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Some conditions for starlikeness

Shigeyoshi Owa (Kinki University)
Let A be the class of functions of the form

flz)=1z2 +Zanz"
n=2

which are analytic in the open unit disk U = {z € C : |2| < 1}. Let
S denote the subclass of A consisting of all univalent functions in U.
Let S*(a) be the subclasses of S consisting of functions f(z) which are
starlike of order  in U. Note that S* = S*(0).
Z.Lewandowski, S.S.Miller and E.Zlelkiewicz (Proc. Amer. Math. Soc.
56(1976)) have shown

Theorem A If f(z) € A satisfies

w8 (o en

then f(z) € S*.

C.Ramesha, S.Kumar and K.S.Padmanabhan (Chinese J. Math. 23(1995))



have given

Theorem B If f(z) € A satisfies

{8 () re ve

for some a > 0, then f(z) € S*.

Further, J-L.Li and S.Owa (Georgian Math. J. 5(1998)) have proved
Theorem C If f(z2) € A satisfies

fo((;) (z;‘(g) _ l)l < :;’. (z € D),

then f(z) € S*.

In the present talk, we will give some conditions for starlikeness of
functions f(z) € A, which are the improvements of the above theorems.



4 Rudin QEAXR R & Nevanlinna counting function 22UV T

LR K F B F 0 TRt OB OB E

O<p<ooD&Xx, H? |3 D k@ Hardy Zf%2%EDT, ¢ 13 H®
DTTTs [l =1 EF 3, ¢ 030D LTHME 1 DE X, ¢ T inner A%
b b, ¢ Binner B D ¢(0) =07 5iE, {¢"; n=0,1,2,---}
i3 H?) TEXZTH b0, Rudin-BZDHENETH A0 E WS HEERT
L7

Rudin O EHAZ &
pix H® ORXT, |Plo=1¢,93, {¢"; n=0,1,2,---} 2 H?
THERZN SIE, ¢ i3 inner B THBH0 ?

MonhiHER

612 H® DTy ||dlle =1 2D {6 ; n=0,1,2,---} #% H2 T
BEXRET S,

(1) ¢ &% Lipy, o > 1/2 51 ¢ I3 inner B TH 5 (Cima-
Korenblum-Stessin)

(2) ¢ A univalent 7% 53 ¢ i3 inner BA%AT&H % (Bourdon)

(3) ¢ DEFLTHNEE, ¢ ¥ inner EHSTWVHHH S (Sund-
berg) o

(3) IZ2WTid. Cima . Bourdon & M¢Cathy » &M AKICEW
720 Cima {3 Sundberg OFER%ZE LA LEE->T3b, L L. M. 75
Y ZADVERFEHD conference T, FANHEH L/ & &, Pisier {2 Sundberg
ODHBFEELLBTHDOTIR (H#EDRIANNEL) EE > T, Cima i3
¢ WNEEN ST, ¢ I3 inner TR VLVHENIHBEEZRE LT3,

Ng(w) 2 ¢ @ Nevanlinna counting function &ix. w € D\{¢(0)}
LT

= ol wesn
0 w ¢ ¢(D)



&9 3%, nearly all w &2 exceptional set @ logarithmic capacity 2% T
HBHIETHS,

Mohl-&ER

(1) ¢ i3 H® OFET, |[fll=1 T3, {¢"; n=0,1,2,---} &
H? TEXRRTHALETH%MHR. nearly all w € D iZ U T Ny(w) =
Ny(lw|) o THid Bourdon DFERTH 5,

(2) ¢ A inner BIELT ¢ A% inner BAYT ¢(0) = 0 7£ 5iL\ nearly
all w € D iZH LT Ny(w) = log;L THh b,

|l

'I:EE ¢‘i H>® @f[:‘f'\ ”¢||00=1 &'3"50 {¢n; n=0,1,2,.} ﬁ\e
H? TER%2THHLE+THEMHIT. K [0,1] LDFH BIED Borel FIE
T. 1 esuppyy £ B vy B—BIFLEL T, nearlyallw e D IZ¥ LT

r

N¢(w) = /|:| 10g l—dl/o(r) o

w|

2 Z X W

1. P.S.Bourdon, Rudin’s orthogonality problem and the Nevanlinna
counting function, Proc. Amdr.Math.Soc. 125(1997), 1187-1192.

2. J.A.Cima, B.Korenblum and M.Stessin, Composition isometries and
Rudin’s problem, preprint



Lipschitz ZMH LD EESRIEHE
K E— HATEK - TFH

(1] 0<a< 11X LT, Lipy(D) X BALMR D EOBFTEE f T, K
O Lipschitz &% A7 T ODES LT 5 |

2 = | = 1.

2 —wl°
S 512, lipe(D) % Lipy(D) DBEHDH B,
LA o) ol =121 =)

ERIZTHODET A INLDZEMIZF N E N Lipschitz, little Lipschitz
Z2fE & I, norm

Hmazuwn+wpﬂﬂ?ii%ﬂ:z¢weaD}
z — wl
Db & T, Banach ZfE & 5.
WE ux D EOBEE, o x DO DO ZERET S, 2
DEE D EOBFTEE fISHLT,

uC,pf = ufoyp

CERTHE uC, IMESHREARLWHINLMEREL 25, E
EEIEHZIIREERAE M, L EBIEHZE C, DR & 2%+ 5. Lipschitz
ZERIZ BT A AREAZEIL, R. C. Roan (1980) % K. M. Madigan (1993)
SICX Y, FREEAEICOWVTIE, K. Zhu (1993) 12 & - T, H#fAHr
LN T\Ww5b. Z Z T, Lipschitz,little Lipschitz 22/ _E DT E A RIEA E
DHFRMEE compact HEFHMFT, FNoDRE LT HEOFRTEL.

[2] Lipschitz ZZH D&

T 1 uC, ?* Lipschitz 22/ Lip, (D) LERTH 5720 DLE+575ME
i, u & o PROFEHZHRTZTIETH AL

(i) u € Lipy(D);

(i) sup,ep (1 = [212)/(1 = le(2)%) ™ fu(2)¢/(2)| < oo.



% 1.1 (Zhu) u% D LOBFEKET S ZDEE, M, D Lipy(D) L
BRTHHDDOVLETTHERME I uE Lip,(D) TH 5.

% 1.2 (Madigan) ¢ # D% 5 D ~NOBEFIHNL2ERET L. DL &,
Cyp M Lipe(D) LAEFRTH 5720 DLE+ITREIE

“w *Ljﬂi)hafz N
zeB(l—uo(z)P lela)l <

TH5s.

T 2 uC, 13 Lipo(D) EEREBRET . TDEZ, uC, ¥ Lip,(D) L
compact T B 1:ODLETTHEMAEE, RO (1) 72103 (i) Y L2 2
ETHAD:.

1) llplloo <1,
(i) i1 (1 = [212)/(1 = [@(2)2) " lu(2)¢'(2)] = 0.

%21 u% DLEOBEEETE DL E, M, Lip,(D) £ compact
THrODLETTREIZu=0TH5.

£ 22 oA DPO D NDEFTHLRERETSH. ZDL X, C,H Lipy(D)
E compact TH 5720 DLETTHREIT ¢ € Lipy(D), @)l <1 TH 5.

[3] little Lipschitz 22 D35 &
ZOHED, FIRTROBERD L), ARLHF-N P2 INE.

T 3 uC, #* little Lipschitz ZEff lipo(D) LERTH LD DLET5
SR & o PROFHEATTILETHS:

(i) u € lipa(D);
(i) sup,ep (1= [22)/(1 = lp(2)|%)" ™ lu(2) (2)] < o0;

(iii) Hmyy— (1 = [2[2) " *u(2)¢'(2)] = 0.



IR Riemann M _EDOERIHEEIZ DOWT

RIKK?R - BIPMRAY ®H B
RAXFER - BFHARE &0 K2
RIKKER - BIFHMER B X%

1 FE&R

ABETIZMEIRE! Riemann @l R ORI XA €I 25 —EM T#(R) 12
1372 b < HERIER BB Mod* (R) DIER, BIZZOMBMEIIO>VWTER
5. HMRRA Riemann DHE L BL Y, —RIZZTOERIZEBEMTIIAR
V. EITHRBMERB-ODEREIIOVTERS. BONLERIZK
DB THS.

EE 1.1 FUBREAR* KON Riemann @ RIZHU TERM >>
1>>e>0MeNT, RO2FHE%HE-TLT 5.

1 BEEEN e MTORIK cusp BEEDANL RS,
2. BEPEEN M UTOERLBENLRI2EEDH DS Ry, HenT,

IOr %, RNDEZDMEM I LT Mod#(R) TcDAE hE—H
2ERT DHNEREROTI b RIBL T B L, Mod#(R)ET#(R) I
BERAIITIERT 5.

IO EmD,

# 1.2 Riemannil R 2 uniform geometry 2D & &, 0L FD con-
vez core DESFTEFENERTH D & & Mod.(R) 1& T#(R) \ZBEEHIIZ1ER
T5.

Mod*(R) DYEFDBEBMEIZ DV TIRRDI L MBERS.

EE 1.3 W Riemann il R HEH 1.1 DFMFRiH72 L, B2 R DR,
punctures D, holes DEDWTHNHPEDERIEIZL D & & Mod*(R)
R T#(R) IZEERITER 5.



2 Examples

EH 1.1 OFME 1. ZEEMEO-OIREL TR, -, £ 1T
W= &M 2. %72 X 22\ Riemann T Mod,(R) H35EEEHI T 2\ M)
AR TAIENTES. BH 1.1 OG22 T Mod(R) H#E
B TRWHILBE TS I LA TES.

F/EH 131220V TIE, TR, punctures, holes DDV NMHIE
OFRME) LV dFEERMAELRO. FIXIX, BED 0 THAKSHER
@ Riemann Hi T Mod# (R) BB TR M A BRT DA TES.

S35 30k

(1] P. Buser, Geometry and Spectra of Compact Riemann Surfaces,
Progress in Mathematics 106, Birkhaser Boston-Basel-Berlin, 1992.

[2] C.J. Earle, F. P. Gardiner and N. Lakic, Teichmiller spaces with
asymptotic conformal equivalence, preprint.

[3] F. P. Gardiner, Teichmiiller theory and quadratic differentials,
Wiley-Interscience,New York 1987.

[4] Y. Imayoshi and M. Taniguchi, Introduction to Teichmiiller Spaces,
Springer-Tokyo 1992.

[5] S. Nag, The Complez Analytic Theory of Teichmiiller Spaces, John
Wiley & Sons 1988.
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VILEVRX - ARy bORILT 4 VERKRE

M. Denker (Géttingen)
teig Uk

VAR - ARy MEERT D L XITEERY EOHE=AF
DEFIZTED L D Ig— NV TEBEDITB.
THEETOE=MAFN A={1,2,3} 7 \
N7y b ETB TEE] EHISTS. %A

W% (5% 2f0EsdL L AAVA A
weW B w=ua (a #b)
D THIUL w* = uba®,

w = a* DFAITIE
wf = wlld->T
[ ELE
EEETD.
ZIZTW OB 0 & v=1v* THHL O(v) =2, v#vF Thh
E0(v) =1 ICEoTEETS.

ETW ZHREBER E 5 /L3 7EH 2 EHE

p(v,w) = —2%, Ja€ A, s.t., w=vaorvia

WL TEETD. TDLEIRDIEND T
1. WLUTAao k(v,w) ZBEICHET LI EAHE. #Hix
$8d ueWw & b wy,w,wy,ws, -, wn,a,c € A IZDNT



V= Uua, W= UwWuwiWaWs---wee EXINTWNB LT AL

k(v, w) = k(v*,w) = @3"(’0) (Zn: [{a}Q(kwk) + I{a}Q(nwn))
k=0

2. METBIINTAVERIIVILEDRX - HAZ Y+ S EF—
HENn5.
3. XMIGTDIvNT 4 R EneW, USIZXRLT

plEm) = 2740 20 4 3 aup [k(w,€) — k(w1
EEETD. IZELAO)ITEDRE (K 40) KT, ZDLi<
VT« VIEBEIEA—Y ) FiEEEE ) Ty YRIETIEAL.  FERE
BOER K >0 BFELT, /h&%a—7 1y FHEEE ||€ — || ©

£,n€eSITDONT
e~ nlllogy ——— < p(é,m) < K€ — 1 logy ——
32> T M8 e = A& S M8 e I
4. pEINVEURF TRy b S EONTRRAVTRIE, o %
S LS L TH X
ho(v) = [ k(,€)0(§)du(¢).

IEW EOFFIBEETH V) IBREH limy_e ho(u) = p(£), (€S %
S i

WIZHIRBIZZ2 500 T=a 7@#E0FTIfT & [Fo<wrT o
VRO OXIETHS.

E.V. Dynkin : Boundary theory of Markov processes (The discrete

case)  Russian Mathematical Surveys 24 (1969) 1-42.



Martin boundary of a fractal domain

HHNGLE  BHRAS
KEKE LEKRF
T. Lundh Chalmers K%

w3 (1) THR—HRFIRD Martin ERVUAHBER E B TS5 2L %2R0
7z, RFEHETIZL D L —4#Kk John f8l&k % . EED 2 K x, y &F

min{|z — 2|, |z — y|} < Adp(z) for all z € v,

72T DHOH y TRNLEMTH L LEHRTH. 7L, dp(2) it
:DBERETOEHTHY, Pp(z,y)idz, y % DNTHSHBOBEZEDOT
BRTEHRSINLANEEER TH 5. Balogh-Volberg [2, 3] . 2Dk &,
B & 2012

— R S —#% John % G John FHIH.

EIR 1. AR7% —F John FEIHD Martin 2 > 737 MUIZNEEES#IC L % 2
g MEENHBERITH D, FEFERHIET T minimal TH5H. &5
2, (VAR EO Martin BERHIIE 4 ARETH 5.

F 7z, 3RJCD Sierpinski Gasket D & 9 12, @Y R EH /- HOH
PESDOMESIE K John B TH S Z L 2”7, H¥IZ, Lindstrgm [4]
(Zfl72, Nesting Axiom P"EEL LG TH 5.

1: 3XJT Sierpinski Gasket F. D = B\ F |3H H—HRHH.



X5 |2—H, —k John G ONE L, ZNEEH L T—4 John 8
WAL T EZRY. —8 John SEBOMAHER ST, 20 LORWE
PR L ABMABERES - 1EOE Y, BHMIBERALWV).

@i 1. D & HR—H Jon L § 5. ZOK, DL int(D) DHEOILE
DO D T D\ D DPEMBEREA,L %5 bDIE—Hk John I CTH 5. 4
(2, DAS—HEB % 51D & int(D) DB OEEDE D 13— T
b5,

ERO—ERZHT.

2. F OEEOB#SHEA F 23 L D = B\ F13H R —H5EM.

&E XA

[1] H. Aikawa, Boundary Harnack principle and Martin boundary for a
uniform domain, J. Math. Soc. Japan (to appear).

[2] Z. Balogh and A. Volberg, Geometric localization, uniformly John
property and separated semihyperbolic dynamics, Ark. Mat. 34 (1996),
21-49.

, Boundary Harnack principle for separated semihyperbolic re-
pellers, harmonic measure applications, Revista Mat. Iberoamericana
12 (1996), 299-336.

3]

[4] T. Lindstrgm, Brownian motion on nested fractals, Mem. Amer. Math.
Soc. 83 (1990), no. 420, iv+128.
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Entropy of fibered rational maps

Hiroki Sumi
Department of Mathematics,
Tokyo Institute of Technology,
2-12-1, Oh-okayama, Meguro-ku, Tokyo, 152-8551, Japan
e-mail; sumi@math.titech.ac.jp

Let (r,Y,X) be a “C-bundle”, that is, Y and X are compact metric spaces,
m:Y — X is a continuous surjective map, Y has a structure of bundle of which
fiberes are C, Y has the local triviality with the transition groups being included
in Aut (C). Let f : Y — Y be a rational map fibered over g : X — X, that is,
f and g are continuous maps satifying that the restriction of f to any fiber Y,
is holomorphic. We consider the topological and measure theoretical relative

entropies of f with respect to g.

