination by f(z) < g(z)-

Lemma 1 (J. E. Littlewood (1925)). If f(z) and g(z) are analytic in U with
f(z) < g(2) (z € U), then for p >0 and z = re’?(0 < 7 < 1),

2n 27
/0 F@Fds < /0 o(2)db.

In the present talk, we consider the analytic function p(z) in U defined by

p(z) =z + Z bsj-—s+138j_s+l (] g n+ 1)

s=1

Remark. H. Silverman (Houston J. Math. 23(1997)) has considered the inte-
gral means of f(z) and p(z) for analytic functions with negative coefficients in
the case of n = 1,m = 1,5 = 2. Recently, S. Owa and T. Sekine (J. Math. Anal.
Appl. (in press)) have shown the integral means of f(z) € A, and p(z) in the
case of m = 2,3.

Theorem 1. Let the functions f(z) € A, and p(z) satisfy

ot m—1
Z |a’°’ s lbmj—ﬂwll - Z |bsj—s+1|
s=1

k=n+1
with

m—1
|brmj—ms1| > Z |bsj—s+1] -
s=1



If there ezists an analytic function w(z) in U defined by

sta st {w(2)}* 07V — Z a2* =0,

k=n+1

then for p >0 and z =re? (0 <r < 1),

[ iseras < [ ipteean

Corollary 1. If f(z) € A, and p(z) satisfies the conditions in Theorem 1, then
forO0<pu<2and z=re? (0 <r<1),
-3

27 m 2
/ If(z)Fd8 < 2nr® (1+Z|bsj_s+1|27‘2$<j‘l))
0

s=1

B
m 2
< or (1 + Y |bs]~_s+1|2) :

s=1
Theorem 2. Let the functions f(z) € A, and p(z) satisfy

m—1

3 klal £ (Mg = m A+ Dlbmjomial = Y (55— s+ 1lbg—sui]

k=n+1 s=1
with

m—1

(mj —m+1)|bmj—ms1| > Z (8 — 8+ 1)|bsj—ss1]-

s=1

If there exists an analytic function w(z) in U defined by

m oo}

S (55— 5+ Dbygossn {w(2)} 00 = 3 ket =0,

s=1 k=n+1

then for p >0 and z =re® (0 <1 < 1),
2 2n
/ F(2)do < / 1p'(2)“do.
0 0

Corollary 2. If f(z) € A, and p(z) satisfies the conditions in Theorem 2, then
for0<p<2andz=re? (0 <r<1),

=3
2m m 3
/ |f'(z)|*d6 = 2m (1 + Z(sj —s+1)° lbsj_3+1|2r23(j‘1))
0 s=1
m 5
< 27 (1 + Z(sj —-s+1)? |bsj_3+1|2) ,
s=1



4 Sets in subgeneral position and the defect relation

FH 8% (BEMLER¥ER)

1. Introduction. Let N and n be positive integers satisfying N > n and X
a subset of C"*! — {0} in N-subgeneral position:
(i) #X > 2N —n + 2 and (ii) any N + 1 elements of X generate C"*'.
Let
Ox={SCX|0<#S<N+1}

and let d(S) be the dimension of the vector space spanned by vectors in S for
S € Oy.

Definition 1. A\x = mingep, d(S)/#S.
Note that #{d(S)/#S | S € Ox} is finite. We put

O% ={S € Ox | d(S)/#S = Ax}.
Definition 2. T} = Ugco1 S.

Weput Y = {U C X |2N-n+1 < #U < oo}. Let U € U, #U = g,
Q=1{1,2,---,q} and U = {a; | j € Q}. For any subset P of Q, V(P) is the
vector space spanned by {a; | j € P} and d(P) = dim V(P). Further, we put

Oy={PCcQ|0<#P < N+1}and \y = 1§Ielbnu d(P)/#P.
Lemma([2, p.68]). For S € Oy, we have the inequality
#S —d(S) < N —n.
Proposition 1. 1/(N —n+1) < Ax <Ay < (n+1)/(N +1).
Definition 3. Wy = {7: Q — (0,1] | ¥;cp 7(j) < d(P) for any P € Oy}.

For example, the Nochka weight function wy for U is in Wy (see [1, 2]) and
v : @ — (0,1] such that 7,(j) = Ay (j € Q) belongs to Wy ([3, Proposition 2]).

Definition 4. Let D be the set of 6 : C™*' — {0} — [0, 1] satisfying

> 7()d(a;) <n+1

J=1

for any 7 € Wy and for any U € U.



Example . For transcendental holomorphic curves f, g from C into P*(C),
1) 5(‘1, f)) 6n(a’7 f)v 50(a’f) € D.

2) Any 6 : C™*' — {0} — [0,1] is in D if it satisfies §(a) < 6n(a, f).

3) 6(a) = ((a, f) +6(a,g))/2€D,---.

2. Result.
Proposition 2(cf. [3, Corollary 2]) The set Y = {a € X | é(a) > 0} is at
most countable and

> 6(a) <min{2N —n+1,(n+1)/Ax}.
acx

Definition 5. £(X) ={0 €D | Yqgcxd(a) =2N —n+1}.

Theorem 1(cf. {4]). Suppose that n is even. E[X)
M If Ax > (n+1)/(2N — n + 1), then £(X) = ¢.
[IT] If £(X) # ¢, then 6(a) =1 (a € T;) for any § € D, where T satisfies the
inequality
d(T)/#Ty < (n+1)/(2N —n+1).

In particular, #77 = N — 1 and d(T}) = 1 when n = 2.

Theorem 2. Suppose that n is odd.

[ If Ax > (n+1)/(2N — n + 1), then £(X) = ¢.

[II] (a) If E(X) # pand A\x < (n+1)/(2N —n+ 1), then é(a) =1 (a € Ty)
for any 6 € P~ £(X)

(b) f E(X) # ¢, Ax = (n+1)/(2N —n + 1) and #Y is finite, then for any
de z, (2N —n+1)|2#Y and any (n+1)/2 vectors in Y are linearly independent.

£CX)
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hH = (BIK - BEHR)
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)—< EE Cr LT, BLy=0&75:

Cr = (€ \ 1) ¥y, €\ (1 U ) ,, €\ (12 U70)) [, (C\ (ra U a)) - -

5L CritCOHKERE £ bOHBY —< & (Cr,C,m) EBALNS. T
it Cr OREIIFI & PES. e (XEIE ([7], (9], 8] £38) & LoRO#EHE Cr
CIBEL TR S « & Cr 1WA (Cr € Og, MLZOHRAECr=C) TH5
IR (Cr ¢ Og, B1H Z OHA Tt Cr = D(BALFIR)) DM TH D0 %
RETHEBEEE XS, BCHENEZ 24452 T OSETRDZ.

HBLDOERE K CCE2LTD, eTIHLEKNY, =0&R5XDICHS.
BEA C\KIZBT 5 C\ K OFEA X DES2-BE% cap(X,C\K) £id. T
s R ey I

(1) le cap(1,,C\ K) =0

R¥EXD. THEK OB FIKELRVENREND. ZO&MIICr e Og &
RBBOWMELERHTHD T E2HFCECMD L TEITRLTHI L B
KDM, TAHLEREBRE LS, HXidEy, cTBES 0 OBMIELT
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BEL LTk ([4), [5) B3R, X [2) b).
I Z TR T OAFIZE L TRMRISRME T H B Rk SR

(2) ~@r=b, (n€N)

BARETIUE (1) SHEAC R L RS (6] DERBE) = & 2 8ETS -
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6 On the behavior at infinity for non-negative
superharmonic functions in a cone

|MT R/ TEXFE . BRBEFER

Z DMK TIT, Aikawa [1] IZ K> THA S, F M DOMERE R TO a-minimal
thinness (0 < a < 1) DS (¢ = 1 DHFHAH minimal thinness, a = 0 DHE
23 rarefiedness) % = — SISO MEFRE STt U THA L, FEMEEERFIBI O &R
ERTOERICBET BRNEE L MMT, (1) TBITIRRELILRT S, i,
Miyamoto-Yoshida [2] IZ X > Ta—UBIRICBWTHOLNLBEROILREEZ D
TEHLRETS.

S"HR" (n > 2) NOBAIIRE ) EOB| O, RERE b OHEK QI LT, R”
NOR P ORBERRTZ (r,0) TRT L &,

Ca(Q) = {P = (r,0) € R*;(1,0) € O}

B3 LEES. C,(Q) ® Martin 565 A 12484 9C,(Q) U{oo} TH Y, Ca(€) X
(Ca() U A) £ Martin type % K(P,Q) TRT LT 5.

EEDa(0<a <) IHLT, gu(P) = K(P,o0)* (P € C(Q) £ T5. AR
BEECC,(Q)IXHLT, £E FiZBT % g, D regularized reduced function %
RE TRYLE, 55 Co(Q) U (OC,(Q) \ {O}) LOREE XL T,

RE(P)= [ K(P,Q)dXs(Q) (P € Ca())

Cn(Q)U(8Ca (2)\{0})
ERBLONPHE—TFETD. TLT, ZOELEE D a-mass ¥
A(E) = Ap(Ca(Q) U (9C.(2) \ {O}))

KL TEDD. 220, OHR DEALTS.
#E E C C,(Q) HERE AR T a-minimally thin THh 3 & I3,

3 A (Bp)2Haeatha) < yoo
k=1

BWMETEER VS, DI, By = {P e B2 < |P| < 2"} & L, E% aq, fa
X2 ERFBRL + (n— Nt — 10 =0 DR ag, —fo £RL, m 1L Q DHERTO &
ROWEIRT DT 4V 7 VRIEOR/INDOEDCEAMEE T5.

