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| SOME INCLUSION PEOPERTIES OF A CERTAIN
FAMILY OF INTEGRAL OPERATORS

B OEX wmEx - B
B/ & w'Ex - H
H. M. Srivastava Univ. of Victoria

Let A denote the class of functions f(z) normalized by
oQ
flz)=2+ Zakzk,
k=2

which are analytic in the open unit disk U = {z : z € C and |z| < 1}. Also
let S, C, S* and K denote the subclasses of A consisting of functions which are
univalent, close-to-convex, starlike, and convez in U, respectively.

Let M be the class of analytic functions ¢(z) in U normalized by ¢(0) = 1, and
let A be the subclass of M consisting of those functions ¢ which are univalent
in U and for which ¢(U) is convex and R {¢(z)} > 0 (z € U).

Making use of the principle of subordination between analytic functions, Ma
and Minda [3) and Kim et al. (2] investigate the subclasses &*(¢), A(¢), and
¢(¢,v) of the class A for ¢, ¥ € N, which are defined by

N P zf'(z) :
&*(¢) = {f.fe.Aand ) < ¢(2) mU},
— . zf"(2) :
A(¢) = {f :feAand 1+ 2 < ¢(z) in U} ,
and
| =17 f(z) -
(o, ¢) = {f : f € Aand 3 h € R(¢) s.t. "(e) <¥(z) in U}.

Obviously, for special choices for the functions ¢ and ¥ involved in these defini-
tions, we have the following relationships:

Gt(l+z>=8t’ ﬁ<1+z>=K:,
1-2 1-2

and
142 142
| —, =C.
(1 -z 1= z)
By analogy with the general Ruscheweyh operator D> (A > —1), we now set

-
<

f/\(z)=m (A>-1)

_1_



and define f, , by means of the Hadamard product (or convolution):
z
(fa* fap)(z) = - (z € U).

Noor and Noor [4] considered the operator I, and its natural generalization is
provided by the integral operator 7, , : A = A, which we define here by

Druf(2) = (= f)(2) (f e AA>~-1p>0).
We note that Z) ,f(z) = L(p, A + 1) f(2)(A > —1;u > 0), where L(a,c) is the
Carlson-Shaffer operator introduced in [1].
Next, by using the general operator Z) ,,, we introduce the followmg new classes
of analytic functions for ¢, weNand A > -1, u>0:

Gl u(@) :={f:f€Aand I, ,f(2) € G'(¢)},
Fau(@) = {f:f€Aand I,,f(2) € R(¢)},

and

Eruley¥) ={f:f € Aand I, ,f(2) € €(¢,9)} .

In the present report, we investigate several inclusion properties of the classes

3,1 (#), fau(@) and €y u(#,1) associated with the general integral operator 7, ;.

Some applications involving this and other families of integral operators are also
considered.

Theorem 1. Let A 20 and u 2 1. Then
S3ut1(9) C63u(9) C B34 u(0)  (PEN).
Theorem 2. Let A2 0 and p 2 1. Then
Foaut1(9) C Rau(d) C Raniul(d) (2 EN).
Theorem 3. Let A 20 and p 2 1. Then
Crut1(6,%) C Euld %) C Erpiuld ) (69 €N).
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2 On the Deficiency of Holomorphic Curves with Maximal Deficiency Sum, IV

TODA Nobushige

1. Introduction. (a) Let f = [fi1,- -, fn+1] be a don-degenerate, transcendental holo-
morphic curve from C into P™*(C) with a reduced representation

(fla'”rfn+l) : 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 and
X(0) = {a(a, " ,8n,0nt1 € Xlany1 =0},

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

> da,f)<2N-n+1
acxX

We are interested in the holomorphic curves extremal for the defect relation.
Theorem A([6]). Suppose that N > n = 2m (m € N) and there are vectors
a; (j=1,---,9) in X which satisfy (3), where 2N —n + 1 < ¢ < 00). Then there are at

least [2N—n+1]
—_— i +1

n+1
vectors a € {a; (j =1,---,q)} satisfying é(a, f) = 1.
(b) Let g be an integer satisfying 2N —n+1 < ¢ < oo and we put Q = {1,2,---,q}.
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 € @}, d(P)=dimV(P).

For {a; | j € Q},let w:Q — (0,1] be the Nochka weight function given in [2,
p-72] and 6 the reciprocal number of the Nochka constant given in [2, p.72]. Then we
have the following properties:

Lemma(see (2], Theorem 2.11.4).

(i) 0<w(j)d<lforall je@;

(i) g— 2N +n - 1= (X0, w(j) —n — 1;

(i) (N+1)/(n+1) <0< (2N -n+1)/(n+1);

(ivVIEPCQand 0 < #P <N +1,then 3, pw(j) < d(P).

(c) Further we put  u(2) = max;<j<n |f;(2)l,
1 2 ) X
t(r,f) = — {logu(re'e) — log u(e*?)}d9,
2n 0

and 2} =lim SUp, 400 t(T, f)/T(T, .f)([4])

— 3 -



Defect relation II([5]). For any a,,---,a, € X, we have the following inequalities:
(M) Y-, w@)d(a;, f) <d+ 1+ (n—d);

N+1
(ID ¥joi6(a;, ) <2N —n+1-——=

(n-d)(1-9),

2. Theorem.

Theorem. Suppose that

HN>n>2

(ii) there are vectors a;,---,a, € X (2N —n + 1 < ¢ < 00) satisfying

§(aj, f)y=2N-n+1.

q
=1

J

If @ < 1, then
(a) #X(0) = N;
(b) there is a subset P C @ satisfying

#P=N-n+1, dP)=1, 6(a;, f)=1 (jEP)

and
X(0)n{a, |j€P}=0.
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AFHHETIL, n ZARKE LT, WEHESX
(1) FE) 4 g 4 h(=) = 1.
DOEEEM L O BAEEMIZ OV THRONE/ER Bl VW THREW - LET.
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EREET. F, COHREEBLT 2, 07, A IR THDH LREL TEBE
7.