Theorem 0.1. Let (7,Y,X) be a C-bundle. Let f : Y — Y be a rational map
fibered over g : X — X. Then the following holds.

n—1
1. h(f,Y:) <limsup,_, ., = 3 logd(z,) for any z € X.
7j=1

2. If p 1s an f-invariant probability measure on'Y, then we have
ha(flo) < [ logd(z) dirp(a).

3. h(f) < sup{hn,u(g) + [ logd(z) d(m.p)(x))}, where the supremum is
taken over all f-invariant probability measures p on Y.

Theorem 0.2. Let (7,Y, X) be a C-bundle. Suppose for each z € X there exists
a positive and smooth (1,1)-form (w;)zex such that x — w, s continuous. Let
f:Y =Y be a rational map fibered over g : X — X. Assume that d(z) > 2
for any x € X. Then there exists a family of probability measures {uz}zexin Y
such that f;pg(zy = deg(fy(z)) - Bz, T+ po is continuous and supp(p;) = Js.
Moreover, let u' be a g-invariant Borel probability measure on X. Define the
measure p on'Y by: p = [, pedy’(z) Then we have the following.

1. p 1s f-invariant.
2. if u' is ergodic, then so is p.
3. if 4’ 1s (strongly)miring, then so is p.

4. hu(flg) =suph,(flg) = [y logd(z) dy'(z), where the supremum is taken

over all f-invariant probability measures v satisfying m.v = p'.
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ON SIEGEL CYCLES OF n-SUBHYPERBOLIC
POLYNOMIALS

YUSUKE OKUYAMA*
DEPARTMENT OF MATHEMATICS, KYOTO UNIVERSITY

In [2], we have studied this question:

Question. We suppose that a polynomial of degree d > 2 has a Siegel
cycle whose multiplier is A = €?™®. Then does « satisfies the Brjuno
condition?

History. The converse of Question is true from the A. D. Brjuno The-
orem in [1]. The Brjuno condition is defined in terms of the continued
fraction expansion.

J.-C. Yoccoz proved in [4] that if a quadratic polynomial has a Siegel
fized point whose multiplier is A, then « satisfies the Brjuno condi-
tion. In [3], R. Pérez-Marco proved Question for structurally stable
polynomials with Siegel fized points.

In this talk, I shall prove Question for n-subhyperbolic polynomials
with Siegel cycles. As a corollary, we completely solve it for quadratic
polynomials.

We shall define n-subhyperbolic polynomials. Let P be a polynomial
of degree d > 2.

Notation. For a point z € C, we call { P™(z)}n>0 the orbit. It is called
a cycle if it is a finite set.

Let Z = {2,}™, be an irrationally indifferent cycle. The multiplier
of Z is defined by (P™)'(z,). If P™ is linearizable at each point of Z,
Z is called a Siegel cycle. Otherwise Z is a Cremer cycle.

Definition. For an irrationally indifferent cycle Z = {2}, of P, the

singular set S = S(Z) is defined by [J_, S, (S, is the Siegel disk at
z,) if Z is a Siegel cycle, and by Z itself if Z is a Cremer cycle.

Theorem 1 (Mané). For each singular set S of P, there exists a re-
current critical point ¢ such that w(c) D 0S, where w(c) is the omega
limat set of c.

Definition. A recurrent critical point ¢ corresponds to an irrationally
indifferent cycle Z if w(c) D S(Z).

Key words and phrases. non-linearizability, n-subhyperbolic polynomial, qua-

dratic polynomial, irrationally indifferent cycle, Brjuno condition.
* Partially supported by JSPS Research Fellowships for Young Scientists.



We write the Fatou set and Julia set by F(P) and J(P) respectively.
We always count the number of critical points with multiplicity.

Definition (n-subhyperbolicity). For a non-negative integer n, a poly-
nomial P is n-subhyperbolic if
(a) there exist exactly n recurrent critical points corresponding to
irrationally indifferent cycles,
(b) every critical point in J(P) other than the ones in (a) is preperi-
odic, and
(¢) no critical orbit in F(P) accumulates to J(P).

By definition, a quadratic polynomial with an irrationally indifferent
cycle is 1-subhyperbolic. A 0-subhyperbolic polynomial is subhyper-
bolic in a classical sense.

For simplicity, we treat only the class of 1-subhyperbolic polynomials
in this talk.

Main Theorem 1. If a 1-subhyperbolic polynomial has a Siegel cycle
whose multiplier is A = e*™® then « satisfies the Brjuno condition.

Corollary 1. If a quadratic polynomial has a Siegel cycle whose mul-
tiplier is A\ = e¥™@ then o satisfies the Brjuno condition.

By studying concrete examples of n-subhyperbolic polynomials, we
also have:

Main Theorem 2 (Scaling invariance of the Brjuno condition). If o
satisfies the Brjuno condition, then ma (m € N) also satisfies the
Brjuno condition.
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On the Dynamics of Exponential Maps
and the Dimension Paradox

Dierk Schleicher, LMU Miinchen
Kyoto, 24. September 2000

In our talk, we will discuss some aspects on the dynamics of the iterated
exponential family

z = dexp(z) for A € C\ {0}.

We start with the theory of iterated polynomials which by now is quite well-
developed, starting from the work of Douady and Hubbard in the 1980’s. Let
p be a polynomial which we may as well suppose to be monic, and let d > 2
be its degree. The set I(p) is the set of escaping points:

zel(p) it p™(z) 200 as n—o0.

The set I(p) is a connected component of the Fatou set; the dynamics on
I(p) is easy to understand. The most interesting dynamics happens on the
Julia set J. It equals the boundary of the escaping set, ie. J = 9I(p)
(and J N I(p) = 0); therefore, the topology and dynamics on J are often
discussed in terms of I(p). To be explicit, suppose that I(p) contains no
critical point. Then there is a preferred conformal isomorphism : I(p) —
(C\ D) conjugating p to w — w*: every z € I(p) is described uniquely by an
external angle 9 € R/Z and a potential t > 0 such that ¢(z) = exp(t +2mid),
and the dynamics is such that p(z) is the unique point with external angle
d and potential dt. The description of the Julia set can start in terms of
sequences (z,) € I(p) converging to z € J with ¢(z,) = (tn, V) and saying
which sequences converge to the same point. This leads to the pinched disk
model of the Julia set developed by Douady, Hubbard, Thurston and others;



it is a homeomorphic model if the Julia set is locally connected. The external
coordinates (t, ) are at the base of most results on polynomial dynainics.

Our goal is to extend this theory to iterated entire maps of finite type:
these are the maps with only finitely many singular values (critical values
or asymptotic values); we discuss only the easiest case of exponential maps
Ey:z — Aexp(z) with a unique singular (asymptotic) value at 0. Again, we
start with the set of escaping points [(F),). For polynornials, the set I is
a connected open neighborhood of co and in the Fatou set; for finite type
entire maps, it is known from the work of Eremenko and Lyubich that I is
a subset of the Julia set J, that I has no interior points (even if J = C) and
that the closure of I is J: all this is in contrast to the polynomial situation
(another difference is that the orbit of a point = ¢ I may be bounded or
unbounded). Our first result is a confirmation of the following conjecture of
Eremenko (which however was stated for arbitrary entire maps):

for Ex, every z € I can be connected to oo by a curve within I.

In fact, these curves are unique, and every connected component of I is a
simple curve ending at oo. Viana has shown that these curves are C'*°.

We give a complete description of the escaping set [: the various (un-
countably many) curves are distinguished by their external addresses, and
points on every single curve are distinguished by their potentials. The ex-
ternal address of a point z € [ generalizes external angles of polynomials
and is related to the imaginary parts of the points on the orbit of z; the po-
tential measures the rate of escape to co. To be precise, introduce the map
F:Rf — Ry given by F(t) = e' — 1 (we think of F as the exponential map
for large ¢, modified so that every ¢ > 0 has an infinite backwards orbit). We
say that z € I escapes at potential t > 0 if

IRe(ES™(2)) — Fo*(t)]  is bounded .

If I, is a connected component of I, then there is a unique ¢, > 0 and a
homeomorphism g, from either (¢, 00) or [t., 00) onto [, such that for t > ¢,,
the point g.(t) escapes at potential ¢ (if ¢, is in the domain of definition of ¢,,
then ¢.(t.) escapes slower than at any potential ¢ > t,, but we make no claims
on how slowly; if t > ¢t,, then it turns out that lim,,_, . Re(EY*(2)) — Fo(t) =
log |A]). We will call the set g.((ts,00)) a dynamic ray, and g¢.(t,) is the
endpoint of the ray (if it exists).



This gives two new differences to the polynomial theory:

(1) it may be that points on a given ray cannot escape slowly, but only with
a manumal escape rate t, > 0; and
(2) it may happen that the endpoint of a ray 1s itself an escaping point.

In order to describe exactly when this happens, we need to distinguish
the rays; this will be done in terms of external addresses: an external address
is a sequence s = s82... of integers, and a ray is associated to external
address s if for every point z on the ray,

Im(ES"(2)) = 27841 — Im(log A) + 7,(2)

with r,,(2) — 0 as n — oo, and r,(z) — 0 for every fixed n as the potential
of z becomes large on the ray.

To simplify the discussion, suppose that the singular value 0 is not con-
tained in /. To every external address s € ZN, there is at most one associated
connected component [ of I (a single ray with external address s); denot-
ing the minimal potential by t,, then exactly one of the following four cases
happens:

1. t; =0, and I, is homeomorphic to (0,00) (like in the polynomial case)

2. t, =0, and [ is homeomorphic to [0, c0) (the ray lands at an escaping
point)

3. t, >0, and I, is homeomorphic to [t,, c0) (the ray lands at an escaping
point, and the minimal escape rate is positive)

4. t, = 00, and I, is empty.

These four cases can completely be distinguished in terms of the external
address s only; it is completely independent of A (with a well-understood
exception if 0 € I). Moreover, the exact value of t, can also be determined
in terms of s: bounded sequences s are always of the first type; informally

speaking, the faster the sequence s grows, the larger ¢, becomes.

THE DIMENSION PARADOX. A corollary of this classification is the following
dimension paradox: let E be the set of endpoints of the rays in the second
and third case in the list above (when the ray lands at an escaping point).
This set E is totally disconnected. Let R be the union of all rays (that is,



the first three cases, without the endpoints). Then every point in E can be
connected to oo by a unique ray in R, different points in £ are connected to
oo by disjoint rays, and the Hausdorff-dimensions are as follows:

dim(F) = 2 dim(R) =1 ;

that is, a two-dimensional set of points is connected to oo by curves, each
point by its own curve, so that the union of all the curves has dimension one
(and the rays of the first type, which have no associated endpoints in the
escaping set, are not even counted)! This phenomenon was first observed by
Karpiiiska for positive real values of A less than 1/e; it turns out to be true
for every A € C\ {0}.

It should be added that many rays even of the first type will “land” (in
the sense that lim, o g.(t) exists), but the landing point is not an escaping
point, like for polynomials. There are cases, however, when the ray fails to
land, and the closure of the ray is an inseparable continuum (such cases exist
even if the orbit of the singular value 0 is finite and the external address of
the ray is bounded).

All these results are only a beginning in the understanding of the topology
and dynarmics of the Julia set. In many cases, they should allow to give a
complete description of topology and dynamics of the Julia set: in particular,
this should be so if the dynamics is “hyperbolic” (there is an attracting orbit
and the Julia set has measure zero; it is not locally connected), or if the
singular value escapes or is strictly preperiodic (in the latter two cases, the
Julia set is the entire complex plane, which describes the topology but not
the dynamics). It turns out that local connectivity is no longer the relevant
concept for the topology of Julia set: if J = C, then the Julia set is locally
connected but this means nothing for the dynamics; in the hyperbolic case,
the Julia set is not locally connected but its topology and dynarics can
be described anyway. We have rephrased this concept in terms of fibers: the
“good” case is when fibers are trivial; this is a slightly stronger reformulation
of local connectivity in all those cases where local connectivity has been
useful, and it applies more generally.

There is a parallel theory of rays and potentials in parameter space (the A-
plane), leading to a description of all those parameters (called “exceptional”
above) for which the singular value escapes. It helps to describe the bifur-
cation locus of exponential maps in a similar way as the Mandelbrot set is



described in terms of the Douady-Hubbard theory: for example, density of
hyperbolic dynamics for quadratic polynomials would follow from local con-
nectivity of the quadratic bifurcation locus (the boundary of the Mandelbrot
set); we rephrase this as saying that density of hyperbolicity would follow
from the fact that all fibers of the Mandelbrot set are trivial.

For exponential maps, hyperbolic dynamics is completely classified, and it
is conjectured that it is dense in the A-plane. Density of hyperbolic dynamics
would follow from triviality of all fibers in the exponential bifurcation locus.

We understand our results only as a beginning towards a more general
theory including a larger class of entire maps; the fact that the entire com-
plete classification of escaping points in exponential dynamics does not de-
pend on the parameter A might be taken as an indication that it could have
analogues in greater generality, similarly to the fact that there is a uniform
classification for all polynomials (as long as no critical point escapes).
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16 On the Prime Numbers (1)
( The Structure of Prime Numbers )

Katsuyuki Nishimoto Descartes Press

Abstract

In this paper, some relationships of the prime numbers and polynomials are reported toge-
ther with some illustrative examples.
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17 N - method to nearly simple harmonic
vibration equations ( Continued )

Katsuyuki Nishimoto Descartes Press Co.
and
Susana S. de Romero Universidad del Zulia

(Maracaibo, Venesuela)
Abstract

In the previous paper, some particular solutions to nearly simple harmonic vibration equa-

tions are reported. In this paper the general solution to the equations are discussed by means
of N- fractional calculus again.
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18 On N-fractional and partial differintegral equations
Katsuyuki Nishimoto Descartes Press

Abstract

In this article, the unification of the partial differential equation of Cauchy - Riemann and the

one of Laplace is discussed through th N (Nishimoto's)}fractional and partial differintegral
equations.

Theorem 1. Let
@ =0(2) = P(x,7)EP° ={@(x,y) :0%1@,,, 1<®,0=lg,,|<®.a BER}
u=Reg and v=Img .
We have then the following N -fractional and partial differintegral equations
(NF-PDIE)

. " . (X
(i) uam—ua(,,cos(-i-+2n>a—v«y)sm(z+2n>a-0 , (1)
(T n
(ii) va(x)+ua(,)sm(-£-+2n>a— vamcos(5+2n>a-0. (2)
if
Paiy(D = (=D Py, (@) =0, (3)

where n€Z . (a ER).
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CONDITIONAL STABILITY OF A REAL INVERSE
FORMULA FOR THE LAPLACE TRANSFORM

S. SartoH, Vu KiM TUAN AND M. YAMAMOTO

We are concerned with the Laplace transform
00
(LF)(x) = / F(t)e *dt, z>0.
0

Our main purpose is to get some estimates of F(t), t > 0, by means of sup,5q [(LF)(z)|.
In particular, we are interested in such estimates of F, that are small when

sup |[(LF)(z)]
>0

is small. This kind of estimates is called stability estimate for the inverse Laplace trans-
form, and, in general, we cannot expect such stability estimates, because the Laplace
transform £ advances the regularity of F very much. For example, consider F,(t) =
sinnt, n € N. Then (LF;)(z) = zx4752, 2 > 0, and sup,so [(LFR)(x)| = % — 0 as
n — 00, but lim, .o | FnllL>(0,00) # 0-

The lack of stability implies the ill-posedness in taking the inverse of the Laplace
transform if we choose L>-norms for functions under consideration. However it is possi-
ble to obtain some stability estimates provided that we restrict to some reasonable space
of functions. They are called conditional stability estimates and there are many such
estimates depending on the choice of norms and "reasonable” functions spaces. In this
paper, we establish such a conditional stability estimate in L°-norm for a subclass of
Holder continuous functions. The image of this space under the Laplace transform turns
out to be a Bergman-Selberg space.

