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An elementary problem
for harmonic univalent functions

Toshio Hayami (Kwansei Gakuin University)
Shigeyoshi Owa (Kinki University)

For a continuous complex-valued function h(z) = u(z,y) + w(z,y) (2 = z + iy), we
say that h(z) is harmonic in a simply connected domain D C C if both u(z,y) and v(z,y)
are real harmonic in D, that is, u(x,y) and v(x,y) satisfy the Laplace’s equations

Au:um—ﬁ—uyy:() and Ayzvxr+vyy:0'

In any simply connected domain I, we can write h(z) = f(z) + g(z), where f(z) and
g(z) are analytic in D. These functions f(z) and g(z) are called the analytic part and the
co-analytic part of h(z), respectively.

The Jacobian J}, of h = u + v is defined by J), = uzv, — uyv, or

2

=@ =19')

2

Oh(z)
0z

o ‘ah(z)

Tn(z) = ’ 0z

Then, many mathematicians investigated the univalence for harmonic functions. Lewy
[4] has given the following.

Remark 1 A harmonic mapping h is locally univalent in a neighborhood of a point
zp € D if and only if the Jacobian J,(z) # 0 at 2.

A necessary and sufficient condition for harmonic functions h(z) to be locally univalent
and sense preserving in D is Ju(2) > 0 (z € D) which is equivalent to |¢'(2)| < |f'(2)]
(see [1]). Furthermore, Mocanu [5] has shown the following sufficient condition for the
univalence of harmonic functions.

Remark 2 Let f(z2) and ¢g(z) be holomorphic functions in a domain D. If the function

f(2) is convex and |¢'(2)| < |f'(2)| (z € D), then the harmonic function h(z) = f(z)+g(2)
is univalent and sense preserving in D.

The function w(z) given by
9'()
w(z) =
B =F0
is called the second dilatation of h(z). It follows from the sense preserving property that
|w(z)] < 1. Therefore, we discuss harmonic functions h(z) = f(z)+g(z) with w(z) = z"!
(n=2,3,4,---). This shows that h(z) is well defined if an analytic function f(z) is given.




When D is the open unit disk U= {z € C : |z] < 1}, if we take special functions

i) = i <1 —iz) N ie's (1 —z‘e-i%z) N i’ s 1—ie %z

312 %\ 11z 2 B\11ieisz 2 B\ T,
and g(z) satisfying ¢’(z) = 2*f/(z), then h(z) is univalent and maps U onto the region
inside of the following hexagon.

o
%{///

In this talk, we discuss a problem related to the elementary transform of harmonic
functions.

Problem 1 For each analytic function f(z) in certain domains with f(0) = 0 and
f'(0) =1, can we find the largest domain D,, such that the harmonic function h.(z) =

1
fe(2) + go(2), where f.(z) = —f(cz), with ¢g.(z) = 2" f/(2), is univalent for all ¢ € D.?
c
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Some properties for certain class
concerned with univalent functions

Kazuo Kuroki (Kinki University)
Toshio Hayami (Kwansei Gakuin University)
Neslihan Uyanik (Atatiirk University)
Shigeyoshi Owa (Kinki University)

For a positive integer n, let A, denote the class of functions f(z) of the form

f(z)=2z+ Z apz®

k=n+1

which are analytic in the open unit disk U = {z : z € C and |z| < 1}. In particular,
we write A; = A. The subclass of A consisting of all univalent functions f(z) in U is
denoted by S. In 1972, Ozaki and Nunokawa proved a univalence criterion for f(z) € A
as follows.

Lemma 1 If f(z) € A satisfies

2f(2)
(f(2))"

<1 (z € U),

then f(z) € S.
Further, let 7, (1) be the class of functions f(z) € A, which satisfy the inequality

2f(2)
(f(2))"

for some real number p with 0 < p < 1 and 7,(1) = 7,,. According to Lemma 1, it is
clear that 7, (u) C 7, C S.

1| <u (z € U)

A function f(z) € A is said to be starlike of order « in U if it satisfies
zf’(Z))
Re | = > zelU
(75 e

for some real number a with 0 < o < 1. We denote by S*(«) the subclass of A consisting
of all functions f(z) which are starlike of order « in U.




In the present talk, we deduce several properties for f(z) € 7,, as follows.

Theorem 1 [If f(z) € 7, with n # 1, then

z

(i) ‘m—l‘<m (z€l)
) e (ZEEDY 0 gor o< S

S=

(i5i) Ref'(z) >0 for |z<{(n_1) (n_lf+8—<n—1)2}

Moreover, we discuss starlikeness of order « for f(z) € 7,,(u).

Theorem 2 [If f(z) € A, withn # 1 satisfies

(z €el)

2f() 1‘ (-1
(f(2)) Vi —T+a)2+ (1—a)?

for some real number o with 0 < o < 1, then f(z) € S*(«).

Remark 1  According to Theorem 2, the class 7, (i) is a subclass of $*(a) for

(n—1)(1—-a)
B e ey

where n #1 and 0 £ o < 1.
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Subordination problems
for starlikeness of analytic functions

Hitoshi Shiraishi (Kinki University)
Shigeyoshi Owa (Kinki University)
Toshio Hayami (Kwansei Gakuin University)
Kazuo Kuroki (Kinki University)

H. M. Srivastava (University of Victoria)

Let A,, denote the class of functions
f(2) = 2+ 12" F a2+ (n=1,2,3,...)
that are analytic in the open unit disk U with a,,; # 0 and A = A;.
If f(z) € A, satisfies
Zf’(2)>
Re ( >« zeU
) Feb
for some real a (0 = o < 1), then we say that f(z) is starlike of order o in U and written
by f(z) € S*(a) and S* = §*(0).
Let f(z) and g(z) be analytic in U. Then f(z) is said to be subordinate to g(z) if there

exists an analytic function w(z) in U satisfying w(0) = 0, |w(z)| < 1 (2 € U) and such that
f(z) = g(w(z)). We denote this subordination by

f(z) <g(z) (2.
In particular, if g(z) is univalent in U, then the subordination
f(z)=<g(2)  (2€0)
is equivalent to f(0) = ¢(0) and f(U) C g(U).

The basic tool for considering our problems is the following lemma due to Miller and
Mocanu (Second-order differential inequalities in the complex plane, J. Math. Anal. Appl.
65(1978), 289-305.).

Lemma 1.  Let the function w(z) defined by
w(z) = apz" + anp1 2"+ 22"+ (n=1,2,3,...)

be analytic in U with w(0) = 0. If |w(z)| attains its mazimum value on the circle |z| = r at
a point zg € U, then there exists a real number k = n such that

zow'(29)

w(zp) =k




Applying Lemma 1, we derive
Theorem 1. If f(z) € A, satisfies

z

1'(z) <f(z))1+” <1+ Az (z € U)

F(z) =z cif (L MtC*f‘*ldt E (z € )
2 Jo \S(1)

for some complex numbers A, i, and ¢ such that Re(c — p) < n, then

and

(i) F(2) €S for|e— gl < nplin=le=ml

Vi = pl? + [p?
(i1) F(z) € 8*(«) where
1—1|A —
S R =l + T
= 1_(|/\1|2+|)‘2|2) ‘n_:u‘ < |/\1| < |n—/4|
2(1 = |A2f?) = pl+ el = T In = p? A+ [uf?
¢ — pf |1l n
M= N———, [N =2 and Re(p) < —.
I — — ul|A
| (F(Z))II ||n—(c—u)lln—u|—IC—MIIMII/\I
n—(c—pln—u n
and Re(p) < —.
In = pf + 2|l 2
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L(®—conjugates on parabolic Bergman spaces
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NTVBFMNIL T2 e 72 5.
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AT ANOL 7 22 b L@ LRI L TE s iR 2 0B R 5. i
DEFD—2 L LT, Ramey-Yi[4] 12 & 23~V 7= 22 EOFMILR BT 2 WS
DH 5. FAaIE 1] ICBOTZ DIRERZ A, TV 7= v 22 B D o- LB
BEEBALL. L2L, a-BBIRBEBUIEICHEET 2 I3RS v, 008 E
ML OHEUBEBEMICET 2 ERBES20nAEDMERbH 7. 2 2 TiE o- R
BB DERZRE L, ZOREBIEL THAK

FU oI, FAMERDOERZBRS. X 3] 1Ck 5 &, BMEZ IR —BIL I 7
Cauchy-Riemann D SFRRIC K > TERI NS,

EHA (3]). u H EOBIKET D, (v, ,v,) B u OFABETH B L 12, (vr, -
U, 1) BRORZT G2 T EEZ V.

v, = Oyv; (1<j,k<n), (1.1)

Oju=—-Dw;  (1<j<n),

Dtu = Z 8]‘1)]‘. (13)
j=1

RIZ, a- PRI D ERZIBND. FIZ, a=1/20 L &, EEBREFRAICK
52 EERLTEL.

EEB ([1]). wz H EOREEKET S, (v, ,0,) DPuD o-YHILEEIETH 5 L
&, v; € CHH) D>, (v1,-+ ,vp,u) B3 (L.1), (1.2) ERXRDHAZN/-TLEZ 2.

1 n
Dta lu = Zaj’l}j. (13/)
j=1

BTV 7 v 22 LD o- T BRI DWW T, RDOFERZHFETW S



EHA (). 0<a<1,1<p<oo,A>—-1,uecb\NE&Td apid
n=p(—1)+A> -1 275513, udD o- BB (v, v,) To; € BE(n)
BT b DD AHET B, & 510, w IR L RVERC > 0D5FE L <, Rz
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I LWL EER L Th.
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2] #BEI, KD X
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€ FC2 HD, (v, v, u) IR ETM T EE 2V

aj’l}k = 8}€U]' ( S k‘ S ), (Nl)

oju = —Df%vj (1<j<n), (N.2)

D=3 ;. (N.3)
j=1

BRI, Tox DERRZ BN

EHL 0<a<1,1<p<oo,A\>-lLueb\NetT3 ZDLE ud L3
% (v1, - ,v,) To; € BE(N) 2T 72§D DDME—FFIET 5. S 51T, u lTRA L RV iER
C>0MBHFELT, Rehd

C M ullrpy <D N0slley < Cllullzoey

J=1
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Positive Toeplitz operators of finite rank
on the parabolic Bergman spaces

VR (Bt - B), SaAKEIT (R - BIT), ILITHERE (WG Bk - 30

We consider the a-parabolic operator

0
L= = 4 (=A,)°
5 T (70a)
on the upper half space R’f’l, where A, := 831 + -+ 8371 denotes the Laplacian
on the z-space R" and 0 < o« < 1. Here we denote by X = (z,¢) a point in
R = R" x (0,00). We denote by (b2()), (-,-)) the Hilbert space

b2(\) = {u € C(R"™) N L* (R, VY)|L®u = 0 in the sense of distributions},

where A > —1, and V* denotes the (n + 1)-dimensional weighted Lebesgue measure
t*dzdt on R, with L2(R™, V*)-inner product (-, -).

Since for X € R™ the point evaluation u — u(X) : b2(\) — R is bounded,
the orthogonal projection from L*(R’', V?*) to b2 ()) is represented as an integral
operator by a kernel IR, y, which is called the a-parabolic Bergman kernel. Formally,
positive Toeplitz operators are defined by

(Thu)(X) = / Ror (X,Y) u(Y) du(Y)

with symbol p, which are positive Radon measures on RTl.

Positive Toeplitz operators have been discussed in the theory of parabolic Bergman
spaces b under some growth condition for symbol measures p. For example, the
smallness, i.,e., boundedness ([3]), compactness ([4]) and Schatten classes ([5, 6])
have been discussed. In these situation, an extreme smallness of operators is of
finite rank. In addition, in [6], they needed a compactly supported positive mea-
sure whose Toeplitz operator is of infinite rank. Then, in this talk, we shall discuss
the rank of positive Toeplitz operators and the purpose is to characterize positive
Toeplitz operators of finite rank, without assuming that the supports of symbol
measures are compact. In the theory of the classical holomorphic Bergman spaces
on the unit disc in the complex plane, Luecking [2] solved the problem for complex
measures with compact support. A generalization to higher dimensions is given by
Choe [1].

DEFINITION 1. Let A > —1 be real and ¢ > 0 be a Radon measure on R’frl.
Assume that b2(\) N L2(R}™, ) is dense in b2(\). Then a positive self-adjoint
operator Tﬁ on b? can be defined by the relation

<¢mm¢mm:/w@

for u,v € b2 (\) N LA(R}™, 11). We call T, the Toeplitz operator with symbol .



REMARK 1. If a measure p satisfies a growth condition
Jas o foPoy dutant) < oo )
with some constant 7 € R, b2(\) N L2(R™™, 1) is dense in b2 ()).
REMARK 2. If supp(u) is compact, then Tﬁ is bounded.

Theorem 1. Let A > —1 and p be a positive Radon measure on Ri“. If there
exists a dense subspace D in b2 ()\) such that D C Dom(Tﬁ) and dim TﬁD < o0,

then 1 is a finite linear combination of point masses: #supp(p) = dim TIALD.
Finally, we shall make some remarks on the relation with the Carleson inclusion
0 BL(A) = LR )t u e u,
which is a closed operator.

REMARK 3. If a measure p > 0 satisfies the growth condition (1) for some

A
7€ R, then T, = (1))* ¢),.

REMARK 4. Let A > —1. Then for a measure p > 0, if Lﬁ is bounded, then the
measure 4 > 0 satisfies the growth condition (1) with 7 < — (2 +1) — X and T/); is
bounded. Moreover, ||T,);|| < [le3]I* and

THu(X) = / R (X, Y)u(Y)du(Y).

REMARK 5. Let A > —1 and p > 0 satisfy the growth condition (1) for some
7 € R. Then if T) is bounded, ¢} is bounded and [|c}[| < /|| T3]I.
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Minimal thinness for parabolic
functions

Feh B (TR - R ZCR)
BT B (THERFERER - AR

COME T, n+ Lkt —2 )y RZEM R NO 257 R x (0,T)(T €
(0,00]) {2317 % minimally thin for parabolic functions {IZ2>WTEFKL, £ L
T, 2OBRICEE LR MIRERL 2R~ 5.

% 7, minimally thin for parabolic functions {Z- DWW TEFKT 5. 725, mini-
mally thin for harmonic functions (-2 TiZ, Aikawa[l] X Zhang[3] IZ XV,
EFREINTWD, LT, Y = (y,0) € R* x {0} £ L, YV IZ2\Td Gauss-
Weierstrass £ & LT,

2
) = () o () x e 0

LEDD.

ET&E. M CR" x(0,T),Y =(y,0)€ R*x {0} 9 5. kD (1), (2) Zii7=F
£972 R* x (0,T) E3FAMENRTRY v 7 B (BT RAXOMRE ) u BFET D &
%, M ZY T minimally thin for parabolic functions TH 5 &\ 9.

()M ET, u > p(-y)

(2)u(Xo) < p(Xo,y) Zii7=3 L 272 Xo € R* x (0,T) BMFET 5.