Theorem. n > 7 &3 5. WEHRX (1) PEENFERHEA [, g, h 2FFO
ETBH. DL E,

n= Oy < 62N( 1>+S*(r).

r. —
n n— A

DSREY SLO.

n > 9 CIHBEBOAERMBHEE LRV LRI TWET 2], Bl AH
RIEDFEIZOW T, BEDIFFE Tn < 6 DBARIFEFAR DT LN THET N
5,n=7TBLWn=8 IZONWTHRMRTYT. LILOFEHLE LTI/ LI
B EAND 2 LT n =822 TROZ LMY £

B B+ ¥+ 18 =1 NRBNFERUEEZR LD L, f,g, R IZXHL
TdH 5 small 2EHE a(z) BFELT f, g, h 1T 7R

W(f%, 6% k%) = a(2)(f(2)g(2)h(2))°,
BT,
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BB OV T, n > 7 CRHBENEREMOIGFELR2NWI EBRENT
WE T BERERER OOV T, BT DOAFFE T o < 5 TIIEFEEFN BT
SNTWET. TTHD, n=60DLEXDHLKMRTT. FEROFEIZE > T, BHE
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Fi T I L RERET
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4 Inverse functions of the Grotzsch and the Teichmiiller

modulus functions
YAMASHITA, Shinji  IUTMZ (#iIK &)

The disk D = {z; |2| < 1} in the complex plane C = {z; |2| < +oo},
slit along the closed interval [0,7] = {z;0 < z < r}for0 <7 < 1,is
conformally mapped onto the ring domain {z; 1 < |2| < e*"}. Grétzsch’s
modulus function p(r) is strictly decreasing from +oo to 0 as r increases
from 0 to 1, and p admits the inverse function v defined in (0, +00). On the
other hand, C minus the intervals [—1,0] and [¢, +00), t > 0, is conformally
mapped onto {z; 1 < |z| < eT®}, where T'(t) = 2u(1/+/1 + t). The inverse
of Teichmiiller’s modulus function 7' is S(z) = v(z/2)"2 -1,z > 0.

Let o, be the n times composed function of o4(r) = 24/7/(1+7),r > 0.
For a natural number n and for a real constant 3 # 0 with 8 > —2, we
shall estimate the function A, g(x) of z > 0 which appears in the identity

23 ﬂ n
v(z)? = o, (46_2 z) + Apg(z)e= Pz,
First, —22-"+4 < B71A,, 5(z) < 0 for z > 27" log 2; secondly,
27 (50 (VBP — 1) < Angle) < 27 (1 - 0,(4)°)

for z < 2""log 2 with B > 0; finally, for z < 2!""log 2 with -2 < 8 < 0,
the function A, g(z) increases from 1 — on(4)? < 0 to the positive quantity

92 T"AH (1/(21_"log 2)P — 1) ( < 92 T"h+4 (an(\/ﬁ)ﬂ — 1))

as z increases from 0 to 21" log 2.
The case where 3 = 1 or 8 = —2 is of use for approximating v or S

2
— 1 of €7,

in terms of algebraic functions o, (46—2%) or o, (43—2"_12)

respectively.
A special emphasis is placed on v and S because the function ¢g(r) =
v(u(r)/K) of r with 0 < r < 1 for a fixed K > 1, and the function A(X,¢)

= S(2Ku(l/\/1 + t)) of two variables K > 1 and t > 0, where pg(0) =



A(K,0) = 0 as definition, are important in Geometric Function Theory; see
[LV, p. 64, Theorem 3.1] for ¢k(r), and [LV], [LVV] for \(K) = A(K, 1).
The function A(K) of K > 1 appears in the sharp inequality [LV, p. 81,
(6.6)] for the boundary values of a K-quasiconformal self-mapping of the
upper half-plane preserving the point at infinity.

It will be proved that
1.2425... < (A(K) —167le™ 4 z—l)e“‘f < 1.2504...
for K > 1. Earlier and weaker estimates are in
1< ()\(K) — 1671 4 2‘1)e"" <2

for K > 1; see [LVV, pp. 12-13] and [AVV, p. 7].

G. J. Martin’s Schottky-type theorem [M, Theorem 1.1} is of particular
interest. Namely, for f holomorphic in D with f(D) C C\ {0,1}, the
inequality |f(2)| < A(K,t) for z € D holds, where K = (1 + |2])/(1 — |2|)
and t = | f(0)]. See also [Y].
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“No profit grows where is no pleasure ta’en.”

—W. Shakespeare: The Taming of the Shrew, Act I, Scene i
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Extreme discrete groups for Jgrgensen’s inequality

Changjun Li (Shizuoka University),
Makito Oichi (Shizuoka University) and Hiroki Sato (Shizuoka University)

ABSTRACT. In this talk we will state extreme discrete groups (Jgrgensen groups) of
parabolic type for Jorgensen’s inequality.

THEOREM A (Jorgensen [1]). Suppose that the Mabius transformations A and B
generate a non-elementary discrete group. Then

J(A, B) := |tr’(A) — 4| + |tr(ABA™'B™!) - 2| > 1.
The lower bound 1 is best possible.

DEFINITION 1. Let A and B be Mobius transformations. The Jgrgensen number
J(A, B) of the ordered pair (A, B) is defined as

J(A, B) := |tr}(A) — 4| + |tr(ABA™!B™!) - 2|.
We denote by Mo6b the set of all Mobius transformations.

DEFINITION 2. Let G be a non-elementary two-generator subgroup of Mob. The
Jorgensen number J(G) for G is defined as follows:

J(G):=inf{J(A, B) | A and B generate G}.

DEFINITION 3. A non-elementary two-generator subgroup G of Méb is a Jgrgensen
group if G is a discrete group with J(G) = 1.

If (A, B) is a Jorgensen group such that A ia parabolic, then we call G = {4,B) a
Jargensen group of parabolic type. By normalization we can represent this group as follows:

Gy = (A, B, ) be the group generated by

(11 _{ po plo-1/c
A—(O 1) and B,,,“—( - o ,

where o0 € C\ {0} and p € C.
Then it gives rise to the following problems.

PROBLEM. Find all Jgrgensen group of parabolic type.



Here we consider the case of p = ik (k € R). Namely, we consider two-generator
groups G,k = (A, Bix ) generated by

(11 _ [ ike ~k?c-1/o
A‘(o 1) and B"""‘( o iko )

where 0 € C\ {0} and k € R.
Let C be the following cylinder: C = {(0,ik) | |o| =1, k € R}.
THEOREM B (Sato [3]). Every Jorgensen group of type G, ik lies on the cylinder C.

By Theorem B we consider two-generator groups G, = (A, By,,) with o = —ie® (0 <
0 < 27) and u = ik (k € R). For simplicity we set Byt := Bg i and Ggix = (A, Bs k)
for o = —ie® :

Here we will state that we found all Jgrgensen groups in the case where 0 < 8 < 27
and |k| < v/3/2.

THEOREM (Li - Oichi - Sato [2]). There are sizteen Jgrgensen groups in D =
{B,k)eR|0<H< /2, 0<k< V3/2}, in which nine groups are Kleinian groups of
the first kind and seven groups are of the second kind.

Finally we give the following conjecture:

CONJECTURE. For any Jgrgensen group G, , (0 € C\ {0}, 4 € C) of parabolic
type, there exists a Jargensen group G, ;x (v € C\ {0}, k € R) such that G, ;; is conjugate
to Go u-
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6 Limit sets of Teichmiiller modular groups
with no interior points

Ege Fujikawa
Department of Mathematics, Tokyo Institute of Technology

For a hyperbolic Riemann surface R, the reduced Teichmiiller mod-
ular group Mod#(R) is a group of automorphisms on the reduced
Teichmiiller space T#(R). The action of Mod¥(R) is isometric with
respect to the Teichmiiller distance dr. If R is of finite type, then
Mod#(R) acts properly discontinuously on 7#(R). However, if R is of
infinite type, then Mod*(R) does not act properly discontinuously on
T#(R), in general. On the basis of this fact, in [1], we have introduced
the following notions and observed some properties.