2-n)r-1<n<1EF5. Co(Q) LTEBR SN EEERMBEAK 0 T, W
¥ Martin type BIZ K 5 u ORBREL p L35 L &, M p({oo}) =0,

[ 1@t 104 Q) < oo



(22T, D={P€eC,(QUIC,(N); |P|>1} £T5) ZWMRTHbDODLM&E%
S, TKY.
@2-n)t-1<n<1&L,Ca(Q) £OBINKG,, %

na(P) = K(P,00)°|P|""9% (P € C,(2))
IZEoTEDS.

BB L (2-n)E-1<n<1E75 20L& UTOIRFIRAMETHS.
(i) 88 E 13 ERE R T g-minimally thin.
(#1) T, Ryx, €S,

(iii) RE €S,

EE2 (2-n) 1 -1<9<1L7 5. u(P) €S, b, HRERT a-minimally
thin THHLIREEECC,(Q) T

u(P)
m —p =0
|Pl=+o0, PECA(@\E gy a(P)

ERDBLDOBRHFEET .
WiZ, £AE C C,(0) BFAR, TRERXT a-minimally thin 2561, 5

u(P)e s, T
u(P)

]P]—++g£ PEE g, o(P)

ERDLOBFETS.

= 400

RPN

[1] H. Aikawa, On the behavior at infinity of non-negative superharmonic func-
tions in a half space, Hiroshima Math. J. 11(1981), 425-441.

[2] 1. Miyamoto and H. Yoshida, Two criteria of Wiener type for minimally thin
sets and rarefied sets in a cone, J. Math. Soc. Japan, 54(2002), 487-512.



7 HPBOBBEEL TOIA

BEAX FF TEKR-H
ETH ®E TEXK-BREF

1. HETEE

mER" EOEERMEL L. ¢> 0835, B(Pp)ickoT, RTAD, Hl P, ¥&p
ORERT, R ADE P OWEERTY (r,0) TRT L&,

M(P;m,q) = sup _~_—___m(B(P,p))

0<p<2-1r p?
LB, EfcicLT. £&
{P=(r,0) e R"; M(P;m,q)r? > ¢}
#S(e;m,q) KL - TRT,
KROBRERIT, AEMITIE, Hayman (3], Azarin (1] IZ X %,

FE 1. m(R") < 400725 R* EOEMBEm &, Ve >0, Vg > 0/ L, AIRED
K% {B,;} T
(1) S(g;m,q) CU;B;
(2) Zj(i%)q < +00
LRBOLOREND, L. 1,1t B, 0%E | R, HEAE B, OBl LOBR,

2. A

Q% R" NOMAERE S ! £, BOLRERELOHER L7525, Z0LEEE
Co()={P=(r,0)eRY (1,0) €, 0 <7 <00}

Ea—L LR C,(Q) DA FUERE 0C,(Q) U {cc} T, co DT BEE
K(P,o0) (P € Ca(€)) THF,
Cn(Q) DERSE S E #3 0o T minimally thin TH D &%,

RE( )(P) # K(P,o0)
LB PEC(Q)BEETHEEE VD, ZIZT. RE_,(P)IXE ZBT2 K(P,co)

@ regularized reduced function T 3%,



KOEHEIX, Essén, Jackson and Rippon ([2, Remark]) ®¥ZEMICE T 5ERDOa—
RTH 5,

FIE 2. £4 F C C,(Q) 2 co T minimally thin 72 51X, Z D E i35k

Z(—rRi)" < 400

7 J

BT REEOROF] (B} (13 B; O¥E . R; WEAL B; DR L OIEM) TH
BEn5,

IOEBR2 LVROEZNRFLND,

% (Miyamoto, Yanagishita and Yoshida [4, Theorem 2]). RUVIERE E C Ch(Q) 28 00
T minimally thin 72 61X,

/i_.mo
E(1+]|P)" ‘

25w

[1] V.S. Azarin: Generalization of a theorem of Hayman on subharmonic functions in an
m-dimensional cone. Mat. Sb. 66(108)(1965), 248-264 ; Amer. Math. Soc. Translation
(2)80 (1969), 119-138.

[2] M. Essén, H. L. Jackson and P. J. Rippon: On a-minimally thin sets in a
half-space in R?, p > 2, MATHEMATICAL STRUCTURES-COMPUTATONAL
MATHEMATICS- MATHEMATICAL MODELLING,2, Sofia, (1984),158-164 .

[3] W. K. Hayman: Questions of regularity connected with the Phragmén-Lindel6f prin-
ciple, J. Math. Pure Appl. 35(1956), 115-126.

[4] 1. Miyamoto, M. Yanagishita and H. Yoshida: =~ Beurling-Dahlberg-Sjogren type
theorems for minimally thin sets in a cone, Canad.Math.Bull., 46(2)(2003), 252-264.



8 Holder continuity of p-harmonic extension
operators in a metric measure space

18113088 (BRAZE - WSEIZED)

EEDOHERBEA D L FDHER OD LB fizxt LT f ® D ~® Dirichlet
R R8 D fi# (Perron-Wiener-Brelot) # Ppf TR . & OEFGHEEK f 2L T,
limeog Ppf(€) = f(x) &72 57201, £€0D 2EAERA LV, TRTOERA
BEAMTHBLEEDEZEAEVD. BHENO, DBERAITHIIE, COD) X Ppic
EoTHD)NCD) ~BEEh5. =L, HD) XD LORMBEOEKTHS.
FIT, ROBMBBRIZEZ -TL 3.

RIEE 1. RABIE [ O TRVNERM ) ZE€TE, Ppf € TRVERE) ZEDOTI
BND? EIE, ZNERIEIY DM D OFRHIEH?

WX [1] T, ZoORE% Euclid £ E0EH OFfE% & Holder Ef ¥
DWTER L. ZORKROBEI—ROBEMAEZM X = (X, d,u) LD p-FRFH
B LTRROBEEEZ 2L THD. UT, X =X d,p) &5eiErs Rz
I CHIEE p 1% Ahlfors Q-regular

p(B(x, 1) = r

EL(@>1), 1<p<Q%BEELT, XIix(,p)Poincaré FEX 24 &3 5.
T2 bR D Borel FTHIBA% u & % D&/ upper gradient g, iZ#f L T,

1/p
f}u—ug(x,,)ld,uscpr(f gﬁd/l)

B(x,r) B(x.xr)

ERETD. KL, & 21 Tupuy EFH f, udy 8T . u 23D T p-
HAIMEX D OEEOEMa LRI U L u DERTHAIBER ¢ XL T,
fugf du < fugfﬂ, du L2 BFE V5. & 5iZ, p-Dirichlet BRE, p-Perron ##, p-1E
Rit%, p-capacity, p-FHfBEESREHRIND. 0D LOSERBEK ficx+5 D Lo
p-Perron f&%, Ppf THT.



[11 EA U & 9 iz Holder E#B O THIBE 1 2B LX), a>0i1I20 LT
ALE) % E EOF R a-Holder #Efzl8 ¥ u D& T, TD/Vo%

fu(x) — uy)|

Ulla, (k) = sup Ju(x)| + sup ————

lllag e 2= suplu(x)l + sup =7 =%
x#y

LT3, FaOBBRERAZ/ VA

1P p fliasp)

reng@p)  Nfllaq@0)
1l Aq(a0)%0

”PD“a—v,B =

DH R TH 5. Euclid $H1RIZ % L Tix Heinonen-Kilpeldinen-Martio [3, Theorem
6.441 IZHVRERVBH BN, BHEKED @ = 8 DEASEIFILATWARY, ZZT
X, ZORELEHO THEMAEZMTOMRERETD. FIZ, IPpllene IZ2WT
HIZEHREOWSERERE LN TWS. L7425 D p-RFIRIE D decay property
THY, WX [2] THAW: p-HRMBARDOEHEOHE % & HITBEIC L THW
%. LAEiX Nageswari Shanmugalingam (Cincinnati X%) & D3RR TH 5.

SEXH

[1]1 H. Aikawa, Hélder continuity of the Dirichlet solution for a general domain, Bull. London
Math. Soc. 34 (2002), no. 6, 691-702.

{2] H. Aikawa and N. Shanmugalingam, Carleson type estimates for p-harmonic functions and
the conformal Martin boundary of John domains in metric measure spaces, Michigan Math.
J. (to appear).

[3] J. Heinonen, T. Kilpeldinen, and O. Martio, Nonlinear potential theory of degenerate ellip-
tic equations, Oxford Mathematical Monographs, The Clarendon Press Oxford University
Press, New York, 1993, Oxford Science Publications.



9 Dirichlet’s Principle by Using Computers
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Abstract
In this paper we shall give practical and numerical solutions of the
Laplace equation on multidimensional spaces and show their numerical
experiments by using computers. Qur method is based on the Dirich-
let principle by combinations with generalized inverses, Tikhonov’s
regularization and the theory of reproducing kernels.

Keywords: Laplace equation, Dirichlet problem, inverse problem, approx-
imation of functions, reproducing kernel, Tikhonov regularization, Sobolev
space, generalized inverse, approximate inverse

Mathematics Subject Classification (2000): Primary 31A30, 31B10, 30C40,
35A35
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Figure 9: The similar graphs for A = 107° and ); = 10 and for A = 10~° and
= 10° .
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10 External rays for Chebyshev polynomials of ¢?