M 1ZY C minimally thin for parabolic functions THuix, M XY T co-
parabolic minimal thin([2], p. 378) T® %.

WIZ, ZDOEFRIZEE L 2 ERRERRIZOW TR 5.
%7, coparabolic minimal thin (2 B892 LS ARFRERE & L T, KD Fatou-
Niim-Doob O EBE ([2], p. 357) 31 BTN,

FE A vIiZR"x(0,T) LIEERZARY » 7 B, uwik R x (0,T) EIEAfEE
NRIRY v 7B ([2], p. 27T7) &9 5. ZD L X, R" x {0} N p, IZ2WTIE



ENEREDEZATORY = (y,0) 1Tkt L, Y T coparabolic minimal thin &
25X 27 R x (0, T) NOEHDHEAS End-> T,

2
5

XGR"X(O%%’I)nfE, x-y v(X) = f(y).
ﬁ@ﬁﬁ{ﬁlf—% D ‘Ob\ff@ﬁﬁﬁfﬁ’iﬁ% %\0)7 o 374‘5‘@&
T 5.

I BB EEE, B A T, 0 FOBENIEAME TR v 7 B
HlBR X415 &, minimally thin for parabolic functions 72££& DO H 5 DGR &
B LEERLTWS. LL, ORI Gauss-Weierstrass £ 12l BE S U
TW5.

FHE. wlXR" x (0,T) LIFAMENSTARY v 7 B, p 1T u ORBME, Y =
(y,0) € R"x {0} £¥%. Zd& &, Y T minimally thin for parabolic functions
ThHEI7 R x (0,T) NOEFDES ENH-T,

u(X)

i
XeRnx (o,lTr)n—E, x-Y p(X,y)

minimally thin for harmonic functions (Z B4 % EARIEEE TIL, 73 FD
& — O IEERBEE E LT Y ([1], [3]), fEFIZ Harnack DA MED
NTWB. XT3 R Y v 7 BB ST O Harnack O R Z&R TR O &
X, B3R > TV D DT ([2], p. 277), 3RO Z — O TEME/ TR Y »
JBABIZ LT bDIZHOWT, BRILL TV AN E I DIIARATH D,

S5 3K

[1] Aikawa. H, Sets of determination for harmonic function in an NTA do-
mains, J. Math. Soc. Japan 48(1996), 299-315.

[2] Doob J. L, Classical Potential Theory and Its Probabilistic Counterpart,
Springer-Verlag, New York, 1984.

[3] Zhang X, Harmonic functions and sets of determination, PhD thesis, Mc.
Gill University, 1996.



Riemann H_E& 5 Dirichlet BEZAFIEEZ D Banach ZEfE
FH =8 (BIK-2EHR)
W th B Riemann [l R OB A DA% H(R) OEELHr2Em & L

T, BRFNBIE 4 HB(R), Dirichlet AR, 5, R Fo Dirichlet #4534 BRI
Btk HD(R) @ 2 %2f1%2 % 2 %. HB(R) I norm

(1) ull s == sup |ul

T Banach Z2[{]T&% 5. HD(R) b X norm

2) ull i = \/|u(a)|2+/du/\*du
R

Z X D Banach Z2ft], Z L CHFEIL Hilbert 22 & 72 5, HL 2 o € ROHD 5
zt: TN IR L 72\, 235D Banach 220 L TROEZR G (KA

DT [4], FIA IS DL T [7]; IS [5] 2H):
2] HB(R) (GRXIT) | HB(R) (M&FRXIL) | HD(R) (XRIufEsF)
}iﬁjlgf yes no yes
w oy yes no yes

Z DF1E Riemann O EREICH HH B E % T 5. AR n XIT Banach 22t
F 2T R ICHAERRFAICHE > TRBETH A TH H 2 FH2 FICRBICE S .

HB(R) & HD(R) \<M A<, 2 HBD(R) := HB(R) N HD(R) b LIZLIZ%
WINAHNEEE LTSNS, 4L I norm

(3) lull s = sup [u] + / du A +du
R R

® Banach 22 & LT ) . MR AT EICOWT, “Hi#l” HB(R) & HD(R) ®
“P L LT HBD(R) R EL 5 0WEEZ L D% S ZIFHROT WL 20,

(4) HBD(Wx)=HX(Wy), dimHBD(Wx)=o0c (X =B,D)

&7 % Riemann Hi Wy (X = B, D) BHAET % (BIZDWTIE 2], D IZ2W T
[6]). fiE> T HBD(Wp) (= HB(Wpg)) IZEHITH A TH RIS HBD(Wp) (=
HD(Wp)) DA TH 5. T DORRIC Z DRED G Riemann [ DR
TEICE KRS 257 & D BHBREE . U LHIZ e b 5 37 Riemann [f T & 5 HL7
FItk D Tb, X2 HBD(D) DRIBIEBIT®H % Banach 22[H], KL,

27 27 zs o lt
(5) ess. Sup |f] + \/ / / e tTQ )P dsdt < oo
eZS — 2

%z f Dnorm & ﬁ" % 0D ? Borel B%L f éﬁW) Banach 2] CE 2 Tb, HBD(D)
DI, LA DB DREILD £ VRS EIFBZ 0.




Wp & Wp i Z OREICHR O THRICH 2 FETH 555, T DOMHZ 50 5 Rid
HIPERL 1A 2 & 5 2 T4t
(6) HBD(R) < HD(R) (B %EA)
% Wi 7z 3 Riemann [0 R D#ilE% % 2 %, BlL | IEE R Dirichlet BRI E % £f
D Riemann [AIDKETH %. R D Royden FNIES IR &, ZD Lo (FEL 3£
2 RER) B Z BHE([3]), (6) 1 OR BEREBFEOEZGULRLAMTHS. Wy
VE (6) % 7o IR W X (6) 27 S RIpIch 5. FEiXx I DELM (6) 23
A2 DMEDEZ G2 5.

TE 7. ROAFHEBEWCFETH S :

(a) Banach Z# HBD(R) I3RHFH TR ;

(b) Banach Z# HBD(R) IR TR

(c) Riemann [H R ($3FF 57 Dirichlet BRI Z KD |
(d) Riemann [H R ® Royden AFIRRIEIBREZTORZRD.

SPIHFEHIECHEECG RO Riemann [fil3 fEEm o Z &4l 2 EFREELCT D H1F:5 Royden
SAIEEFUCER L 20 & B ) &2/ TRBREE D Riemann [f & WHXNL 5 %
ZEHEALT ([1)). R DFRARMEED Riemann [HITH % & Z DFAREEHR 6R D4
TORDERIZFETH S I PR ET. > TRDIENERS.

% 8. Riemann H R MWK TUNERBRER TH KA KRRIPER/FDOET
% &, 0O _LE® Banach £/ HBD(R) RN TEHEHEATHARW. i, £T
615 7c Banach Zff HBD (D) IRFAMWTHADTHHRNWEESDHEZTH .

2 R XM

[1] M. NAKAL: Genus and Classification of Riemann Surfaces, Osaka Math. J.,
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[ 2] M. NAKAL Spectral resolutions of bounded harmonic functions, Proceeding
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[6] M. NAKAL: Surfaces carrying sufficiently many Dirichlet finite harmonic
functions that are automatically bounded, J. Math. Soc. Japan (to appear).

[ 7] M. NAKAL: Nonseparability of Banach spaces of bounded harmonic functions
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On Dirichlet polyhedra for generalized
simplex groups

MR (BOTERHL)!
A &A1 (BafiRHE)

TRCOMADBPATH 2 X 9 7 n RIONHHZER H* WO n-Hk A % 1 D[
ES 5, (2 LvL O»OHAIRRIEEIICH>TH k) A D n+ 1D
1% &8 B % Ly, Ly, -+, Lyyy & Ly Ly \ICBAT 2850 Ha% R, &3 5,

A DIEEOW p 2 1 DHEIE LT, H, == {z € H" | d(x,p) < d(z,Ri(p))} &
T2E, A= H EEED, L KEFEY A DTSR v LT3,

Proposition 1. n+ 1 fHD 5 Ri(p), Ra(p), -+, Ruy1(p) 26 FHHEEIC H % 5D
TR 1OFET S, ZORZ qETDE, ¢ld ADARIICES, O

fEED k=1,2--- n+1IxL,

Api= (v € H' | d(x,p) < d(z, Ri(p), d(z, Ru(p) < d(a, Ri(p)) (i # k)

&ﬁ_z%j—%o %L: Ak C A ‘(“%éo

Proposition 2. A, 1Z A @ v, UND n HOTER L ¢ ZTERICRD n-HE
T%E)o A = U?:IIAZ' O] #] CCXEI'L\ Al QAJ C {$ € H" | d(fL’7RZ(p)) =
d(z, R;(p))} &% %, FHZ vol(A) = S wol(A) Ziizz$, O

COMELDUTDZ ED3h 5, WAL r/p (p IFEHARBDEEKR) 0L Z,
n+ 1 A (R} 13 HY OFEREMBFOBEBET T G 24K %, G
D E 2RO 2 DEOIEE T 12OWT, i p #HA L T3 Dirichlet %ififk
D,(T) EXRD & HIcEI N5,

Theorem 1. D,(I') = {z € H" | d(z,p) < d(z,R;R;(p)), Vi # j)} = AU
(U Ri(A)). FHIZ Dy(D) 1 n(n + 1) loE 2 F>M% ik Tcd %, O

References
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Trace parameters for Teichmiiller spaces

U (BT AT )
BB (BAITIEAY T

T(g,m) % (g,m) 8V —= VD Teichmiiller Z£[H] &£ § % (7272 L m & puncture
Tl <, BERIMBEOMEE), AN 29—2+m>0%2KRET S, ZDEZXT(g,m)
E(g,m) > —% > 7 D& Fuchs MOETRER L s I b, $hbb T 2FER

g
(A1, By, ... Ag, By, Cy, ..., oy« (][ AjBiA; B )Ch -+ Gy = 1)

=1

ZHOMETSE
T(g,m) = {p: T — PSL(2,R) : plah~DFEIT p(I) 12 (g, m) B Fuchs #¥ }/ %/

L DLy T (g,m) DB, ([p]) = [trp(7)| ZED %o XDFERBHTS TS,

EE 1 T OHEREDICY1,...,yn DIFAEL T (T4, oy Tyy) - T(g,m) — RY (3BHD
ABTH B,

BAR (T s oy Ty ) DSHRDIARIZ T2 5 7y, vy DALDID 5 K 9 72 N DEZINEIN (g, m)
ZEOTBMEZEZ S (ELIEm=0D L &, ZDORIEIZ Seppilia-Sorvali D
BEMIENTWZ), S22 N(g,m) > 69— 6 +3m = dim7 (g,m) TH 5,
Schmutz([3]) B ([2]) & DBIFEIC & > T OREIZ T T T

) 6g—=64+3m (m>0DLF)
N(g’m>_{6g5 (m=0mD&%)

COHTIE EORMEZ O B, 7= (7,,....,7y) (N = N(g,m)) 2
AR D L) BMEEZ S, EXIEm=0DEEIFNTA—=FHN(g,0) 1&
dim7(g,0)+1TH 205, 7(7(g,0)) C RV IIRXIC1 DEI2EMTH 553, %
DRy % E o B BRAE BARNICERT 2 2 L bilHOHIETH 5,

Bl LT, ME3OMMiMos (I as—2M20Y EiF2E, 7v 7 20t
DEEHEA LR (AL, Br, A, Ba, Az, Bs) (trA; > 0, trB; > 0) IR L TXRD & 9 7% b
L—AZERE, IN6IET(3,0) DRIBNERERZ 52 5,

a1 = trAy, by = trBy, z1 = trA, By,

ay = trAs,, by = trBsy, 29 = trAsBo,

Ty = —trBiAT By Ay, yp = —trA Ay, wy = trAyEs, (1)
uz = trBy A3 B3 A3, vy = trE 1 A3B3,  ws = trE1 A3 B3,

Z3 = tI‘Ang



ZITE, = ABA'B Y, k= 1,3, E612¢e = ayhyzg — a2 — b3 — 22 + 2,

ey = Agbozy — a2 — b3 — 23 + 2,
1
dg = 5 (—2&2 + agb% — Q1T2 — 1Y — a1a2b121 + CLQZ%)

1
+§\/ [(2(12 — apb? + a11y + a1ys + a1asb 2 — agzl)?
—4(a3 — 4b% + a%b% + bfll + ayasxy + J:g + Faiasys — 2woys + a%xng + b%a:ng
+y§ +4a1b1z1 — a‘(fblzl — 2a1b§’21 — a1b1Toy02) — 42% + a?zf + Qb%zf + a%b%zf

—Q—xgyng — 2alblzi3 + zﬂ

1
es = 3 (—a2d2 — 2e; + bgel — QoWy — aobeei 29 + elzg)

—|—%\/ [(azdy + 2e1 — byer + asws + asbrerzo — €123)°

—4(—4b§ + a%bg + b% + d% + asdseq + e% — 2dowy + a%dzwg + b§d2w2 + aseiwo
+w§ + dagbyzy — angZQ — 2a2bgzg — agbydawyzy

—422 4+ al22 + 20222 4 a2bizE + + dywyz: — 2a9by2s + zg]

LBE () ERERET,

2+ €169 + €3 — uk — v3 + w3 + uzvzzz + (1/2) (e + e2)ws2s

(2)

7w3\/(2 +e3)(4 —ui — v +ugvszg — 22) + (1/4)(e1 — €9)?(25 —4) =0

— D g(> 2) IZDWT b PEEEN A 7§ D13 RC(Ruler-Compass) 2 ([1]) T
b5,

SE X

[1] Luo, Feng, Geodesic length functions and Teichmiiller spaces, Differential Geom.
48 (1998), 275-317.

[2] Okumura, Y., Global real analytic length parameters for Teichmiiller spaces, Hi-
roshima Math. J., 26 (1996), 165-179.

[3] Schmutz, P., Die Parametrisierung des Teichmiillerraumes durch geodéatische
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74kt a7 —ihEticBET 3R E
X OB AR DR 12 DT
ML R (KRB R BB R -

1. 71 =X 2 5—Z/BD Gardiner-Masur A /87 Mt
1.1. ¥ 1 5—EHEBEHRS
X ZMRARZMENY) —<vme L, T(X)Z2X DI A Ia7—%EHET 2,
T(X)DIE X LSRR Y -V HY EESAGHR X - Y OR (Y, f)
DFEfEETH 5. S% X _EDOIEAW, FERIAN (non-peripheral) 7 HAHEARKE D
FEFE—HOESL TS, X LoHHEDZERMZ MF L EE, SFHEIHIHE
B D% % PMF E£T,

a€SEX EOMBIREEZL. y=(V,f) e T(X) I LT, Y Loz
f(a) DIRAEINE X % Ext,(a) EFH L g1, 00 € T(X) ICHL T,

1 Ext,, («)
21 Y1
2 7508 Exty, (a)

WKWEDERINDT(X) LOlEi2 Y1 25— WS (f [2). A E
S 27— BRI TH B,

1.2. Gardiner-Masur /X% MME

i (1) BBICEWT, F. Gardiner & H. Masur (354

dr(y1,12) =

gy i T(X) 2y — [S 2 a— Ext,(a)/?] € PR

MHAATH D BRIFHEAN 27 FTHLZIERR LT, BROBAEEZY A LS 2
7 —22[§]® Gardiner-Masur AV /X7 ME E WS, BHENIZE T 3 o4l
% Gardiner-Masur 585% & "0 05, T(X) £ L.