Definition 1 We say that a point p in T#(R) is a limit point for a
subgroup G of Mod¥(R) if there exists a sequence {x»} of distinct
elements of G such that lim, . dr(xa(p),p) = 0. The set of the
limit points is called the limit set of G, and denoted by A(G). The
complement T#(R) — A(G) of the limit set is denoted by Q(G), and
called the region of discontinuity of G.

Lemiua 1 ([1]) A(G) is G-invariant and closed.

Lemma 2 ([1]) For a subgroup G C Mod#*(R), A(G) — A2 (G) does
not have an isolated point. Here, A% (G) is the set of points p €
A(G) such that Stabg(p) consists of infinitely many elements and all
elements in Stabg(p) are of finite order.



We consider the following problem on a property of the limit set,
which is stated in [1].

Problem If both Q(Mod*(R)) and A(Mod#(R)) are not empty, then
A(Mod#(R)) is nowhere dense in T#(R).

In this talk, we show a partial solution of this problem.

Definition 2 For a positive constant M, we say that a point p € R
belongs to Ry C R if there exists a non-trivial simple closed curve ¢,
containing p such that the hyperbolic length of ¢, is less than M.

Definition 3 We say that R satisfies the lower bound condition if
there exists a positive constant € such that the R, consists only of
cusp neighborhoods. Further we say that R satisfies the upper bound
condition if there exist a positive constant M and a connected compo-
nent R}, of Rjs such that a homomorphism of 71(R},) to m (R) that
is induced by the inclusion map of R}, into R is surjective.

Proposition ([1]) If R satisfies the lower and upper bound conditions,
then Q(Mod¥*(R)) # 0.
We state our main theorem.

Theorem Let R be a Riemann surface that satisfies the lower and
upper bound conditions. If A(Mod*(R)) # 0, then A(Mod*(R)) is
nowhere dense in T#(R).

References
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ON LIPSCHITZ CONTINUITY OF QUASICONFORMAL MAPPINGS
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R B
JEBRFRF IR E R

K-S AER [ 2SR (1/K)-Holder @ THB = LI E<HBRTND, “h
3 Wb E dh AR (2|
1+ |ug(z
K = 10,6
DL® ) VA L BB TIH D, =240, py = 8f/0f 13 f O Belrami ¥ &+ 5, b L.
IDOK;DLP-) VA EDFHEREZDRNIE, ZOL I RBROBELLEADLTH
A% ZITHEOLIRFHEEERICIEZ, EHKEETNEAVTEEATRLEH DRI
T Lipschitz EEIC R D7D+ Rk GEE 52 5,

RFTH2EER2 0T, LT TIRD = {|z| < 1} 2B AKRE L, f: D> D% K-E&5H
BHIABLT f(0) =0 L ERELENTVDLRET D, (EE  #-T. f:D— DL
IR 572 A3, Riemann O EMREH & Schwarz O AV hiE&f Tha Z L 2K
ELTHBENZE—MRMEEKDRY,) £$T K, OMRETOEHLERD

1 Ky(2)
Pi(r.R) = dzdy, 0 R<1
1B = @ // repicr JE W 0T RS

EEZ25, 1< Py(r,R) <K ThdZLIZEREIh,
FHL fDoDZERESIh-K-BEAEOAALT DL,

2|

rerse (4
MRRSIISHLTRYID, SCICCIE4UTORMERTH D,
Kic, K, - 1 O EOFIEE EHT 5.

w;(t) = %//'W(K,(z) “l)ddy, 0<t<l.

Ui

1/Ps(|2|,R)
) . 2l <R

o TO<wi(t) <K - 1BERBD IZDOWTHEY LD, TIUTDWT, IROFFlh A AL
?—60

FER2 Do D%EREIhi- K-BEABOAHET S L,
1
1< e ( [ 2Oa), o<lel <1
||



MREYID, CTICCK) I EFKICOAMEETLERTH S,
INEVELIZKRORBELND,

% 3. w; M Dini Y EHE-EE, LD fIZRAITH T Lipschitz EETH Do
LTl ERIT, EE K ORDYICKRD

IEOHN
CH

EEZTHRBRICR VMDD I EBGNDH, FMIZOWVWTIEH [ ZR b7y,
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SOME INEQUALITIES FOR THE POINCARE METRIC OF PLANE
DOMAINS

A EE  ERKFRFRBEHEHR

MATTI VUORINEN AT R KRE

I OBBECETEBERONMHER L ORHER O (FIZT260) HRARFHMEC
DNTHAR, WS ONEDIERERNTT 5.

(W & FRT 5) SRS 2 AL EA 6 72 2 FEMEEK Q ¢ C ON it & (Poincaré &t
B) % po(2)|dz| KXW FY, L, STCHEHBELIIERLRSEANY —~ VFHET
Gauss IR —4 THA DD L&V I, E£fo, TORHBOREINOBARICERSN
% SRt & W th BEHE (Poincaré BERE) & FFUY, dq(21,20) DL D IZER T, ZDE 22 b DI,
R EHEERE AV TERR TS LN TEIN, TOL I RE/RELABHICEER
LY, HESICRLHET 0K ABELREEFCRETHD, #-T, HED
B, EMEZIMTA LV ZENERMRBEE 2D, TOB, BEELRRELRT
ORKROHBFERTHD, T72bb, Q0 ZNHMOTEBRTQH CQCQ 2T
bOLETHEE,

pﬂl (Z) S pﬂ(z) S pﬂo(z)) dﬂl (21722) S dﬂ(21’z2) S dﬂo(ZIJZQ)

Bz, 21,2 € Qo ICOVWTHED IO, - TEZLNZ QKL THELR TV EDOL S 72
Qo, W FROFIUT IV, )T Eiihd, Qb LTELEbNDOBRAKRS, HERT
HY, O & LTHEH2ARDEEEC,p = C\ {a,b) BERTH D, HI2F Aap = pc,, P
FoRiE, Agard [ICE D WL OB TVD, F72. A= A EBFE|b—aldas(2) =
Mz —a)/(b—a)) THY, A2V TIA(=|2]) < A(2) < M|z]) THBZ pmbE
V. M=2),z >0, COVTEIRYVEELRFMMELHMON TN D,