RS HRITEK®

Bedford-Jonsson [BJ] i external rays D#:E % BRIt D regular polynomial
endomorphisms 12558 U/zs C 2 T3, Chebyshev polynomials IZf L. ex-
ternal rays Z#Z18 L. HHEEFH <2, C? O regular polynomial F & P? iZ
FRICERTE 2, =P -C* 2P 28RELHE. Fy % F O I ~DOHIR
TH? 1R EHER, Ju=J(Fu) £7 %, External rays (d saddle a € Jy
@ local stable manifold W _(a) LD Green BI%(®D gradient lines & U TEH
EIhd. HBHWI

Fo¥ =VoFy, ¥(u,v)=(u,v)+0(1)

% 7= 9% Bottcher AR W : W*(Jp, Fn) > W*(Jn, F) I % ray Dffe L
TyREN D,

BIL. F(z,y) = (s 29,52 — 20). (Fu(z) = 22, Jn = {}z| = 1})

1 v 1 wu
V(u,v)=(u+-+—,v+—+-).
voou u v

XBIMER F o ¥(u,v) = ¥(u?,v?) &/ i Bottcher BEETH D, &oT
external ray R(¢,0), (a = ¥ € Jy) &

(z,y) = (Tezm'a + 16—21ri(¢+0) + 621ri¢,,’,e21ri(¢+8) + 13—27"‘9 + e—21ri¢) (r>1).
T T

LRINBZOT, ZOEMEAITIXRDLSIZEIT S,
(z0, %) = ( 20 | o=2mi($40) | e21ri¢7 e2miBH0) 4 —2mid | e—21ri¢)

Z @ parametrization (¥ Uchimura, Withers [U, W] i2 & % J(F) = K(F) C
{y = T} D parametrization £ —B T3, ChH»r5, J(F) OAPDAIZIZT6
A D external rays WEMT B L Hbh 3,

#l2. B(z,y) = (22 -2y — 4,4 — 222 + 4y +4). (Bn(z) = 22 -2, Jn =
{-2<z2<2}CR)

1 v v
v = -+ - —).
(u,v) (u+u+u,v+u2)

FBEBER Bo ¥(u,v) = U(u?,v? — 2u?) %iilif= 3 DTt Bottcher FEFET &
%, & T external ray R(¢,0), (a = 2cos2n¢ € J(II)) I&

| : o 1 :
(z,y) = (rez’“” + ;6‘2"’0 + 2cos2m, (re?™? + —e~2™)2 cos 27r¢) (r>1)
T



TERIh, ZOHEMMAIX
(z0,%0) = (2 cos 276 + 2 cos 27, 4 cos 270 cos 2m¢)

T&Eh3, Zhix Withers [W]IZ X 3 J(B) = K(B) C R?* @ parametriza-
tion IZ—8 T %, J(B) ODREDRICIT 4 KD rays BEMT 2 &b S,

1: K(F) 2: K(B)

B(z,y) X 2 XEIR 22 -2 OMHEEL LTHLNDERTH LI LICERT
2L, pe(z) = 22 +c OXNFH Be(z,y) = (22 — 2y + 2¢,y” + ca®? —2cy +*) I
MNUTHERDHENTE S (Bn(z) = pe(2))o p. D Bottcher EIE%E 1.
&L & B. O Bottcher AR T

Vo(u,0) = (elw) + =, = (u))
L& BDT, B, D external ray R(a,0), a € Jn = J(p.) &
(z,9) = (Ye(re®™) + a,a9c(r*™))  (r>1)
LxXh, Z2OHEMMI p. D external rays DFHMEP SRS,

ZE >CRR

[BJ] E. Bedford and M. Jonsson: Dynamics of regular polynomial endomor-
phisms of CF. Amer. J. Math. 122 (2000), pp. 153-212.
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nomials in two variables. Int. J. Bif. Chaos 6 (1996), pp. 2611-2618.

[W] D. Withers: Folding polynomials and their dynamics. Amer. Math.
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11 Cyclic vectors in the Fock space

Rith
IR KFERERTH BRI F TR

CZHEERTLHE L. CE2ZHERNRL TS, Hol(C)IZ & > TEEKEAK
BETILLT R, X #COHBHEEQ LIEAIREISAH 5 7% 5 Banach
LT3, FOLE fCH X TRERSIE. B3 f 2 X O cyclic vector
LW 3, XRDZER] L2(C) # Fock 25/ & ME53,

B©) = {1 € Hll©): W1z = 5 [P F () < oo

EE 1 ([4]). feL(C) LT3, ZTDLERIIFAMBTD %,

(i) f i L2(C) D cyclic vector T %,
(%) fIXC EBABRFFERN,

C DEABAFIAR D L IF A2 BA8D & 72 % Hardy Z2R8%° Bergman Z2f4
Tid. BEE f D cyclic vector TH B SIE. fIID EFRERERVDN
COMIIRRI LW EHBASNTWS ([2],[3])0

S5 3K

[1] X. Chen and K. Guo, Analytic Hilbert Modules, Chapman &
Hall/CRC, 2003.

[2] P. Duren and A. Schuster, Bergman spaces, American Mathematical
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[3] J. Garnett, Bounded analytic functions, Academic Press, Inc., 1981.

[4) K. H. Izuchi, Cyclic vectors in the Fock space over the complex plane,
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12 BHEEBICIT 5 Mand DFE & 7 OiSH
AIR ESE (REASASRE AR - BIEFHER)

FHBEROBEZRNFER N TS [Maié DEHE | (DFFRO—H) LITK
NEIBLDIDTHS .

EIE (Mané, 1993) fxHEEKL L, 2 c J(f) IBWHEER ST
37, 72
zo & U w(c)

c€recurrent crit. pts
W TETH. COLEHLEARBMN e NOPFEL, RKPWLT 5 !
EBED e > 01K LT 2 Dk U FHEL, EEDOneN L f(U)
DIEBDERERS V IZDWT

diamgphericat(V) < €, deg(f"lv) < N

WRIALT 5.

FEETE fHPEBERAKTHIHEICLEOEENED L ) Z]T
B OO THET S, BICZFDRHE LT, BRERK f o
EETHIEENFROAERIRELFNIZOVWTIRRS, FIKRD L
I LGMEEEZ N

178 Lebesgue IS L TCEIEBLAEETOE 21333 LT f*(2) —
oo &7 h &) BN fIIFETEN?

ZE Xk
[M] Maiié, R. On a theorem of Fatou. Bol. Soc. Brasil. Mat. (N.S.)
24 (1993), no. 1, 1-11.






13 AHPBAB R 2R 2OERNFERDL D T A

REHKIL REET
(RERART: KRFEBEAHTER)

IEBIBA%L f(2) DABIR (f(20) = 20) 1&. % D multiplier A = f'(z) 31 DR EZ
B L&, BB (parabolic) TH2 LV, T ZTIRRHC, A =1 T, JBEILT
Bbb f'(z) #0DBEEEZLD, V— IR LTEELRL L TABRE K
BROERICRE>TITC S LItk b, BIRRM DML T f(2) = 24+14+0(1/2) L#T 5,
EMTRIRENEE, IERIBIS O, : {2|Rez >} - C, ®_: {z|Rez < —£} = C
DFEL, Tho BEETH-> T, B EN

@i(f(z)) = ‘I)i(Z) +1

DHEADBEREND L ZAHTHRILT 5, 205 % Fatou B E LS, Fatou 2
BEBHBREAOCTERREZIERL T 2 ENTHBTHD, € ZRECED
#Z UL, Wy = {z| £ Imz > |Rez| + £} (&M 75D Fatou FBEEEDERIBICA S,
O (Wy) TE;=3,00 ! N EBRINDH, I Ef(z+1)=Es(2)+1 &
¥, FaREZ pictL, {2: |Imz| >n} FTHRIND, Z#% horn
map & RS,

bED fz) CBEZMA N E E, BEOHFIAIC & > TIZHRIBLUED AN
A, Y2 Y TERAPAERICENT S, (RS, FEIA D multiplier 237 I 82
T2 5 TE  $5#) Douady-Hubbard-Lavaurs i & > T, HiL{ EFNn 2 HR
HBIE L. horn map Z W TR TE S Z L BHoNTE D, FEOHAICE
W CIE, horn map WEHBLKEH LR T, FIZ. RDOEIBRDIAEREZS
T EMBREIIE D,

N:C—»C =C~{0} 2I(2) =¥ £ TBE, Ef: {0< |2 < e ™}U{|z] >
e} —»C* % Ejoll=TIoE; %7 T X ) ICEHRTE, 24U30 &£ 0o THIE
AR T % 2, EROFRIBUEIZ () x E(2) OBE & SHEdso L, 727
L. ERHTIBEHO L TRESCEML) 5, 22T, EHBEFELT. 0
b By %3 multiplier 25 1 ORBRERZ L HICTHIENTELDT, InEK
ODTR(f) LFEL LTS, ZONE f ~ R(f) 2B D T (parabolic
renormalization) EFES, TH2&DEL 7 & o, 5l {R™(f)} IS HhDE
RTHRICE EE 20, HD0EARBIRICIURT 2274 £ ORIED, BYRIE
WH¥ROUEEZRARS ETEELBBEE 22, (L 21E, FERTOREL
&, MEEDY 2 ) 7THRAEOME, R ZA0MELR L)



C D THZFNDITREY) 2 BIRZEME DRE DD ERIT 75 5 D3,
0€U; B CC, fidU; TIEM, £(0)=0, f(0)=1,
f:UN{0} - C* 131 2ME—DEERE L T 2 ks E
ERARAUIHM (BITRED 2) . B DEIIR 2720

EEBT DL, F THIROBHC Y ZH R BEES L, RPHS LT,

Theorem 1. R(Fy) C Fo.