2. FfER

2.1. BEABE#R & Busemann /&

TC0,00)Z02&0EAREALTS. BBy : T - T(X)DBR2iT L&
BEABEER (almost geodesic) EWFIXILD 1 v(0) =20 TH D, FEDe > 012Xt
LT, t>s>NTohid

|dr((0),7(s)) + dr(v(s),y(t) —t] <e

il T LI N > ODEET 5, HARIIEGAHERETH 3. Liu & SuDFGE
12 & D Gardiner-Masur 2 287 MUz Fxa %2 > 27 b (horofunction

AR RHFE (RS :21540177) OBIEEZ T - bDTH 3,
* T 560-0043 ABRIFEFHTREFEILIT 1-1 KRECR2EREBE 22 R R A EIK

e-mail: miyachi@math.sci.osaka-u.ac. jp



compactification) TH 5 ([3]) . L 723> TUEREDBEHIHIAR I Ogn, T(X) IZHHRER
MERD (B 22We k. kB, ¥4t 27—l 2 B O FRER D
FEEIZDWTE A B a v 87 Muo—iltEazE oz Wi FR 2GS 2. (6]
KO [7) &2 &) . BEHHLEROMRPR £ & 72 % Bi5 5 %2 Busemann 5 & W5,

EE 1 ([7). T(X) DEFEXIU 2 ED & E, 0guT(X)IZ1E Busemann 5. C7%
WHER BT 5.

DRELTXREHS,

F 1 T(X)DEBXICH 2 Eoo & &, BEEEZER] (T(X), dr) (& CAT(0) 22Tl
2\,

%8, TORIEMasur OEH ([4]) 225 b0 250%, FEHIZERL S,

2.2. 1= 25— HIMRDER R

ro=(X,id) 2 At 27 —EMT(X)DEKET S, [F] € PMFIZHNLT, z
6% % F O Hubbard-Masur #7> (F 238AiEHIER D & Z 1% Jenkins-Strebel
W) BT 5284327 - E Ry : [0,00) — T(X) £FHL, fEED
[F] € PMFIZXLT, HBRG,,([F]) := limy.oc Pear 0 Rp(t) DHAES %,

EE 2 ([6]). Guy : PMF — 0ouT(X) ZHHTH 2. Lo Ll Tid e,

EHIZ L D ERG,, BEFHTIE R (2D LIZ 5| NORER»S b2 3) .
BAR Gy DHEHEITIT DO WTIZR DD DB,

EE 3 ([6]). F e MF - {0} B—EHNZVLI—FId L S IZHHMEARTH N
¥, G, I3 [F] € PMFICEWTHERBTH Y, WERG, G, ([F]) Itk
THfETH 5.

SE X
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A DR E L TR S 1L 5
EARiREt Sk
INEs R (SLBORHE)*
1. Introduction
ZCDICBIBDER 2 ) LTHENLET2ERT 5.
f(@)og(x) = flg(x)),

jél Ful@) = fi(@) 0 fo(z) 00 fy(z) = fi(fal- - fv(z) ).
¥ 7z,
j:sl fnlw) = Nhﬂoné Inl)

LEDD. ZORFEEAVS L, SABEBIEIRD L) ICERTES

- 2
%(COS(Q.’E) —-1)= (n& <x + L)) o (—a?).
o, —HRDOFEBI {c, } IS LT, BI%

M@:(ﬁﬂx+%ﬁoobﬁa

% 72 B, EBI c, D34 TIN5 613, BISA (2) 13 = ABEE cos o 1ITUE W IEE
ZFRORA ) EWRFCE S, RS, FIICHER T % £ & A(x) IR WIEE
ZROEA) LT 5. FHR e, 2

00
> en
n=1

PR L,
Ent1 <de, (forall n>1)

%tz $IEATFERSN E LT X

- 4n + e,

EBLLE, 2D IR LT, B A(x) IR L MHEN 2 FIIISE W S D% R
BB Les: FEOEBNLETXRTOER2ITHLT

Cn

A@) - Az +Nm)|<2 > e,
n=1+ords N
WD D, T2 TitHF ordyN 1F, dZ2EEE L TN =d202N 2 k> TEE S D
DET 5.

*e-mail: 09rc001d@rikkyo.ac. jp
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RANEEZEA 2 H 7T AXRT ML
Gy AN =RES

NEIIE (SR TR
SR~ (SUMOR SO EHRERY)

ONOIUITIID AR T FIOVSRIZEL T, L YLV b OFERITIZHE D 72 exact
2, 2E N EAVRL T LT XL ERELE ([1, 2). ZOHERRINEESEHA
ZRHT 2 ETEHIEELT 22 L8 TE 2, APRTIE, BICEHEE~DIGH & »
HEE S, S DOHEDAHIFEIZ O VTR S,

DN, A ZHHEEZHEELE T2 0 RIEFTIIEL, n(z) &2 A DIR/INSHA LT3,
¥/ B 2T § 5, n(x) O, T4bL A OEGMEEZ N, - A\ EL, Vi &
N ICRNET 2 Cr DAL EMET S, 20L&, {75 A BH IR 5 oM
{P,-,Pp;Dy,---,Dp,} TROXIICEINS,

E=P +---+Py,
A=MPi+---+\,Pp+D1+---+D,,
P\ V; ~OREATI, D; (& 31T

DGR ADARY MVSIREGS . N BRENETH Y, P, D; 12 Q(\) DIiEE
RET2HE D, Lo TINS FRIHBE L CRIEICRIT 2 2 ENHRETH 5.

FIPMEEERB R(2) = GE - A) ' %2 ADLY ARV FEVID, 2=\, DEDD
TH—J VIEHRLIEE

1 1 > X
D; + P+ Br(z—\i)

EEDLINDZZEPHAISN TS,
E 70, SN n(x) IS L T 2EBEHA U (2, y) = (n(z) —7(y))/(z —y) ZFEZ
3L MBI ELS LY IRy b A

R(z) = U(zE, A)

1
7(2)
Lo EREROC L s, n—5 VIEMS S, I P 2 = ), 0¥bh &
BERERHE D 12T 3 i C; 123 - 7 IR T Heb S 1, RO 4 %

PZ-:%;\/?I/CiR(z)z ZWF/WZEA (z)d



5512 1/n(2) OREEIRIT 2 £ 12— FRSIER b(2) %0T
1 7'(2)
| = e
)=
LA LT L (n(z) BT 5 6 HRRET O AT 3),

™'(2)

1
Pi= g /C (=, A) T = D)W, A)

ElDb, LIeho T, SOBBIIBOTHEL S DL, N HEN, RBWEFTatEn
¥ BIMMTIISHRDOFETH D, KE DD 2175 OETHERIE E BB 72\ O CTHii
O TCEBEFRAEEZEZ TS, FRFHREZRD L7 A= I3 THDHF AL XA n &
BINGHEHADRE degnr THDI LD 5. U(n,y) DERED degr —1 THBH I &
WICHHEET 5.

STHETIE, WIREETHHT 2 &) LitRETH - Tb =L Fa 7D CPU 2L
TW3 ZEMPMEICR Y, WHIFET 27D DOBRBEICEDICEREL K Ik TEL,
bNbNORIETIHTHSTHAG R E2 T 2, 2OWFTAEINT LI (HD 0T
L) RET 2 2 ETREBICIHLTE 5.

SOIHEZRIRVIES &, HIZ LR d 20 CThiud, i/ BEHAUIHE L RN
HADBEM AT THaTH L, 20, AR FL e; ITHLT, 1j(Ad)e; =0 &
%555 mj(z) BHIUITIRIIKLZT 2. HEHIC degm; < degm TH 5 DT, il
fbcE2 itk s, —MITRINSHAZITII A 26 EEICERT 2 5z s ncwn
BT, FUELHA» SR T 2 2 LItk 2, AMRICRAINE RSN r; bRELEK
oEET 2 2 LICk s, CORERMERN L EZAGDE S 2 ETHRELTE,
LbAFL b RETH 5. Lo ThilbNd ARY b IVSRETIXIE EA EDE
STCUIULDAIRETH 5. bivbiud, TOREZFHEERE A 7 4 Risa/Asir ICHEEHE
LHEERL 7228, WHHLAIR MmO T\ &b o7, EEHTIE, 2D exact RITHIA
RY P VFIREDWHNRIEIC DWW TR S,

SE X

[1] K. Ohara and S. Tajima: Spectral Decomposition and Eigenvectors of Matrices by
Residue Calculus, Proceedings of the Joint Conference of ASCM 2009 and MACIS
2009, COE Lecture Note 22, Kyushu University, 137-140.

[2] /NEDIME - HEE—: LY ARV FZAOBETIIDARY PLVafREERRY L
L, EEGRO B EHREY 7 A N7 7 &, 67-68, 2009 4F 9 H.

(3] /NEIIE - FHEE—: fTHID A7 P Vg - BE R VEFROSIUE, BERHE
ZE8% 1666(2009), 65-68.

[4] NI - R R NERSEAZ O Z X7 SV fidatE o5, £
BRI SR A .

[5] HEE— - SRRV R/MERL I & 2 DI, BORUTERZE AR .
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Maximal functions, Riesz potentials and Sobolev

embeddings on Musielak-Orlicz-Morrey spaces
of variable exponent in RY

KE 38, KBS TR - T2
R SRR - B

REF BHHE KAYRY: - BERRALRLE
TR KBRS - SR

feLl RV ITHLT, MKRBIEMfZ2RTELRT %:

1

Mf(z) =sup ———
) = 1B Lo

[f ()l dy

ZZIT, |B(x,r)| 1 B(z,r) D Lebesgue WIEZ £, XOFEIF LIS o T3,

FEA p>1,0<v<NIZHLT, H23THC >0BHFHELT,

IM fll Lo gy < Cllfl|ow@r)-

- - )~
;.;.c\._,

1/p
v == P d .
||f||LP, (RY) xEIS{I'i,I7)">O <|B CL’ r | / (z,r) | y)

a (0 <a< N)XRD Riesz R T v v )b

Lf@) = [ o=V ) dy

ZEZD, T, fIXTATMIBIET I, |f| # oo EIRET 5.

EE B (Sobolev DAER). 1 <p<v/allNLT, HHEHC >0DHFELT,
[ ol gy < Cllf o @mn)-

ZZIT, 1pr=1/p—a/v.

ARFHEHTIE, EHA BOWRZIT). DI, ZEifEEp(-) X
(p1) 1 <inf,ern p(z) < supyegy p(z) < 00;
(p2) Ip(x) —p(y)l < C/log(1/|z —yl) (= -yl <1/e);
(p3) Ip(x) —p(y)| < C/log(e +|z])  (ly| = |z[/2)
Zi L, ZEHEE () 12
(ql) —oo <inf,erw q(2) < sup,epn () < 00
(a2) la(z) — q(y)| < C/log(log(1/]z —yl))  (Ja —y| < 1/€)

1



Wiz $THDEEZ, O(v,t) =t (log(co + 1)1 T2, ARMBEE (), B() IF
(r1) 0 <inf,cgny v(z) < sup,egy v(z) < N;

(B1) —oo < inf,egn B(z) < sup,epy B(x) < o0;

(B2) t"@(log(e + 1))@ <Ct¥  (x e RVt >1)

Zi7eTbDEEZ, k(z,r)=r"@logle+r+1/r)f® 525, ZDLE,

k(z,r)

| lLes@mnyy =1nf S A >0: sup
" serrso 1B )] S

Dy, | f(y)|/Ndy < 1} < o
27T RY Lo MBI f 205 7 2 BIBCERZ L05RY) T2 (1), [2)).

EIE1 HIERC > 0FELT,

| M fl|Lon@mny < CllfllLox@mny-

W(x,t) = {t(log(e + £)1@/P@) (log(e + t +1/£)2 @M@ Y@ ¥ g7 = 2z
1/p*(z) = 1/p(x) — a(z)/v(z) £ L, 51T, FF

(al) 0 < inf a(z) < sup a(z) < N;
zeRN z€RN

(v2) Jv(z) —v(y)l < C/logle + |z])  (lyl = |=[/2);
(val) essinf(v(z)/p(z) — alx)) > 0;
(va2) essinf (v(z)/p(o0) —alx)) >0 (lim p(x) = p(c0))

z€RN\B(0,1) T—00

Zii L d 5,

I 2. RN Lo HIER% f 1% [ fllLom@myy <1 i dbDETE, ZDEE, b
LEBC > 0 BFEL T,
K(z,1)

sup
2€RN r>0 |B(Z> T)‘ B(z,r)

V(@, Ha@ f(2)]) de < C.

Ao, [Blick b, FREHL 21%, XD BD O,k ICIERTE S,

B2

[1] D. Cruz-Uribe and A. Fiorenza, Llog L results for the maximal operator in vari-
able L? spaces, Trans. Amer. Math. Soc. 361 (2009), 2631-2647.

[2] Y. Mizuta, E. Nakai, T. Ohno and T. Shimomura, Riesz potentials and Sobolev
embeddings on Morrey spaces of variable exponent, to appear in Complex Var.
Elliptic Equ.

[3] Y. Mizuta, E. Nakai, T. Ohno and T. Shimomura, Maximal functions, Riesz
potentials and Sobolev embeddings on Musielak-Orlicz-Morrey spaces of variable
exponent in R"™, to appear in Rev. Mat. Complut.
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Boundedness of maximal operators and Sobolev’s inequality
on Musielak-Orlicz-Morrey spaces

HifH 3z INEBRFEER

KH ik IR IR - LA

KB BEfE ROTRYE - BOERAERAS
A JRERFRAYE - BEFot7est

AT, Musielak-Orlicz-Morrey Z2IIC 81 2R IEHZE M OFHRMEL, %2
Nz al) (0<al) < N)RD Riesz BT V¥ vV Ly, f(x) D Sobolev DAL
HIZOWTHNT 5.