ABETIE, BRAcINFAEZLTEBLNIRD LI BERORE S ZRLE

maq(a,t) = min {Ilog |b —a| — t|;b € BQ}

FteRICHOVWTEREL, Thi BV TNMHEORENLHELX 52D, ZITEER
Z i, meq(a,t) e ZEETIUE 1AL T 1-Lipschitz BI85 Z & TH D, /e,
00 D—HEFERMIE. maa(a,t) DS a € 0t € (0,diamdN) IKBL T—HRIZER THLHZ &
LLTEMSTbNRG, 20X REROEAL LT, BAOD Gardiner-Lakic 2] 1 X5
KOEROEEREEARELND,

FE 1. &l 2z € QIZHL T oq(z) = sup{Aap(2);a,b € 00} EBBET B T DL galz) <
pg(z) S CUQ(Z) 75(. &6&*‘1%&0 >1 I:’JL\'CﬁJ?.ﬁ'é'%)o

TOFEBEYBERETHEMERD I LBRAADLDEC, LFTIE. Co <G <20 +7/4=
103246 L 72 B 2 EBREBEMOHND, =L, T 212 Cp = T(1/4)/4n? ~ 4.37688 &
T 5,



510, ZOEHIREBEAVTRBEROTALOFMEL 525 L bTE 5, #H

¥po:RoR%
_ KQ1/(1 +et?))
elt) = log ( KO/ + @) )
WEoTEDD, LI I KIXE—REe2EAES. $2bb

1
K(w)z/ dt , O0<z<l,
0o VI-1)(1-zt?)
ET D, ZOBFIZONT, t>0IZBNT
t t
log (1 + 200) < p(t) < log (1 + Qw)

DBEEVIMDOZ ERGhD, THLERAVWTROERNTEND,

EE 2. N EE%&*T:[;OO t l./\ t]‘, 1 S] <N ’éﬁ?ﬁ@ﬂﬂ;ﬁﬂ, tg = —00, tN = o0
ET B, fEEQ C C\ {0} DHEENEjICHLTHDIRa; Tloy| =€ HHLNDES
LETH, HBD |2y| < |z EFH#ET 2R 2,20 € QITHLT, BHRISESIKNZE
(th-1 + tr)/2 < loga1| < (tk + tha1)/2 DVD (tiy + 1)/2 < log|za| < (6 + tia) /2 BT
T &3 ICmhIE,

!
1 1
da(z1, 22) > §¢(tk —log|z1]) + Z Oty — tho1) + §<p(log |22] — 1)

n=k+1

MEYITD, #I=. D=C\{e¥;0<j < N} £Thid,

dp(—|al, —|2)) _ 1 : L
S A < 5(,a(t,c —loglail) + D ltn = tar) + §<P(10g|z2‘ —t)

n=k+1

MRYID, CCIZC FEOEBEEL-ITRIDEARRET S,
BB, )/ttt > 0BV THERED . 1€- T o(t) IIEMERTH S L FRENS,
rERoFEEE BT, Littlewood Bl DO#ER e U EMNN D,
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Multlphers On Weighted Dirichret Spaces.

1 (2O T
= Kw Ha |7 R{HE TR
% BT

D #EREEC OB L T3, H(D) X D OB EE)
572228 &35, BlochZeM Bid sup{(1—|2|?) |f(2)|; z € D} < +oco %1
79 D LB A B2 2B L 5, o> 1IZX LT, o-Bloch 2]
Bixsup{(1—|2|2)*|f'(2)|; z € D} < 400 Zi#ii= D_LORRNTBISLEN O
RABBMET B, w(z)id w(z|) = oo (2| = 17) 2> (1—|2?)Pw(lz]) = 0
(Jz| = 17) for any 8 > 0 %#i7= 3 positive weighted function &35, a>1
{2 LT, #EST & Bloch 220 B, 1% sup{(1 — |2|*)2w(2) | f'(z)|; 2 € D} <
+00 %iii7- ¢ D L OfRITERS &N L2 5 ZeM & L, WES & Dgrichret 22
M DX [p(1—|2|2)%w(2)|g'(2)|2dA(z) < 400 Zili7=$ D ORI EE
o725 EMLT 5,

D LOfRiT B g\Tx L T, tRRR , J, 13

L@ = [ g QN I(NE) = [ " 1(Od(Q)dc

LEBIND, 1‘3 L g(z) = 27261Z, Jgid the integration operator THY, b
L g(2) = log 11572 5IF, Jg X the Cesdro operator Tdh 5. X,Y % Banach
L5, BK I LT, multiplier of X into YiX fg €Y for all g in
XEWMETHLOLERSND, ZOLE X CcYLE®, LTEBSNIAE
R I, , J, 1. multiplier & BHERBURNH D, ABFETIE. ZOBRNH
P EAt & Dirichret 22/, #FEf} % Bloch Z2fH_E multiplier X2\ THFEE
T5, £LT, ROL S BRERER/-,

TEHR 1. J, #B, L CHRTHDLEyRMEI
geB
Thd,



% 1. g M multiplier of B, into B, T 5 HE+4y54HL
g€ H®
Th B,
EH 2. J, 8 D, ECHRTHDUEFHEMIL
gEB
Th B,
% 2. g Amultiplier of D, into D, T B UE+53%IEFT
g€ H*®
Th b,

F7-, HEfFHE BMOA L CHRROBREH/D Z LK,
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10 Sierpiniski 7/ A 7 v b L OFAFBEI &
AH A KFEE

Pl L EZAE pipaps EWMAS. BB F(p) = (p—p)/2+p (i =1,23) IK2WT,
K=, F(K) %@l T2Thwa vy MER K D ME—DFFAET 5. #M % Sierpinski
HAr oy hewd). {1,2,3} 27V 7 7Ry beTAREnOHEO2AEE X, L L, 2=
Ay 0y € XplZ2WVWT, F,=F, 0---0F, £B. $XTDzelfl,XnlZlDPWNT

4o (Fy (QI))

il

@ (Fz (p2)) + ¢ (Fz (p3)) + ¢ (Fz (g2)) + ¢ (Fz (g3))
4 (F; (02)) = ¢ (Fz (ps3)) + ¢ (Fo (7)) + ¢ (Fz (g3)) + ¢ (Fz (q1))
4p (Fz (g3)) = ¢ (Fz (p1)) + ¢ (Fz (p2)) + ¢ (Fz (1) + ¢ (F2 (g2))

(12750 qu = (pa+ps) /22 &) %ili7-F K L OMESREK o % BMBEE R (1) .

Eﬂ A ([1]). S = {pl,pg,pg} tﬁg\ SL@EE%:”)EQ& Yo %m% S?(p = Yo %(ﬁf:
THRAMBE o H 72— ET 5.