Frobe(2) = 2/(1 = 2)2 ICN L. fa = R(froese) EB L & ZOEHEMITH
M D T, F KBTS, EED fe R(F) 3. H2FAEHR o : D - Uy,
0(0)=0,0'(0)=112&kY, f=frop™! LEIT S,

Tz kD, R(F) BHREMEOEM S = {p : D — CHEIEH f(0) =
0, f'(0) = 1} EXNHDIDL DT, WYLRAMHITOWTar 7 Mks, LaL,
BORABROBEHE TOEDLEROGEHE THRIF KD IAEZEZD L&,
COEMTRATITH %, 2T, Fo D& ) RRRLTBEBBOSRM 20
205BMBHTL S, ZZTFRO &) REREZE-,

Theorem 2. 3XEFHR P(2) =2(1+2)? LT3, ABR 0 LERA -3 28
LH IRV T quasidisk iZRDHBDDBFEL. REALT,

0: V- CREAT.C2HIBREALERZD S,
¢(0) =0,¢'(0) =1
R(F1) C Fi.

oz, BERREWHER V' OV BFEL, R(F) KBTS f=Poyp ! ITHIG
T8 oV ECEMIBEING,
IR, 8, avPa—2 Il k3 BEHEEHC Iz RT3,
Theorem 3. F; | G At 3Iay—2/ ])LLMJ‘—""L‘( déi/‘ N
Teich(B) = (v : ' — D 3%, p(1) = 1, (i) = +i}/ ~
(7L v~y <= Ylap ~ Plep) & 1R LITHEL, R IZIERNCR D,
R(F) BPAE S 25— MEMcBT 2 EREAICRD,

Corollary 4. R 13 F; TH—DARER (¢ Fy) ZFb. £ED fe R(F) »
oL KEAR R (f) 1 2 OFRBRICHEEIE S TR T 5,

COEBREMS L, BYWEAESR 2 HE L BRI R & ORI
2VThH, FARREC D IAZERL HAE, multiplier DRAPRED +KE
RESBRMEROHE L LI, BRED () ZaBERIN, ZDINIEET S
—RLFHEiZB o NS Z L b» 5,

fo{fiUf—?(c

flz{f=P°S0_l



5 Bl 58

BRI YA 32T — B L ERTA
WL B BEHEE 0 H5 A4

&l %
REERFRER AR AT

TRAY -2 T 0 Bhr L Eny BRAY - /Bl T5IcaT-
FR BRI wh, 0T -2 @ LB EREBIGH o5 Eattd e
3.9 -BHE 0 SRS GLEHRE 0 NERV BRE <550 0B R 10
NER e - B0 RSB BRI, 1T - A EEND,

81 RAEIEBMEM roBERIEE 0155

Xt B - HRBEBEEM . TomX) & X0 BERIREF 75,
GIEF G< TsomX) & % x eX (< HLT

AG, 2= {8eX | Go8RuBL08 [hfn 6BE i d(te), ) =0 §

A(&)mxgx Ale, )

Rec(§)= {xeX | xe Alg, )¢
LTk, @)t GrATAEREL o). X1

Per(@):={ xe X [ Stabg()={3¢6 [ 30 =%5 o SRPRER =15 |
r@hTh, 0¥ Bk oh AG) D Rec(§) > Rr(§) {8 5212 G-FE THAe",
Bz A§)= Rec(®) oI5, Mt HIELTHE. 57 Recl§) D Por(@) o Rr(6)
o’ FRit. BRELOHEL Q6)= X-A@) 11, G EMFEM 1< fE
ATH Xk nfeko RS EATHE, 2] e x€QR) T xohailff
UeBELT. Y(0aU+F 63817 3G BB HS, 207109 Q6E) £ G2
HIPFEFAR R v ).



g X elT
L7(2) = [ 2= Kndnez | 1%l = 4R, [2a[< 00 }

%15 . @R TMEBAFR o 17(2) - 12(2) ()~ (%ow) 12 FFEHE
RAEBRTH), £0GelT (o) £rh, zor% Ko K1

L (1) L(2) R Rec(e) R Rr(e) 2 Rr(c)

RO . R0 2001 Ke BT 5 5 = Garez € L(2) £ BATA L0555
() Jlim 16%(5)-31s =0 ;

(i) E0 MeZ-fol 1T 55 ReZ 0°BELT [ (5)- 3w >+,
20zes] e Rec(v) - Pr(e) 3489, 20813 KES 0 B BT
éﬁﬁ“ﬁ?\lé 11t<7,

82 FAEL.T-ZHEEnFALT-E547- B0 1%k

SnBRT -/ BR I WG G R BABE L LTA, RoY
WA <HBH L L, 17378 05 G FPRIAD & S HTTWAH L5 E 1w,
R o< HtARTRTRA! <HD L id, BRHTETARRELE oh B HIR(E 0 AR oK
Grubeakd). £1<. Ro" (€-) (et bound condition £t eid. Roy 7
RTHEE R T 25055 0 B ER of HBEEAE (EE) THALSE
W, Ro® (M-) upper bound condition & HjrT it . RnEPaARsk, R¥ o
LT R 0%k BRI 448 13 k oy - (< BT (MIXT) 7, A8 0 B o R
TL(R¥) = TL(R) o5 A <HhrEE W),

Tl 327- 2 ¢ 9(e 39~ 2557 - B £ B HTH (161 %), |-<.@R
LEARTH. c0rs RE0BBHE A o f, v BE<HOL L. BBEH A : TR
- fuR) & BT fohef, o« RoFEMEFEH 0 &£ BRTAREI (1 £,T.
155G < hEbe, T ThA e ), cnBIERR 0 &AL R0 HeiaT-Eff ewut
T(R) ¢44. TR0 25 [f] 6] <407 G(e a7 - gl & dr((h],[6)=
log K <#nb, 22< fit Tl 0 Aebe- o ¢ BAESHF KE) o°Fd



AL THA, dr &, T(R) & RAFEERERM (<5,
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14 Quasiconformal extension of

quasiregular biholomorphic mappings
in several complex variables
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Becker [1] showed that if a holomorphic function f on the unit disc U satisfies
"
2(2)|
friz) | 71—z
then f is univalent on U and extends to a quasiconformal homeomorphism of C

onto itself. Pfaltzgraff generalized the above result and showed that if a quasireg-
ular locally biholomorphic mapping f on the Euclidean unit ball B™ in C” satisfies

IIDf()] 7' D f(2)(z, )l < o (0<e<1),

(0<e<l,

then f is biholomorphic on B" [11] and extends to a quasiconformal homeomor-
phism of R?" onto itself [12]. Ren-Ma [13] generalized this result. Hamada-Kohr
[9] gave a sufficient condition that the first element of a normalized univalent
subordination chain on B™ which is quasiconformal can be extended to a qua-
siconformal homeomorphism of R?" onto itself. This result contains the above
result as a special case.

On the other hand, Becker-Pommerenke [2] gave a sufficient condition that the
first element of a normalized subordination chain f(z,t) for ¢t € [0, ], where o >
0, on the unit disc U in C can be extended to a quasiconformal homeomorphism
on a neighbourhood of U. As an application, they showed that if f is a univalent
holomorphic function on U such that f(U) is a Jordan domain and satisfies

f"(z)
f'(z)
then f can be extended to a quasiconformal homeomorphism on a neighbour-
hood of U. Moreover, they showed that f can be extended to a quasiconformal
homeomorphism of C onto itself, where C = C U {oo} is the extended complex
plane.

In this talk, we will give a sufficient condition that a normalized quasiconformal
biholomorphic mapping f on B™ which can be imbedded as the first element of a
subordination chain for [0, o], where & > 0, can be extended to a quasiconformal
homeomorphism on a neighbourhood of B® ([10]). Moreover, we can show that
f can be extended to a quasiconformal homeomorphism of R2" onto itself, where
R2" = R U {00} is the one point compactification of R?". As a corollary, we
obtain the following theorem {10].

limsup(1 - |z|?) <1,

|z|]—>1-0




Theorem 1 Let f : B — C" be a normalized holomorphic mapping on B"
which is continuous and injective on B, quasiregular on B™ such that

}Iirlfljltigil(l = l2I)[Df () D f(2) (2, )| < 1.

Then f extends to a quasiconformal homeomorphism of R?™ onto itself.

For other results on quasiconformal extension in several complex variables, see
(3], [4], [7] and [8]. For recent results on subordination chains in several complex
variables, see also [5] and [6].
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15 A classification of rational proper
holomorphic maps from B" into B>
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Let n > 2. Let B™ denote the Euclidean unit ball in C*. We will talk about
the classification problem of rational proper holomorphic maps from B" into BV,
when N < 2n. Proper holomorphic maps f, g : B — B" are said to be
equivalent, if there exist 0 € Aut(B") and 7 € Aut(B") such that f =To0goo.

There are no proper holomorphic maps from B" into BY for N less than n.
Alexander [1] proved that a proper holomorphic map of B™ to itself is actually
biholomorphic. Webster [11] has proved that a proper holomorphic map from B"
into B"*! that is C? up to the boundary must be equivalent to a linear imbedding
if n > 3. By the results of Faran [5] and Forstneri¢ [6], a proper holomorphic
map which is CN~"*! up to the boundary must be spherically equivalent to a
linear imbedding when N is at most 2n — 2. Huang [9] showed the same result
for a proper holomorphic map that is C? up to the boundary by using a totally
different approach from all previous works.

When n = 2, N = 3, Faran [4] proved that a proper holomorphic map that is
C? up to the boundary must be spherically equivalent to one of four monomial
maps. Cima-Suffridge [2] showed the same result for a proper holomorphic map
that is C? up to the boundary. When n > 3, N = 2n — 1, the author determined
monomial proper maps [7]. Huang-Ji [10] showed that any rational proper holo-
morphic map from B™ into B! with n > 3 is equivalent either to the standard
linear map L(z) = (z1,...,2n,0,...,0) or to the Whitney map

W(z) = (21,201, 2021, 2022 - - - » ZnZn)-

When n = 2, N = 4, D’Angelo [3] and the author [7] determined monomial
proper maps from B? into B%. D’Angelo [3] showed that the proper holomorphic
maps

Fyo(2) = (21, .+, 2Zn-1, (cos 8) 2y, (sin6) 21 24, . . ., (sin 0) 2,2,

from B™ into B?" are inequivalent for all § with 0 < § < 7/2. When n > 3,
N = 2n, the author determined monomial proper maps [7]. He showed that any
monomial proper map from B? into B® is equivalent to one of the following maps.