BB ®(2,t) = tp(a,t) BRZW T HDEFZ 5 ¢

(@1) ¢(-,t) 1F RN EAHIBIET o(x, ) 1Z [0, 00) LGRS TH 2 ;
(B2) A > 1 DEFEELT, A7 < d(z,1) < A (v € RV);
(®3) ¢(z,) X RY E—RRUIMMBISCH B, DF D, T A, > I BEELT,
$z,t) < Asp(z,s) (v €RY,0<t < s);
(P4) EB A3 > 1 BHEL T, ¢(x,2t) < Asp(x,t) (v € RNt > 0);
(®5) Yy > 01X LT, EHB, > 1 DFEL T,
o(z,1) < Byg(y,t) (Jz —y| <4tV 0 > 1);
(@6) B%g € L'RV)(0 < g(x) < 1) LEB By > 1 DIFEL T,
B ®(w,1) < ®(2',t) < Bu®(2,t) (|2'] > |2], 9(z) <t < 1)
(®3*) B2 o> 01X LT, ¢ t=0¢(x,t) 1% (0, 00) E—HRIKBIEMBI%TH 2.
S50, BBk(n,r) BREWETOOEELS
(k1) T Q) > 1 DFHEL T, w(x,2r) < Qiw(z,r) (€ RN,r > 0);
(k2) % >0 LT, rru(z,r) X (0,00) L—HRIKEIE MBS TH % 5
(k3) BB Q2 > 1 DMFAEL T,
Q5 ' min(1, V) < k(z,r) < Qamax(1, 1) (z € RN, r > 0).
ZDLE,

k(z,T)

||f||Lq>,K(RN) = inf{/\ >0: sup /B( )@(y, lf )]/ N)dy < 1} < 00

z€RN r>0 |B($7 ’f’)|

Z7 T RY Lo MBI f b5 7 B BIRCERE L9 RY) £ 3 ([2, 3)).

T H5EMC > 00FEL T,

||Mf||L<>=~(RN) < CHfHL‘I’vK(RN)-




PUF T,
(al) 0 < inf a(z) < sup a(z) < N;

zeR zeRN
(k4) K(z,-) IFEGRIETDH 5
ZREL, O(x,t),k(x,r), alr) DREIIIRDOEREH 2 LT 5:

(Pra) H%e >0 LT, r— rt@d (g, k(z, 7)) 1Z (0, 00) L—BRIKEHHA B
BThs, T2, Fl(z,s)=sup{t >0; F(x,t) < s}.

X 61T, K& TR O (t) = tooo(t) DEFAERKET 5 -
(Bool) EHBoo > 1 DMFIEL T, BL®(x,1) < Poo(t) < Boo®(a, ) (glz) <t < 1);
(002) EH oo > 1 DHHEL T, Puo(g* (1)) < coo(l+ J2))™N (2 € RN). T2,
g*(x) = max(g(z), Mg(z)) ;
(Pook) B0 <y < NIZHLT, r— 70 k(x,r)™) 13 [1,00) BRI INES

HThH D,
(Puokir) B >0 LT, ris reto@o N (k(z,r)™h) 1&[1, 00) E—ERIKELHEA B %L
TH 5.

BB U (2, 0) IZRZWG - THDE2EZS ¢
(1) (-, 1) 13 RN _EATHIBESCT W(, -) 13 [0, 00) LRI TdH 2 ;
(U2) W(z,-) 1 [0,00) L—HRIEIEMBIE TS % ;
(U3) EB A, > 1 DFHEL T,
U (z,th (2, @(x,1)71)*@) < A, @(x,t) (2 € RV, > 0).

T2 HBEHC > 0BEELT, |flpomme <1 &l TEED f e L¥(RY)
IcHtL,

- 2, [ag@) f(2)]/C) de < 1.

zERN r>0 | (z,7)

AEORIZ, 1)1k s, FEHE21E, X BAEMBEEORT Y YLD
LEIHRTE 5,

S0

[1] F-Y. Maeda, Y. Mizuta, T. Ohno and T. Shimomura, Boundedness of maximal
operators and Sobolev’s inequality on Musielak-Orlicz-Morrey spaces, preprint.

[2] Y. Mizuta, E. Nakai, T. Ohno and T. Shimomura, Maximal functions, Riesz
potentials and Sobolev embeddings on Musielak-Orlicz-Morrey spaces of variable
exponent in R", to appear in Rev. Mat. Complut.

[3] J. Musielak, Orlicz Spaces and Modular Spaces, Lecture Notes in Math. 1034,
Springer-Verlag, 1983.
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[terated maximal functions in variable exponent
Lebesgue spaces

Petteri Harjulehto University of Helsinki

Peter Héasto University of Oulu
VINEERETN JRES TR - T
TR JRES KRR - BOEEWERE

Based on Diening [2], Cruz-Uribe, Fiorenza and Neugebauer [1] and
Nekvinda [6] established, independently, that the maximal operator is bounded
on LPO)(R™) provided p is log-Hélder continuous and satisfies 1 < p~ =
inf,ern p(z) < sup,epnp(z) = pt < co. In this talk, we discuss the iterated
Hardy-Littlewood maximal operator in variable exponent Lebesgue spaces
with exponent allowed to reach the value 1.

Let Q C R" be an open set. For f € L} (Q) and A C R" with positive
finite measure we write

fo=f san= 14 [ sy

By M we denote the centered Hardy-Littlewood maximal operator, M f(x) =
Sup;~o |f|B(:m)-

Let p: Q — [1,00) be a measurable function, which we call a variable
exponent. To consider the boundedness of the maximal operator when p~ =
1, it is necessary to move beyond Lebesgue spaces with variable exponent, to
the framework of Musielak—Orlicz spaces. Recall that the Orlicz—Musielak
space with modular ®(z,t) is defined by the Luxemburg type-norm

[ fllze@) = inf{/\>0: /Q(I)(I, @) dx < 1}.

The following function plays an important role:
log(e+ [t]), for [t| <e’ —e
q/JP(t) = { e’
e+lt]
Note that ¢ — tP1,(t) is convex on [0, 00) and that

2p — P, for|t| > e” —e.

S 0olt) < min {9, Tog(e + 1)} < ().

To describe the result, we introduce the abbreviation || f| ;¢ g . Lk (L)
LYy

for the Musielak—Orlicz space with modular

(1) = [t (x, [t]) ey, (1) (k € Z*).

We assume that ¥ is a function of logarithmic type such that ® is convex.

More specifically:

(1) there exists ¢; > 0 such that U(x,t?) < ;¥ (z,t) for x € Qand ¢ > 1;

(¥2) there exists ¢; > 0 such that ¥(z,t) < cVU(y,t) when z € Q, y €
B(z,r)NQand t € [1,r7"];



(¥3) inf, ¥(z,0) > 0 and sup, ¥(z,t) < oo for every t > 0; and
(¥4) t — U(z,t) is increasing on [0, co).

Let o € C(2). We say that « is log-Holder continuous if there exists

Clog > 0 so that

< Clog
log(e +1/[z —yl)

|la(z) — aly)]
for all x,y € Q.

Theorem 1. Let 0 C R™ be a bounded open domain, let p: £ — R be
log-Holder continuous with 1 < p~ < p™ < oo, and suppose that ¥ satisfies
conditions (V1)—(¥4). Then

IM* £l rorw.nye) < CHf||Lp(-)@(-,L)lp';(,)(L)(Qy

Theorem 2. Let B C R" be a ball, and let p: B — R be log-Holder
continuous with 1 < p~ < p™ < co. Then

M¥*fe LPY)(B) ifand only if f € LPY¢k (L)(B).
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B O Fatou e &, Juliafe & D
NEFHRIPEE NS DT
A EH (EERTFRTPE AR - BRETFHER*
il =
ARG CIIEEFEE S O Fatou £ 4, JuliaE & OAARBIPEEIZ DU
TR 5. BARMICIX
- Julia 8£ & O#LE
« Julia 254 O JR AmE G
« Fatou il 5y DAL L
- Julia B4y DAL FEEGMEE
WIZOWTAETIZMONTWDRER ESBOME, 22 O%E
(2B L CH T L 2 R RIE DO W < OO W TR T 5.

1. %{&

[ AR, AL, EFEFE C AR TENTEZEATIIRWwWbDE L, ™
TfOnFEERERT D LT D, ERDFROVIE T b EARNRAEEET
&% Fatouf & F(f), Julia £& J(f) TR TERIND :

F(f) == {2€C|zDbBITEE U BEFEL{f o}, DESBKE RS}
J(f) = C\F(f).

2L {f|o} BIERETH D LT { "o} OEEOES5F1AS K3 —HEI 5y
Flagtrl L ano. ERICEY F(f) BBES, £72 J(f) ZHEATHS. f
WEEA (F—RICHEEE) OB, J(f) 1% C (F7=—fKIZ Riemann EKifi
C:=CU{oc})Dar 3y MEALRDA, [ NBEEEROEEE J(f) 1 C
DALY FTROVHES, Ko TRICIFARER LD, J(f) ICHERER oo
ERHIMATC OBBEALELD L LAETEDD. - OERITERAIR
WE DL AICRA SN TS ([Ber]) L, F7z JuliaE & OO E & 2 55
BlcBASD Z b H D (Kil], [Kr], KrK] &R EE2BM) . 2ok ) IcEH
THLIHIECOaL s MEALARY, J(f) TN TL< 25 (521 BH) |
Ls BRI f 0 7755 & LT AR FRZERNITEZ i C Téd Y Riemann
Bii C TRV, ¥R oo 1T fOEMBRATHEND f 2 C LO¥%
ELTHRIHET 2 Z LIETERVNLTHD.

WORERITEARNTH 5.

e 1.1. (1) F(f) & J(f) ITEEFZE (completely invariant), HlH

FE) S E), [TUF) S F),  fUIW) ST, FU) S I(S)

2010 Mathematics Subject Classification: 37F10, 30D05
F—U— F I, Fatou 4, JuliafEd, Fatouflsy, Julia sy
* T 606-8501 HUAR 72 UK i I ZAKART U B R R AR - BREGEAFIERE SRl i e
e-mail: kisaka@math.h.kyoto-u.ac.jp




T,

(2) F(fr)=F(), JU)=J).

AR 1.2, Picard DFSMEZ RO XL 572 f (BT e*) 1Tk LTIE (1) TEDOH

GEMRE D ERBH DN, TOHET1 A THD. F7- Picard DFRIME % FFi= 72
WA IXEICEE DT 5.

E&E 1.3. (1) F(f) R U % f O Fatou % (Fatou component) &
YN

(2) Fatouplsr U AMEEDm,n e N, (m#n)Zx LT f™U)N fA(U) =0 %
=9 & &, #EESEE (wandering domain) & 9.

(3) fro(U) CU &Wil=d ng e N3 5 L =, U ZJEH ng ODRKARLS (periodic
component) &5 (72721 ng 1 fM(U) CU 7225 ndD 5 LE/IDOHD) .

(4) f™U) (m e N) AR Th 2D & &, U ZRiIEAHKS (preperiodic com-
ponent) &V 9. FEIZAHIAS) & RIEBIAG) Z Kb L CRIBEZIS (eventually

periodic component) &> 9.

FZIEA (F2IE—BICAEREEE) O L& X ITEEFIIIFE L2V (Sullivan
D No Wandering Domain Theorem [Su, p.404, Theorem 1]) 73, B D &

JIFEEEEE b ORAE R L2 b TS ([Bal], [Ba3], [Ba5], [Ba6],
[BD2} [Ber|, [DO] [EL1], [EL2], [KS|%Z&M) . B IOV TIIRMN
AL B (Bl 20X [Ber] ZMR)

EIHE 1.4 (J‘Jﬁﬂm DFETEIR). WEEEEE f O Fatou B &AM U 13k
D 4D\ fﬁéhé (772U mg 2 U ORAMETD)

Loz €U T f1(z) = 200 [(f)(20)] < 1 Zil7=FbOWIEEL, (FEO
z € UL fmok(2) — 29, (k — o0) Ziili7= 7. 4 20 & WKEIEHR (attracting
periodic point) &\, U ZIR5|ig (attractive basin) &\ 9.

2. 29 € OU T f™(29) = 29 (G : nylng 725 ny T f"(29) = 20 & 725 AlHEME

D), (fm)(20) =1 ZWTLOBEEL, [EED 2z € U X froh(z) —

2o, (k — 00) ZW7= 3. sl 2o Z MR EHR (parabolic periodic point)
LV, Uz R5E (parabolic basin) & 5.

3. 20 €U T f(2) = 20, (f™)(20) =¥ (0 € R\ Q) #{li7=3 b DOIAF
EL, fo|U IZHEALFR D EoSEREEER G 2 — 202 (RT3
725, 2y HEEMPIEHS (irrationally indifferent periodic point)
L, U % Siegel AR (Siegel disk) &9

4ATED 2z € U 1L f*(2) - oo, (k — o0) Ziii7=9. U % Baker 85
(Baker domain) &\ 9.

AR 1.5, BEERE O G ICIE Herman BRITAFA/E L2V, ZHEZHAOSE
LFBRT, RAEREZ AW TRTZENTE D,



EE 1.6. f'(c) =0 7255, HIBERRSR (critical point) ¢ D f(c) ZERFE
(critical value) &\ 9. F7=H MR L(t) (0<t<1) T

lim L,(t) = oo, lim f(L(t)) = p.
7T b ONFET D E X, p Z#NHA{E (asymptotic value) &\ 5. EESE
LT d KON D OERN A HEME (singular value) & W\, FRREAK
DEA% sing(f~1) TRT. T ObDLIGENEHFET) ESERTER
WEOIBRRERTHS. i

P(f) == | J f(sing(f 1))

% f @ post-singular set &\ 9.

2. Julia& & DEFMHE

2.1. J(f) U {oo} C C miEfktt

J(f) C C O % #2801 J(f) U {0} C C DBFEIEIC SN TS,

J(f)U{ociZC o a3y MEAIZR DD TRO—IRFEIAEZ S ([Bea, p8l,

Proposition 5.1.5]).

@21 KCCaav57 MERLT D, WIERETHS -
(1) K 3adERs. (i) K OfES K¢ ORI,

IhE K=J(f)u{cc} & LTHEATS. ZNIZIT K¢ = F(f) D%y, AlH

% Fatou iRy WHEFE TH L0 E I 0Ek RHMNENRHDH. T T,

EE 2.2. Ik U Cc COEHE (connectivity) conn(U) %

conn(U) := C \ U DEAERS D%

LEFHRT D (comn(U) =00 bdV1HD) .
Fatou ik /3 DESEEEIZ DWW TR DM 5TV 5 ([Ber, p.165, Theorem 9] 2 1#).
i 2.3. F(f) ORI THER TH 5.

X o TL EE 72 Fatou BN TR IR 22 573, ZAUTROFE RS
WICHRIC2 S ([Ba2) .

FIHE 2.4 (Baker, 1975). A 572 Fatou il 3 HERE TH 5.
UboZ b Embkprasnd ([Ki3, p.191, Theorem 1)) .

FHE 2.5 (K, 1998). KIXFETH D :
(1) J(f)u{ooc} c CITlHETH 5.  (2) f 1EZ EHE /BRI A 5572 70\,



Lo THEERERTEAEER A 72720 & 5 KB FTHEJ(f) U {oo} € C 1S
Thb. TDOIHOHEMEE NS DTS

% 2.6 (K, 1998). L FOWFIAOSEMEFT J(f)U{oo} c CIZEFETH S -
(1) feB:={f|sing(f ) IFTHEREA}.

(2) f IFFEH e Fatou il % B .

(3) MR L(t) (0 <t <1) TlimL(t) = oo &L, fIL BHRERDHOH
FAET 5. BRI ZOEMT f PAERRENIEA RO & 2Tl Shs.