For q > 0, we can define a norm equivalent to the Bergman-Selberg norm || - ||z, ®+)
by
2 o~ 1 * 2_2n+2¢-1
1.1 =y axzf' nt2a-ldr.
0D e =Y app gy f, PR @

It is known (e.g., Saitoh [4], Chapter 5) that

(12) FllLz = (/; IF(t)Iztl'z"dt)E = [|LF|| g, r+)-

The equality (1.2) means that the Laplace transform is an isometry between the norms
Il - ||L3 and || - || v +) for any fixed ¢ > 0. The norm || - ||y (r+) specifies our choice of an
admissible set. We state our main results.

Typeset by ApmS-TEX



Theorem 1. Let % <g<1,M>0, and

(1.3) max{%,Zq—l}<a<min{1,2q}.
Set
(1.4) U= {filflamey <M, 2°f (), g we) < M}

Then for 0 < tg < t; < o0, and for 0 < v < 2"4", there erists a constant C =

C(U,to,t1,7) > 0 such that

-1 Y
1.5 Fll = <C| ——7——
() 1Pt < (e )

fLFeU.

The right hand side of (1.5) tends to 0 as {{ LF|| L (0,00) — 0, but with the logarithmic
rate. So the conditional stability estimate is worse than any Hoélder continuity.

We can give another characterization of an admissible set U, independently of the
Bergman-Selberg space.

Theorem 2. Let a,7,q,to,t1, M,C be defined as in Theorem 1. Set

, MI (3 -a
(1.6) V= {FeC'0,00); F(0) =0, [ Fllz2 < M,||F ey, < —M}-

q-1 T

Then the estimate (1.5) holds for all F € V.

In addition, it is proved that the condition a < 1 in Theorem 1 and in (2] is needed
essentially.
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REPRESENTATIONS OF ANALYTIC FUNCTIONS IN TERMS
OF LOCAL VALUES BY MEANS OF
THE RIEMANN MAPPING FUNCTION

SABUROU SAITOH AND MASATAKE MORI

Our results and method are valid on any Riemann surface, but in order
to simplify our statements we shall state our results on any domain S on the
complex Z = X +1iY plane.

Without loss of generality, we fix a point as 0 € S and we consider any
analytic function f(Z) on S. Then, in an e-neighborhood of 0, we have the
Taylor expansion

f(Z):ia,,Z", 1Z| <, : (11)
=
where
R A
_ 100 12

forany 0 < ¢’ <e.

Our purpose in this paper is to represent f(Z) for any point Z of S in terms
of {an}r., in some “good” way. One fundamental method representing f(Z2)
in terms of {a, }n., is the well-known method by K. Weierstrass which repeats
Taylor’s expansions by taking a chain by discs, connecting 0 and Z. However,
this method is very involved in the sense of practice, because in the first Taylor
expansion on the next disc of {|Z] < €} in the chain, each Taylor coefficient is
represented, in general, by using infinitely many Taylor coefficients {an}r.q-
The first author discussed this problem by considering the inversion formula
of the Cauchy integral representation in ([6],[8]). However, in the method we
must, in general, use the eigenvalues and eigenfunctions in the Mercer expan-
sion theorem for positive—definite kernels. In this paper, we shall give a new
and “good” representation formula, by using some Riemann mapping function.
Anyhow, in our method we shall assume that the Riemann mapping function
may be constructed and known. Of course, we know many concrete Riemann
mapping functions for special domains.
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21 Two conditons for a meromorphic function to be
normal in the unit disk

(LFE . (Yamashita, Shinji)
CER#ERILKRE (B))

Let a function f be meromorphic in the disk D = {|z| < 1}. The
spherical derivative f#(z) of f at z € D is defined by f#(2) = |f'(2)|/
(AL + £, if £(2) # oo, and f4(2) = [(1/F)(2)], if f(z) = co. Two
necessary and sufficient conditions for f to be normalin D, or, equivalently,
for (1 — |2|?) f#(2) to be bounded in D, are given.

(I) There exists 7, 0 < r < 1, such that f(w) # —1 /f(2), the antipodal
point of f(2), for all z, w € D satisfying |w — z|/|1 — zZw| <.

(IT) The quotient 6%(z, f)/pau(2, f) is bounded in D minus the points
z where f#(z) = 0.

Here, 6%(2, f) is the maximum of R > 0 such that the Riemann image
surface (over the Riemann sphere) of D by f contains the one-sheeted
spherical cap {w;|w — f(2)|/ |1 + f(2)w| < R} of center f(z), in other
words, the single-valued branch F of the inverse of f with F'(f(z)) = 2
can be defined in the cap. We set 6%(z, f) = 0 if f#(z) = 0. Let p,(z, f) be
the maximum of r, 0 < 7 < 1, such that f(w) # —1/f(z) for all w in the
non-Euclidean disk A(z,7) = {w; |(w — 2)/(1 — Zw)| <} of center z € D
and the non-Euclidean radius arctanhr. Let pgu(2, f) be the maximum of
r described in the above with the additional condition that f is univalent
in A(z,7).

We can actually show much more in terms of v(f) =sup,ep(1—|2|?) f#(2),
pe(f) = inf,ep pa(z, f), and pi(f) = inf,ep (2, f) < pa(f), where f is
meromorphic in D. Here p}(z, f) is the maximum of r, 0 < r < 1, such
that f(¢) # —1/f(n) for all ¢, n € A(z,T).

(IIT) For f meromorphic in D the following chain of inequalities holds:

tanh (7/4v(f)) < 05(f) < pa(f) < 205(F) < 2/(v(f))-
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TR & BIEXR, BT
Painlevé HER
(I) w” = 6w? + 2z,
(IT) w" = 2w’ + 2w + a,

(IV) ww” = (w')?/2 + 3w*/2 + 42w + 2(2* — a)w? + 3
DF~ToffR C LARETHS. KOBRSEBON.

EE 1. FZEX (D), (1D, (IV) ofEOR w(z) €xtL T(r,w) =
Or¢) TH3. T C RAHBEXDOHCEKET 2EHTH 5.

Bl (1) DEBEOHE w(z) E2A L5 cokt*

HE 2. z2=c0 ¥ETOUZHRT BFLEL, TDOLET 1/w(z) =
O(|z|V?) BERILT 5.

E 3. |o|> Ry (>10) 27 THEEDOH o XL, 0 & 83
BAMhER L, TRD X 5 &b DHBHALET 5.

(1) T, C {z]| |o| < |z| < |o] + 1}

(2) T, DEX & O(|o]).

(3) T £ 1/w(2) = O(|z]'?).

Pt 2 oofiEE X BT
®(2) = w'(2)* + 1;))’((22)) — 4w(z)® — 2zw(z)
DI TR ,
pio s 22 =, W)




Ml T NS HEEEDOHNS &,

W 4. wiz) DEBOm o KXLT, 0<|z—0| <clo] L
WT w(z) RIEEITNTHS. T T Ty C'id o WHEBEGRAEHTH 3.

cRE Y, n(r,w)=0(r*") LT, T(r,w)=0(C) HEES.
(1), (IV) DfRC > WThEkOEEIC X Y, B 1 oR%2185. L
SRHEOHE2, 3 TH, wz) OBARFELZEE L > T3,
w(z) OBHFEFT 2E% & 32D A bARETH Z. DL X B(2)
KMATELIHIOMBBABBES C XV I HLIFLCRDOKER
*183. .

B 5 . (I), (1), (IV) DEZEORCH LT, TR ZRIEIC T(r,w) =
O(r3/?), T(r,w) = O(r®), T(r,w) = O(r*) KRIT 5.
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n EAEA Riemann [ DL &
%D Picard EEIZDOWNWT
FEH Rk WAL TEGSE

Riemann @ R LOFEXHBURKOEEZ MR) &L, f (e MR)) LD
TERANERWE (€ CU{oco}) OEEE p(f) EXRTEE,

P(R) = sup p(f)
fETUR)

% R OPicard T E 1.
BEEK Si(2) (1=0,1,2,- - ,n) ZREETDENE RAREHER

So(z) ¥ = S1(z) " 4+ (=1 Sa1(2) g+ (=1)"Sa(2) =0

TEHINDEK y & n BARKBEERE VY, By OBBEHFEREE n RAK
& (Riemann) @& WV 5. 7L, TRTD Si(z) KHBADERIBNHOLL,
Si(2)/So(2)(i=1,2,--- ,n) DIEARED I DRIBBRETH D LT S. KT
So(z) = 1 THHHE, By 2ERABPEKREVD. n BREYE R O Picard
ERICONTIE, —RIC2SPR) S 20 BHSNTVS.

ply) = 57125 3HRAKMARKICL > TEBINAREEERY, py) =771
Z 4 BRI RK TEHINDREEE D Picard ERIDWTRBICHAEZI N
Twa (1], [2], [3]. 6], [6]ZHD .

T I BEAKEK TER INSREEE & Z O Picard ERIZD W TH
59 5.

FE 1 ([4]). HRR
Flz,y) = y" — Si(2)y" ' 4+ (=1)" ' Suciy + (=1)"Sa(2) =0 (1)

TEHIND n BAREEEK y VAR p BORMEZFE D LT S.
p>n EEpy)=p+1>n+1D) BEEHEL () EROXITRHTNS

F(z,y) = U(y) + Qu)e )+ 4 Quly)e™ ) = 0,

FEL, Hi(z) (G = 1,2, ,0 R H(0) = 0 BB EERERMTHD. Uly),
Q=12 )3y DEBRKLEHEATROEIZERIND |



Uly)=[[v-8)"0),

1=1
p—m m 2
nj = (y - bi - A
Q;(y) = (y — ax)™* m1+.qﬁ;ﬁ ) ; 7 @i(y)
k=1 Hi=m1+~-+m1_1+1 (y —b:)

ZZT, agk=1,2,-- ,p—m), b;(i=1,2,--- ,m) IFHBRLERK, T, (m,
n;, Tijk, fj’i, mj Liﬂ?gﬁ“@
mi+-+m;

p—m m
Skt ti- Y Ga<a-1 (=10,
k=1 1=1

t=may++m, 1 +1

BT 5K UW), Qi) =120 By OEERKLERT, Fou
B35 EBIABREZRFRN,

B ply) > 3n/2 THABHBITWE =1 215, o THER () T3E—DD
BEERENEENS.

TR 2 ([4)). HER () THE-DORKEENTENSHE, TOHMADER
525 factorid, £ (HE—D0) HEEKD p(y) — 2 KFZHA LS.

THE 3 ([4]). HER () KHE—DOEKEEIEENLHE, TOHNRNH S
FORIEREEEE, Picard B3 ply) &E—BT 5.

IS —EHOMRII p(y) =5, p(y) = 7T RAAREEEICET HHREGATVS.
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24 On the Deficiency of Holomorphic Curves with Maximal Deficiency Sum, II

TODA Nobushige Nagoya Institute of Technology

1. Introduction. (a) Let f = [f1, -, fa+1] be a don-degenerate, transcendental holo-
morphic curve from C into P*(C) with a reduced representation

(fly"')fn+1) : C = Cn+1_{0})

where n is a positive integer.

Let X be a subset of C**! —{0} in N-subgeneral position satisfying #X > 2N —n+2,
where N > n.

We denote by T'(r, f) the characteristic function of f and by d(a, f) the deficiency of
a € C™! — {0} with respect to f.

Defect Relation ([1}(N = n), [2(N > n). See [3]).

ZJ(a,f)S2N—n+1.
aex

(b) Let g be an integer satisfying 2N ~n+1 < ¢ < oo and we put @ ={1,2,---,¢}.
Let {a; | j € Q} be a family of vectors in X. For a non-empty subset P of @, we denote

V(P) = the vector space spanned by {a; | j € Q}, d(P)=dimV(P)
and we put
O={PCQ|O0<#P<N+1}.
Definition([4]). We put
d(P)
#P

Remark. 1/(N —n+1) <A< (n+1)/(N+1).
q

Lemma 1([4)). ) d(a;, f) < min{2N - n+1,(n +1)/A}.
i=1

A = min
PO

Lemma 2([4]). Suppose that N > n. For ay,---,a, € X (2N —n+1< ¢ < )
the maximal deficiency sum

§(aj, f)=2N —n+1
1

q9
j=

holds if and only if the following two relations hold:
1) (1-6w(5)(1—d(a;, f)) =0 (j=1,---,9);
q
2) D _wli)d(aj,f) =n+1,

j=1
where w is a Nochka weight function and 6 is a Nochka constant.



We put
D(1)={a€ X |(a,f)=1}.

Theorem A([4]). Suppose that

q

) d(a;, f)=2N-n+1.

i=1
IfN>n>2and (n+1,2N -n+1) =1, then #D(1) > [(2N —n+1)/(n+1)] + 1.
The purpose of this talk is to give a result containing Theorem A.

2. Result.

Theorem([5]). Suppose that N > n=2m (m € N) and that

6(aj, f)=2N —n+1.
1

J

Then, #D(1) > [(2N —n +1)/(n+ 1)] + 1.

9
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NEVANLINNA THEORY AND ITS APPLICATIONS

AlF RS (BARLHERS)

1. INTRODUCTION

Z OFFETIE, Nevanlinna BiAL OFBE CRITBAICHEDOT R L 2> TV
BRI RERY EFTRBAESE TS EIZT 5. Ry 7 ZAOBBUFIL
4072 Nevanlinna BB OB A2 RER T L LHEERI GO IBEEZIY LiF5
ZEETEAET LT, 1T AERE RO —E(LREE (Unicity Problem),
CEICTHEEFEXOABEMOGE, 8 - B8, #HXOEAIMEZ, 3E&H TIIE
FNFERLERMSFTBRAOEBEICOVWTIRVEI Z LIz ZnbofEs
Nevanlinna Big & AV THRE L TV ER & 26 OMEOHTaft T 2525 Z
ENTET, DL THEL DOFIZEEEZFE> TV hid & B 2 3. Nevanlinna
HROBHEL BEbdXME W< 20h i T < (19, 20], [24] 1, [31], [33], [40].

2. UNIQUENESS THEOREM FOR SMALL FUNCTIONS

FEEBIBENAEREUEEIIE AN THERERPR VNSV EWIREID L
Bk H L., £Z2C, FEEM ¢ L BB EEHEE f O Nevanlinna it
HEEEZT, T(r,q) L T(r, f) BT D &, lim o T(r,q)/T(r, f) =0 THD
MW, giE fICRTLTRERLZD /NI EWVnZIFEF-& Y LT A, £2 T,
S(r, f) RRIERBRABRAKBONTr - co L5 & 21T o(VT(r, f) 2 5 BER
THoL L, FEABE A fIZ0 LT Small” TH B &ix T(r,a) = S(r, f) H
ENBZELTHDEERTS.

2ODBEHHEIEE f & g4 small W a & 3F (share) T5 &1F, f(z)—alz)
DERIT g(2) — a(z) DERTH > THD g(2) — alz) DERIL f(2) — a(z) DER
THEZETHD. D, a(z) = co PDHEEHEZXD. £TD f ORBH g DB TH
DN, BTDgOEBN f OBTHHLEEX fLgiloodEEFETHLNIZLIZTS. @
B, f(z) —alz) =0BEVILDE XL 2 fDaREEITLIZTS. a
BOEBREN f(2) —az) DEADEEETERT O L ET5. £/, EEEET
—ET 5L EITT CMICHET D", EEEO—HE TIITERZ LRV & &I “IM
WHEFETDEVD. ZITH, RO RWVIRY B “EF"TLHLFD & &R

1991 Mathematics Subject Classification. Primary 30D35, Secondary 34A20, 39B10.

Key words and phrases. Nevanlinna theory, Uniquness theorem, Complex functional equa-
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MPOERTHE S Z &5, F£/, Bilsmall BV ) L ZFE5EXHNEZ2D
DOREHAEYNER f & g AIZBL Tsmall THLIEKE T 5.