(l) FO(Z)v OSHS %a

(i) (2,43, 43, V22123, V22223, \/52123),

(i) (22,v22129, 22, 21 23, 2223, 23)-
He also showed that any monomial proper map from B" into B®® with n > 4 is
equivalent to Fy for some 8 with 0 < § < 7/2.



In this talk, we will show the following theorem (8.

Theorem 1 Any rational proper holomorphic map from B™ into B?" withn > 4
is equivalent to Fy for some 8 with 0 < 6 < 7/2.

Since any rational proper holomorphic map H from B" into B2" induces naturally
a holomorphic map F between the Heisenberg hypersurfaces 0H,, and 0Ha,, it
suffices for us to investigate such a map F. For the proof, we use the following
normal form (Huang [9, Lemma 5.3]) which hold in arbitrary codimension N —n.
Lemma 1 After composing F with automorphisms of the Stegel upper-half spaces
H,, and Hy, the map

F:(fag):(fa¢>g) = (f]a---afn—la¢1,-~-3¢N—nyg)

can be assumed to take the following normal form (N >n > 1):

(1) f==z2+ \/;Ta(l)(z)w + 0wt(3), ¢ = 6D (2) + 0u1(2), g = W + 0y1(4),
with

2) (2,a9(2)) |2 = |6,
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i =1
m (42
= V=1(mm;a™(t*") + %6(:% (t ))exp(27r\/—1 <m,t>)
n+i
(g+1<i<n).
Li=noT
32fm(t) 2 2 myg2n Y .
(5) 9e0z. ~ " | Km i|a™ (") exp(2nv—1 <m,t >) (1 <i<q),
2 2 1 & o : .
= (m*mi — - z—)a"(t") exp(2nrvV -1 <m,t >) (¢+1<i<n),
46tn+i
ZZT Km,i = Evjmcj — Mnp4q (1 S 7 S q).

j=1



Proposition 1
BRABY B CY/T oAl
EEO m#A0Iw L, Fi (1 <i<gq)satisfying K i # 0.
Definition 2
C>-B3% f on C*/T" A pluriharmonic if

9 f(2)
6Z,‘32]‘
Theorem 3

hoA #A8E C*/T Lo pluriharmonic BT R{tnig+1,---,t2n} £ linear poly-
nomial TH 5.

Definition 4
haA Vg CY/T LD C® ¥ f(2) 5 f-harmonic if

Apf(2) Z azlzr,
Z f™(t) # B-harmonic £ 35 & (5) &Y

=0,forany 1 <1,j <n.

meZn+q

Asf™(t) = (—= Z | K il? + E ™ (421
i=q+1
1 o= 8%a™m(t¥) N
+ ——)exp(2rvV-1<m,t>) =0
ot
—q+1 n+1

L7=23-T
Aa™ = E 6t2 —47r Z|Km,|2 Z m?)a™

i=q+1  nHt =1 i=q+1

&<z Add(t?") = 0.
Thbb a®(t¥) 1T R{tntgt1,-- - ton} LOFAMBEHTH .

N 1 ;
m:"(..., Jn Z'Kml| +mq+1, )7 (3:1,...,n—q), LRE

1—1

a™(t?) = exp(2m < m, ¥ >) LT HEL

n

q
=4 (Y |Kmil? + Y mi)a™,
=1

t=q+1

ft) = Z —1—am(t2")exp(27r\/—~1 <m,t>),

2 exp(lim)
lm|| =max{|m;[;i=1,...,n+q} £TBE&
ft) X haA #FNEEC?/T LD B-harmonic B



17 EEHRBERPFHAFELGL
fOA FILEIZDONT

BRIZEH  OUNKFRFERREREH 7R
BHEE OUNEXERFLER

k2 A ¥ L EED §-cohomology BEICE L TROEHELH D.
Theorem 1 X =C"/T % type q ® b oA FABELT 2L KD 2EHZRAMBTHS.

(1) 3a>0 s.t. sup  exp(—a||m*||)/Km < o0,
mezn+a\{0}

Z 2T, |Im*|| = max{|mi|;1 <i < n}, Km:=max{|Kni|;1<i<q}.

P
(2) HP(X,0)= \C{dz1,...,dZ} (1<p<q)

=0(p>9:
Definition 2 Theorem 1 O (1) £7213 (2) 2= d haA F AL aREn U —
BRBO Mo ALV,

X =C"I % typeq @ huAf SFVE, f(2) & X LORBREBAKLTD. 52 f(2) 3
T C G(f) Zilir=+ RMRE G(f) 26> C" LOABRBBETHS.

Theorem 2 X =CY/T #atTua —FRUDO haa FLE, f(2) 2T CG(f) %
AHEIC L Ct LOFEREKET S T5¢L

3h,k € HO(C™, 0) with (h,k) =1 7> f(2) = :—%

& 512 3Ly(2)(A € T): linear exponent systems s.t.
(1) h(z+ A) = h(z)exp(La(z)) and
(2) k(z+A) = k(z)exp(La(2)),

for all z€ C*and A €T

F72bb h(z), k(z) i3 linear exponent systems {L(z)} TE#&E# 5 line bundle O
ERTHD.

KROFERINEEZD.
- HY(X,0%) 3 H¥(X,Z) 5 H*(X,0) -
Definition 3 NS (X) := ¢;H'(X,0*) % Néron-Severi 8 & /L5,
E€NS(X) &5 E)=0in HX(X,0).
E € H*(X,Z) 1 Z-valued skew-symmetric (n + q) x (n + ¢)- {75727 5,

E, E
—t{Ey, Ej

KROEBIT FoA FLEE LD Néron-Severi BEXFEFITHLDOTH .

EZ[E,‘j§1§i,j§7l+q]: s E1€Z"X",E3€quq LETS.




Theorem 4 X =C"/T' % P= (L, V] ZBAYITH LT D baA FLBELT 5.
E € H2(X,Z) belongs to NS(X) <= 'VE|V +!EV —tVE, + E3 = 0

Lemma 5 X =C"/T 2z2fxEFul—FREDO o FLEE L 2MEICERAZ X
+ line bundle &£ 5.

3s £0 € HY(X,O(L)), = L IZHHI-EH.
THEROERRED.
Theorem 6 X =C*/T #aftul—FRED boA FLELT 5.
Néron-Severi 8 NS(X) =0, = X LICHERFERBEIITFEL 2.
Definition 7 o & 3 # _ SO L T5.

Q(a) & Q(B) # linearly disjoint over Q if

FERE Q(a) ® Q(B) — Qa, B) HREL.

TRy — Y

Theorem 8

X=CYI % P=[L,V] 2 AT LT 58FTHRY —BHTROFHLZH-LT D
&5,

(1) V=[v;;1<i<n1<j<q=[-18;1<i<n1<j<qpf;€R|

(i) =2 THY, G; T[QBi;: Q] > 2 27~ THREAE.

(ili) Q(Bi;) & Q(Br:) 13 linearly disjoint for each (4, 5) # (k,1).

T25L X IROMEEH T ol FLETHD.

(1) X iZakeEny—FRE.

(2) NS(X)=0

E-T X THERFHEUBBAE L2 oA ILETHD.

Theorem 9

Hn>2loxl, nRED, FEEHEAEHRMBEEE LW oA FABENREETS.
Example 10(Siegel)

X = C?/T,
p_ |10 V=2 V=5
o1 V=3 V=T
Example 11
X =C3T,
100 v=2 V=7
P=101 0 =3 -11
001 =5 =13



18 Two-generator subgroups of SO(3)
HERCE@RKE)

G%SOB)DHARBET D, GOEAEREAF; ={feS?|g(H)=¢Tg¢
G-lid)} &. TORPEEFE=(Fe€F;|g(5)=EHg=k)(k=23,...,+)

2EX%, SPOItE. ElE. FEEETNENN,S,EEBL. SO3) DIEEEH

HOBRGIIHLURD I DD TAEEZD,
GeC, = e SOQ) s.t. ich-l = h(F;) = {N,S}.

GeC, = 3heSOQ) s.t. cl(h(Fy)) = (N,S}UE, h(F ) NE < h(F3),
WFHNE=¢ for k23.

GeCy = cl(FS)=S"
BB 1. SOQ) DHREBEHBIZC, 5:Cy DCpy IZEBT 5.