2.2. J(f) C C oESEME
WIZ J(f) € C DEFENEZHONTERT L. fALHEAD & S ITITROA4 725
H2H %5 ([Bea, p.202, Theorem 9.5.1]) .
g 2.7. f NEELD L E, RIFFEETH 5.

(1) J(f) T#AE. (1) oo LSO f OIEE O S OWIEITA K.
L AN fNEBEEE D L ZITROBIDRT L DI, TOFBUIRY YLz 20,
5l 2.8. (1) (|DG]) fFEHEE Er(z) == Ne* BB AELE py ZFFo L& Bz
T 0<A<1/e), py ODWSIRUN (PR TREEAFLICRY F(E)) & 8T 5.
ZobE J(E) IEEETH D, FIZFELL, ¢: D — Uy U, ® Riemann 5
{%& IJ’

Ouo := {€ | (") := li/r‘r% p(re'?) = 0o} C OD

LEL L Oy 120D THETH S.

(2) FEEHE E\(z) = Ne® OME—DFRFEAE 0 28 E}(0) — oo (n — 00) Zii /=
LE WIZIE NS 1/e), J(Ey) =C L70, iz J(E) 1 TH5 ([De,
p.295] ZH) .

Fo T BDFHEEBEZDNEND L. % 2T f 13IEA 72 Fatou K5y & Ffo
MEIMTHEFTLTERD.

(I) f2IEA 72 Fatou ko & FRlc 72 WG G

WAL Y ST ([Ki3, p.192, Theorem 2|) :

FHE 2.9 (K, 1998). X TD Fatou il 23 F > HERE TH AL J(f) 130E
chs.

RITEE25 LEH29MOEBICHE S ([Ki3, p.192, Corollary 2]) .

% 2.10 (K, 1998). f®Fatouf/midT X THRATHLETH. D& & J(f) C
C A TH D &L J(f)U{oo) C C A TH 2 = & IXFAETH 5.

EE 2.11. f O Fatou i BT X THRIRDTZODEENRLLTD L HI2nAn
HEMBNTND =



(i) ([Ba4, Theorem 2]) 1 < 3p < 3, log M (r) = O((logr)?) (r — o0), 7=72L

M(r) := sup | f(2)].

|zl=r

(ii) ([St, Theorem B]) e € (0,1), loglog M(r) < _(logr)z (r: +52K).

(loglogr)®
(ifi) ([St, Theorem C]) f O p(f) < 1/2 T% I, (r = o0), T
2L
p(f) = limsup M.
r—o0 log r

S (1) TR 1) 2O b DI >TND. THHDHRENRE ZETRD LI
LIMFIRMETH Y, ROXLHIITTFHRINATHD ([Bad]) .

F18 A (Baker) : p(f) < 1/2, £721% p(f) = 1/2 T minimal type (Al'5H,
lim sup log M(r) =0) 725 f OFatou imid T X THERTHD.

r—00 rP(f)
COTRICE L TS DN H D NE D & 2 ARMRTH S, FERHR
Z e T HIZFE LW D D TEIRE K.

(IT) f23IEAH 72 Fatou ik U % Fi 254
ZOLEXEH24 XY UIFHEFEZ2O CRiemann 58 o : D - UNE X HLD.
£Z T

O = {7 | 311}1% o(re?) =: p(e’) = co} C OD

LB bLPO,>2 T 5
@Gm%|0§r<1}Uﬁ€%|O§r<1D(:M (01,05 € O, 01 # 05)

X BN EATDTEF(f)NOD Jordan #iff & 720, J(f) & CHND 2 DOFXHI 72 B
LEBITHT D, KoTJ(f) 1IRdREE 2%, LFO#ER ([Ki3, Main Theorem)])
X O IZHTDHEDTHY, ZDFRE LTHRIZ J(f) OIERIEDRTED .

FHE 2.12 (K, 1998). f Z@BEHE, U Z23EA 7288 Fatou 7 TE O
JEAZ ng &4 5. WORXMEEZEZD -

(A) oo € OU 1% U M HEIERHE (accessible), HID, & 2 EfEHHR () (0 <t <
1)cU “C%l_r)r}’y(t) =00 725 b DRIFAE.

(B) %25 ¢ € 0U T q ¢ P(f™) il b0 &, i Ct) (0<t<1) T
CHcUO<t<1), C(1)=q&ili=L, »5moeNIZXIL fm(C) > C
ERDLONFHET D.



ZZTROWT NN ERET S -
(1) U IF%51HET (A), (B) &=
(2) U liﬁ&%iﬂ%ﬁ@lfﬁﬁf“ (A), (B) &7z
(3) U I Siegel AR T (A) Zlili7= 7.
(4) U (T Baker T (B) Zfiti/= L, f™|U [THIEETIERW.
ok, (1), (2), 3)DHFEIT O :ta]D) THRETHDH. (4) DBFEIE O, 1
OD THED, 72130, 130D O DERELSEET.
FRZ WThoBas J(f) 1BPREETH 5.

%7, | IR Fatow R AR D, Lk J(f) C C 2SI/ 5 2 bbb
% ([Ki3, p.194, Theorem 4]) .

il 2.13 (K, 1998). f(2) =2—log2+ 2z — e* [T R% 72 Baker fHIk U T f|U 2
HEZRDBDERD, J(f) ITEETHD.

Z D%, EH2121XRO L S Ik B &7z ([BD1, p.439, Theorem 1.1, Theorem
1.2, Corollary 1.3]) .

FH 2.14 (Baker-Dominguez, 1999). EEE2.12135:44 (B) 72 L T Y S20.

EE 215, (1) S (A) 207z S 720 IEF R 722 E IR Fatou iy O3 5T
VNVRUY, FE 72 Baker EIBITHIC (A) 27292 B ILTW S ([Ba7, Theorem
9)) . 22T,

¥ B FEHRREAH Fatouky U IOV T, oo 1F U N LEERFETH
5. FRCERL 21213544 (A), (B) 72 L THONLT 5.

(2) = OfERTiE Baker fEIRD & & 7211 1ZMM OB AT ELATH LB LS
HILTWRV, Baker fHID Oy 12OV T D THIEIZ72 5 X9 2pilidzn s i
TW5 (BIZIE f(z) =2+ 1+e* ([BDL, §7])) 2%, FABIZ/2 S22 L 5 72601%
HHILTWRY., £ T,

FH8 C: Baker (U T f|U BNHEIETITRNHDIZK L, Oy 1% 0D THlE
Thb.

I(f) OB
ZOEITIE J(f) DRFTEFEEICONWTEET L. fRZEA (i icaH
) D& EFFIAITROBLIMERDD 5.

e 3.1. f # 2 (FT MWICHEEH) L, J(f) TEfE T ET5.
H L f AR (hyperbolic) ToHhiL J(f) IXRATERE TH 5.

E AN f PEBEEEEERO L Z T RITIXZ 0 Z ST TE RV, KRS f B
FEA S AN Fatou 55y & FF O A IIZR AL Y S22 ([Ki2, p.115, Theorem
B)) .



T 3.2 (K, 1997). f BIEAREBE Fatou iy U 2> & L, UlEkDOW
TN THD ERET S :

(1) sk, (2) Mwfksig, (3) Siegel 4K,

(4) Baker fEIK T frolU 28 d %1 (1<d<00) &5 6D (ng 13 U OFEH) .
ok E J(f)u{oo} C CIRRFTERE TRV, £ J(f) C C bR TR,

AECIEEICRD 2 22 WS,
FHE 3.3 ([W]). =87 MEA K c C RIS Th 2 2 L &

(i) K¢ (= K ORtES) ORIy O R YRS,

(ii) fEED e > 0 2% LT K¢ OERERRS THEHAED ¢ LD REWHOITARE,
D2 KNI END 2 & EIFFEETH D,

T 3.4 (K, 1997 [Ki2]). [ 234572 8H Fatou iy U 28> & L, Ul
KOWTNINTH D ERET S

(1) Weslk, (2) BRWSI8L,  (3) Siegel HK,

(4) Baker ST f|U B dxf1(2<d<o0) &% bD (ngl1x U DJEH)
ZOLE U U {oo} C C IHRFTERE T2V, £720U C C bIJRFTERE TR

Z D%, TH3.21XBaker & Dominguez (2 & > TRO FEIZHRFERICHRE S -
([BD2, p.374, Theorem EJ) .

EI 3.5 (Baker-Dominguez, 2000). f 23FEH 57 B Fatou iy U % F5>
L, UldROWTNNTH D EIRET D ¢

(1) W5k, (2) HKTIWs1E,  (3) Siegel K,

(4) Baker ST f7o|U ZHEE TR (ng 13 U OJEHI) .

ZD&E J(f) C CIEEED R TRATER TRV,

DEEFLDBERODESIZRB

THE 3.6. f NG Fatou iy U 2F5> & & J(f) € CIERpAnER T
720N,

—J7, [ DA T Fatou iy 2 FFi2 2 WIGEIZIX J(f) € C 2R & 72
5ZEbHH% (M, p.272, Theorem 7)) .
EI 3.7 (Morosawa, 1999). g,(z) := ae*{z — (1 —a)}e* (a > 1) &F D&
J(go) 1FJRPTERSTH Y, HIZ Sierpinski carpet ThH 5.
M] TiX J(f) € C BRnER: & 22720 D+ R ERET N TWDHA (M,
p.268, Theorem 2|, FEANIENS) , ZAuL f nZHEA (F3—MRICHFEHEE) ©
EE O (31 OBEETHD.



4. Fatou fi 5 DEEE

§2 Tib_7= LV, ZEER; 7 Fatou il I3 A Rl EFIKCTH D Z &b
L, TDLX 2L OORMOHITBaker iZ k> THX bz (BLFD 2 2Dk
& ([Bal, p.206 Statement (A), p.210 Theorem 1], [Ba3, p.174, Theorem]) (Z
X25).

FEH 4.1 (Baker, 1963 [Bal]). HEIEHEL g(2 )VC%ELFﬁEF&tOHEE U (Hp
b, conn(U) > 2%&0li7=F) ZFOLONFET H. BAERITI

g(z) = C2* ﬁ (1 + %)

n=1

MNEITHD. 27ZLC>0, ry>110%
Cexp <3) <1l, Cri>1
1

T ERTHY, r, (T

T1 T2 Tn

TE#RIND.

EH 4.2 (Baker, 1976 [Ba3]). E# 4.1 OZ EERE 72 Fatou fisy U 1 XiEE IR
ThD.

Z OB OFEEFEIROHEFEE X S TIE R0 o 728, & D% Baker IX[FAE D FIE
ZRHWTERER (H1S conn(U) = co) ZRiEEMFRAHR L7- ([Ba6, p.164,
Theorem 2]) .

TEHE 4.3 (Baker, 1985 [Ba6]). BEEEH g(z) THEEREE b ERE U (A
H, conn(U) = oo Zii7ed) ZFOLONFET D, BRI

9(z) = 02ﬁ (1 +%>2

j=1
MNEITHD. 2720 C>0, r >110%
1
0<C< 1= 20710 > 21y, (noldd D H AR
BT ERTHY, r, i 1<n<ngiZxfL T

Tni1 > 21, (n < ng)

ZWIZT L OICEEL, n > no (6 LTI LR

2 2 2
rn+1:C'2<l+T—n> <1+T_"> ...<1+T_”>7 n=mngng+1,- -
T1 T2 Tn

ERSND.



Z DR TIIRORBER R TH o T- -

%8 4.4 (Bergweiler, [Ber, Question 7]). AR EEE % ¢ Ol @RI 377
ET 5023 L<IE, pe NIZHL, conn(U) = p & 72 HlEERESIIFIET 25002

FTICU ZlEEEkE Lz E &, conn(f™(U)) IZ2WTRAEANLT D ([KS,
p.219, Theorem A]) .

EH 4.5 (K-Shishikura, 2008). #EHEEE f ANIGEHEK U 2fFHoL &, @
FEEE conn(f™(U)) X+ R&ER n 2 LTI —EETHY, Ziul, 2 £21X
0 Thd (ZhzEUDOKRBESRE (eventual connectivity) & \V9) . & e
FEEN 1 OLEE T conn(U) =1 THDH. FKREMEEN 20 L 3 HokE
REED n I LT f: (D) — (D) MBI OWEEH TH 5.

R 4412k 2E 213k CThH 2 b b ([KS, p.219~220, Theorem B, Theorem
Q) .

FH 4.6 (K-Shishikura, 2008). (1) @EIEHE f ClEEER U 2£55, f(U)
DPMEE DN > 012k L 2 HERIZ R D b ONFET 5.

(2) fEED p e N6 UBBEERE f CliEss U 285, conn(U) = p,
conn(f*(U)) =2 ("n > 1) Z¥/= T b OMPFET S

FAE I Baker O X 5 I[ZHEERFEFR R CTHIZ 52 5 D TR, #BEM TN (quasi-
conformal surgery) DOFIEIZLD. Lo T f OBEERRF RV,

5, Bergweiler & Zheng 23 E B 4.1 Ol BN EREE THDH Z L 2R L
&R F LTS ([BerZ, p.3, Theorem 1.2 D =1 X 2 1]).

5. Julia B> DAIAEAIMEE
§2DEF2.9 K0, J(f) BIFEAER S fITIEA R Fatou o)~ F 72132 B
72 Fatou i & FF2 2 L bnnd . ZOHITIEHBEOSHEIC J(f) OERERTIC
ONTHELETD.
EE 5.1. (1) JuliafE A OGRS % Julia % (Julia component) &\ 5.
(2) z € J(f) MEED Fatouplisy U I LT 2 ¢ U &= d L&, 2 2BE
= (buried point) &\ 9.
(3)

Jo(f) :={z€ J(f) | z 1B }
ZE|R Juliafk & (residual Julia set) &1 5.
(4) Juliahksy C 23C C Jo(f) Ziil=9 & &, C %185 (buried component)
L.
[N EEFE R E I A RO & Z2IE, TRTO Julla B AE R D 2 &
Whind., —MIZC Z Jullafisr &35 L f(C) b Julia K272, £ O#IE
{f(O)}2, WBEALNDD, TABPARTHD L &I C OAARRPEEIZ SN
TUWNRES (Ki6]. MRk RIc oW Tk [Kid], [Ki5| 22 H) .



THE 5.2 (K). f 2@ g oL@t 2lEEfEkE bobo L L, C % Julia
oy CHRPEZF S b D LT L. ZDLE

(1) 52X g BFEEL, C X J(g) Do D Julia il IHEEA G LV [F
MIZ7e 5.

(2) C 78 full (A1H, MtEA C°=C\ C 2EfE) 2 51F, CIFEEHY TH 5.
(3) C Mk Juliafksy (A1, fm(C)N f(C)=0, "m#n) 7 HIXC 11 HH
J#% 453 (buried singleton component) T&k 5.

(4) BOEEAMIA plzxt L, p&EETe Juliafksra C(p) TRITZ LI2T 5. Clp) B
full 72 5 C(p) 13K D TH 5. C(p) 2 full TRIFIUE, WA C(p)° DY
$H W sk, BRI SIK, F7213 Siegel I & ZDHBT-HNHRSD. p Ik
B DWW, ARGk, F 721X Siegel AR OEEFUTIENR Y, HE S THD.