V1w % Nevanlinna 5 values theorem, BN % “ 5 2D Rz 2% L H T 5 B
FEBEEK f & g d—BT2FHELTHLN

|5 values — 5 small functions |

ETEAMNE I MIREITEY RFBR CThHolo, BRI AT [29], [34],[50], [51],
(58] e EMH B, & AN, BT > T I OREREIL Li and Qiao [36] 1T & > THE
R

2.1. Two meromorphic functions sharing 4 small functions. Nevanlinna ®
5 values theorem PFEHZ BV HT & KD 25D Z LIZKTA2< 0 (I) e
Nevanlinna P 2 TEFEEH small HEICEROHRE L E£<EDLLTITHLERTE
BOTHIES DD small HEEHFET D 2 OOEBA BT 52 LIERDOHE
CIEEFRBICEERTES. (ID) bOVEDIE, 2 >OEE f, g B4 >DEZFFL,
B DB as CELTN(, f=as=9) #S(r, f)720iE f & gid—&T 5% ()i
DNTIL, FNEFE#LVRBRMBEL LTEEIN TS, RBEEEIZ OV TOR
4313 Steinmetz [47) 12 & - THER & 7203, FUIEDOEFZIZT OV TSRV B
T Zhang [58] AR & Bbid. Zof, BERIC(13] 72235 5. Li and Qiao
EETEFTHERLIET IO TIIRL, 5200 small BEEEFTLH LV HHED
BEBRIHEAE LR THELZBELZOTHD. 0D, (1) BELTH0E
IMIES D FEN LI T CIZiIbr RO TH S, SEIT, (I) DRRITITE
BROWEETHHN () IOV TEIEAT 2 LR TE D THE L TR < 27].

Theorem 2.1. BEMFEEEK f L g BRRD 450 small BEEILF L, B 5
D small B as(2) IZOWT N(r, f =as=g) # S(r, /) ZWET 20, f & gid—
BT 5.

TOLHC, BEHEEREE f L gA 400 small BEAEELFT L LD
FHCHEREERTMTEETf &g —ET DI LETRTHRIIMOETD
E26N05. Pl fRgUVTROEREHESBE R LEITHONTIL[29], [34] 2 &
Bhb. £, HEOLEF TEREEMAZHEIIE ORILEEHHLTVOINT
DESTITRO/MEIZ P IZda7z V. EEE, Nevanlinna (39) B2 4 >OfEE CM 24
T2 200EBUZOVTHRARTNS.

2.2. Two meromorphic functions sharing 3 small functions CM. Gunder-
sen [15] IR ENIZEREBNTHZ L0 ZO/NEITEED D Z LITT D, Bl
EERER f L g4 0EEEFL, 20 H 208 CM ILEAE ST f
L glF—FT D (FF—KROBEEBTHEEND) 7. ZOFERI, Mues 38] 1L >
T B &% Z® Gundersen DFERIL small HETHMIZTH0 LV O FHED
RERE L B b, MHONRERIS, “SORCMIZEF SNDEVIFHDL &

YAMER N(r,f=a=g) 1, [ & gD a 2 AT DADNBOLEHILLDTHS.
3T DRI TI, —BICH f & g N—FT B LIFEXRV. (15, 16], [38] [42] 2 LITHE LW
“Mues 1225 CMICHE £ 105 Rl b > LBV ENTEHI Lo IgM L.
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I (25], [35] DRERDBH S, T O DIEHITHEMER D TH 525, Theorem 2.1 &
T ABICAWET AT T RS 2 & TEFMIBIZTE 5 [28].

3. SCHRODER EQUATION AND c-DIFFERENCE EQUATION

ZOETE, HIHFEFEROBENEFEREEMOME LA LI LEEN
Bilizk<. U‘& DIEEOW RO ERIME (regularity) TH Y, b 5 & DIEMOE -
BEETHD. Dim, MOTFEEZREL THHDEEIC fiéﬁ)fﬁn‘:ﬂi LT
[4], [9], [17], [22], [26], [48] 72 & %"%BE iz, BERIZIZ/NE 3.1 ’CSchroder@
FEFITET 5 Rubel DRI, /N8 3.2 Tt - E 5 FHEKUZ OV T D Wittich @
EHEOYLE, Ramis OEEI OFEEEZRY LiFf7lov. 8z, Z27Zbhiznr—=
TEBRTROEHEFEXOR Y #\ & Nevanlinna BEGIZOWTOEDL Y ThHAH.

HMADOELM LB - BEMEICSOVWTETFORAL L TR FEARKORE
nBERIKRFELZ OV T, TOBBEERERE f 12O T

(3.1) logM(r,f) = Kr°(1+0(1)), asr — o0

MABZERMBNTVA [18],[23]. 22T, K>0,0>0°% XERETHS. ZHORK
26,

(3.2) lim su loglog M(r, /) _ lim inf loglog M(r, f) (=0)
r00 log r r—00 logr
ThH25. BROERMDERIZNANALHD L D70, BEFEXORITHL
T(3.1)R(3.2) T W THE D DEBIV. TR, FEREERIZOVWTIH(E.])
%°(3.2) Tlog M(r, f) % Nevanlinna DRHEEHE T'(r, f) ICEEZHBXTOETH 5.
BEVTEEOFBEHEEOEEL M(C) LEX L C M(C) ZEED T KL
158 FEAEH f € M(C) » L E differentially algebraic & 1%, H M5 HEK
Qz, f, fle o f™) D35 o TREBE M HRK

(3.3) Qz, f(2), f'(2),..., f(2)) = 0,
EWIETILETHD. ZIT, QORBEERIETLIZBT bD LT 5. M(C)
_ differentially algebraic 72 5 D 2% AL) LEL. fe M(C)H f € AL)
723 & & Lk transcendentally transcendental (A8 - BEEH)) |, £ 721X L Lk hyper-
transcendental & F D . T - 1HHE 72 L1L (7], [44, 45], [49], [54, 55] 2 LA BRE
Nz, LB O T, IO ORWRY L& U THEREEC(:) 28d 2
Lt B

SEE, s I5 XN FBRROBEEROKENSEELLIHBHETHS.

6(3.2) DERx LA (BUINE) |, HlE TNEREL WS,

7(3.1), (3.2) R—RICHRI LAV, £7, (3.2) 55 (3.1) b —RICHEEET 20

SEIZIE, £ & LT o(r) & BEEEHEMAEE LT

(£ =)B, = {f € M(C)IT(r, f) = O((r))}

7 ENEZ BN, ZhiE Nevanlinna ORMBEK OB THEHHEPNS. HIC o(r) = logr 72
LiE B, REBEKO LK C(z) Th5.
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Holder DEHE & L THAZ ‘T-HHEITE - BEHTH D" Z LI I-WEOWM =T
EZnFRRAT(z+1) =20(2) »oEEIPND.
3.1. Generalized Schroder equation. RIFIRE 2 LA EOFEHEET, cid|c| > 1
72D EHE T 5. Ritt [43] 14 Schroder D 5N
(3.4) f(ez) = R(f(2)),
23 differentially algebraic 72 EERIH BA B AR I B A%, =A%, p-HE D%
NENDORIZIBD Z L 2R LS. Eie, (3.4) OREDERMIZE L TiX(3.1) OFFE
MBELSNEZEBMLNTVS FIZXE[4 238 Z0Lx BOME oI
__logdeg R
~ logc]
T& 5. Rubel (X [44, 45] DT, (3.4) D R(f(2)) & R(z, f(2)) (z & f(z) DHE
HE)ICEX T EEINRDZTHAINEVIBBEEZHEL TW5. (34) DA
% R(z, f(2)) B =M 2 7= 58X % Z Z TIZ generalized Schroder HRER & FE 5
ZEET B NEDOHBIRY | generalized Schroder HREFUZ DVNTILER - Bk,
FRIMEE b —MICITRME L B D, BRAFROHETH LIZLIERET D,
Schroder D FRAILZ DBV R L #RA L Z L IC Lo TH - RFMX 4 X H7
DN TEE, WRERBEDVESDT A FTIEE ZITHDDIED, generalized
Schroder FRERR TGRS BEL TRV, FEBE LN (3.2) DFOFHE %
AL TR (17
Theorem 3.1. Generalized Schrider FEA VP BHEMN BB KR EZFOLT S
&, FOMEE TAEEELL, LHIZB5) TEALND. 2L, (3.5) DHEAD
DFEFIZONTOKRE deg; R(z, f) #RT LD LTS,

FFRA D E - A1 BEiZ, Nevanlinna DR R % 7l 35 Valiron-Mokhon’ko @
EETH 5 [33], [37).
3.2. c-difference equation. Z O/NEIEET, Wittich [53] D—FED c-ZE 45 H K
(3.6) flez) = a(2) f(2) + b(z),
TR BRI ST LI B, Z 2T, a(z), blz) RBERTH 3.
Theorem 3.2. FEX(3.6) PBENEREMRLHF XL OMRIIE - BEHTDH Y,
HRIZELT
(3.7) log M(r, f) = C(logr)*(1 + o(1))
Thd. ZIT, CRABKNOREDIERTHD.

il x i3, p(z) HFDEBMHFELE (p)2 =4p> —gap—93 £ LT

f(22) = WS + 802/ (2)" + 3203/ (2) + g5
16(4f(2)® - g2f(2) - 93)

%= 9. E7-, Schroder BED p-BEDETRVIBEITIE, RI1T £My, £Ty, 22T, My = 2%,
cos(dz) = Ty(cos z), Chevychev IR B . FI21E, cosz it f(22) = 2f(2)* — 1 =T

(3.5)
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Ramis (F# KICBET2%E % n 27O FEKX
(3.8) Zaj(z)f(cjz) =Q(2),
7=0

CELTHANTWS. 22T,Q,4,j=0,...,n EEBEFESERFZRVEEXT
an(2)ag(z) # 0 TH A, Ramis [41] 3£ TD(3.8), Q(z) = 0 DEBBHIEHERE f
R LT,

. logM(r,f) o
(3.9) hﬂil:p (logr)2  2log]c|
ZZT, 0% 0i(3 8) DR D RE D & EH 415 Newton-Polygon DEE DU & DT
D, Bxid, (9], [10] &L T(3.8) DERAMEIZEE L T Wittich, Ramis DR %
B LR RO TR LTSS,

Theorem 3.3. FER(3.8) WEBH AR f ! 2 UL, HRCELT

(3.10) T(r, f) = O(logr)* and (logr)* = O(T(r, f)).
T,
(3.11) m(r, f) = C(logr)*(1 + o(1))

Thd. ZIT, CEABRANOREDIERTHD. KT, (38) TQR(2) =075
iC—ak/Qlog[c|’C“3@é

Ramis [41] IZBXOEEDOE T || = 1 DHEICOVT, e -ERFHEK, £
D HBRRX, Mo HFRNX L OEAERBRIZ OD‘TGQOD\’C@FEIE%&L’CU\%S -8
BHEE L LB L LEDELTOHBETH L. NEDRHDLBY RIFROL DL H
HELEL TS,

(3.8) DB - BEMHEIZ OV TE—RIZITRABE TH 2. (3.6) Ta(z), b(z) = HE

HEICEZ D & —RICABITEBREOMAE - T< 5. Wittich LR UHETIE D £
SOMRND, 1D - FRADBOB - BEMEIIIERT 2 Z LN TE72[26].

4. COMPLEX DYNAMICS AND COMPLEX DIFFERENTIAL EQUATIONS

HOLBOBREBO HEINOBE2D S 5%@”'@ﬁ@ﬁﬁﬁ%% PHEE 2T

Bergweiler and Terglane [11] DRERN O ZDOEITHBH D LT 5. £E R &L
TORDOFEADBRE LD 5 2HEBREEK LTS

(4.1) fro=a@)(f - 2),

(4.2) o=@ -2

(4.3) o= 4@ (f = n)f - 2),

(4.4) (f)? = a@)(f - 7)(f —2)%

(4.5) (f)? = a@)(f 1) =)(f -2,

ORamis M F it Nevanlinna B3 Tid e < BRI FETH D
UBEEA2 S m(r, f) =T(r, f) + 0(1) TH 5.
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ZIZT, 7,6 (1 #£0) IXEE, q(z) IFEEEK.

Bergweiler and Terglane i

(A) 2TO R ICBYT ZEBIHEERBERF 20
LTz, ZOEEIL Wang [53] (2L » THERX

(4.6) (f)" = a2 PR - 2)™,

(4.7) ()" = a(2)e™PP(H)(f - =)™,

-

RS HEEEECOVWTHRKROMR (A) PRI TLHII LB RENL. 22
T, q(2) IXBEEE, P(2), Po(2), Py(0) #0, P(2) IZZERX m, n ZBRETH 3.
BRNFROBREL L TIPIAT, FRERE R -7 DIT 3], (47)], BEEEHEK
ERSTLHDITB]REBHIToND. EBERUHFTEXOBLZ2D 5568
B DOER N FONE 2/ - 725wl 20 [5), [11, 12], [32), [52] 2 &3
5. —F, BEBOFRINOMBREL LTT[24), 31], 33| 2 EMHD. FR(A)IT
b L(4.1)-(45) P AREMARE I EN O TEERBREF 200 S T L a
TV 5. Bergweiler and Terglane (3% 5 DX DOH T (A) BERERL SRV &
2T (4.1)~(4.5) DHBEMOFEEICOWTIHER 2], [31 2HF THAEX LTV 3.
EBE, (1] 125D L 51 Riccati FRADHBDOFEIL q(2) ICE>TED->TLED
THd. FITHROZ LN G, (4.6), (4.7) DEBEEEMERIIFEOL 212 L
DEIREEDEFRNDILEMENRELD. ERICEONTZFER[30]ZLLTOEY -

Theorem 4.1. &K (4.6) PNEBEMEFRUREMELF -5 L, (46) i
(4.1)-(4.3) DT POBTH 5.

Theorem 4.2. 58X (4.7) P BENFEUEER LT 7L T5 L, (4.7) T2
TOFELXONTNNHOFKTH S

(4.8) o= q2)e"(f - 2),

(4.9) o= q(2)e"9(f - 2),

(4.10) o= q(@2)e"" O —n)(f - 2),

(4.11) (f)? = q(2)ePD(f = n)(f - 2)%

(4.12) (f)? = q2)e"D(f —=n)(f - m)(f - 2)%,

ZZ C, T1, T (7'1 # TQ) Viﬂ"j&

Theorem 4.1 BEFRL TS Z &I, (4.6) IT DWW TFHRS Z & i Bergweiler and
Terglane DFRT- FBRAZFANDL 2L LEIR L THoE NI 2L THD. The-
orem 4.2 DFERIZHOWT b, REA% & 7 0EBIEE & DBIFR T Bergweiler and Ter-
glane DFRTZFBREFHNDZZEFLUTH L. (—RITIZESI RO THA M)

4.1. Malmquist—Yosida—Steinmetz type theorems. Nevanlinna BRI H%
MO FBRRNEEELBDLY 2L, BIUIBEMOERORMEEZ 52 T<nd &
BDHBNTNE, BELIRLEAZHOIE, Malmquist D EE % F BHHELRE
7% Nevanlinna B+ AW CHIfiE* 5272 L THA S [57]. D%, ZDFER
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Wittich @ 7 /b— 7125  #A34 Steinmetz [46] IZ L > TRKE2RBAE BE7-. £
7z, Bank, Kaufman, He, Laine # % Nevanlinna 2§ % % 0> Malmquist-Yosida
DEBBDORERICKE Z2EBRE R 2], [21]. ZOFEOFFEIIRMEK L+
OEEHK (X EREER) CHL TRENZFEXCEOREEORTIAR
BI%fE M T LT BB ThHIMBEETIFEREEDL LI LD TH
5. RIS, MOBERES M OFMEBEE L) bRERLRZYREVWEXINE
¥ %2 (admissible solution) & V5. 4 DFBRR(4.6) PBHEMEFEOLT5 &
TORIIFEMERD. DED, (4.6) 2HZ O ICE L TIXZHE TH A Nevanlinna
Hig CEEMS FEAEZRVBOBMOFELERATAZ L CHEARK TS, £
B%, Theorem 4.1 I13BEIZ Yang [56] iZ & - T—Af#%® admissible case (2135 X 7=

ZHEIARE XHE D BRI RS, L Tl Bergweiler (8] 72 &I Lo T 1B
DREFFEAUTH T D Gol'dberg DEHE [14] DRIEEHA N 5 % 47z, Zaleman D
rescaling lemma # V5D H TH A0 Z D FEIIERBS FERUCHE S -k
BT OB Z L o—20 Rt E 51 L 5 ICEbR 5.