T CORMBBONLER Y55, 1,y € Xy, (z#y) KL, F (K)NE, (K) #
Qb sbyb B CHPX 57T 7LF25. ZLOESE2 L, AP
FHINIEMIICIY X, %5y b7 =2 EZNE, X, LOBBORBMENEE S
Nab. BHE = (Tn)pio Ty Tn € X Fupy , (K) C F, (K) ERBVDEKEE LTS,
€= (Tn)ps 1= (Yn), 2PV T, liMyoo d (T, yn) = 0D E & £~ T HEMERIRE E
2L, FORMEBEDO LRSS Sierpiniski ¥ A7 v b K L R—HT&5. p 1=1,2,3)
BT B 6 ABD, ZORETE = (xﬁf))nblo\ﬂf\ uo () = o (pi) EB L. X,
L@mﬁu@‘@whusmru=w&mtu‘%@m@gv%ma$@%%z5.u
BIXRTOpIIDODVWTERINTWAEELTL W,

EH 1. S={p,pyp:} £ BE, SLOEEDOE I o ®AE. LELDOuEPE L, £E
@Eeét\%@ﬁiﬁg:@@nuowf\w@):hm%muuﬁﬁﬁﬁt\%ﬂu
RETOMD HIZ LS LW, @it 1] DERTHMTS L. 7 [1] OEROBAMBHIE =
D ETA.

MATInE—KILT 5.



T2 S%{F(n);zeU,Xni=123} DERHFFEEE L. S LOEEDEE 0o
PEA. FREABICuERAL, FEDEcZ e, FORETLE = (z,), K2PWT,
0 (€) 1= limp oo u (z) PFFIEL . RIIRETOBY FIE S5V,

FBOHETR 1O L) LEEORMBHOLELONL. HID L HIZ g 2BNT, ¢
FRFEES T 0. MM TIIRFES O OBEBEIZIE L/EICR 5.

0,=0

®1

SE
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1 Sierpinski gasket + M

Martin 5% Lipschitz [R{E%
S FE EBREAEREREFEH
JIIWE 2848 NTT DoCoMo 7L}l
G H AUNMRERERBEEFRR
TLT77Xy b A:={1,2 ..., N}(N >2) »oRINbEERE
W= U2, A &35, W LIZ8i% 552 Markov 8K % E# L, €D Martin
Bk k(u,x) & L,dx) xxeWDRIETHE,W LOHEE:

p(x, y) = [2740 — 274 I+Z 2N sup [k(u, x) ~ k(u, ¥)|

n—-U

XA WORMBLEW ETA. ZOBW L0 p IXHRICW Lo
RS NADT, 2B p TKRT.

Denker & Sato i [1] T, W OBEFREE OW #° (N — 1) RITD Sierpiniski
gasket S LE—# &5 (FHH) T &R L, BIZ[2] T p(é, n) & Euclid BERE
€ = nll LDHE BIE N IR K-> TEELER Cn BFIELT, [|€— 1]
o>+ SN L &

2 Cn
an - ’ = - I Tie ’ S
D YIIDZ ’a*:ml,t.

LA LS CRIBEDHES 5. 21U, B8 o(¢, 1) 13 S LOBEUE {(k(u, ) :
u e W} D& BINRMM % ED 545, #IZZ 0F SPGRAARIERD

a={a,}, €¢f = {a: {an}n:Zan< 00, Qp > OforVn?_O}

n=0

WXt L CE £ A BRE:

pal&s ZN— sup [k(u, ) —k(u, m|  &meS

n=0

CEoTERENS, ZOBE, ETDaclf IXOVWTH—DDOMIBEEDS
7%, .\ Z Lipschitz FMETH A L IZBR O 2\ LAL, 777 ¥ VERIZBT
HPEELRME, BIAIENT A PV 7RI EOFFHEER Lipschitz [FlE7% BE#ET
RWERE IR, 22T {pa:a €} O Lipschitz FEMEIRIE L 2 5.



FHEETIZET {pal€, 1) : a € &} @ Lipschitz [FEM % FF8F 1T, B
Euclid BE8§ ||€ — || & Lipschitz FEIC R 2 BOLE+TEBE52 5. £,
ROFEENEDIULDOZ L ERET 5.

TIB1. a={a}ub={b}n€ff £TH. ZDLE, p, & p, »* Lipschitz
BUMEL % 5 BOLETH MR
Ga(n)

Ga(n)
0 < liminf < limsu < 00
n—co Gp(n) ~ n—~oop Gb(n)

Ga(n) =Y 2 e + Z ax.

k=1 k=n+1
T2 acf bTrL, FEDENeSITHLT
16
1€ —nll < ()pa(§9 n)

A0 LD, Bl D, Buclid BE#E || — || 132 T D a € £ 12DV T py-Lipschitz
EHTHA.

Thb. HL

T3 acl &TAhH ZORa={a}a 22T, pa &, Euclid HEEE ||€ —7||
%% Lipschitz Fﬂ’ﬂﬁé: LRABDLETARMEE Y. 2%, <00 ERDBIETHE.
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YARL 7B D Y — R 53 & BRI R T OMBREIZ OV T

KB &L JEBREREFFER
TH & JE B KFHEFH

Y22 D = {z = (z1,...,Tn-1,2n) € Rz, > 0} (n 2 2) +TCEBENEY AL
7% uw T, &

(1) fD |Vu(z)|Pz)ldz < 0o

RWET D (R pERER) bODOLEE DM IEEA LN L ZADERRTE
BEHFAOEBEES - D (BT 5 YR L 7K 2Ek% D), DY IZBT 5 D
LOBuEEKOLEEY HDPY TRY. 228, V=(08/8z1, - ,0/0z,),1 < p < oo,
-l<y<p-1¢,75%.

Deny-Lions [2] *BI#EL T, &M (1) 2W2¥5 D LOYHR L T7REu e D
.

(2) U=UO+h

L—BiIroMEns (V—RAHM) . ZZiZ,u € DY, h e HD? THD. YRV
7B u € DP (X EEFRE A CHIMBIRME (fine limits) % b2 (Kurokawa-Mizuta [4]) .
AHMIE TIL, Lelong-Ferrand [5], Essén-Jackson (3], Aikawa [1], Miyamoto-Yoshida [6],
Mizuta [7] OFFZICAE L T, uo O EFRE A TP minimally fine limits DFEZ DL
TRETS.

ROBEEEEXS:

kon(z,y) = Py Pz — y|' 7z — |

TS, = (Tyy ey Enot, —2n) T 5. B E C D PERERT (minimally) (kg,y, p)-
thin TH 5 &id,

(3) Y o= (=0Rl gy | (i D;) < oo

=1

AT EERVD. ZIIE, Gy, 12V —RER E = {z € E: 2 < [z < 2H},
Di={z€eD:2"'<|z| <2} &£¥ 5.