5T Osborne [ZEHL 5.2 DFEH THWOHIL D HIEIZ XY, f O fast escaping set
A(f):={z€C|7LeN, neN, [f"(z)]| > M"(R, f)}

73 spider’s web I[Z72 235A512, & DOHIEA OBEAER IOV TER 5.2 & [FERD

FEREFG TS GEIIIRS. [O] M) .

SFE 5.3, (1) WO J(f)£0 Lhenh, HiL, WO SNTFEET 5020
TIFFERIZITH LN TW W, fOFBEEERO & 2 ITITROTFEREL T
b5

F3 D (Makienko) : fRHHEEHEO L E, Jo(f) £ 0 LR DDIXF(f) %R
RERGBPAELIRNE &, OTDLEIZRD.

[EEREERE D L XX f O T AEFIRTIUIREO PERE Z b D,
— KD fIZOWTIIENTIERVY. £ T,

BE E : fOEEREEHOLE, Jh(f)#£0 LRDTODOUEFZEEE 52 L.
Z ORI HOWTIE [DFIZEE LWFERR A 6 2 O TS &

(2) Juliafksy C OHLENIEFRDO & EORERITERDO L > THDH. 22T,
FIRE F o A R 72e80E 2 £ Julia B2y O BIPER I SV TR L.

(3) ZofiTWbiRmoT A, AL, J(f) BIEEFET f ABIEA 72 Fatou ik
FEFOGEICH Julia o ICBT 2/ RITVW<H0d 5 ([DF) . LarLEN
SDITEMARRZ fIZT 20D THY, —EMIZITIZEAEMB 0o TN E
Hbiha., £Z T,

fIfE G : J(f) DFEEFE T f 2IEA R 722 Fatou sy 2 FF>5E 12O\, Julia
%4y DALABRIME 2 Fi -~ L.
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Hirzebruch il & C* D a v 37 L
FHBHE - o Bk

Abstract

R 2 v %y MERINTE M B XM ISB T 2HIRK00 1 OREFTIE
G CTM—C=C? RUERIER) %24 (M,C) 2 C* ®a v 37 M
LR, ZDLEE, C DEFIETOBUE M DEE2 Xy FE by(M) IZFEL W,
7z, SRR 1E nodes Z Fi7c H IR CH 2 HD D 5. bo(M) =1
DRfIE, M 2P? 5D C 2PHIHFEERTH S, by(M) =2 Dlkfld

(1) M =T, (Hirzebruch Hhi)
(2) C=CUCy DD SingC = C;NCy = {p} (one point)

THDLIEDHONT VS, by(M)=1DEELEST, by(M) =254
1%, Cp,Co23hs L b IERFE T2\ 23 Brenton RICK > THZ 5N TW5,
AREEEHTIX, Z D Brenton lKOBIDO—MRIN R ZEL T, 77 4 VFHN
DEMDIIAAIZEI T % Abhyankar-Moh-Suzuki O E# & DEIfRIC DT
HL7EW,
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7 22— 3R OWTO—EE

RUBHER  (BIRRE L)

SRR (REAKEES)
Abstract

BH2ER PP = Ph,) O 3R S5 DABEIC DL TIACASN TS,
AT, B2, 7 )b — 3Kl

Sy = {(w05w15w21w3)€]?3 : wg‘*‘“’%“‘“’i"‘“’g:o}

IZDWTP2H 5 Sp~DORAHGG 2 BANICE 2 2RIk ) Z 02 R T,
%B%‘E, PQOjﬁ;K@ %%ﬁ (ZO VAT ZQ) é’.j‘s < & ecg, ﬂﬁiﬁg{%

P .= (f() : fl : f2 : f3) : ]PQ -=> S]:(‘—> ]P)3)

%
2 1 2 -1
fo= p;— zgzl—izfzg—pizozg
2 1
= - s 2322 %zlz§+ zozf
1 +2 20+ 1
fa= _P 3 zézg— zlzg—i— ,03 Zozf
f7P_12 932_2P+1 2
3= 3 Zpz1 + 3 172 3 0%2
T ZNnE
3 3 3 3_(
fot i+t fi=
) -1 31
%%5.@L,p:*;[5

1 860-0082 FEAULAEA I 4-22-1 G398 K% T
BLREAR

P REBE BrHE)
2T 860-8555 HEAULAEA T 52 2-39-1 HEACK Y BEAE

BB
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NOA T ILEEERBUKRICDWT

]
BILRER B oA sl (Big)

CM RIZEEIFEZ S D7 —NUVEHEDm b s, Znze—
WoREMETEZTRonMREZHET S (1) .

K % n+m XOMRBUET 2m HOBEFMEDIAR 0,0, : K — C (i =
L...,m) & n—m EOFEHDAA Y, : K >R (j=1,....n—m) 2
D2HDETE, INSDMOARIZE D ROEERIELEINS ¢

U:K —C"xR"™CC", a~(a®,...,a?",a",... a%" ™)

o & K OBEBEL, T:=V(og) £BLE, TIEC" DB n+m
DEERGETHEIC R D, 22T, X =CI £BLE, X iZhaA ¥ LHf
ks ([2) .

L% K DITRTOEEEOEIELE L, Ky % LIZ5HL ENBHRKRD
ERERET S, 7T—NERERDERICBIT )L I — MR % iR
ftL, T xT k og,-valued TCp EIETH 2 L)L 3 — MEABHET 2
& &, X 13 og,-quasi-abelian variety TH 5 L E 9.

Theorem 1 fREUE K 725 LD X HICL TEESI N X 1F ok, -quasi-
abelian variety TH 5,

FaA SR X oHOEREGES 2% End(X) &L,
Endg(X) := End(X) ®2 Q

EBL, X0 E X DA YEaHEE bk nEE, X IFH
MichsdEEH. X PHMTH27%561F, Ende(X) 13 Q Lo%iuikic
25,

K, 0,0, Ko, U % LOMWY L L7 &, RO LD,



Theorem 2 B8 n+m TH2 K OFEFED Z-MHE m ICHL, X =
C" /¥ (m) (% o, -quasi-abelian variety 127 %, 7, R:={u€ K;um C
m}iE KD B ntm OBETHY,  o(u) = diag[p?, ... ufm pw?, . .o p¥e—m]
2 End(X) DIGTH S, 51T, X i THL L E, 1 R — End(X)
FRE L0 K — Endo(X) KBS N5, (Endg(X) 2D X% o I
kb K ERAMICR2EE, X & (K {p,)}) BMThsEF).)
W (K {pi, ;1) MO HGHE 0, -quasi-abelian variety & LD X I L
ThHEZoh5,

Theorem 3 X 2% (K;{¢i,v;}) BOHM oy, -quasi-abelian variety 7%
5%,
dimHY(X,0) <00 (¢21)

TH 5.
SE R

[1] Y. Abe, og,-quasi-abelian varieties with complex multiplication, to
appear in Forum Mathmaticum

[2] A. Andreotti e F. Gherardelli, “Seminario di Geometria”, Anno 1972-
73, II, Pubbl. Centro di Analisi Globale, Firenze, 1973.
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Holomorphic equivalence of toric
hyperkahler manifolds with compact
complex submanifolds

ik BRRET

AREHEH T, a v 87 P REFERSHREBHOIAEN F—) v 7 #
= 7—&%{$J:@*E%%L@nfﬁ‘@ IOWVTimd 5.

TCEER HY ZARRERMGE T J KICHLTr—7—Th b, 5

k —77\ TN AT 2. TN DT F—7 A K DY —E ¢ DN %

L ezt oERLET S KOO I, J, KT 2##EE 5%
pr, pg, pr o HY — ¢ & U,y — 7 —EER5 %%

= (pr, pc = pg +V—1lpx) : HY — & x &

5. (a,B) e € x e ZpuDIEANEE T2 & Z X(a,8) = p i (a,B)/K
=Yy oy —7 %Kik v X(o,p)13FEa 7 FFEAn KILT
Th =TN/K DXHRICERT 208, i O b=V v 7 SHRE Tl R 0.

Brp = (p1,p2,p3) € SPIIX L L, = pi I+poJ+ps K EEL . (X (o, B), L)
DT 7 4 VEMRRORGE R R v X ) B p € P 2RDESE Clop C 52
95, [IBWT, p, ¢€Clap TI, & I BRUEANIC tc%tcm%)@b‘?’?ﬁ
Tl dHic 2. Sl b=y Iillr—7 —%RELICAEREZERT
Z> : ETI, & I(p, q €Clap) DIBUERID &9 B %#Unz*f% Upf% % K

X2 7D THEZ L7\,

ittt ZAUREH, 1tV - ’Eﬁﬁ‘iﬁﬁf &L, BetDFib BIF
be (KN, B=1b, B2, 2. Ki=1,. ﬁtf()*,( ny* Dl
FHiZzZNnZEn

Hy = {a € () |(xn(e)) = 0}, HE = {z € (€)'|(x.7(cs)) = —(b.e2)}

LEFRTSH. T2 Ter, ... et F Y OARRKETHS. {1,... N} DI
TEAGF D
F={i|H x H > (\(H; x H)}
JEF

ZARITEEF % [—fat THDBEVY). £7 f—flat F DILi D3
7(e:) & span{m(e;) [ j € F'\ {i}}



BT TEE % coloop THBEWVT.

F % coloop D7 \» B—flat &9 5. tF := span{e;|j € F} £EBL. 4
ENt e8I Nt - tFf ZUEERETS. (1) DFb L
Jae (), (nW)a=()a Z—2Lo>THEETS. FKic FIZNLT
(n(£))* DR %

H; = {z € (n(t"))" | {z,7(e;)) = —{a, )}

ko TERT 2. HPMELE {H;|i € F}ICX > T (a(t") 1EZHRED cell
WKaHEIINS. R cell D) b THRZ S DREZTHRESG L L, HNo &
TWeNTAPDEZ o LT ZFESODET S, X %1,5&0&%1_07%2%
ﬂ%\‘ﬂokaﬂT WXIET 5 P =Yy 7 ERIETTINTFTE. 29 LT
Bons777% G THLDT. coloop D7\ f—flat D7 T :a,.z.E%
f+ X B = A, & ONEFFBILRIC JZ%Hasse.ﬁ/@%Tﬁ)ﬁF’a’:GF
/\\)I/fﬂ‘ﬁfbf:%)@%DX(aﬂ)VC“%%Z")T.

DL EUTDEBIERY 32D,

TE  (X(a,0),1) & (X(/,8),T) BRERD L E Dyap) = Do)
NP A RYASS

COEBICED, I & I(p, g € Cug) DWIERIDE 3 2% % < OBICH
ET D ENTED, WEHTIE DD BIRBIZR L 7\,
SE XM

[1] On toric hyperkdhler manifolds with compact complex submanifolds,
Kodai Math. J. 31 (2008), 359-384.

[2] Holomorphic equivalence of toric hyperk&hler manifolds with compact
complex submanifolds, in preparation.
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SR 7 MV Am ) I —D- i
|
ME B (FAE)

1. BEEIZA D MBI D ML

C" DR O OFE X IZBWTIERIREE f(2) = f(21,22,.0,22) THY, JHR
OFRERLELTRHYbOREX DN ETS. [ OEDIBHEE F = {z ¢
X | f(z) =0} &£BL.

EAIEBURBOIERINY NS v THY, & o(f) € (f) ZWMZTHO% F
2R O RO MG ERES. 72720, (f) 1X, f 2 Ox IZBWTARKRT S A
TTNERT. BME F 2RO MY MAGORTEE Derx(—log F) &
BL.

WE, Ox b, IROXT SV

0 af 0 of 0

Nt el

S

CEVAEREND &5 RMEBEINZ PABTERATHD LV ZLiZdD. &6
2, STZDDXEEINYT "o, 0" € Derx(—log F) DZFEv—v' WEHHATHS L X,
v~ v ERT. Derx(—log F) 1T Z DRMERSFR ~ 2 ANT-RIZR Derx (—log )/ ~
WZDOWTE XS, BiliE F © Tjurina $% 1 TET :

. af af af
7 =dime(Ox,0/(f, G B2y’ 37)

FHE 1 dime(Derx(—log F)/ ~) =

2. BHEICEZHO/R0/ = —D-mE
UNVE, [%] = % mod Ox & BX, :0)[;]  F Bz OREMBEFaREn Uo—
Him(Ox) OERE RS X EOERIBISZ BRI R (E R 2
DRTEE Dy TET. Hyy(Ox) 1 Dy MBEOMELHL, S blckn ) I—
D-IM#EL 72 5.

ST, Dx WRTEX —HBORMSIERAZETH Y, REMFFTaREr U—HH
[%] % annihilate 32 b D2k %EE %,

1
£5) (15

1
) =P e Dy | P(l5]) = 0.0rd(P) < 1)

¥ — U — I : logarithmic vector fields, holonomic D-modules
* T 305-8571 D<UEHKRER 1-1-1  FUEKF: KRBT E R L5

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



LBE, ZoLY) (M) ICEVERSWBED AT T A% Al (L) TRT. 3t
¥ 5ARR 2 I —D-IEE

MO = Dy Ann) (1)
BEZXD.

W, C DFR O Z@HHYHE H ThY, FRIEE f 2 H IZHIBLTH
SIAIEAIEE fIH OINFT—EDR (ZORICLTELNSE I AT —HKD) K
INe T B L& EWE H X generic THDHEWI Z LICT B, £z, 2D f|H @
INF—%%, o) TRTZ LTS ( £~ 1%, AT local Euler obstruction
CEERERTD) . f BEROIAFT—HE u EBL.

EHE 2 Au/I—% MO OFRICBITHEEE FESHREOKRS T5X ©
BEE) X, p— 7+ pm) &LV

SERIT, 1973 O RR (3] ORERE D, R B SR Hpy(Ox) DRAICEY
BB, o) IZHE LN LA,

REBRBEFrarEtr o—H [1?] D Dx 21T % annihilators D723 A T TILVE
% Annpx([%]) LB FHOIGHE LTRDOFE (2] DFERDHIGEER) 21525,

% KILEMAE.
(i) Annp, ([1]) = Annd) ([3])

(i1) f I% quasi-homogeneous.

S Xk

[1] A. S. Dubson : Calcul des invariants numériques des singularites et applications,
Sonderforschungsbereich 40, Theoretische Mathematik, Univ. Bonn (1981).

[2] M. Grange, M. Schulze : Quasihomogeneity of isolated hypersurface singularities
and logarithmic cohomology, Manuscripta Math. 121 (2006), 411 416.

[3] M. Kashiwara : Index theorem for a maximally overdetermined system of linear
differential equations, Proc. Japan. Acad. 49 (1973), 803-804.

[4] K. Saito : Quasihomogene isolierte Singularitidten von Hyperflichen, Invent. Math.
14 (1971), 123 142.