4.2. Non-admlSSlble solutions. FRR(4.6) & (4.7) DR X 128 i%(4.7) DFR¥L
iZ B BEENTNAZ ETHD. 2D LI, (4.7) OBBMIIL T L bHE
fR L1372 0 A TERAOIERIES T T SIIGEACE v, 22T, £ TEHO
FETAT) ZUTOI>OFERUKS.

(4.13) fo= a2 (f — 2,

(4.14) (" = a(2)e™D(f -2,

(4.15) (" = a@)e"E(f —n)(f -2,

(4.16) " = a(2)e™(f —n)" N (f - 2)m,

(4.17) ()" = a2 D(f =)™ (f - 2™,

(4.18) 7 = a2 —m)(f =) - 2)
(4.19) () = a@e"O(f —n)(f = n)(f - 2)>,
(4.20) () = ¢ (f = n)(f - )(f - 2),

(4.21) ()? = 4@ =n)(f = )(f —7)(f — 2),

T T1,i=12,3 FEWVCERLERT, s TERE To%iL, GcnFE
RIS LTHle DFfwE L CEREIERTEZLITRD. FOR, —oDBT L4
HHEEIL Zhu[59l ic LB LD TH B,

L EHIT (21], 33]) R E 2B R
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((4,20§ ;7-! No solufion ]
(4.21)
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25 Z RIS %3 B Bocher BFER(ZDINT

H B - BEHEH
BT EBK - BEREH
KE - #IL EBK - RAREE

nkEa—2 Yy FEM R LOEHEBRE ue C 2, A™u=0 t725L& m
FEHMTHDEWV, ue HMR?) &Y. 7o, n KTEMK B(0,1) # B T, fR%
BRUVNEBATER B — {0} & By TRT. &bI, K &A™ OEFEERT.

FAFNEAEUIC R L TROEBATEIN TS ((3)).

FFA%IZxd 5 Bocher DEE. By LOF AT v IZx LT,
u=CK;+h

ERBDEBHC>0E he H(B) BFEET .
TOEERI, RO LRI ND.
Bocher D EEOHLEE. ue H(Byg) X

limsupu(z) |z|*™' <0

z—0
Eille TR0,
u=cK;+h
Ll BESR c & he H(B) BFET D.
COHBETHE, INOESEMBEICH L THRLZLOZRET .
TEH. ue H™(By) 2, FAOEBH s ITHLT

/ u(z)|z|°dz < 00 (1)
Bo

FHETH2 06,
u= Z c(p) D*Km + h

|pl<s+2m—1
LR BEE o(p) & he HM(B) BHFEETS.
TOEBOEREERXB-HI, ROBELHAVD.



WH. ue H™(By) L SEMEK N T LT, }/(,w/ﬂ,](/k/"”’ Y
1 m+A| Bk + ¢k )/2 }
— / 'U,{II)‘ ds = z Ak T2(1+1)\|—k)Km(r) + PZ;@P_ZW__D_(TT
" s k=1 ke > mwl)) | '%:)Ak-:e,

LB Ay & BER Py BEET S, 2 LE>m+1 - -;f DEE Ay =0
ThH5.

InzRAWD L, &

/ [u(z)||z}* dz < o0 (2)
Bo
-9 ue H™(By) it LT
(T, v) = lim u(z)v(z) dz, v € C§°(B)
=0 /p_/B

TEDARK T, 13, B LOBRERKERDIZLBLND. Z0LEx u bk T, E%R—
BehiE

u— Y c(pD"K, € H™(B)

lul<s+2m—1
LRBER c(p) BEEBIERVRSD. X612, (1) T uld(2) & bz LT
HT EWTEIND.

S5 Rk
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26

Z#4& LD caloric morphism D4F# T}

BRETE KRS ARFEHERZEL
THBEE  KMARFEFEL

1. E&

EHARDOHEA T caloric morphism ¥ E& L, 2—7 ") v FEROSE LG L8t
55252 EHTED. 22Tk (M, g), (N,h) 22N EN m-KT, n-KIT O C#K
%M T, Riemann 3t & X3 semi-Riemann 3t & (FEBIL)BA- TR D LT 5.
M, N ® Laplacian # EhEh Ay, A, TEDL, M, N LORERAF

a a
- Hh—'é‘g—Ah

¥E2%5. Rx M (resp. Rx N) O ET#AERX Hyu = 0 (resp. Hpu = 0) %/
TEE v % caloric function &5,

D% RxMOoOEBRETS. (1,y) = f(t,x) ¥ D 256 Rx N ~0 C*#%EL,
@ >0% D ko caloric function & L, £E® f(D) LD caloric function u(r,y) 2%
LT, o(t,z){(uo f)(t,z) #¥BU D ko caloric function (2% 5 & &, (f,¢) % caloric
morphism & M5,

2. Riemann Z#&NDIHE

T 1. M, N * Riemann Z8&t¥%. B DCRxM »5 Rx N OF~D
Co®E®% (1,y) = f(t,z) &, D LD CHKBK ¢ > 0 1225 T, LITIZFEHE.

(1) (f, %) i caloric morphism.

(2) M, N OBF2RAEZIZBALT (f,e) 3, UTo (E-1) - (BE-4) 2#7:7.

(E'l) HQSO =0,

(E2)  Hyf*=29(Vyloge,Vef*) + Y g(Vf?,Vef")(*T}, 0 f),
a,B=1
a=1,...,n,

(B3) V=0,

dfo

(E-4) Q(ng“»vgfﬁ):(h“%f)%, a,fB=1,...,n

2L I IT Vou i u O gradient, "T§ & N D7 YA Ly 72 VEE5THS.



(3) D L0 COBMB A(t) 2 0 #HHEL, f(D) LOEED CHREA% u IS LT
Hy(p uo f)(t,z) = At)p(t, z)((Hru) o f)(t, 2),
D LD,

3. semi-Riemann Z#B&DIES

T 2. M, N % semi-Riemann Z#4L32. L DCRx M »5 Rx N Oo#
~D CREER (1,y) = f(t,z) &, D Lo CHEHK ¢ > 0 122w T, LTIRFEIE.

(1) (f, ) iF caloric morphism.

(2) D Lo C%B¥ N\ PHFEL, M, N OBFLBEIEZICELT (f,¢) &,
(E-1), (E-2) &L T (E-5) — (BE-7) iz d.

(E-5) 9(V 2,V f*) =0, a=0,...,n
(E-6) 9(Vef* Ve fP) = (R o f)A, a,f=1,...,n
(E-7) Hgfo = 29(V, loggo,ngO) + A

(3) D £ CoBMEK \(t,z) PHEL, f(D) LOEED CORMH u 1M LT
Hy(p-uo Dt z) = A, 2)e(t, ) ((Hpu) o f)(E, z),

AR D LD,



27 R™\ {0} OEEFRZE/ALFEICET S caloric morphism

TR B
KIFKFHFE
ZITiR, M =R*"\{0} (n 2 2) EICEMETELEE® ANTZZERHT caloric morphism
¥EZ5D. R OFEEE (x1,...,2,) &ET 5.
p % (0,00) LOEE COHBHETS. R\ {0} OKH v 1L T, ds? =

o(|z])(dz? + - - + dz2) ¥ [l#EA%Z % Riemann &8 &§ 5. TOF=ICHET % gradient
% V, T, Laplacian # A, TEY. Rx M NOHHEHTI ORIREIZHAT H#5EX

3
H,m:z%—A}/-—-O

72 B u % caloric function &FEL. p THWT Hyu 2 &FE FTHIEROFRIIL S ¢

Huy=— - —A;u+ — .
7ot p(lz)) 2 p |z| Dz
D % Rx M AO#HEREL, f(t,z) = (fo(t,z), filt,z),..., f(t,2)) & D 5
Rx M ~D CP%E1%, ¢ # D LOIEE COREKET 5. f(D) LOEED caloric
function u({r,y) LT, o, z)(uo f)(t,z) B D O caloric function (2% 5 &
&, (f,) % caloric morphism &5,

—f&EHIZE Y, (f, ) #° caloric morphism TH AT & &, RO (1)~ (4) EFMETH 5.

0 1 n——2p’(|x|)ixi Ou
(lal)? 2=

(1) Hp(P = 05
d
@ Hfa=20(% 1080, %) = (A7) 0 IR, a=1in
3) Vo =0,
@ o) =00 NT as=1

FHE PHEARTHLLH, R OFTBRERY R™ OlEx
flt,z) =(t +a,Rz), ¢(t,z)=C

(a € R, R 3EXRATH, C > 0) &, fEE® p (234 LT caloric morphism 2% 5.
FhH O, ELITEETEVLOIELTOLOX S S, hd 5HE p 1R WHIRRI <.

1. (Appell #Z#) p >0, ke R (k# -2), p(r)=prk £ T%. 2Ok

at+b Rz
t =
f(t2) (ct+d’ |ct+d|2/(’°+2))’
C —p|m|k+2
t.x) =
P2 = g P E T ) e 1 d]



(fBL a,b,c,d € Rs.t. ad—bec =1, C > 0, R 3EXK4TH) & caloric morphism.

k= -2 DBEE, COBOERIFELEZY. —F, k= -2 O%412i Euclid 5 &
DHEIED > LROER(TR 4 & 5)PHET 5.

2. (Kelvin BZ#) v > 0, p(r) & p(2) = Lp(r) 27T (BIZIE p(r) = %) E
 COMBIET 5. 2D

fit, ) =(t+a, Tx—IT;E), p(t,z)=C

(fEL C > 0, R {FEXATHY) i3 caloric morphism.

3. (KK v >0, p(r) & plvr) = vEp(r) iz BI2E p(r) = rk) IEE C#
ML +a. ZoB

f(t,z) = W%t +a,vRz), o(t,z)=C

(fEL a € R, C > 0, R 3E3E175) i caloric morphism.
k=-20BEdt ORED 112%5.

4.p>0, p(r)=pr=2 L¥5. ZO

f(t, I) = (t +a, eat+BRI)a QP(L I) = Clxlap/2ea2pt/4’

Rz 1 2
— at+4 U4 — a’pt/4
(fEL a,a,8 € R (o #0), C >0, R ZEZATH) 1& caloric morphism.
n=2DHEFIEIFT, t KON THEET 2ROERIFET 5.
5.n=2 p>0, p(r) =pr-2 &t¥5. O

Ft,z) = (t +a, ve™ R(bt + c)x), (t,T,0) = Crop/2e(e’p+200)/4

R(bt+ c)z 1 2
flt,z) =(t+ a’VeatT)’ o(t,r,8) = Cme(a pt+2b0)/4

(BL a,b,c,a,€ R (a #0), v,C >0, R(s) = (C.OSS “S‘“), (r,0) it R? O
sin 8 COS 8

#%) 12 caloric morphism.
(MSJ 2000 autumn)



28 'V > & —KN? minimally thin sets & rarefied sets @ 7 ¢ F—BVH|E &4

A BF TEXK-H

D% R"n>2) 0udopRERELLOEKE L. R"ROES
I[.(D)={P=(X,y) eR" X €D, —00<y< +oo}

Y=L Lrs, (D) ovwAFraEfiE. ol (D)u{+oo, —0} T, +oo D/LF
VBT
K (P, +00) = e ¥ fp(X) (P =(X,y) € Tx(D))

ThB, L Ap, fp(X)1ED TOF 4V o LS

(An+Nf = 0 onD
f = 0 ondD

DENZECEAME L ERE L-EHREKET D,
[.(D) oFs%ESs EWTRLT

Ex=En{P=(X,y)€Ta(D): k<y<k+1}.

L8, K(P+oo) D B ~Df#k (balayage) & Ry, (P), Tn(D) 07 U —B%k%
G(P,Q) THRbTHE,

SEL —

AR (P = [ GIP.QMAE(Q) (P ETw(D))
725 T, (D) EORE Ag, DRBE Ag, (Ta(D)) & ME). Ag, ® (7)) —2) TRLF—%
’Y(Ek) ’Gib_é_o

(D) D45 %EE E 5 +oo T minimally thin TH 5 &id
Rﬁ(v}»oo)(P) # K(P‘ +OO),

LB Pel (D) BBEETALEERV, T,(D) DHREE E N 400 T rarefied TH D
Eix. [o(D) LoEEERFMBEK v(P) T

v(P)
peln(D) K (P, 100)
i)
E C {P=(X.,y) € T(D); v(P) > e}
RAEBLOBFEETHEEER VD,



R*ADa— i/ LTH LN (3] L EEARERS, YU v —CHLTHELNEE
LEBRET B,
FH 1. I.(D) DE5EAS E A +oo T minimally thin T2 72 dDOSE+/ ML

v(Ep)e 2Pk < 1o
k=0

B 2. T,(D) OE5ES E 55 +oo T rarefied Th 5 1= DLE+5y &ML

> A(E)e Y PF < e
k=0

EH 3. v(P) % (D) TOEBERMBKET 5.

v(P)

mn T =
pera(D) K (P, +00)

LB EE, +oo Trarefied BES E T, I(D)— F ETilRy— o0 izohT
v(P)e™v20Y B8 cfp (X) IC—HRIURT 5, b OBHFET D,

EH 4. T,(D) DEAES E 3 +oo T rarefied 72 5. E 1 +00 T minimally thin T
H5, i, EcC (D) (DOBB D C D) Dk xik, E# +oo T minimally thin
THH72biE, E L +oo Trarefied TH D,

S5 X

(1] J. Lelong-Ferrand: Etude des fonctions surharmoniques positives dans un cylindre
ou dans un cone, C. R. Acad. Sci. Paris 229(1949), 340-341.

[2] J. Lelong-Ferrand: Extension du théoréme de Phragmén-Lindelof-Heins aux fone-
tions sous-harmoniques dans un céne ou dans un cylindre, C. R. Acad. Sci. Paris
229(1949),411-413.

(3] I. Miyamoto, H. Yoshida:Two criterions of Wiener type for minimally thin sets and
rarefied sets in a cone, preprint.



29 Kato B O Picard )X tIZ L 3958

= Qg |
S EEH KATERY (1 g

~ i
A5 B

/

K %77 % Buclid 260 RY == RY\ {0} £ Kato BB u, BB %14,
RY MES K CRICH U, p OLZEDBE |u| O K ~PHIE |u||K
DX (d = 2) Xid Newton (d > 3) BT > ¥ v )V Dk & 7 5 —fig
755 Radon #IE p, DE(RE L, DEIZ D % RE DFRMESE D, EU“’%
DU{0} » R WX L/87 Mg 0 DL 2 2% D C R,

2RET 5. LT DIZDOWTOMMEEERIE RE ICHMEICEZ 5. D
Lt piAFREEK u, Bl HEH Schrodinger AFER (A + pu = 0 D
D tO#EGEESR u, D2K%E “H(D) & L, BIZZDOREE v » oD
TEEMEZ S D, B limsup, ,, |u(z)| 2%, y € 0D PIEEARD &
SIAER, EAADEEIFT0ER5, D >2k%E *H(D;0D) Ladd.
O uTD LEEPOHLEESR 2€ D Tulz) =1 256D
s 2ROE 5 4NES *H(D; 0D)F Dl EADRE dim(p, D) & u @

21T % D IZBEL T (AHAF)Picard /Ryt & BE5:

dim(y, D) = card. (ex. (“H(D;0D)})).