EEPLEE f,g € SOB)ITHL f D axis & g D axis D2 TAZO(f,8)
O(f,8)€[0,7/2) THT. SOB)D 2 TERMHIB(f,e)HS 2#g) &
O(f,8) BLU#f #gIcEDRDLIIIHEEI NS,

M@ f,g #S00) OHEPBLEXRETEEUTFHROED,

(1] AgsiaEs i385
(1) B(f,8)=0Thf <o &5idf,g) REMBEEHERT,

2 (@) O(f,)=m/2 THf <o H#g=255011%
) O(f,8)/2m€ Q—{0) THf =#g=2451f,g) INE-EHHBELT.
(3) () O(f,g)=arctan2y2 THf =g =353 0/2



(b) 6(f,g)=arctan~2 THf =3,#g =24 5[, 8) IHETFABEL T
@) (a) O(f,g)=m/2 THf =thg=4550/

(b) O(f,g)=arctan2 THf =4, #g=3F31/2

© O(f,g)=mI4AThf=44g=2550t

@ O(f,g)=arctanl/2 T#f =3,#g=245Mf,8) REAFRKEHELRT
(5) (a) O(f,g)=arctan2 THf =#g=55501%

M) O(f,g)=arctan(3-+/5) THf =5#g=3F 504

(© 6(f,g)=arctan(3++/5) THf =54#g=3B530

@ 6(f,g)=arctan(/5-1)/2 THf =54g=2530/2

) O(f,g)=arctan(~/5+1)/2 THf =5#g=255042

® O6(f,g)=arctan2/~/5 THf =#g=3 B30

(@ O(f,g)=arctan(3—~/5)/2 THf =3,#g =255 042

() O(f,g)=arctan(3+~/5)/2 T#f =3,#g =22 5/2f,g) IHIE+IEHE

A
(1] FaEés s ms85

(1) B(f,g)=0 T#f =c0 2 5/2f,g) €C, £ B,
@) (@) O(f,g)=7/2 Thf=cog=25301F
b) O(f,g)/ 21 ¢ Q THf =hg=225/f,g)€Cy L4 B

@) MQ),..., M@ 20T Toanks5Mf,g)€Cy E4S.



19 A group-theoretic characterization
of the direct product of
a ball and a Euclidean space

Jisoo Byun (Univ. de Provence, Marseille)
Akio Kodama (Kanazawa Univ.)

Satoru Shimizu (Tohoku Univ.)

Let M be a connected complex manifold and let Aut(M) be the group of
all holomorphic automorphisms of M equipped with the compact-open topology.
Then one of the fundamental problems in complex geometric analysis is to de-
termine the complex analytic structure of M by its holomorphic automorphism
group Aut(M). Of course, in many cases, this is a very difficult problem. One
reason may be that Aut(M) cannot have the structure of a Lie group, in gen-
eral. However, even when Aut(M) is not a Lie group, one can sometimes use
techniques developed in the Lie group theory. For instance, consider the space
C* x (C*)%. Then Aut(CF x (C*)?) is terribly big when &k + ¢ > 2, and cannot
have the structure of a Lie group with respect to the compact-open topology. In
the previous paper [1], by looking at some topological subgroups with Lie group
structures of Aut(C* x (C*)f), we obtained an interesting theorem on charac-
terization of C* x (C*)¢ by its holomorphic automorphism group. And, as an
application of the method used in the proof of this, we proved that if a connected
Stein manifold M of dimension n > 2 admits an effective continuous action of
U(n) by holomorphic automorphisms, then M is biholomorphically equivalent to
either B or C™, where U(n) denotes the unitary group of degree n and B"
stands for the open unit ball in C". In view of this, it would be natural to ask

what happens when M admits an effective continuous action of the direct prod-



uct U(ny) x - -+ x U(n,) of unitary groups by holomorphic automorphisms, where
ny+---+mn; =dim M. As a typical example of such a manifold M, we have the
product space B™ X ... x B™-1 x C". Notice that the holomorphic automor-
phism group of this model space does not have the structure of a Lie group with
respect to the compact-open topology in the case where n, > 2 or n, > 1 and
N+ +nsq 21

In this talk, we would like to announce the following group-theoretic charac-
terization of the product space B*¥ x C¢ in connection with the question above.

The details can be found in [2]:

Theorem. Let M be a connected Stein manifold of dimension n. Assume that
Aut(M) is isomorphic to Aut(B* x C"*) as topological groups for some integer
k with 0 < k < n. Then M itself is biholomorphically equivalent to B¥ x C**,

As a consequence of this theorem, we can obtain the following fundamental

result on the topological group structure of Aut(B* x C¢).

Corollary. If two pairs (k,£) and (K',¢') of nonnegative integers do not co-
incide, then the groups Aut(B* x C) and Aut(B¥ x C?) are not isomorphic as

topological groups.

References

[1] A. Kodama and S. Shimizu; A group-theoretic characterization of the space
obtained by omitting the coordinate hyperplanes from the complex Euclidean space,

Osaka J. Math. 41 (2004), 85-95.

(2] J. Byun, A. Kodama and S. Shimizu; A group-theoretic characterization of

the direct product of a ball and a Euclidean space, preprint.
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20  Cayley ZT# D MMEIZKL S
XD — 7 VAR D X PR E S

RE T+t (X - #)

VUBTO#EE TERER (B 1 BEE Y — 7 NVER) OBEIC, Cayley B#EB D
LT & > TRFREB A BB T & R LT (2] £ B8). ARET
i, EXFRY — AR 7 T ADO R THRHHY— 7 VBRI R L TRERO R
T %175,

UV A EhEThBER, EOFRRT~Z M ZEREL, SEH#EQ C Vs
oo, VOERIZ MZEREZ W L3<. Q-positive, Hermitian
sesquilinear map Q : U x U - W [ZL > TEREINAEE Y —FLEE% D
L5

D= {(u,w) e U x W |Rew — 3Q(u,u) € Q}. (%)

D @ Bergman % « TRT. R Q+:V C W EOEERIEEEKn & EOEHK c 2
FELT, kiDL D ICENPND:

K(z1,22) = enp(wr +wy — Q(ur,u2)) (25 = (uj,w;) € D).
FEBICEc Q¥EETH. n 2BV TKROLIZV LOEEENENEE S
nsn:

(x|y)n := DyDylogn(E) (z,y e V).
LY EDOC®BE f & 2,0 € VIERHLT D f(z) == Sf(z+tv)|,_, &8
. EEU—FNEE D NERI (quasisymmetric) TH D &3, ZDORKED
PR (), IKBAL T QB BEERS, T7h2bb

Q={zeV|vye\ {0} (z|y), >0}
BRLT BT L&V ). MY — S AEIROBEE T Satake, Dorfmeister (2 & -
THEAINT. BEHRbODOHELHELN TS, REMICIL, RO tERHK
TN L TEREND Jordan ¥ E FORBEZ B TRREIN S
FEREEZDZLENTED.

Cayley BHIZOWTHBAL L 5. BRE—EH D Cayley L#
wr (w—1)(w+1)7!

FE¥FEE BAMAKRICET. L <220 Cayley BEHROG TH 5 BALHRIZN
EETHD. EXFEROEZELE~DO—RLTHEIEE Y/ NAEBICH LTS,
EEARHRRERIIIINEL LS RREBB I > TW5. RS — S EH
WUIFEa LRy PRI LI — FNERITH D, Lo TIEENLE RERER
T % Harish-Chandra EH % 2. Kordnyi & Wolf |Zxt#5— Z LRI %
O Harish-Chandra ZHIZE ¥ Cayley % (EREIZIZZOHWER) 25X 7-. %



L TZ ? Cayley £#: D T 5 Harish-Chandra £33, 5 / VAT 5
BEMIETHIZEBEAINTNS. LoTHRIZIMESTHS.

Dorfmeister i3 [1] {28 W THEMH L — 7 VKD Cayley ZH#ICER L. =
@ Cayley Z#aIZ, RIS FRLH A IZITRTR D Kordnyi, Wolf Iz X 2 8 D & —
TS ENEUTOEIICERIND. D (x) TEBSNDERH—F L
BERETD. ZOLEVICAHRLE (z,y) > oy &

<$y|z>77 = —%DnyDz IOgﬂ(E) (z,y,z € V)
THAT DL, 22(zy) = z(zly) (z,y € V) PRI, VI E BT T 5
Jordan fR# & 7225, V OEHFR(LE LTBEBRIZ W IIHEF Jordan ¥k & 25, U
L sesquilinear form (-]-) %

(urlug) = (Qu1,u2)|E)y  (u1,up € U)
TEERTDHE, ZHIRUDEEEZAI—NNEEAZEDD. we Wi LTU
EOBRBERFE o(w) &
(plw)urlug) = (Q(ur, ug)|w), (u1,u2 € U)

WCE>TERTD. ¢ 3EHE Jordan REW D+« REUZR->TWB. T7hbb,
ULOBRBERFE AD () ICET 2 HEERAFEL A THRT 2 Lic3Thud,

p(w) =pw)" (weW),
p(wiws) = 3(p(w1)p(ws) + p(wa)p(wr))  (wr,wp € W)
BRILT D, Jordan REW BT D w e W O TE w ! TRTZLICL, #
XFR Y — 7 VR D D Cayley i %

Clu,w) = (p((w+ E) ), (w - EYw+E)™")  ((u,w) € D)
TERTS. ZRIZC(D) PAERBEKLTHS Z LBERAEND. ABREOTEE
EIRARE D,

BE. DEREMHI—IAERLTS. ZOLEC(D)BNERSTHE L L
DR THEZ L LIIRETHS.

&3k

(1] J. Dorfmeister, Quasisymmetric Siegel domains and the automorphisms
of homogeneous Siegel domains, Amer. J. Math., 102 (1980), 537-563.

[2] C.Kaiand T. Nomura, A characterization of symmetric tube domains by
convezity of Cayley transform images, To appear in Diff. Geom. Appl.

(3] C. Kai, Symmetry characterization of quasisymmetric Siegel domains by
convezity of Cayley transform images, preprint.
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1 2-dimensional domain of holomorphy

We prove that a domain of holomorphy 2 in a two-dimensional normal Stein space X is
Stein if  is ”locally simply connected near the singularities on the boundary”, that is,
for every p € 92N Sing X there exist a sufficiently small neighborhood Uy, of p such that
U N is simply connected.