[5] S. Tajima, Y. Nakamura : Algebraic local cohomology classes attached to quasi-

homogeneous hypersurface isolated singularities, Publ. Res. Inst. Math. Sci., 41
(2005), 1-10.
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SR 7 bV ARn 7 2 —D-InEE
II

HE fE—- (SR

R WE GEEK)*?
1. BRfafEOQO—
(X7 Mg lde ) I —D-MEE 1] THWEZLOERULEEZFES. =2
2L, C* DEERER (21, 29y .y 2,) V&, TERIEEL f I3 L, B¥HE H = {2 |2z =0}
i generic ERBbDETB.

FRIZEZ b ORI AT Y—0F, H,, (0Ox) ZHNT,

n af af af
Hry = {n € Hioy(Ox) | Jn = Py el et Al 0 =0},
) 0 0
Hr, = {n € Hioy(Ox) | fn = 782” SR azf n =0},

LED,
-AX,O = {(I € OX,O | GHFf C HT,}

LB WITH G .
*ﬁiEE AXO—{GGOXO|ai)f E(f 922 382]; 7(’;92{1)}

WE, a(z) € Axo &T 5. ZORE LY,

19, d 0
0(2)8714"12(2)8724' tan(z )azn

RABEOMEIHINT MG v € Derx(—logF) BFEETHZ LIZ/b. Z T,
WERIT a(z )733‘4?7/» (f. 2L 0L ) emsned oL, Zoxy by

o lFEHATRNWZ LICEETA.

v =

B dime Avo/(f. 2L, 2L, 2Ly =+

Ozg? Jzg?

THODORBELYEE 15155, %72, 3] 25 L TRE 22455,

2. YR LB EKRMEBRE
OX,O JnEE L LT, Hrf PERT AR AT —H v E Hrf ZHE0 , 0 = ;—z]:’y
EBL. ZoRFiafsEr Y —¥E ¢ @ annihilator %

Annoy (o) ={h € Oxo | ho =0}

% —7— | : algebraic local cohomology

*1 T 305-8571 SKIFHRER 1-1-1  FURKY: RAGEED AR AR
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TET. RDBALY LD,
W Axo = Anno, (o)

ﬁé’)f, Rffairtn ‘.\/*—‘ﬁﬁ ~yE HF/ ﬁ)%)%’ﬁﬁ:{;j;{_mf/_ﬁ e /H?O}(OX)
3R, @ annihilators Anno, (o) ZWRET S Z & T, @l F 12 5
RY MV TE 5.

Annld) (14]) OHERIE b REETH 5

3. EnLRER
WE X CC, f(ryy) =2+ y +ay® &8 p=12,7 =11 &725%. B¥HE
H = {y = 0} i generic TH Y, p) =2 #15%. Hr, ={n|fn= %77:0} D
WITIE 1242 =14 (TF LV

WL [5] DFFIET, Hr, ® Ox MEEL L TOERTT

1 1.1 2.1 2.1
]*g[ ]+§[ ]*g[

]

7=

z2y” ziy2 3y zy°

&85 0=y LV RERS.

][1]_‘_”[1
oc=-[— —
3 zy? ‘:c2y

]

ZHEY, Anno, (o) = (2y,21y? —2) %5, 22T, Bz, 21y? — o T3S
TAHREHIRTZ FLFE LT

v = (45y* + 2112y* — 102* + 1323373/)82 + (4y +27)(21y* — ’I')ai
€ )

ERTE 5.
S& Xk

[1] F.J. Calderén Moreno, D. Mond, L. Narvdez Macarro, F. J. Castro Jiménez :
Logarithmic cohomology of the complement of plane curve, Comment. Math. Helv.
77 (2002), 24-38.

[2] F. J. Castro-Jiménez, J. M. Ucha : Explicit comparison theorems for D-modules,
J. Symbolic Compt. 32 (2001), 677-685.

[3] Lé Dang Trang : Calcul du nombre de cycles évanouissants d’une hypersurface
complexe, Ann. Inst. Fourier, Grenoble 23, 4 (1973), 261-270.

[4] K. Saito : Theory of logarithmic differential forms and logarithmic vector fields, J.
Fac. Sci. Univ. Tokyo, Sect 1 A 27 (1980), 266—291.

[5] S. Tajima, Y. Nakamura, K. Nabeshima : Standard bases and algebraic local co-
homology for zero-dimensional ideals, Adv. Studies in Math. 56, (2009), 341-361.

[6] J. M. Wahl : Derivations, automorphisms and deformations of quasi-homogeneous
singularities, Proc. Symposia in Pure Math. 40 (1983), Part 2, 613-624.
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FEANSL AR B R D versal T-unfoldings &

BPrafEtr v—

HE EH—- (SRS
1.
R. Pellikaan, T. de Jong, D. van Straten, A. Zaharia, J. Fernandez de Bobadilla
BIX, 198342 E Sz D. Siersma OB HFZ L L, HREESHE
WIE TR L, ISE L TR UWRER S 2 B O IERIBIEIC %42 Morseft, B, versal
I-unfoldings DR A R L7z, AFHEHE CIL, REWBFT sty —2Hn5 2
& T, versal T-unfoldings ICBWCTHERERZTINLIY AI v 7IZROBZ LN
ARETH DI L ERETD. ZORRIETI, ¥RA T TNRRSOAZ L F— K
REHREZLEE LRVRETOERL TR E 2. 2 2T, Morse {LIZB
D EERPIFRAIL Pellilaan [2] IZHED Z &1ITF 5.
2. #{&
XTI C oK O OEFHEERTEL, Ox 13 X LORRIBEROLRTEERST &
T5. AFTTNI1COx KL, I @ primitive £ T 7V /[ %,

/IZMGOXHQ+%C]}

CRWB. U, 1 g(2) = gl 22, o 2) DFEAFT (DL 09 09,

821 I 87227 LR 872',,1
R
ERIBEARE O ERIN 7 MGRERDRTEE Ox TRL, 71.(f) &

TLe(f) = {v(f) [ v € Ox, v(I) C 1}
TEDS.

E o) X, AT T T RO K S ZRIERIZR automorphism 2K2372F pseudo
BEIZKD fe [1 OHEE Orbi(f) C (Jp)N ([ 1) ODBEERICHYT 2.

Hx bz fe [ 172 Pellikaan OFEKT -HRMEER (8% D Mather BERD
BRARIER) THDETDE, ([1)/m.(f)ITEBRKRTARZ b2 E RS, LT,

era) = dime(( [ 1)/ ()
Z, BT g=c1.(f) TET.

¥ — U — I : non-isolated singularities, local cohomology
* T 305-8571 D<UEHKRER 1-1-1  FUEKF: KRBT E R L5
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T X, C DFM O OB, Oxyr 13 X xT FOERIBK O TEEZFT &
9 %. Pellikaan [2] IZIRDFEREZ R LT

FHE f(z) € [T IR, F(2,1) € Oxor I,
F(,0) = (). F  ( / NOxcr

BT LT 5. 2O RO (i), (i) XRETH 5.
F F F
(i) Tl,e(f)‘|' (g—tlh:(),g—tzh:o,---,g—tqhzo)ox = /I

(il) F 1% f @ versal I-unfolding.

3. EtE A
I (4], 1] CE AT HEERIRET 528 T, ([ 1)/m.(f) OIRHTK ST 5 %%
HWRFTaREr P—2RHDDHZENTE S,

WE, X X C OFEEDESE, | = (y), [(z,y) = 2y +27y? 55, Z O,
ST =), e(f) = (v* + 2% 32y® + 227y%), ¢ =7 TH 5.

(J D)[rr.(f) OFxR7 MVZERORKE E L TROREMBHT 2 AT 1 O—F
2155.

1 1 1 1 1 1 1 1

_7[

[Ty‘;]l .'L'Qy:% I

ﬂ},—f‘:‘ﬁ‘é E‘IEK y27 ;cy27 x2y27 $3y27 ;C4y2, .Iﬁyg BIO x6y2 (i 7=i% y3) % H
W, f @ versal [-unfolding

3 3l EYE 3 s ol p —
:Edyd :E4y.€ lqu xhyd I’T'yd zLy4

F(z,y,t) = f+ (to + tix + to2® + t32® + Laz* + ts2® + 162°)y*
2155,

S 3k

(1] v, P, BEBE—  REORFTaREr V—05tHEE ZhE vz ¥
V= REE - VT T REER IOV T, AR F BRI ST SRR T E.

[2] R. Pellikaan : Finite determinancy of functions with non-isolated singularities,
Proc. London Math. Soc. (3) 57 357-382 (1988).

[3] D. Siersma : Isolated line singularities, Proc. Symposia in Pure Math. 40 (1983),
Part 2, 485-496.

[4] S. Tajima, Y. Nakamura, K. Nabeshima : Standard bases and algebraic local co-
homology for zero-dimensional ideals, Adv. Studies in Math. 56 (2009), 341-361.
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AT ANV R L I AT 5
REWEFTFaFxETR Y — 12O T

MOl (PR
HEE—  (FPRYE)*?

IR A (DY 2L F7)) I 2 B8R aseny -2k 5
RHRRIEEASC(L, 2, 3, 4] B LTI I LTV 5,

I TR, HRERLZEATE én%ﬂuﬁ%ﬁ“d)i’% TEZ D, FHHAX
ZHATERI N2 INIRBRROGE, AR P 6IRT7 VAL ZER %
HIZRD B 2 ENTE D, _®m7/7w%£ﬁfib AL S RIS AR 5 5 %
EREWREA 2R EnY —0 “EAREXE PWRETES (1), 22T, HIE
JFeLTEALMT2b0%%E 20U, REWRITasEw Y —%2Kk0 2553
DREVFHRIEZMENL T 2 2 ED3TE 5, Al TlE, ZOFRIEIC O W TR S,

i X [4] 12 & B — My e R ARBU R T 2 A e n Y —FtE TR, £, KD
initial HOWED SfTbi D, I DHETIE, initial HI *&57&1‘%@3@52@%‘
RFxy 7 LT, )7, FEAEXRLEATEE I N IR READYGE, 1KY
YHLZERZM I 2 L TRED TR TD initial HD “EHAKE, “%E@m@
¥ bbb, InsoFEEFHAT S L THRERKNEI 2 En Y -0kt
BRI & 1 5,

W 213, 2B BEH f(x,y) = 2 +97 +bry® € Cla, y| I X > TERI NS Eyy
FREZEZZD (03T A—=F), 22T, B ICEHART, BRylcBHA3 LEL,
DL E, fORHXRE (iﬁh‘?%}v\— F) & folz,y) =23 +47 THHEA
fHEREKIZ21TH S, TOEARY ML (7,3) 0642 R7YHLZER pt) 1&
DNERB,

t2177 —1 t2173 -1
) = S
p(®) -1 -1

A A L S A o A o i A o A A S A

CORT U HLVEZHERDBIEDREUEARE 7+ 3 = 10 2N A 72 12/ D $fiE

10,13, 16,17, 19, 20, 22, 23, 25, 26, 29, 32

AWFRIZ BT, B-FHF IR AL E GRS 5:22740065), 5 —FH& IZRADIEE GUER
5:21740108) DYRZ3Z 1T T 5
2010 Mathematics Subject Classification: 14B15, 14F10
¥ —7 — F Isemi quasi-homogeneous isolated singularities, Grothendieck local duality, algebraic
local cohomology
LT 770-8502  EETIRIHE ZEBHT 1-1 S RER A RAE
e-mail: nabesima@ias.tokushima-u.ac. jp
2T 305-8571 D IFHRER 1-1-1 FUEREREBGEHRY B
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D3 folz,y) 226 2 2HERBWRFr ar T 0 —DEAEXBE LD, £, M
B2 v r—#xRL, RELLZ0E 12HH2 2R L TV,

Z DI EFAET fo & 0, SR fy ORERBWEFTasEmn Y =W, %
SHET 2 ETES, (22T, £ W, DIEEDILD L IHRFBIX B XS
XTh2s,) LHA fICMET 2 HERBIVEIT 2 FE0 2 =13 W, DIL%E “nitial
T F7210F “initial 87 & L CRfO 230> TED, ZOEREMHT 22 &
kD fORERBIVEF 2 sEn P — 38 RmIciEIn s,

Input: f € Clay,...,z,): (FRICIOZIRRAZE D) PR R LIHK,
Output: f OHERBENHF2FERY —,

~

(1) f=fotg& fRTFD, 2T, folddEARY FAITH L TOHE
AXETH 5,

(2) HARZ bADPSRT v A LVEHHEREZGHET 5,

(3) K7 > LHERDNHE R L f, DITERBEIIT 2 4 € 12— W,
2R 5,

(4) Wy Dz v fORRRBIEFTasEny —23H T 2,

N

COREIETIE, ERLHNT ST X =7 ZFOEAIT/ T X = KDY
BTV EGTH S, F72, p-constant deformation ~DJHHDTIHE & 72 5,

1] Y. Nakamura and S. Tajima, On weighted-degrees for algebraic local cohomologies
associated with semiquasihomogeneous singularities, Advanced Studies in Pure
Mathematics, 46, pp. 105 — 117, (2007).

[2] S. Tajima and Y. Nakamura, Algebraic local cohomology class attached to quasi-
homogeneous isolated hypersurface singularities. Publ. Res. Inst. Math. Sci. 41,
pp-1 - 10, (2005) .

[3] S. Tajima and Y. Nakamura, Annihilating ideals for an algebraic local cohomology
class. Journal of Symbolic Computation 44, pp.435 — 448, (2009) .

[4] S. Tajima, Y. Nakamura and K. Nabeshima, Standard bases and algebraic local

cohomology for zero dimensional ideals, Advanced Studies in Pure Mathematics
56, pp. 341 — 361, (2009).
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I OSHE — FEEHIZOWT

7 H i

1 [FL&®IC

B REEH L, EEEH EOER TRWABRIBEKIIE X ZDDMERWTTRTO
flz &5, &\W>5HE47% Picard D/NEB 2 fFEAL, ERALZEDTY. Z41% 1920 F£R
IZ Rolf Nevanlinna 12 & > THESL E 11725 DT, 4 H Nevanlinna #in & KIdNn 20D FHE
RERIZR > TWE T, Nevanlinna BimZ BT 2H58IE 5 HETEIIZHOZD £95, 2D
2 1E Nevanlinna HEIZ K> THI NZMEVRHAERIZR > TV AR DRI H D £H
Ao ZDFEETIX, Nevanlinna BEERZE T 2 — MR FMOD SIRO T, AFICZEITS Y
I ABPMIBEELET :

o B FEEBOBIEH (Moving target) ~DHLIE
o UK _ED Diophantus 8 & DR

o HREEBEBDOERIZET S Gol'dberg F41

2 Nevanlinna IE:f

AHRERNE, MIUENEMRRATRVEZRIE U TR ZEAZT. T L TH
BRI OMEIL, FHEABOMEEO b UTRAZ LHMLYT VI ENL<HD £
'é" Nevanlinna #iH® FD—D>T9. = Z CHHEEROEGE L WL EE4A35, Nevanlinna

DA E UES. GEL I, [1], [2], [5], [11], [12], 18] mEZ UL T Z3 W)

i"@" ﬁ’"ﬂ’]&uﬂﬁ@ﬁ%%#’) LY.