BEOES Z .= {dim(y,D): ne K, D€ 'D} X ITARTOERKVE
RIMERE L HEEKEEZE (eg. [2]). I TCpe K ZEAET S &
&, R(p) = {dim(p, D) : D € D} £ H<.

PSE. SEELE pe K [THL, R(y) [REABEEH ?

Eiwd 5. BANHRE LTROZODH %: D Bt+a/h&n, Bk
DU{0} PR D 0 DH 2% —FILFEICAS, 25 dim(p, D) iE—E
fE dimp, ChzE p d 0 IR 5 (HEx)Picard RITEFESR, 725
(eg. B]); R§ £ u>07%5E, ¥XTD D €D T dim(y, D) iF—3E
B dimp 725 (eg. [1]). =MD pe K ITHLTL, R(p) EH7=D
EHRESIRDVEBEIDOTEROPEESTWED, PRICR L TH



BIZROMLBEICEETHD. R(p) B—&ER {£} (E€B) &ird
CE pidtypel, ZnES {0,1} LB L E pid type I, = &S
{0,1,6} (£ €5, ¢£>2) &5 & pldtype IHEES T LIZT 3.
ZDEERDIEREHME T 5

FE. SO peK Etype LILLIMOWTANTHD,3574 7D
ThERZD. BlltypeID EcE, type D £E€E(£>2) %
FEIZEZAT, #5R% pe K K& 5.

O AIC, XENESOEEKO A, FAl O Q, = {0 < |z| <
a}eD(0<a<oo) 2D, BB a dim(p,Q,) ZHKT 5.

Dl TBEO peK 2LBLE, RDIDDHAEDNTIANES:
dim(p,Q,) =€ €E2(0<a< o) THEN; % ag € (0,00)
NEX>T dim(pu,2,) =1 (0 < a < ap), dim(p,2,) = 0
(ap <a< o) £hdN; Hbag & E€EE(E2>2) NEELT,
dim(u, Q,) = € (0 < a < ay), dim(p, R,,) = 1, dim(p, Q,) =
0(ap<a<oo) &lBdM, DLTIANIDTHS. BILE—DHE
DEEE, FB_DHBED ap € (0,00), BE=ZDHBED ao € (0,00)
EEEE(E>2) AERIZEELE pe K & DOHhB.

Z B Xk

[1] M. Nakai: Picard principle for finite densities, Nagoya Math. J.,
70(1978), 7-24.

[2] M. Nakai and T. Tada: The distribution of Picard dimensions,
Kodai Math. J., 7(1984), 1-15.

[3] M. Nakai and T. Tada: Monotoneity and homogeneity of Picard
dimensions for signed radial densities, Hokkaido Math. J., 26(1997),
253-296.



30 RN 7T T7EREF a2 —THEBOER LD
Fr—r  E-Y-TZE=E

RALKF K E B

NGB :
s2iiEeay A

R ORI Q I2xFL, CF AR
To:={z=z+iye C*"'|z€Q, ye R}

% Q EOF = — 7 %81 (tube domain) & \» 5. UTTH), F2—74
D 1EFR ED Chern-Moser NEBIIDWTEET L.
Yang (&7 2 — 7 HEEDEFIIONT, ROEBELFTV 5.

FE 1 (4) Q% R ADHEE, Tn ¥ Q LOFa—75HEET 5.
Tk E Tqg DEFR T DE w=u+1iv T 0T HEREIXK (spherical,
JBATRIICERE & IERIEME) Th 570 OLE+45&4E, Q DER 00
A5 Y 7% affine THI L ABELEBROBFZ, v OFH/PNEDEEIZBW
T 0 = {z = (z0,21,---,2a) € R" 14 —F(zl,...,zn) =0} &
D57 LNBIETHE ZIT F I3,

oF oOF OF n

= (Aq /\ apy =1,
Ty RO P ;Icaﬂa F a0 "

ELIT CYBBETH Y, Ao, Ap, Ol WER, £72 CL RTRTO
IRFIZODOWTHIETH 5.

Yang i, ¥ 2 — 7 HRIBDER £ Chern-Moser FEBF EFFET
AIEWKLY, COFEBERLI:.

Chern-Moser RZE&E ([1]) 13, C*+! WO ERBHEO L% 5T, —#ED
CREHELOAZEE LT, B8 CREMEREIZL CFHSNT
WA L2L, ERMICEZ N HEICH LAEERETEL W
IBNL, EETIEEAE V. Thid, AT B EHMROEREY
i & U 3E %E&tziﬁ &Z)ﬁ\%fa%% EBbhD.

4 [ T’\éﬂ”l\7777*?ﬁ’$:$fﬁﬁt’C%l 7RSO B
FED Chern Moser NEExEtE



Ux RPAOHES, F:U - R % CY B (kid 0o 7213 w)
&L, Ck MBR

qbp:Uax:(xl,...,zn)Hv%(vl,...,vn):d)p(z)ER"

x

¢r(z) := grad F(z)
ICEDEFETSH. L, u € UIIBWT ¢p D Jacobian(F @ Hessian)
A0 TR AUE, FBBEEIZ LY vy DEHFIZBWT ¢p 13 CF HHE
HEBRELDIENTEL, 2D 1 ¢p(z) EVITE, RN T3
TR E R,

FEL, COERE n=1DBEI, [F'(z) & z DL TE
52BN v="9¢p(z) DB pv)=F'(z) ELTEH2 D] &
WO RREDTICFIRL . ¢p(z) XEESF»D Cr 72D 5, p 11K
& L T well-defined THD C* #TH 5. L 3] I2BVT, C2HD
B4 3F 072 524 Reinhardt $81% Bergman HOERBEMIZDOVWT, 20
pEFHAVAIETHEETEEL, MIEMEZ DI DT (RRLL.

I 2BV 2 RIEDHER B DAL ZTDELTHNT, 3K
U EDHZEIT I DR ET BARIZHET A2 12X Y, Chern-Moser
AEEZFELL. TLC HELAAEETHBNTLIEILLY, &
H 1 OPIFERA % 157,

\

25 Ak
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31 B4 RRFNEL BRKE
n AT E R B
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Theorem (Nagoya Math. J. 157(2000), 47-57) Let G be a complex Lie group, K a mar-
imal compact subgroup of G. Put ¢ = dimgctn /~1t. Then there exists a C° function
¢ G — R such that

1. @ is plurisubharmonic and strongly (q + 1) -pseudoconver on G in the sense of Andreotti
and Grauert,

2. ¢ is an exhaustion function on G, ie., for any ¢ € R,
{z € Glp(r) <} CC G,

8. ¢ 1s K-invariant, that is,
e(x) = p(yez)

foranyx € Gy, z € K.

[1] H. Kazama, On pseudoconvexity of complex abelian Lie groups, J. Math. Soc. Japan
25(1973), 320-333.

[2] H. Kazama, On pseudoconvexity of complex Lie groups, Mem. Fac. Sci. Kyushu Univ,,
27(1973), 241-247.

[3] S. Takeuchi, On completeness of holomorphic principal bundles, Nagoya Math. J., 57(1974),
121-138.
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p% Cr EOFEBSELAMERE T 5L &,

(1) log(1 +|2|*) = O(p(2))
(2) EEH Co, DonFHL,

|2 = ¢ < 1= p(z) < Coexp(Dop(¢))
DALY 5.
R HTHD%, weight & IF5. LU, p i3 weight TH B EIRET 5.
V C Crx BT EEH A VIIFHRTES LT, EEHMA, B H
TED ze VITHTL
|f(2)] < Aexp(Bp(z))

ARIZTEOICEND LB VEDOERIBHM fORTZER%Z A(V) &2
(. OV) 2 VEDERBEDOLTERET D L, A(V) H° O(V) DERTR
2B, £2 T, A,(C") % Hoérmander algebra LIFEZ &
N5,

X C CrE BRI EELT A, Z0L &, fIRRER px : A(C?) —
AX) %px(f) = fIxX\CEDERT A &, px1T&GT%D. $/2, ERLD
B S 2 12px (Ap(CM)) C Ap(X) & 5. £IT, px(Ap(CT)) = Ap(X) &
AT EE, Xid A,(C) ICEAT 3 HESRAETH L L ). A MRRHE
L3, 52 ONTBATRESEES X C CMA% A, (CM) 1B 2 MM SR %
ERBIZODOFRBEZROTLHETDH 5.

2ELEFOIDHT XS [TEMEOEERT 7 1 YA ZHOIERKM] O
FBEONZOWTOMEETRER L. X, 5 CPHORRTk, DBERT 714~
WoEEE L, vV %20, X,NX, =0&35. ZOLE veNIIXL
N,={veC":{v,z—y)=0 (Vz,y€ X,)} £BE,5, =N, N5 1L
BLEEL () EC EoOBENETH L. 72, f € O(CM),ue §27T
2R L

of of

D,f =L oo 2L
=ttt Ta,
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I, fOuFEIZIE > FEMSTH 5.

xﬂ?ﬂD.X:U%Nxﬁw%mﬂK@LT@@%T@%tb@%§+
TR, mEOBREE f1,..., fm € Ay (m >sup,cnk.) EIEEHKE, C
AL T

(1) XC{z€C": fi(e) = = fm(z) =0}

(2) EEDOveN, (e X,,uec S, IxtL

Z\D (¢ |>sexp< Cp(¢))

WHRIITAZETHAS.

FFI2, XA Ap(C™) 1B L THIMBITH % & & sup,cyky B 4,(CM)
BT (1), (2) P ERSEDZ EATED L LR SN,

% ZCTHEIE, [supk, + 1 [IHD A,(C™) %%, (1) 2% ETHITL, (2)

veN

LRRFHIZIHIZT 5L D IZEND 2 E2RT. ®&EIL, TD|supk, + 1 |[H%

veN

RTharIlzhle HOTRY.
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Let m: X — C™ be a finite analytic covering space and denote by sg its sheet
number. Let D be an effective divisor on X. If D =} v;D; for distinct irreducible
hypersurfaces D} in X and for nonnegative integers v;, then we define the support of
D with order at most k£ by

Supp; D = U D;.
0<v;<k
Let E be a smooth elliptic curve. We denote by [p| the point bundle determined
by pe E. Let F; = F, = [p]. Let f, g : X — E be nonconstant holomorphic
mappings. We denote by End(E) the ring of endomorphisms of E. If E has no
complex multiplication, it is well-known that End(FE) = Z. Hence ¢(z) = nz for some
integer n.

Now, we give conditions which yield g = ¢(f) for some ¢ € End(E). To this end, we
first remark that the number of the totally ramified value for nonconstant holomorphic
mappings f: X — E is at most 8sy —8. Let ¢ € End(F) and consider a curve

S={(z, y) € Ex E; y = p(z)}

in ExE. Let [S] be the line bundle determined by S. Let % be the infimum of
rational numbers such that vF ® [S|~! is ample. Then we have the following theorem
proved by T. Katsura: R

Theorem (Katsura). Let 5 be as above. Then 4 = degy + 1. In particular,
if ¢ € End(E) is an endomorphism defined by p(z) = nz for an integer n, then
5 2
Yy=n"+1.

Note that, if E has no complex multiplication, we can give the value of % by
direct calculation of Chern forms. This method is based on the existence of valence of
correspondence and hence does not work in the case where FE has complex multiplication.



Theorem 1. Let f, g and ¢ be as above. Let D; = {a1,---,a4} be a set of
d points and ¢ a endomorphism of E. Set D, = @(D;). Assume that the number
of points in D, 1s also d. Suppose that Supp, f*D; = Supp; g*D; for some k. If
d>2(degp + 1)+ 8(so — 1)(1 + k71), then g = o(f).

Note that Supp; f*D; is not empty under the condition in Theorem 1. In the above
theorem, we assume that the cardinality §D, of the point set D, equals d. However,
it may happen that #D, < d. For example, if ¢(z) = nz (n € Z) and there exists at
least one pair (%, j) such that e; —a; is n-torsion point, then #{D, < d.

Theorem 2. Let f, g : C™ — E be nonconstant holomorphic mappings. Let
Dy = {ay,--- ,aq} be a set of d points and ¢ € End(E). Set D, = p(D;). Assume
that the number of points in D, is d'. Suppose that Supp, f*D; = Supp, ¢*D,. If
dd' > (d+ d')(degp + 1), then g = o(f).

Corollary 3. Let f, g and X be as in Theorem5.1. Let D; = {a;,--- ,aq} be a set
of d points and set D, = {na,,--- ,naq} for some integer n. Assume that the number
of points in D, is d'. Suppose that Supp, f*D; = Supp, g*D,. If dd' > (d+d')(n?+1),
then g=nf.

In the case where X = C, Supp f*D; = Supp ¢*D, and E has no complex
multiplication, we have Drouilhet’s theorem (Illinois J. Math. 26 (1982)). He-gave—an

example-shewing-his-result is sharp.

Theorem 4. Let ay,--- ,aq be distinct pointsin E. Let f, g: X — E be nonconstant
holomorphic mappings. Suppose that Supp, f*a; = Supp; g*a; for all j and for some "
k. If d>8sg—4+8k7(sg—1), then f and g are identical.

In the case of X = C™, we have the following:

Theorem 5. Let ay,---,aq be distinct points in E. Let f g :C™ — E be
nonconstant holomorphic mappings. Suppose that Supp, f*a; = Supp, g*a; for all j.
If d>5, then f and g are identical.

Theorem 5 improves the unicity theorem due to E. M. Schmid (Math. Z. 120 (1971)).

Remark. If we choose special points of E, we obtain an example which yields that
Theorem 5 is sharp. Indeed, let a;,---,a4 be two-torsion points in E and let p be
the Weierstrass p function. If fja; = fya; for j = 1,---,4, it is easy to see that
po fi = pof; by Nevanlinna’s four points theorem. Hence f; = fy or f; = —f,.
Since p— —p (p € E) is an automorphism of E, it is acceptable that f; and f, are
essentially identical. In the case of meromorphic mappings f : C™ — P;(C), the following
unicity theorem is well-known: Let f, g : C™ — P;(C) be nonconstant holomorphic
mappings. Suppose that Supp, f*a; = Supp, g*a; forall j. If d > 7, then f and
g are identical. Note that this result is sharp.
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(1) H>0onCrxCr THH

(2) E =ImH|I x I 3EZEZRENTH 5.

ThHE ROEMEEL.

TIE 1. FEEITIIE Q=le,... env1,... 0 £ET 5 bE A FIVEE
CM/T BT — NV SR L 2 B 2O DLE D&M, ROWE *
FOoIxD EOEREZAER EVHFETLIETHA:

(1) '"VE\V+'E)V —"VE,+E3=0 B& o)

V=1 .— _
(2) T(tVE1V+tE2V—tVE2+E3) >0,

E,  E,
—'Ey Ej
E, = [E(ei,€j)] € Z™", E; = [E(e;,v;)] € Z™, E3 = [E(v;,v)] €
Z7TTH D,

E3% L) E=ImH|I xI ®rank 3475 Lb 2 ThHbBH. ZDL

ERDEHZIHD.