FE 1.p>1,-1<y<p—-1,(1-0)p-n<v,0SBS1¢¥5. ueDf” 22
bif, EER T (kg.,p)-thin T

im m;ﬁixl(nﬂ—(l—ﬂ)p)/pu(z) =0
x| +o00,z€D-E



723 EC D BEETS.
ARES EC R OAN—TRIES |E| LRT.
B8 1.0508<],-1l<y<p—1&,T3. 3)DBEVIORLIT,
/B0
() <=

i=1
&fi Lz :, Ei = EOB;+1 —B,', B,‘ = B(O,T)HD &TE)

BE 2. p>1,-l<y<p-l,n+y—p>0&T5 hcHD? 26, HDE
¥} AL,
xﬁ[‘*‘*"’)/”{h(x) —A}=0

|lz|—=00,z€D

L%,
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ML EHTE YKL IBRO Lindelof XEE

THBE RBRFERFER - BEFAH
KEHEIL LBRF - RERZER

2—2 Yy FEMR (n > 2) D E¥EMD = {z = (¢/,z,) : 2, > 0} &7
5. EGEREK N D ETHRE X, EEOHRESGCCDICHLT,

max ¥ = maxu A3D min v = min u
(el G rel G

BERVI-SEEEWVD. BB, X610, BEATRORSBEEITHEAT
5. BRELYRL7EKue WD) iEp>n—172561, 2BCcDERD
FEBEO¥Er ORBIIXLT,

lu(z) — u(y)| < Mr ( / |Vu(z) l”dz) ” (Vz,ye B)

P ABETIIZIOL S RFRERE2H T D OB v @ Lindelof
TR 525.

KOLIBREGEEE-TR LORVARIE 2525 .
(1) w(B(z,2r)) < Aip(B(z,1)) (zeR™",7>0)
(12)  wp(B(&, 1)) > A(r/R)u(B(E,R) (&€ €0dD, B(¢r)C B(¢',R))
I, ROLEIBMEEE-TD LoBEKuEEXS: D LOFABRK
g€ L! (D;u) LEEM, 0 >1BFELT,

1/p
fu(z) - u(y)| < Mpp(2) (—ﬁ(—aﬂg—) [ gpdu) (Vz,y € B,,¥z € D) (1)

RED . ZZT, B, = B(z, pp(2)/(20)), pplz) = 2n T 5.
FE1. D LOBEKuixRE (1) 2R L
| stwrduw) < oo (@)
45, 22T
E = {f € 0D : limsup (r"’,u(B(f,r)))_l/ g(z)Pdu(z) > O}
B(¢,r)nD

r—0

LR . p>s—1DLE, £cOD\EWXLT, DNOHIMEHRyICR->T
Du OHEBLEBRESBEET S0, wid THERELZ L.



1. u%D LOHEFAL YR L 7EKT
/ [Vu(z)Pz3dz < oo
D

ETH I, p>n—-1, 0<n+a-p<1l ZIT,

Ernta—p = {f € 0D : limsup rp_"‘—"/ |Vu(z)|Pz5dz > 0} .
B(¢,r)nD

r—0

TDEE, £€OD\ Enyarptl®t LT, DRNDOH BBy ICIB>TDyu OFR
IRRBRRAE B 3FTET B2 60, widé TAKBIRES 2 b .

%2.1<¢<p/(n-1), we A4, dv(y) =w(y)dy & T5. ut D LOEH
YRV 7EKT
/ [Vu(z)|Pdv(z) < co
D

&5 2T,

E= {E € 0D : lir:ljélp (r"’u(B({,r)))_l/B |Vu(z)Pdv(z) > 0}

(&,r)ND

15 ZDLE, (€OD\EXXLT, DNOHIHByIZH-TDu O
ARLBIRME D FET A0, widE TABRIES 2 0.
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14 On Harmonic Majorization of the Martin Function
at Infinity in a Cone

BT & TEK-BR
X BT TEX. H
HH O O¥fE TEAK. AR

SR MO BAIRE ) EOW S RERE S OMEKQ 12k LT, R
KON P OBAERETRE (r,0) TET & &,

Co(Q) = {P = (r,0) € R (1,0) € Q}

O EIRE. Cu(Q) DIIVF VER A RES 0C,(Q) U {oo} THY,
0o TDH B HMS I HUELITHET HTITF UM% Koo(P) (P € Co() T
£9.

Cn(Q) DEFES E M Koo (P) DIRFEBI % characterize T % & 13,
E EZBWT h(P) > Ko(P) B BEBROEMBRBEKIR LT, C.(Q)
ETh(P)> Ko(P) &85 LEEND. DI L, C,(Q) EOEEDIE
{ERRMBEAKICH L T,

. h(P) .. h(P)
rela) Ko(P) Jnf Ku(P)
MDD EFAMETHS.

B(P,r) % P € R* 9.l ¥ &N r ODBRE L, d(P) & P € Co()

5 Co(Q) PHERETORBEETS. EC Ca(Q), p(0<p<1) KHLT,

Ep = UPeEB(P, Pd(P))

ET 5.

Z DM T, Dahlberg [2) ICK W SN EREFFOARERKICHT
LRERM, - EVDHERITAN D SHEBICB VW THRKITKDILDZ
EEHETD. MBI ICBTIR-REANS.

BH. C,(Q) DK EITH LT, LTFOLBHIBRABETHS.
(1) E M Koo (P) DFRFEBIE % characterize § 5,

(1) EED p, 0 < p<1EHMLT, [ (1+|P])™dP = +o0,
(1)) 5 p, 0 < p < LIMLT, fp (1+|P|)™"dP = +o0.



Co(Q) ND BN { P} ims1, A separated sequence TH B &1, HDEK
c(>0) MEELT,

B EEEND,

%. {Pn}m>1 % inf,, |Pn| > 0 ZH&/2 7 separated sequence &9 %. &5
{PoYmz1, S Koo(P) DFRFIEBIE 2 characterize § %720 DB+ I35

i3
>, (d(Py) "_ =~
mz( |Pm|) -t
Ths.

Z DOF, Armitage-Kuran 1] TOEBRDYLIRIZIE> TS,

SE B

1] D.H.Armitage an uran, On positive harmonic majorization o
D.H.Armi d UK 0 h f
y in R™ x (0, 4+00). J. London Math. Soc., (2)3(1971), 733-741.

[2] B. E. J. Dahlberg, A minimum principle for positive harmonic func-
tions, Proc. London Math. Soc., (3)33(1976), 238-250.

[3] I. Miyamoto, M. Yanagishita and H. Yoshida, Beurling-
Dahlberg-Sjogren type theorems for minimally thin sets in a cone,
Canad.Math.Bull., to appear.



15 b =IIVEEDODNTZARINTHIE &
T e NwFOTHEEICDONT

=Y B BEK - H#FEX

d-RITL—2 1) v K2 R TBNT [{k,}, {A\}] K& - THRE 23—
NIERHRA D P —IVREE K¢ &&T, ¢ ZRERKT ¢(t)/t¢ iTEMBDH
Qs I
EE. ¢(t) =t*(—logt)? Li»t@iﬁézﬂ'lﬁsﬂgi:méo
()a=08<0(2)0<a<d(@)a=dpB[0.