1) —~ VEREOHEER:
1 F

—  —  dzNdz
YT RPN

IR —< VERHEIOWEMA 11285 &5, EfbInTwEd.
2. FRZEHLE S 5 r D

C(r)y={z€C; |z| <r}.



XTC, TS Nevanlinna EERIZB W THD BEEAR&EE %2 13727,

Bz E&L 7.

(387K-Ahlfors @) (I HEIEK:

n=[ s

(
(
A

S(t) = ffw
0

AL AT

BE3s=>2>n

EEEFLA ZNIE, AHBIEBOEHT BMET £ Ct) > C OWBEO R EH 5

HLET.

(Bl B U f AR S
tli}m S(t) = deg f.

LD T, roocodD& &

T(r, f) = (deg f) x logr+ O(1)

)=
B : HacClzL T,
N(r,a, f) = / "t a)
1 t
ZZ T,

n(t,a) = Z ord, f*(a)

zeC(t)

EBEFELE ZNIECH) OR2ITH B FER f(2) =
B U frEHERRSIE
lim n(¢,a) Zord f(a

t—o00
zeC

U7zD35T, rooc0D& &

N(r,a, f) = (Zord f(a ) x logr +O(1)

zeC

ERYET.

BOREE : SMac CltiLT,

DIROBEEEL2 ZO-HTT.



I 1
m(r,a, f) = 277/0 log Wd@.

(
[
fj

[I,y] — ‘l’—y|
V1221 + Jy?
TV —~ VERE OREREE T . BAEBABUL, fIT X B DM OC(r) DEBEDI L a 12T
BHZENL SVIEDWT WA 2o TWET.

) - HL fHOEHBEKRSIE, r—> T
m(r,a, f) = (orde f*(a)) x logr + O(1)

LD ET.

T fFAEHBEE S IE, TARTOMae ClzxLT,

/Cf*w =deg f
= ord.f*(a) + ordeo f*(a).

zeC
ERDFET. LoT, IRTOEAIZ logr 20T NIE, AHEEALKIZH L TROBEBKIE SN

9
T(r,f)=N(r,a, f)+m(r,a, f) + O(1).

OB —RIZIELY, WS DOH Nevanlinna EEROHH D EIETT

EIE 1 (B—EZEEHE, Nevanlinna, Shimizu, Ahlfors) f % E#H TR WAL L 4
5L, TRTDaeCizonT

T(r,f) = N(r,a, f) +m(r,a, f) + O(1).

RIZHi R HST-DT, ZOEHEDOEETHAE _EEEHOHENZ L ET. HAMAIZ Nevan-
linna DO EEMIZ—>oT, E=E=FEEH L VWHIDEH D FHA.

3 BIEFE
9, EMEBEERLZEOREALET.
THEYEKRES : e ClaxLT,

_ r d
Mwwzlwmj

(Y
(Y
A

n(t,a) = Z min {1,ord, f*(a)}

zeC(t)



EBEEFELE. ZNIXCH) OHIZH B AN f(2) = a DIEOEZ BRE 2 ZEETITHZ
7ZHDTT.
X 51z

‘Nl(raaaf) = N(T,(I,f) _N(Taaaf)‘
EBEET. INERaDEIZHD fOREREHATNET.

IC, U fAEHERESIE, V=<2 TLEYVDOAANS
B 1
deg f

m(r, (0), )+ 3 Ni(r,a, f) = (2

acC

>Tmn+om

(If : C — C OISO +1) xlog
EWVWHEANBONET. —RITIFRD LS B ARERXD LU £9:

EIH 2 (Nevanlinna DE_FEER) f 2 C LEXRINAZEHTRVWEHEAKE 5.
ay,...,a, € CEMBERZ|ETDHE, r— 0o DL XITFER

}:m@ﬂmﬂ+§:Nﬂh%ﬁSQTWJ)+MTWfD (3.1)

aG@
PHIEARDORNEE DT D LD,
V=< - ZLEYVORRPERTHADEIIRT L, B FEEHIIARA%ER TR
TVWET. ZHEHEFDRWZ ETTD, UTFDES5GTERE2TA2I CHE_FEHEH 2
q
RCTHILHTEET. Thbb, B EEEHDLND Y m(r,a;, f) 2 RXOBEK Tl
=1
EHZ F9:
I 1 df

my(r, f) = sup max log ———————.
1 (01, ape@a o 15i=a [f(re?), a;] 27

ZOLERBEO L ET ([20)) .
T 3 f2C ECEHESINBEERAEAERE T2, B g: Roy = NIZREAT
&j—é : 20
~ + T(’I”, f)
otr) ~ {1ow (D)1
TDEE, r— oo llBWTHHER %K

Mgy (r, )+ Y Ni(r,a, f) = 2T(r, f) + o(T(r, f))

ae(ﬁ
DN EEEE 0 DIRIMEE DI TH D 32D,
T, B EWEHOIMR (3.1) 08 - EEEHE VS &
q
(q=2T(r, f) <D N(r,ai, f) + o(T(r, f)) (3.2)

i=1



DEPNET. ZOLIICHESHMI Ll LTIZALE< R0 T2, Zhd LIFLIX
B EREEY JIENET. X510Y - VRREICHT D = (a) 4+ + (a,) EEALT,
(q—2)T(r, f) BEKREK Ka(D) (22T K i3V — < VEROBEHER) (2t § 2 M 8%
HBHILITIEET B L (3.2) N

Ty k. p)(r) < Nyp(r) +o(T(r, f))

LELZILDBTEEY. ZOROFHERNEZ Z NP SIRL £7.

4 BIFETFEHOMREADILE
B FEEHO—DD— b2 52 A0 RO LD A A DRNEZEZ T
y Lo x

| E (4.1)

B — M
g

T, X, MBS P ERNYERIET, p: X - MIZ2HTH->T, DM
a € MIZRUTTZ 74 RN=p Ha) IV X2 M) =T VHTHBLLET. 7y : Y — C,
mg: B = CIXERVPHOERWNEZEET, rgor=my 2 UET. & glXEREHTT.
WE X WK D ¢ X A5 6N &, M EOERBIETIES Z = Z(X, M,p,D) &
M ZROME %2 A TRADRBUES L LTEBZLET. Thbb

1. M\Z LT p 3o »7ghizian,
2. Fmr e M\ZIZHRLT, 7747N=pYz) EIZD%FERTEHEHTH .

LEHA5Ah, TOZIEX, M p,DDAMIMMELTHRED £F. F/2a XA (4.1) DIERIEA
[RATROERMGEAZTEE, KA (4.1) IFIERIEEIERZ LIZLUET

f(Y) ¢ Dup(2).
O EHE_FEEHO B LT LHFT ([19]) .

EB A4 LEER2ZTNETNX M FOBEREHRKRE LT, > 02RO EHETS. Z
DEEEHMC =C(X,M,p,D,L,E,e) PFEL T, FBRILRA (4.1) 126 L THRER

TﬁKX(D)(T) < Nf,D () + Nrammy (7") + ng,L(r> +C {Tg,E(T) + Neamrp (r>}

WNHIEARORNESDHNTE D LD, 7270 Ky 13 X OE¥F Z2 H 5 b7

PAFRIZAD EDIZZDFERP SOV DRERER B Z B TEET. ZTOHIIZE
MIZHTEATL50BHAZ L ET.



FTARBEER Y > CITHLT,

1 " dt
Nrarmry (T) = deg Ty /1 { Z " Ordyramﬂy} 7
t

yery ' (C

Z 2 Crammy BHEGER 7y ORIKATTT. RITERFHERAX LTEHGH Y - X
EHEAET. X LOEMELIZHLT,

dt
15000) = gy | ST OW)

ELUET. 2IZTao(l)FLITESPREIEEZ AN ETOMEBERATTA, FHEDOANS
IFERBEBEROT, ELEEA. BB X OBHRKET DT LT

Nyp(r) = ! /#{W ﬂle}—

deg my
EBEET.

Bl1) X=C, M=—#,B=C,g=EK V> RNTIE, MR (41) FEMNFL (F
BOBREEBER) fY >CE2ERBZILITMAD FHA. ZOLZEHANS

Ty reo)(r) < Ny (r) + Neamey (1) + €Ty ()

NHEABROMRNESDITE D SO0 D £3. 2k Selberg 12 & 258 ~EEEHLD
REFUBABAD — L TT. X 22— B0V NI N) =< VEHIZTAILETE, 2054
VXEF R RER S AE D SR e — BT O — Rt DG AR D £

(#112) Nevanlinna (& ([10]) DH T, H - FEEETEZITWEHR e, 2 C LOAH
HIRIBEE a;(2) TBENR B LD L2, LWHO REZHELE Uz, ZOMEIX Osgood
[14] & Steinmetz [15] {2 & o THSLIZHER L £ U7z, ZRUEDIBIE Ny (r, i, f) ZEF2 0D
D7EZo7DTEH, EHAIZL > TEDREMRTE LT

EE 5 f(2),a1(2),...,a,(2) ZtHER 2 C LOFHBAK L T2, 72720 f(2) IZEH TR
95, ZOLEMEDe > 0IZHUTERC(q,e) > 0DPFIELT, 7 — 0o D& EITAERX

zq:m(r,al, +ZN1ra2, <24e)T(r, f)+C(g,e) (ZTT%)
i=1

PHIEABRORNES DT D LD,

22T, mra f) & Ni(ra, f) 13 a WEEBERO ¥ 512 12R0 &5 ICEEEREL X
. PRSI A LTI

.

1 [ 1
MW”:%Al%wwmww



RIZ Ni(rya, fYIBALTIE, f=g/h&a=0b/c 2 l@ER%Ed -2 WEERRKIZ X 5586k
mEUT, n(ra, f) % C(r) NOER cg — bh DEEEZADIZEROBELET. HEid
aDEBDGELFEUEIITERLET. bAAMIHE - LEEHIE

m(r,a, f) + N(r,a, f) =T(r, f) + T(r,a) + O(1)

EWIRITHRRE K d.
AN ST 2E T, KX (41) L UTUFE2FEIZNXIVOTT ¢

(C (f.a1,...aq) (Pl)q+1

idcl l(Qnd proj,...,(q + 1)th proj)

ZZTC, D={(21,...,2411) € (P)"" ;21 =z, for some i =2,...,q+ 1} L UET.
(B13) BELAXY, BT Y=< VET f, g WREWRIGETEHRAWRELZ 5

ZET. I4bb, MX (4.1) & UTRORMEZEZ S Z & T Vojta lZ & - THRES N7

BUA LD Diophantus FIREDRE L FE SN E T

y L4 x

ﬁ£ g

idp
727ZLY,BiEay s b)) —< v, X FREm, fIiaREm, D=0.
ZDEx
hﬁm Tt i (p)(r)/logr = deg f*Kx/degmy,
Nf’D(’I”) = 0,

lim Nyamry (7)/1ogr = 2(genus(Y) — 1)/ degmy + 2,  etc.
oT, EMAZWEHAT AL, EEOERe>01Z LT, e, Lp: X - M77ZIFTHRED,
7:Y = B, fITIFMFE LR WERC > 0 PFELVTRBEDILDI LN £9 ¢

deg f*Kx < 2genus(Y) + edeg f*L + C'degr.

L X FOBEREHRKTT. VojtaldZTNE D ADAUFHWEOAREXZGEHL 725
2T, ZOREREZ PR LTRELTWELZ ([16]) .

5 G’Ol’dberg %IL;\ [20]

B FEEHOAMOEBIFIL 2T (r, f) T, BAREZFET 2 OIFEEZMETT.
Gol'dberg FAUZERL 5 D & 5 B - FECHOEENANOIEZHEHT 2720128, R
TGS 2 Z AR ET. 20D ay,... 0, & UTBROGHREKEE 2
LZ0%XOT, HHERLIZ2EZZDZLIZUET. I TRy % dREANTOAHER A

DESLLET. ZhiE, co WO EHEEA S ML £7°.

7



EIE 6 f2EZVH EOEBWREMEER, d2BRBETE. ZOLE fLdZITITRK
FLUTHREDUEARBDES Erg C Rog WEELU TRV LD ¢ D525 H B
ary ..., a0 € Rg E1EB e > 01 LT, FHMl=X

2w 1 d@ q17

8 () aaman + 2 N D) S QT ) + T g

Wre R>0\Ef7d 2R U TR D AL D,

ERLD LIS 5 &, BEHOBRBOWM T ¢ 2 ¢ DEHALF - X —TFlichTnd Z
EAETEETT. (5.1) 22MH). EH5TIEC(qe) EWVWIBRE LZERTLE. £
BRINES Epa P ar,...,ag HKIFLZRWZ EBHETY. ZDEI % ay,...,aq. ITHFEL R
W—ERIRFHE A 5D Z LB, FEAMIEDEEEEE R Y 2 S K max IZZH U 72 R
TY.

TITEH 3 2 AHEAM 2N T ORWITHASEXT. TDDITRD & S 7% my(r, f)
D—ffbzEAET :

o 1 df

Maq(r, f) = sup max log , .
! (a1, a)e®a)e Jo  1=i=a 7 [f(re®), a;(re?)] 2w

INETFPSFEMT S, WD OIRDIEIERTT.

EE 7 (mDFHLDFE) f% C ETEHRI N BN AEEREE, F2ARKLT5.
B#g: Ry = NIIREAZT LTS :

o)~ o ()]

ZDEE, r—o 0llBWVWTARZER

27(r, f) + (k — YN (r, 00, f) < ig—1,40(r, £) + N(r,0, f*)) + Ny (r, 00, f) + o(T(r, f))
DI 0 DIRAMES DINTHLD 7D,

XT, THE6ETEMTHPORDIEREZIHT LI ENTEET (K =222 20D
Gol’dberg F48) .

EIE 8 (Gol’dberg F18) f 2 #EFA VM L TERI N/HBN L GHEEKET5. ZoL
E r— o0 llBWVWTARER

(k = D)N(r, 00, f) < N(r,0, f*) + o(T(r, f))
DB 0 DIRSMEE DINTHD D,

ZHIFRMILIZWS &, fOSBHAEIME D 2 TADEREZE DI 2 ERUET.
Frank-Weissenborn (& f O R CTHAMZ L SICZINE2RLTVWET (3) . &b
Gol’dberg FARIE Mues FAE ([9]) L WO HID FREEFHT 272DIZFZ oMb DT, EH
875 Mues FRRBALH TN KT,



EH6 LT OB 8 2T HITIERDESICLET. £TEHO6LD, Eryy D
ATEAD ERZE S22 LD

mk’—l,q(rv f) + Nl (Ta 0, f) S (2 + €)T(T, f) + LNT(T)%

~rT(r)? (logr)?

LHDES. HLIFEBIIZH S DN g(r) ISR LT
g(r)'T(r)3 (logr)s = o(T(r)) (5.1)

KHEET S L

mkfl,q('r) (T, f) + N1(7"7 00, f) < ZT(T’ f) + O(T(T7 f))
PWHEARBRIMEGDOATH O LD Z D10 £, ZOFHMi& £ 8 7 DAL EH S
i, EEgPBROoNET.
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