2 Domain of holomorphy in a Stein cone

Let 7 : Lyy — M be a negative line bundle over an n-dimensional projective algebraic
manifold M and Xy the normal Stein variety obtained by the blowing down of its zero
section. We call the Stein variety X s the Stein cone over M. Assume that the universal
covering of M is a Stein manifold. Then we prove that any simply connected domain of

holimorphy Q in Xy is Stein.






90 [2EBE o I I2OWT
— RE T AL AF R M

KR AL K
LB 2% 5 R APPSR AT

1 i PRRE oRR 1y 2 1B F SHA L 013, &) BupeywRiRAn GRS, T2 2
218 5o IR oS « $1E5 ot F o BRE WL TR B TH .
ZotBid [ 23HER 0L B ARCH Y, JJ Kon L. Hémander & ofF%
Zhe LT Btk ro Be@}ma/n §Fsﬂaﬁi§ﬂ"ﬁ?5ﬁ sntke, [* SEB | BER o 5RE.
LTI THS.

2. Xanzzo (#o-/0523 39 b FERE L, AV E X 1o
HEEE. K s XoRABER. S 1 Xofthri] o (Miyz ) ipsras ke,
EtXLoERIN7 hE. ALE0Dp AN "8 Fs, LRFEEReR, Sr
» E®Kx o EBBFET, 774 3 -3E A (dv)! sxat dV/ g n—RoF
2 o FFenr SrofTE L 2 FHEar I onX s EQKyo ERH
@eLz, A0V) Bedt dVcBide L2/ e ot TECE 3RO
B3O WEEHELABE 0 THA,

3 FERLRNBRocteAEYs, [S]& SciifigaX Lo Bk
%. S & [S]oERHE RN :SoXH 7 PAREERD 28 0 0 §e e T3,
Sorts:[STo7r A —21E £ uxil. U (teRIT kif< €7z
AT Xo bolarkl, SroR dk & 2 kT2,

58 odys = %%’83/ J(}t\()ts IA}Z:%H/
EEL Ouanaw et Xeo CCHRMEETH<EneT3,



4, IRRERNEY.

EIL  XizarrKikler5ide . CoMo SRRt IR ¢ &
Hord2, (B4 DBXEnER HerniteF, ST X 1aRERA] o BRHTHER
%S L. Y EX 2o 5 BRI Wi (o) wsh2e CoRmt 02 d 3. S0
AL e[STo 774 N\—E 4 & |4lg $7BF 1B IS 12E A, d\/s FP )
WByel. Q}IL £ SEofET 0}1,1 2> dVe 2Sos3ay,00 N4 KokiEe L
THRELF2E LT, INSRDWIRT o FHFEIRET 3,

1) E¥ e sBELT $HoRR
@;\ — <4+’C)IAE® @6/ = 0

wn &M Do, e JIWo IR 2o T HLTRET 3,

2) Ke@tXofmxa /oy [ BRESWY RE o #T5ELT, 20 ¢ &

WA ¥ () 0 B8 < 23 (3 + MSL%SMEQ c wto BAE
¥ .

3) BB Y ABELT K ETE <Y OBy, (x| pro< ¥ oW
0 BRI BT 08P 1)< 2t (n— 1 — dim SingS) B EEHE £ 34,

roes s CaBill. EOKIS oEliE@f v
_1}; 2
e "fIMdu << e
JS F 1
xrFLoHL, Fo EQKy 0 XEnEREfEe LzoRFh S ©

%&1\ a}‘é@b\“/‘dé'xt-z be



23 —MXPLBEREBEORERRFRER
BEE K

H. Grauert & R. Remmert iX, 83X [3] ICBWT, BELMAOEKIC
%t L THEFRATBIIKIZ OV T Riemann OREFEHRESRERDT o
BRI THIEERL, BRX [4] IKBWT, Zhz@EoNkERo
HRSHL TS, XRRICBWT, ZRHDORROFL LD, —i%
MEOBMIREEE L OB EOBEMNRBEROBSICHREINS 2 L
ERETD. ki, BTEE LOERBOHE~DIERAIC YN T HR< 5.
(— A B OB IRE IR & SRR IC OV T (1] & [2] B

D%ZC" DBREBEELL, I 2151 n %H7=3EHKLTH. D OB
BEDPEOEROEHECn — | KTORHERIZETNBLE ERD
BT 5 3! O thinset THDEWS,

BE1 DEC" OR#BE, k(0k<n-1) 2B E % D LB
DB n—k O thinset L35, Bl p: (D— E) = [~o00, 0o) LK
E DBEMREETHY, E OEBORDEHE T o B EICAERRLE

¢(z) =p(z) for z € (D-E),

P(x) = limyy, rep-p) p(z') forz € E

TEBRBSNIEE ¢ 13 D Tk OBMRTHS. (k=n—-1 DFE
% Grauert-Remmert (3] p. 183 Satz 6 IZ%i535.)

D% C" DA, E 2D OHBSEE, [ 211 n 2H7-78K
ETD. ENDRa DEDZEFU KBWTC ENU BU KRBT n-1l &
TR G END L &, a I E O A3 | D removable point TH5
WIS, E O @ removable TRWEDREE E' L+5L EixE
- D ORBHIBETHS.

EH2. D% C" ORES, E% D DIBYES k& 1 <k<n-1%
HIeTEEL TS, E O3 n—k O removable TRWEDLER E' T
RY.F % FE OBYEAT, D BT A ¥ n—k ® thinset £33,
IDEE, BLENE-F OBRTNE L ORMKRAZESE EX D ICB
FO0k DBIMREES THS. (k=n —1 OFEAH Grauert-Remmert
[4] p. 164 Satz 4 ([ZXET3.)




EBE 3. 0% C" OB T % QBT AEMAIOEATRAENR
n REMEEL L, 2<n<m &95. DH L ko (B¥ER) ERIE
HIE L - DX QBT TEn -1 OBMRESTHS.

GECOBBA k% 0Xkin—1 %2178 %LTE. C"* 0
FAEPLETHHEMNKE B, TRT. B, b G ~DER fIX, ¥
nR B,_ ODRBEFEND G ~DERBEROFIRTHS L XERTHS
EWI. ZokE NIEY, G B E OEMRTHD DI, KD
& (D) ZHTZEBLETHTHS.

(Di) {f3v=12,... 8, Boy b G ~D U2, f,(0B,_+) EG %
HI= T ERERFZ B, U, f,(Bat) € G THD. ZIZT, 0B X
B, DEREZRT. (ZOFH (D) 3 G MRS LOBRESTHS
BRICHLEERLRD.)

TH 3 R TH3OEMOTT, BiZ Q B n -1 oEMRT
HY,2n—m—120 720 EMK D X G =D ¢ LTLEOERH
(Dap—m-1) ZH7=F. Grauert-Remmert [4] p. 175-178 DOHIDOIERAIK D
DFE, m=2n—-2,n23 ThY, D i, C* OUEMNTE | OEKIC
RITRIICRETHD. 2n—m—1=1 THDH1 5, LOROTRITRANE
BTHEZ—HEEZTNAS.

S5k

[1] O. Fujita, Domaines pseudoconvexes d’ordre général et fonctions pseu-
doconvexes d’ordre général, J. Math. Kyoto Univ., 30 (1990), 637-649.

[2] O. Fujita, On the equivalence of the g-plurisubharmonic functions
and the pseudoconvex functions of general order, Annual Reports of
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77-81.

[3] H. Grauert und R. Remmert, Plurisubharmonische Funktionen in
komplexen Raumen, Math. Zeitschr., 65 (1956), 175-194.

[4] H.Grauert und R. Remmert, Konvexitit in der komplexen Analysis,
Nicht-holomorph-konvexe Holomorphiegebiete und Anwendungen auf
die Abbildungstheorie, Comment. Math. Helv. 31 (1956), 152-183.
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CX DR > /)8 MEIZDWT

hE R
(REAKE - )

1 F

BRY 74 2220 C* OEFHI > )82 ME (analytic compactification) &idn Kga >
N MERERE X BRUBHTNEARLERY Cc X O (X,Y) THESG X - Y »iC"
ERFRRBAZHDEND. ZOELE, Y 2C OBREER. ZDOC DAY
ME(X,Y) BET(X,Y)BRARTHEERY = V) BRAREMNER I : X — X'
MEETIHEZND. TOR(X,Y) = (X,Y") &#L. WV T ADEBRIDERY
I X WOEF (divisor) THB I ENHNB. ZOK, ROMEN Hirzebruch KIZL >
TREIN.

R% 1. (Hirzebruch[18]; 1954) 2Ry F# 1745 C" DRI /IRT MEZELT
REE L.

COMEICEL TIRROFENHSNTNS.
BE 1. (I)n=1= (X,Y)= (P, ).
(2) n=2= (P%,¢),BL 2P {IIP? DE# (Remmert-Van de Ven [30] ;1960).

RILn > 4 IZDOVTIIREILRBIRTHS (n =4 DA, Prokhorov K [28];1992)
IZE AWM RIIP AN, BRICIBEVEDICEBZS). F#ETIEn =3 DHAEIK
ONTINETESNTVARKREZDLICHRET 5.

2 —MREHEES L UEERMRE
iR 1. (X,Y) 2 C" ORI NT MEETSH. DR

(1) H(X;Z) = H(Y;Z) (i <2n—1), $iZ, H(X;Z) = H(Y;Z) = 0.



(2) dimc H(X;Ox(mKx)) =0 (m >>0)

N
Y =Y (BY; BBEHIRT) 2BEHINBET D, TOR, X OF2 Xy FHby(X) =

dimg HA(X;R) = N = (Y OBRIRAOR) &1, by(X) = | <« Y ZEHETF (BL,
BoOMEEFERBESZEY) . ZHZBELTIE, RD Van de Ven T 235 5.