A R—IVERE K DONTZA RV TRIE (Ay L&) ETV-NvF 2 JHIE (6P
EEL)CEUTRD 2 DOFHENHELND.

EE 1.

273 i g yoo (K1 -kg) *8(Ag) < Ag(K?) < hmgosoo (k1...ky)*8(g).

log(ky...kg)?
—logA,

EE 2. RORGEWIETERK L BHBEREET S,

Gt kg >L 725 g IKHMLT, §, <CA,
ERIETER C BB, ZDEE,

dlm(Kd) = Mq—voo

1M gy oo (k1. kq)4d(Ng) < ¢ = P(K?) < MTim gyo0 (k1. kg)4d(Ng).

*. BHE2 ELRAULERHEOD EIT,

log(ky ...kq)

A(K?) = Tim g 00 " Tog
q9



CD2DODEBZANT, ROFZRT I EMNERD, ZHUT 2] ORR .
dim(K) = 0,A(K) =1 2= T3> N7 MES K O R! KEET 2 289728
BELTEY.

Bl. ROFHEMET 2 DOREREK 6,,6, 25X 5,
lim,_, ¢ %%} =0, lim;,o %Sﬂ =00, ¢1(t)/t? strictly decreasing.
IDEE, 0< Ay, (K%) < 0,0 < ¢g— P(K?Y) <00 BT H h—)LES K9
NHEET B,

BE R

[1] HATANO, K. Notes on Hausdorff Dimensions of Cartesian
Product Sets, Hiroshima Math. J.1(1971), 17-25.

[2] Tricot, C.JR. Two definitons of fractional dimension,
Math. Camb. Phil.Soc. 91(1982), 57-74.



16 75 7 ZARAELEORBTRRY 7 ) N LOERESIC X 5 FE
ik Y BEOKEFREAMILHRES

DIERIODERBEWT, BRODIXB-ERETH(A-1<0<d). TRbb,
+ahE iz LTI

byr? < u(B(z,7)NAD) < byrP
ME NI L 520D EDES NI uREETDHEERETD. SOXIRRE R
PEETS. DL TEXAAERERQ, =D x (0,T) 25 %, TOREOD x [0, T
¥ SpTERT. MELOREL LT, ur= /‘x£|110,T] WA, £, 28X = (x,1),
Y = (,8) \o% L, BRI BEmE

/2

p(X,Y) = (]x -y +t- s|)l

XEAL,p>1,a>0IZxL, Sp LD~V 720/

Me(50) = {f € G f| LELTEN i (un(¥) < oo}

ZEZ, AN(Sp) DT f D/ Vb E

oo = ([ 15000 a0 00) "+ ([ L2 TEL dir 0 ) "

TERTD.

REIZT7 57 ZATHDHID, ZOZEHMAL(Sp) LOERAEPARTHD I L
Y EREBCHERTAILRERETHE NSV, 0D, AiELETERSN
7-BE¥ f %, H% Whitney 5% f# - T, RO 240B¥ E(f) WWiER L, (RY\
aD) x (0,T) T, ROLMTHHLICTS. Z0EE, & f € A(Sp)icaL

P p—pa—d+f
Joasiom [EDIPB yo42dy
_6_ P 2p—pa—d+ P
+ foaom I5EDIPEY) av < Ifie.,
MERD YLD, T 2T, el fIRE BRVERT, §(Y) Y 25 Sp ~OEMTH 5.



IO, TARKEERCITON AL TCRRIETWEWEZDT, &
B, FORBELELD. Z0ED, KOEHRELTS.

SR D B—BERTHIL VI DI, DOEED 2K 2, o X L, DIZEE
NA3E&DH 5By T,

() < alzo — yol,
min{l(y(zo, 7)), {(7(z, %))} < bdist(z,0D) (Vz € )

BELD Loy REET B ETHSD. ZIT,I(), Uz, 2) Xy DEE, v ED 34
L EESRESEENENRL, a,bidzy, o L HLRVWERTHS.

SOEHEOLET, MERUHRETER SN O 6h R2EBICHL T,
BIE DY 7 ) N AIIREOBEES T, ROL I ICHFETES.

FE. DI3BERL—BERT, TORMI[EEGLTHA-1<8<d). &b
iZ,p>l,p—pa—d+8>0,a+(d-0)/p<A<1:RETD. £/, B¥uiX
Qp TCHRT, D x [0,T] TH, p B LT AHolder ML +5. Z0& &,

/SD /SD IZ(())(()Y):;(ZZZL dur(X)dpr(Y)

7]
< p§(Y)P-Pa—dtBy P 2p—pa—d+f ]
c( /) o [VPEY) + [ o | BUIPEY) dY)

IITciBUulREORVWERTHS.
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e ERETFEOEREE

bH =8 ALK exam

WED—<H, 2 W HSEAFEH C NOMFTIFHIL, EIZ
Wit m1(a) DBENLRTDaec C TEME vy € NU{R} DEE,
CogEm W GELIZ=D2hHiW (W,C,r) ZRICZEFEESW
vw B W ORBESS. ZELHE W ITHLTW e O (B#H)) T
HBEMXIIW & O KBHRY) THIHI0ERE T 55 E%Z —R(CLERE
BLsSO (-~ HEOSEER, #HAE[6),[7FSH) . WHrER
E (B vy <Ry BEWIIW € Op &72505, W NEREFEHE
(H'B vy = Ry) OFEITHEE L T—RCBRIBREZH T TR 0.

PARTIZER 213 ([3),[4]) KABE DY 1 7T OERENLH (W,C,mr) D
AIBRELTEZDH, W e Og £ERBDHDLE+FEFITIHRER
ELT (W,C,n) 5 (complete, [1]ZH), HIbHaec CITHL
T, a PODBEL2EAMR YV TEOHG 7~ 1(V) DEDHIST H5e &
BB DNEET D, ZETHDHEEIEHERLZ. T E
E5METATTEMERELH W ICHLUTIEW ¢ Og &8 DBHEMN
HIDHEVWOTIEARWNEDINERBTZ2HDEELI5NS. FE
Wg0g 722 W OHIERERL LD ETHBICIHETZMTOHMDIRN
EEOIDOTHNE, THIIMODTAESITEKRTES (2D EF SN
TE%.

SENE, BF (an)ast C (0,1/2) ZHEBICEZBEIC, &BHnecN
FEIZESN DO n BIZEEL THRES 12U TFTOEEIZFEDKR40,1,2 %
R ETHEMEICHD IADAY Yy RO ASTZFEH C DERKZ
BANDEZ HIKSR—EDFIMEEEN D TEYEHDOER LD
Ka2hDE—HINDE A v FOMEL TRZRIZH D EHbETIT<
HTHEDL U= VE W = W([(an)n>1]) ZHEMINTHERL, BRIC
REDHET W S CERELLTREHATAHIETHESNS C DH#
Bl (W,C,n) 22D EREREFEERDBRITHELTS. DKk



IZE D D B WIZ R 72 5E i MR ZE S H O#IRN D W 2 (ay)n>1 PH
DHRET, WeOsgllbWEO; I ZblDEs I EERTONE
HEOHNTHD, HIBEROMREZHRET 5.