ZITV=u, v THY,E=[E; =

N
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Vi
Vo
BAFATHICH ) ImV, X IEEE T TH .
I ROEH (1) 255,
TIE 3. C"/I 2#7T —~NIVEMK, H % Hermitian form , £ =ImH |I"x
&35 rankE =2m &$5 & CTid m RILT — NV EEAE L
DCXxC UETTAN=ET DT 78— FLEERIFEAIT

b, L
=R

(2) V= = [)‘n+1a"' 7/\n+q]: Vi e C?1 A R Vi W ER
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1. ZEHZHEADEXLZRA

ZIARN f(2) = Cpamz™ € Clzo, ..., 20}, 72720, z = 29+ 2n, m =
(mo,-++.mp) € ZL4", 2™ = 200z EBL T() & fO=a— b UBR
LA D(f) DEAICHL, fa(z) = Emea tm2™ &%, BHA [ kiR
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(i) (X.z) PMAEMRITH S, = 6 € I(f).
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T5. £FDEE

(ii) (X, ) i, gtb>o¢ommﬁ—m547f%0,%Ls:o@%d
(0,0) %14 7ThH5.
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FABTH, ZNSOEKLAND Y= MAEEE BEMNIHENT 5.
SEXH

(W] K. Watanabe, Gn plurigenera of normal isolated singularities 1I, Ad-
vanced Studies in Pure Math. 8, Complex Analytic Singularities (1986), 671-
685.
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We will discuss the plurigenera {7y, (X, z)}men of nondegenerate hypersurface isolated
singularities of dimension greater than or equal to two.

Proposition and Definition 1 (Knéller [3]). For a normal isolated Gorenstein singu-
larity (X,z) and a positive integer m, (w¥™),/ (mw%m)x is a finite dimensional vector
space over C, where 7 : X — X is a good resolution of the singularity (X, z) and wy
(resp. wg) is the canonical sheaf on X (resp. X).

The dimension of this vector space is independent of the choice of a resolution 7 and
is denoted by v, (X, z), that is

Y (X, 2) = dime(Wy™)e/ (TawE™)s-

On the other hand, we have another set of plurigenera {6,,(X,2)}men for a normal
Gorenstein isolated singularity (X, z) (see [5] for the definition). These give a different
characterization of a singularity. A normal isolated singularity (X, z) with 6,,(X,z) =1
for every m is called a purely elliptic singularity.

Our main results are as follows:

Let (X,z) = (V(f),O) be an r-dimensional hypersurface isolated singularity defined
by a nondegenerate polynomial f € C|zg, 21, ... , 2], where O is the origin of C"*!.

We regard the collection of the exponents of a monomial in Clzg,z1,...,2,] as an
element of N = Z™"!. Let { e; | i = 0,1,...,r } be the canonical basis of N and &
be the fan consisting of all the faces of the cone Y ;_ Rsoe;, and let M = Homgz(N,Z).
Let T'.(f) be the Newton diagram of f, £(f) the dual fan in N of ', (f) and £(f) be a
nonsingular subdivision of £(f). Denote by ¥[1] (resp. S(f )[1]) the set of the primitive

~

integral generators of the one-dimensional cones in ¥ (resp. X(f)).

Definition 2. For each m € N, we define a subset mA  (2(f)) of M ®z R to be the set:
1 ~
{m € (Roo)™ | (--m.m) > I(n) — (1,m) + 1 for any n € S(F)[1)\ {1 }

where (*, ) denotes the canonical bilinear form on M x N and /(n) := min{ (m,n) | m €

~

[1(f)}, and define mA_(E(f)) := (Rx0)"** \ mA, (E(f)).
1



2

Theorem 1. Let (X, ) be a nondegenerate hypersurface isolated singularity of dimension
greater than or equal to two. Then v,(X,x) equals to the number:

HmA-(S() VM) —H{ X € (Z0)"' € M | (A+ T () NmA_(S(f) #0 }.
where §A denotes the cardinality of a set A

In [5], a formula to calculate é,,(X, z) for a nondegenerate hypersurface isolated singu-
larity (X, O) is already given. The above formula is inspired by this formula.

Definition 3 (Ishii [2]). For a polynomial f € C|zg, 21, ... , 2], the set
Ci(f):=={neRs) ' CN®zR|I(n)>(1,n)}
is a cone in N ®z R and called the essential cone.

In the following, let (X,z) = (V(f),O) be a purely elliptic singularity defined by a
nondegenerate polynomial f € C[zg, 21,. .., 2:]. A criterion for judging whether (X, z) is
a purely elliptic singularity can be presented as a condition of ' (f). See [5] for details.

In this case, ¥(f) induces a nonsingular subdivision Cy(f) of C1(f).

Proposition 2.

mA(£(f)) ={m € (Zso)""' € M | (m,n) >m for anyn € Cy(f)[1] }
holds, where él(f)[l] is the set of the primitive integral generators of the one-dimensional
cones in Cy(f).

A primitive integral vector p = (po, p1, - .. ,pr) in C1(f) is said to be absolutely minimal
if for any element q = (qo, q1,--- ,¢-) € C1(f) NN, p; < ¢; holds for i = 0,1,... 7.

Theorem 3. If C1(f) has the absolutely minimal vector p € N, then we have
Ym(X, ) = §(mA_(p) N M) — §((m — deg p)A_(p) N M),

where kA_(p) := { m € (Rxo)™™ | (m,p) < k } for k = m or (m — degp), and
degp:=po+p1+---+pr
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X=CriZHL, Ox # X EOERIBAKDOELT5. 512 b BFKREER
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f(2) ZEBAR wy, ..., wy, BEE d, DBEFKRZERLTD. f(2) BROBHFHE
A&l R r<ambhTns.
(Z;:l wj:]-c")]- - dw)f(z) = 0, 0]' = 0/8?:]'.

fi = 0F/0z; &CHLT, [1/f1-+ fa] € Hy(Ox) &, RARICH ZFOREMBET
aFrERT—HEETE BHERE PR P = 22:1 w;z;0; + (ndy — 37, wj) &
BSE, REWBFaRERY—H[1/f - f.] EKE#HT.

Lemma 1 P[1/f;--- f,] = 0.

X BOMERE 0; DBEAE —w; LB L, MAERFR P OEREIL0 LY, e,
REWBFas e V—EHOBKEKIT nd, - 2?21 wj LIRD.

Dx ZWMHMERMRDEETS. Ann % [1/f1 -+ fu] @ annihilator 2>5725 Dy D
ATFTNETD. nRAKFER C—FTONT, KABKY L.

Proposition 1 ([4])

{nE'Hﬁ)](OX)an:O,VREAnn}:{c[f lf] |c€(C}.
- f

EBITERAR D S0
Proposition 2 Ann = (P, f|,..., f,).

INHLOMEIZED, KOX )L TaFrcEu—HORRERDBEZ ENTE S,
Theorem 1 o € Hpy (Ox) ERZMW S aRTn T —HLT 5.

e Pe=0, fijo=0,7=1,...,n,

N 6(fl)...,fn)o_=ﬂl: 1 ],@.b,u:dlm(c(OX/I) lii}‘/‘j_‘_‘ﬁ

O(z1y. .-y 2n) 21 2p

IOEE o=[1/fi fa] ThHB.

TR T 499 ORxHE

{br,...,b.} &, RPTR Ox /1 OREEEL 5. {n,...,n,} EKRTHEZBh S
TaF T 4y OB LD {by,... b} OWAEEL T 5.

0\/[ X 51’?6\ (Ox/I, Ox)—C.
TDLE MIGTD b; & n OEREIZOWVT, KA D ST,



Theorem 2 degb; + degn; = nd,, — 22;’:1 wi,i=1 ..., p.

HEPLIVZXL : ROX LT, BAEE {n,... 0.} OREERDZZLNT
x5,

e (= (Cy. ., Cn) BRETEL, & fi(2) © Hefer 23
Fi(z) = [i(Q) = X gz Oz — G) ZFHET .
e q(z,¢) = det(qx(2, O)h<jk<n EBL.

o Ox/I DHEIREIE {b(z),... ,bu(z)} ZAVT, ¢ & q(2,¢) = X5 hi(Obi(z)
mod I DIZEZREBT.

o ni = [hi(2)/ [T}, fi] £B<.
ZOEE {n,... nu} i {by,... b} OEXEEEL 72D, Theorem 112K Y, %
n; PREBKRALBDLILNTES.

X ZOFETFEERARSERICILTHHENTH Y, BLRMoERARLEEZD
Zritky, REARNRBELZHAET LI LN TES.

Example 1 f(z) = z{ + 2122 + 2023 1ITEA 4, 6, 5 [T L THKRE 16 & b O8FK
ZHERTHY, 5, BERLLEINZBOTHD. (FRAFEINVFT—EERLTY
D) AT TN = (423 422,221 20+ 23, 22923) ICRTBFFERNEF 21 = 20 > 23 I X
BV FRERHETHZ LI LY, RIR Ox /] OMELER by = 2223, by = 22,
b3 = leg, b4 = Z1Z%3, b5 =2, bs = Zg, b7 = Z%, bg = 29, bg = Z%, blO = z3, b11 =1
Thxbh, BREIX13, 8, 14, 9, 4, 18,12, 6, 10, 5, 0 &725. ( = (¢1,(2,(3)
EREFTELL, f(z) D Hefer RBEHBETHZ LITLY, g = (-8(2 — 8(F)z2 +
(—8(32% - 8(3(12:1 - 8(3(12)23 - 4223 - 4(22% - 4(22252 - 8(%2% - 8(:%(121 - 4(:23 7&’
B5. XoT hy = —8(3, hp = —=8(}, hs = —8(1, ha = —8(s(1, hs = —8(3(s,
hﬁ = —4, h7 = —4(2, hg = —4(22, hg = —8(12, hm = —8{3(12, h11 = —-4Cg kfﬁé
’—L"r\, P =420y + 62907 + 52393 + 33 EB< k, [1/(42% + Z%)(22122 + Zg)(22223)] ]
annihilator A7 TV, Ann = (P, 423 + 22,22)25 + 22,22923) THEZBR D15,
EE 1IZED {by,... ,bu} AT D HAEER

— (] — ) m =y + o]
m= zfzzz:% ’ "= 2132223 = %zfz223 zfz zg ’ )
m:bpﬂﬂ’ 1 mzbkﬂﬁ %=“24£%+a?% 2 )

1 1
G _Z{EZ223 + 212323]’ "= [212223], o= [_5 ZfZ%Z;; + Z]ZZZ:‘;‘],
o = {212—233]’ = [lezza
TEzbhD.
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WO O IERIH#R & B PESD
DA DONWT

Jorg Winkelmann Basel K

A [Tohoku Math. J. ’72], M. Green [Trans. A.M.S. '72] (X, P"(C) WD ¥ IE
HIgh#R f 25— RO BICH S ¢ > n HOB TR {(H;} DVHZH L, F0BIEE4
[n/(X — n)](Gauss) KITLOMIE ST EMIEENLBLIAEPRLY. #oT, ¢g>2nk
51, fFIIEEM/RE %L, 20k &iE, PY(C)\U;H; # P"(C) (R IZ o
AENTVWDLZEAHONTWVS,

—7, R K L 2TOTVF AT AHERZ EUHEOHFRES S £ £ 5. M. Ru-
P.M. Wong [Invent. Math. "91] 4, K ECEFS N/ {H;}]_, #&0, D=3 H,
LECLE, PRL\DWNOD (D,S)¥HAEEG (D £ BRAF > Two LHED S-#H
HES) 3&42n+1- )t RO IEMOARMICEINL L 2R,
WoT, g>2nabid, PPA2EEOERAEEGRIERES LIV EIIRL. Z
i, ERDEER - Green DEF D Arithmetic(Diophantus) il & V2 2 5.

Z I TiE, LIS —##E ([Hiroshima Math. J. 77, Nagoya Math. J. ’81]) {2 &
TSN T Bloch - BEOER L 7 — 7 —OBEIHIRT 5 2 L 2 lEL,
RIZHEAR - Green DEH & % Arithmetic(Diophantus) AR % -~ #% D5 AL B9 % 1%
KOG EITHRT 5.

TRV, ME2I2R7 W r—F -4k, DeZoBHlEEL 5. WHMHAEL
M gM\D)>dimM &35, Z0Lx, FEOEERMK f: C - M\ DI
THIRAF—BILT 5.

AERRIE, BRI BTV NA— BRIV E L -FANTIIM\D 5L,
FOF)AF—EE X 95, St(X)={acTia+X=X}P0&B{LE TK
X #St(X) TUEB ZENTELEN) ZEERL, REMEBEIRETS.

Di,1<i<1, % MOBMEE L, rankz{c1(D:)}1; T {c(D)}_, ¥EKT
Neron-Severi #£ NS(M) N TOETEED - L § 5.

EIE2. WCMERPERT, ) A% —JRIEEERBR . Co> W\ U D;

D

DWW
BhbrbOLTh, ZOLE, RVEKITA.



) #{WND; #W} +q(W) £dim W + rankz{c;(D;)}._;:
( i) £2To D; 7% (ample) &%(i

< dima [1+ (rankz{ci (D;)}_, — (I(W))+
= dimW )

%3.

(i) £TO D; % T, | >m(rankg NS(M) +1) 2. ¥2&, M\{J_, D &
SER AR T M IZ A IZEOATh TV D,

(il) f:C o M, -OMBIZHL I HOBBMEAKRETE. f(C)DHFY 2
F-BEEWEL, I>mEThE,

dimW < l

rankz NS(M).

F12, M =P™(C) % 51E, dimW < o

=1-m"

BHAESIIOWTIE, EERO MR D, e T, dAHAHKK J:mé%énma
SRS RET . DT (D)o, 3 BOMNEIZH), 84D, K0g
DTNFATFAMERECEOERES S+ & 5.

T4 WM EREEIERAETT Y ZAF—WEL (S DinW,S)-#E5sk

D W
ErELETL. TAHE,

V< dimy (14 (renkz{er (DY, —a(W)"
= dim W '

%5.
(i) I > m(rankz NS(V) + 1) & 51E, HED (X', D, S)-EHEEEIE, HRT
5.

(i)l >m k¥ 5. L8O (D,S)-BHAESE, RENBIEEW Z8Fh, 20
RICIE

dimW < rankz NS(V).
l m

B2, M =Pp %5, dmW < 2

RERHTId, 38 Bloch-#% G DEHDOHAM TH %, Faltings DEHEHET — )L
LREARIZHER L 72 P. Vojta [Amer. Math. J. *99] (2 X 2 EH %45 .

Jungiro Noguchi and Jorg Winkelmann, Holomorphic curves and integral points
off divisors, pp. 18, preprint UTMS 99-6, math/9902014, 1999.



17 — NV B RAR P O FEIE Al #R D

o F e
P51 RAR NI 6
Jorg Winkelmann Basel K%
i/ H i RK - BT

S. Lang (’66) (2 & %, 7 — XU EHE ANO (BEATHY) 1-/87 2 — 5 — 858 ¢ 14,
LYBRF D EZbH?, LRI I Ax [Amer. J. Math. '72) 1%, &gy ik
Yz, SHIEOREBOMKEN,

(1) n(r,¢*D) ~1° (& N(r,¢"D) ~1?)

ThobHI L EAHL.

P.A. Griffiths [Bull. A.M.S. 72] {&, BEIZRI8E% —#% b LEIERIEH f: C - A\D
BEGHRIRL 2L 2 FELA. Zhid, Y.-T. Siu-S.-K. Yeung [Math. Ann. '96)
ks, LARGDLFETE -HHEH Math. Z. 88 1L L ViET—~NL %
BEOHBEL GO TRR SN T b, BT —~NVESEEOTITBE Z T,
ZO2fC)»>ZND=0tubbDOHEETS.

ZITE, DX % f:C o AL DDOREEIZDOWT Nevanlinna D5 - £ EEHA
FEATELZE xS L, LT, ML —52L 4505 (C*)P 5> MDD My, >
0, 2IZTC, My i 3E@BEBDI LN MEFEN—FATHD. My H7 — NN EHEAKDEE,
MIZET =SV EBELIFEND, 774 1N—Da 2827 ML (C*)P C (PYC))P %
ffoC, MOy MEM %% 2, BROIM = U B & TR j OBFRE G
ThbHOEE B \Z0WT 5. MAOKRT DT, fHEE D2 M ORTFIILS
bDEEZ L. ROBEREN (BC) £ 2 5.

(BC) D &, B, D\ 2B b & T v,

FEE. f:C o M eH) Ax—FERILaBEHMHA LT L. DX, BREN
(BC) # KT HTFETD L, RFKTT 5.