¥ 1. (Van de Ven [31]; 1962)
(X,Y) 2 C" OBHTHIZINT MeET 5. Y BBRSMESE, (X,Y) = (P, P).

B 2. (Van de Ven, Fujita;[31];1962,[3];1980) X 4% Kdhler ZHk{F725 Fidn < 6
FTITIEL V.

F7 C OFTED >/ MED Kahler HIZDWTIRRAH SN TV S,

th%& 2. (Brenton-Morrow,[2];1978) (X,Y) 28 2 Xy FE b,y (X) = 1 785 C* D&M
a7 MeET 5. ZoR, X3 Kikler#) < X 13HERN.

KROBEEIZR > 3L TIIRBROLDITHS.
88 2. C" OEBORENTRD > I3 7 MMEIT Moishezon Z4REMN ?
Bz, CCORBa 7 MEIZDWTIZRBH SN T3S,

&i%8 3. (Brenton[1];1977,Peternell-Schneider[26][24][25];1988-89) HR KT Y A%
ERRLE X IHENTHS.

EI 3. (Peternell-Schneider[27]; 1988-1990) % 2 Nv FH by(X) = 1725 C> DR
¥ > 7827 MMEId Moishezon TH 5.

EH 4. (Furushima[9][14];1994,1998, Nakamura[23]; 1996) % 2 X FH by(X) =
1725 C® DRENTH) (Moishezon) 3> /%7 METIHHEH (E KihlerH) 725D DHA]
BEREFET 5.

3 C3MKahler (B{ULMIFRA) a1\ ME

3.1 —MMER

(X,Y)ZBE2RYFHDby,(X)=1%2#FDC>DKihler A2/X7 MLET 5. ZOH,

ol 4. (1) Y REERENHEFTPicX 2Z- 0x(Y).



(2) Kx = —rY (0 <r <4,r € Z). $IZ, X 1L 3RIT Fano ZHk{K

¥ =r(X,Y)%(X,Y)D"index” EMER. THUZL, Fano ZHRAED Fano index L[]
CbDTH5. 3 KFano BREDMELFE UL, Kindex r IHLTANT ME(X,Y)
DHEZREL T L.

3.2 r=40%B8

Z DAL 3 KT Fano Z4EAED /MR (Iskovskih,[19],[20]) 25 (X, Y) = (3, P?) TH 5.
BiZ, (X,Y) 3IARERE—-BHTH 5.

3.3 r=30HE

3 KT Fano SREDHEA 5 X = Q° € P GEEFR 2 KBEE TY ITOBTEY)
WiTHB. Y REERESIE, by(Y) =2&7D, by(X) =by(Y)=1ICKRTS. T
LT, Y QBN S Y IZ 2 K (quadric cone)Y = Q2 THB I EMNHMN%. £2T
(X,Y)=(Q%Q2), ZOHED (X,Y)IAMNERE BN THS.

34 r=20%Z8

ZoBEbNEEAVRIE X OBRMBIIKDAYDS. BHEZDOIIC] N5 indexr=2D3
KT Fano Z4EE X ADEDAR f: CP — X DHFETHS. HOENEHRIILUTOED.

T 5. (1) (Furushima [4];1986, Furushima-Nakayama[15][16];1989-90)

BRY NER (normal) DEE, X =V, (HL, V;:=G(2,5)NnP C PPII5KRD
3 RIC Fano Z4%{K) . Y i3 Sing HY ={one rational double point of As-type } 725
Ve D (IEM) BEHEYE Y = HO THS. 8z, (Vs, HY) QR ZRE —ER. R
5, L, fic Vi OERBEEYIE H BHoT, Vi-Hs =2 Clabild, BCRH
o € Aut(Vs) 2B > T a(Hs) = HY ETES.

(2) (Petenell-Schneider [26]1987, Furushima-Nakayama [15][16] 1989-90, Furushima-
Tada [17]1992)

BHR Y MIEEH (non-normal) DE X, X = Vi, YV IZEDIFERBFEYIE H?
THD, £ :=SingY ZPUIV, DEBR. IS5, LD X ITRITBER T Ny =
Op(~1) & On (1) THB. ZOBES (Vs, HE) RFHZRE M.



zi=(20:21:20:23:24: 25 : 26) 2 P DRIKERET S, ZOKf, Vi, HY, H® O P°
RIS ERFERIRATEZ 5N S (cf. Mukai-Umemura; [22]) :

2024 — 42123 + 32% =0
2025 — 32124 + 22923 = 0 o _ _

Vs - zo26 — 92224 + 823 =0 ) { gio__{f; __00}}
2126 — 32225 + 22324 = 0 5 — 1% =
2926 — 42325 + 323 =0

3.5 r=10&Zs

g =3-Kx)*+1 (X OBEKEFEND) &BL. TDEX, 329212, g#£11TH
5. BRY ORFERROFMBMBBITICID g =12 2155.

ZEH# 6. (Furushima [5],(6][7][8];1990-94)
(1) Y 1X non-normal.

(2) X & Vy CPB, YIIED” FIER" BFHEYIN Hyy, C:=Sing Hyy TP I3V, @
BERTEDERIT Nepy, = Opi(—2) & Opi(1) TH5.

(3) multe Hyy <3,

(4) TNEN multc HY, = 2 (multc HY = 3) 7125 Vo, DIEEREFHYIMAH> T
(Vag, HY,) BET (Vg HE) B EDITCC DAY ME. TSI family Z2FD
(cf. citeMu,[29]).

[#53](cf.[13])) B2 XY FEDb, = 1725 C*> ® Kahler 2> /%7 MEIZKRD 6 BET
H5.
(ngpz)a (QS’Q(Z))3 (VSng)* (V51H500)* (V‘)z,ngz), (V227H§§)

4 C)*MI EKahler®y (BULMIIESER) a/80 ME
EH 3 M5 X 13 3 KIC Moishezon ZRAETHS. EINS YIT” FIER" THA.
R 5. (1) H(X,0x)=0 (:>0)

(2) Kx = —rY, (r <2) (Furushima [12];1999)



4.1 YH Tnef? OHBE

MBS5LD, Ky=-2Y £I Kx = -Y TH3. X2 Moishezon ZHRETY i3 "big”
(ie. Y3>0)Th5. BEEMEHEBs |mY|=0(m>>0)&D, WER |mY|IIENE
BEo: X --» VEEDSD. O,

EH 7. (Peternell-Schneider[27]; 1991, Furushima [10];1996)

(1) V*13d small Gorenstein BB p 1D indexr < 278% Fano SHfE Ty : X — V*
13 small birational contraction.

(2) C :=Exc(p) = U;C; = ¢\ (p) ZRINBE L TEE, CCY THD, BEKIRS C
ISR EBHRTEOERIT Nox = Opi(—1) & Opi(—1), Op(-2) 3 Op &2
1T Opi (=3) @ Op (1).

(3) D := p.Y € PicV*I3EERHWFTpe D, V' -D = X -Y = C. I,
PicX = Z-Oy+(D), Ky = —rD (r<2) ER5.

EETITNSERETY M "nel” DHED (X,Y) OHOEBEIIROBICEENS.
Bl 1. B2XyFEb, =175 small Gorenstein BHREKEHD Fano SEFV TC* O
AT N7 MEERBBDEETRER L.

1 i3 index r > 212DV TIIH K H (Furushima [14];2004).

T 8. (Furushima [10][11][14];1994-1996) (V*,D) ZEE 7 IZHBIT 5 C* DR Fano 3
I MEET .

(1) r =20k, by <2

(i) by = by = 1 —> (V*,D) & (Vo H;). 8L, Vy C PP id A, O small
Gorenstein FRREHD 2 KBHADTEREL L THLNS7RS 4 KD Fano
SRIET H; IEDHERABYEAYM THS. EBE, z=(2:21:20:23:24:
z5) B P ORKREZETNEEREHFRRATIRTEZALNS @

- 2021 + 2223 + 2425 = 0 . ~ )
i '{2022+2§+zf+z§=0 , Hi ={20=0}n}V]

(i) by = 1,bs = 2 = (V*,D) = (V& H2). L, Vi C PO i3 A, O small
Gorenstein ¥ RREHD 5 KD Fano 3RET, H; 132D ERELHE Y
TH5.



(2) 1 =1=> A, BID small Gorenstein HREREH Dby =by = 1725 K¥K 18 D Fano
KRRV ¢ PO BRUELSRBYEYIM Hy TV — Hiy = CC 125 bOAFLE
T5.

B 1. r=1 OBE, (V5,A) (Vi H) M2 by=1,by =275 /80 MEIZEE
THEM?
4.2 YH ”not-nef” DFE

ZOHED (X,Y) OBERERETIIRETE TRV, YVIIEHNEHNTHSL, £O
FHALY 25 VIZFERENTHS. Y A "not-nel” DD C* DMK > /)87 MED
FIECBL T :

BE 9. KEMHET b, = 1725 C ORI 20 Men T BEREFET 5.

(1) (Furushima [11];1998) 7 = 1 = 3(X,,,¥,,) (m > 2) , analytic compactification
of C®  s.t.

(i) Yy ¥d "not-nef” (FEK, 3C, =P'st. (V- Cn)=2-2m <0, Nc,x, =
O]pl(l — m) D Opl(—l - m)) .
(i) Y2 = —8m +26

(2) (Nakamura [23]) r = 2 = 3(X,,Y,) (n > 1), analytic compactification of C*
s.t.

(i) Y, i3 "not-nef” (B, 3¢, 2 P'st. (Yn-ln) = —n <0, Npyx, = Op(-n)d®
Opl(—z - TL)) .

BRI 2. V 28 notnef DA, LROFILSMC CO 080 MEIHEET BN 2(X.Y) D
XS RARMBMEEANE.
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