(i) f PEREE py < 00 DE X, BHER ko = kolps, D) AL T,

Tf(r;cl(D)) = Nio(r; f*D) + O(logr).



(i) EIRMH p; =00 D& &, %5 ES ko = ko(f, D) HFEAEL T
Ty(r;c1(D)) = Niy(r; f*D) + O(log Ty (r; c1(D))) + O(log )|l -

FELZ, RENIEEUE, TR 5B C6(f; D) = bk, (f; D) = 0.
GEBE, $SH(D) TENDZ L ERL, St(D) = {0} DHBIIFET . Ju(A;logdA)
BT kB xv MRS T 5 (IN'86)). A OFHEEDSS, Ji(A;logdA) = A x
CrCrk. f DY xv MES EIFIR o f(C) OHF ) A% —BE% X, L L, Wy =
ma(Xk) EB . KOBENEAENTH S,
WA, (i) py < oo % 51E, ko = kolps, D), KABL :

7o (Je(D;log dA) N Wi =0, k 2 ko.
(11) pr =00 %7 [:)‘i, ako = ko(f,D), %ﬁ‘hki .
wz(Jk([_);log@A)) N Wk # Wk, k Z ko.

IR E 1B B o (N'77) 218 &,

#E2. ms(r;D) =O(logr) + O(log Ty (r))|l-

IhEFOMRS, FEEVED. £ (BC) X, LHATH D !

F. (1) DA (BC) #F-8%ibhud, HIZH(f;D)>08%b, fOFETA.

(2) B AL DOBIT, ) AF—3FRIt% f, : C > ADFHIT, §(f.;D) > 1 &
HLHLDNH 5.

EHE LT, ROEBRTES.

T, AZ7 -~V ERAEE L, RIOBHME D £ £ 5. dy T, D& 1785 X —
¥ —BABOFTRHIETIMNBORAEERT. X -5 A2 SBHBEEZEMT, DL
DR do + 1 EET A, T &, X IRH#HTH 5.

T2, A7 —NLVEHBEKETDL, ¢:C 5 AX 1T XA ¥ -85 EL,
D 7¢(C) % A LOFBRTT, 20—~ BKXE H(,)&T5. ZOLE, X
BBALT B (cf. 1):

N(r;¢*D) = H(4'(0),¢'(0))rr” + O(logr).

J. Noguchi, J. Winkelmann and K. Yamanoi, The second main theorem for holo-
morphic curves into semi-Abelian varieties, preprint UTMS 99-2%, math/9912086,
1999.
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NEVANLINNA O35y o fiE oK B e L & £ OIS
W2 #H s CRESAREORFEITIIZERET)

1 AFEETRERTE Nevanlinna BERICO T “HEE5T OREEDK
BT ERL” 2 WSSO BELT 2 FRETT. MBI OfE L »
5 ot R.Nevanlinna 25T OEGREZ D EHD b ED R ICE W TIER
FEAREPRALTELDDT, b L dLRERFE C LoAHERRK
BT 23HERE LTHRED Lo TR KHEHKES L 1C LD
HERER OB BT 25 58 EEER AN R) BIFFCh
T WS ERTT, CofRIREDHE, ALVitter kX ->T C™ ko
HERBEH. BOAREReEIC X > T C* DOBRMIEBE 2] oA HE
BESCBE Y 2 f5R L L TEER SR L, —RikAfTabhTrid. £
o L TEED sty o o KRB E L CRIEBOERT
tefitvid. HEBIERE W5 ORERE L CHBER P! 2Fx e
FOHBREGADOT, X ) —BOHREHEE~OHEBERICKHT 5 XK
WODHECH Db DEEL b TT, TOB, Yok s aelit%
ThiEkvesr? B3R EDLS AERibswiEao? 7 BIEFEHRME
T2, COHFFETE X D OR/IWRE—SEAIC X > THRPRAIN A FiLcH
PIIEHER T T, (i 81 2 (X8 O 5EA I X B S B & R oI B
#HESDOLD D E T, )

Nevanlinna BRICENWT—2o0EEAMER VLW 2 F - LB EHE2 S
Rk 5 & Td, EBE, HHMA—ZH Nevanlinna HiR{IK BT

(B2vidd - LA —ERBEBRICEVTH 7)) BEEEEHOR T
HFEKT, THKRTRE LTEL LR T W5 TS HRARBS kOB
BERIMEE (B2 B~ oBthitE) #E X 5 L THEAKRGIZR T LEL



bhEd,

LT AT, HHRREEHAD C D X 5 ABEBERIER I SR IC 13 £ DS kRk
DRBEEMIEEC X > THIBRE hT w3 LI hTvwEF, - T
AR & BT ICH D S BB L K R D £ 9. 20X S5Aab DL
LThid Tk Green-Griffiths bick 2 “BHE L = v VEHEOHE LFE
ENTV5d05Dh ET, AKHEHETE SIS OO B MAER
b7 #->T, “GAHE Y =y FEHROHE oz —RIL T 248 %%
BLT, 2OFMRS $(BFOBE 1 EEHE2EL L, FFH LRI
BRI ON I HES DL, RERBELT L FETT,

28 COFETHE Nevanlinna BHROFFERIEEL A2 d ) TT A,
o BOTIOHZMEY) TS BHAMNMZ LT, 5% H< Nevan-
linna HEROWEHR RHI 2 X | C _LoJEeil A% > OE% BRNHEKA
v s %A Picard DFEEHKHE L S22 5L EwES, Nevanlinna
BETR X W ERNA S ERTC DX 5 RIERIBE 0315 ORIRE % PFe
L., Lid Picard oMo BEEL: LT C LoFBEREROE ~;
HEMED Y 3,

zT Tl X VBEROABHETRDO XS Ak s ELE 4. ¥F. Y &
C™ =7 7 4 v22H C™ OHRRSLBBANTZEHE & L3 (BTHERS0E 235K
RS, Y GEFFHE C ¢ELTHIELLLDIECA) o X 2
OhAEERESZHAT D C X 2Z0lTELET. i, @KLY
DY b X ~OHHBER .Y --» X OEDFT, foge Do
EbbhETT, coTRY % [ XEBNASESHSEARLONEEOT
REGEMIN 2 EBR TR AVRIEICE > T E T,

T f ¢ D OXEOKEIRZMB i, “FREORARBE Ny p(r)s
myp(r)s Trp(r) BELET TLEABHEE. TS, 75 R
P EOER r OBHTY. EERTRIhODOERDT L FETT
2, ZOBEMCRLIOTCCTREBLET. ) chbolico>vwT—F
fiTsE, Nep(r) BEE »r ok (0 Y ~0F|¥KEL) © f kKX



5182 D ONHWAKLEDLOREIETENDOY [T KboTw
hid r — oo T Nyp(r) DREAMRKELDDIT (f ORE D 2%
boTwAGhE Nip(r) = 0) o myp(r) EFFE r OKE (0 Y ~
DEIERL) O f KX bBe D oFEEE»OIRELET, ThOHBKEL
gELTvhiE r — oo T myp(r) BREAMAE® b T3, KM
BOBBEIED v A7 P ALERR. LSBEAOEHTE. f(Y) R
JFEav Ry R f(Y) & D ONHPARLEEEZEZ DT TRIELLA
EREBE e tch YA, 2T f(Y) Zavaz METhHC,
BEEL VS DOREZLZRERHTEE S, WErhE Mz TEHIBEHE
Typ(r) = Npp(r) +myp(r) TRES 2 LIELWRERGRAELNSE, &
Vv 5 DEE— 1 EEH-C Nevanlinna i $ Y Stoll, Griffiths b DHfE%
RTHELI N E L o

F-1EEH X odF D & D 2¥REEA O Ty p(r) = Ty p(r) +
O(1) t k3, TTTO(l) X r OBIE LTARAREEZES .

—7#. Nevanlinna Bz IC 3 \»C i3S - L EEH A MBS DA
B2 E# T EA TS e bhEd, chicL i, £2 9AE
KAbdfiAbh TR, ROX S ARAFHEINTYT, w2
DEEARGEICRFEEIHEIh i3,

FoEEEHE (FA) . f ENAERCIEREA LR
my p(r) + Tk (r) < O(Nramyye= (1)) + (Small term)

ccte IfX ﬁ X @ﬁ{:ﬁgmﬁf‘o (ﬁ AIRamY/(C"‘(T) ﬁ Y a)ﬁﬂJiOJj(% é )S:
(wj&%ﬁf\ mjkﬁ Y =C" &C) NRam)'/(C"’(T) =0, )

COTREBIEFCERAFET, FIREEEN T Kx BE8EX -7V d5
&L BB bR [ BHET S 7eDIcR Y 2IEFICHLHLL T wadhiE
BoARnWTEBRECET T, LA [ 20T 258 I BEEEBIE
myp(r) & Lh0FHEF 5 C & T, HB—RelEHic X 0B Ny p(r)

3



R TALAHMELET. 2% 0. 50 (BHEH =0) w5 R
2D IBEFATICLETRLET . COBDRME EFLo Picard
EHEE > CHHLE T, wEEZ vk C LoJEEEAATEREK f
LTy HEK f(2)(f(2) - 1)(f(z) —00) = 0 CBMERD DT 5
Z2TY, (XDfHFLERXET LD Picard oFH T, ) b LcoHE
Kicf@Erzdhd, BEHEEHct LT

Nf)()(?‘) = Nf‘l(T) = Nf‘oo(’l’) =0
tARY, Ko TE—TEEH,O
myo(r) = my1(r) = myeo(r) = Tro)(r)

tAabET. (O1) B—Hiickist 3 P ofEgH, ) tcarT, P of
WRF2 O(-2) THEC L IEELTHT (0)+ (1) + (00) kK LT
FEEHY EHT 5

Tt o01)(r) < (Small term)

ERVET. L AP OFHIERSIDER f RAEMK TS 5 C LN,
HER f(2)(f(2)=1)(f(2)—00) = 0 ICHEBR L WS FEICFIFL £
BoEEEH (FA) BEEL LTELL TV 35828V R EMARE
Bz CHREELTEEET,
(a) dimX < dimY o4& (Nevanlinna, Ahlfors, Selberg, --- ,Grif-
fiths, Carlson, King, Shiffman, Noguchi) o
(b) X A2 P* T D # (—RONIEIKC D 5) B b OEHf
TH 254 (Cartan) o TOHBFCR T HLICFEL L [ DEKMER
i+ 58 - XEEH Y H 5 (H and J.Weyl, Ahlfors, Stoll,
Fujimoto,---) o
(¢c) X PUET —AZRkDEE

(- -, Kobayashi,Noguchi-Winkelmann- Yamanoi,McQuillan) o



(d) X T — AZEHEDRY 2R DES (Bloch,Ochiai,
Noguchi,Green,Griffiths) o

(e) X HHHEZEME PP OKRE> 2 0 K bLnO—KDiB o 2B D &
% (McQuillan,Demailly-El Goul),

ICEBCBNCR, LELEROWNEESOMEI P EEAKE R LT
T THhiZ Nevanlinna Ichh% b, Vitter <. —BP AR ZE N5
Klﬁfﬁﬂbi Lfto

AR OFRE. Y _EoABHBIEE f o L TIRAIRAL.

me. s (r) < O(log® rTy(r))// = (Small term)

—t= 00

cTT, 0, f X C" OBERRE (21, ,2m) O 1 HHICHET RS 2K T

3 T KEECHRER<ET, FHRCIERAEILET 5 FE
TIRZCTRFLVT L REML 7 RSB OREO R BN
ERALT, IMREEC X - TT FYyEROBEREE L TEI D DTT,
RSB OB RS C & T, B ARER EHEEbavi v &
) ZEUCECCE bHKE T,

¥ Y - X RAEEER, J(X) %Y=y PR (ERIgROEF
Deked sFREMEBETH -2 b D) CExoEMELET, J(X) R X E
ODRE 7 7 A ~—22TF, COEE [ BHRCEL EX-TY 2b
J(X) ~oFERER 1) 280%F. ¥ Z % X OB RF—
L l7l®, Z bHRK J(X) b Exb, J(X) QALY = ¥ —
L 2000 EDET, J(X) Bavy A7 b ThRVLOTT Ry A7 MET
LT EHHRT, Z0BR% 0T(X) tLET, co ERBEILLET,

i Bl 53 DRl DIRBEEFTH e FUL

(1) 77?.,"2(7‘) S 7n.f(lzf(i'Z(h]\‘)(7‘) + 0(10g+ 7'Tf(7‘))//

(2) Mywrn ag(x) < Olog™* rTy(r))//

- 101 —



o (1), (2) OX%E X = P! & LTl 5 & 5B OFERE & [Ff 74 FPAf
ReBEE S,
D (1), (2) DRXEFHE>TRDO T L 2BREE T,

IGH. D 2102 ReRREZHEA X ORT LT 5, L % X LOEHR
B, LY 2Xx0WHHET 5, X LORBNT 7 4 ~—ZE OB OER
¥ TJ(X) = LY B5HoT, LV o¥urrravo P KXBFEREL
A DU RELET 5, CoLE FEMER Y —-» X KHLT
Yo fUI) B¥at sy a viCEENARTNERAEELT 5,

myp(r)+ T5.(r) < O(Npamysen (7)) + O(log™ rTy(r))//

COIHEES &, 9% ¢ BROPIFFICEF - REEHEES C &
AHNE T, EB, 2Hi0H (a)-(e) BED XS LTRED LT E553hb
¥F, Bzl (a) DBEICE J(X) ¢ LT X OFRD X ORTEDE
MEEZL, v LTI 2 ES, )

T Lt 2 ioBoRED —2 (d). (e) 1T Green-Griffiths bic k%
“BEMIE Y v VIHROFE KXot bhid, B IBH BER ‘A
iKY = v FEROGE oo —RILZEXTET, J(X) ¢ LT
Vry bREZED, L L LTHEERBEMRKE LS L, N OHERA D
Y =C Ab o fU) s¥ntravC&ENdCLARELDTT
2, s “HEIERY = v FEROHIE TEARNAERCMHE D LA

Bahn oBEBRCl IS OREBEDL b v— R R E e %
BLOBRARHATT, Lol flzd X AHEFROGEAE S CRFILY
RIVEBEIFER 2B onE T, Zodhoc ey ntBrEd,

- 102 —



EEGE A — ) 27 ) Ak

D1 996FE3HIEEEA— Y7 ) A MeBFBELTERZ 0 0B LEDOEFRED W

T, MEROEESNTWET. ZOA—Y ) A MIET A -V EHeTEEEGD
MEE L) LB L H ) TENELANTY. BUETIINIZEER, PRV Y
L, v3If— Eig b B A ) v ) A e @ELTEBI AbILTnET,
BEGH A — ) ¥ 7 ) A P ANDBERR B DI t?b@muscaiif

) A=Y TYRMDERFE
A=V o)A RNNEEGT LI RO A=VT KL R
majordomo@math.sci.yamaguchi-u.ac.jp
CAXDONE %
subscribe ca-ml
end
EEW ANV EFEo TR Sw, BRMICEHINET. IAHzEAT ST L
725 FTRDEEEENBRACZ S0,
EERA =) Y T A MND A= VOFERAELREDFELWEHRIE A —-1) ¥ 7 ) A b
NEGFEBI Lol N, BRI EOHEL L HIZA—LTHELNET,
3)BEICEZFLALYCHEDERERII2 0042 2 TwET. TTHIOHT
BHTEET A -V L T L B8 E D —5Ch 4 LHEN v T 4. &9 2,
RO R TREED DB oILE Lo o8 B 7230,
4) EHGH R~ L X= UHFERFDRIN S ALY RAZEINTET. F—LX=VOD
URL i
http://www . kusm.kyoto-u.ac.jp/complex/

TR <72 S,

i &5 - e

gouma@Qmath.sci. yamaguchi-u.ac.jp
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