EE: 0 (ap)ns, BHRICELSBNTENIL, W((an).>] € Oc
THDW, B (ay)ns, BTHRICBITENE W(a,).>.] € O £
3.

HIZHEAMIZIE, #iE Ot iminf, ,wa, > 0 ZEKL, BED
B3 Y513 "mod A, = +oo ZEKRT D, HL A, IIHEFKKRME C
MmEa=[1,1+a,,] &B=[0,1/2]U[2,2 + a,] ZBRELLHEHTE
DEZ2TAmod A, 1d A, LD o THERE 1, g THEMMEO ZRD
FAEKD A, LOT AU LEZTOWRD 2n fEDFELTS. K> T
AL ABEL im0, =0 DAE—ROFNWHEZEKT 5.
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ON KLEINIAN GROUPS WITH BOUNDED GEOMETRY

Hit HiH (KRTIIRFEEHRH)

Z OFETIL. BRI 22 Klein B L T, MEMSIh TS (A>T
WBYRD2DDZ & ZHOTHEB L 72\,

o TDLIRY A VEEDOWMIKHE T (ending lamination conjecture) DAELE,
o FDLDY T4 VB (I T OBRER) OMITHME.

ZDT7TANTY FTCI, BETCHELDNEZ THAIEENLREEL W O>IOBES
FrOTEL, £/ TO7TANS Y FOBBIKH H5BER/RILE & COLER/N
FHTCHAIVDEENTNEDTH-TC, TORNEy 7 LBOBITRBMELHERL ¢
W2nZ e EFEELTEBL,

1. 9548 V-~ KEOOBCHABROLRTHE (AT AEHRE) 1T
PSL,(C) ¢t EA—#HEhd, V-~ KA EARFEO—H£ 317 ML BTk
LEZNLOTIIY —< KA LOMAZAIRETOT, FREFRICETHREC LS
THRICEF TR H® = {(z,y,t € R3 | t > 0)} IR (R7 > H LIER) 15,
ZZC HARLHB LI ERMOBRO—E {(z,y,t) |t =0} LEX TS, E5IT,
PSL;(C) & woLiRIE LM Lo RICBAL €, mE 2 RETISRER
TH5H, HICELFTEROME 2 FEOEREMQIER E RS, ZOHEROERA
DOHFIRRIEA BT AEHUT2 5> T b, LATF. g € PSLy(C) DGRV E LS g & F
WTELZ LITT S, jtg € PSLy(C) ik LT, BE)EERE (translation length) %,
B inf{d(z,9(2)) | z € H3} LEHL. {(g9) LB, T I T, d(,-) T EFZHORH
STRTHS, BEIEMNIEDOTEREAA (loxodromic) 2t e V5, £(g) = 0 EANUE
FICEER 2R M (parabolic) ¥ V5, £h 6 LA 2 FEMHY (elliptic) 25T
EE .

27 5 4 ~# (Kleinian group) £ 13 PSLy(C) NOBEERHEFOZ L TH B, Lok
BRTY 74 VER2 LY EMOSREGROLTHOBHEFL L TR &I, 7914
BT LY TmMIcENRERICERT 5. 7 74 VBOBSREOR/NLE S Shkik %
BSEE (b L <17 T A VD) M™% (convex core, i bERE N D) 21 ),

LT, MBORIISA VEHLERAE. ARERTILOLTOTIMFMBITH S
PSL,(C) ORf#i#E ¥ 75, P.Scott DEMEN S 7 T4 L HOBMSRMAEONEICITD
37 M8 (compact core, T NY MR bEREND) LTINS Rk L KR E
ME—RfERD RT NBREVEET S, 7 74 VEOTSHREDOH (end, FEB L
bEREhd) ik, ar Ay VEORMEAEDERBG ORBEROZ L THSE, 2 I T,
EMERBMRITIR D L I L TANS : U, U, 2 LD &SRS T3 (Ehek 5150
AT MRIERICIIRR S TO L), D& U L UL iHLar "y hke %
DHEESOES VBEEL TV U NU; WY THBICEHESE L EHT L. He
DETCE e DIAIFL VD,

oA VBT ITHEERE HY /T Ra vy N3RTSHEORE L FEHETH S L
E (HEMIFRE (topologically tame) TH 5B & Fbh b, NENRERZ 1 VB0
VAT FNEORBEADERBS OB FOa LAY NEOHBBRIES S LA HE
[0,00) DEHBEAMETH S, Weld, (MERERDELRN KD EHENEN SR, BT

B A2 RR KIS A PD



A

FMHER (geometrically finite) THEEbN D, 79 TRy X TITLAZHER
(geometrically infinite) ¥ Sbh 3,

2. iELOBAN, S OHE(l. WHIHTE S LOBLEA T, ZHEIOHOREDE
WRIHERDZD 5 WD 52 EAKA D 2 & L IHIME (geodesic lamination) ¥
VI, BMERHIRII T 0BG TH L, UIHIEE CRFNAIE 2B bk, (£
N5EXNL L) WEN & WHARE (measured geodesic lamination) ¥ FE5, ¥ 7%
D RUHBARE % U EE T & PUHAREAE D& (support) ¥ E 5. S LORIHMEE. REH X
PR D2 T B E EhEh GL(S). ML(S) £ BL. GL(S) KIIAKAL KD
BYEEICERINDENT A RV ZHHERAY . ML(S) IITHIEE OFFRAEIC & Y £z
HBASL, ST ERBTHL L E MLS) IS DAL I a5 —TEDREIK
FTOE2—-V Yy ERLAHTHLI BN TNT, L TEOHREL
PML(S) = ML(S)/Ry HA VA7 b THY. BCHAE I 25 —FRIOKRTH S
1 5|V RTOKE & [R5,

3. AL HR (end invariant). I ZTid (HENRERY 51 L BOMEFER (end
invariant) 25 FAEBEZE5X 5, KLRAIL LI 2 CIERER» DT R TCDFEA
SN2 Y S A VB ERD, ’

3.1. BAIYMERLBOPBS ¢ [BMFEMNERLEICIE. 7 OMERRICERSER
WY —< VIRE»S BRICER S A SAMELFOMITERE DY —< VHEMN
Jo LT, (GEH7Z2AH (marking) MAYV) ¥ A& I2 5 -2/ (b L 32 OREZR)
DILEED S, INEBAIFENERLEOHATRL VD,

3.2. MAWEMBLMOBE : SEEAOhIEWM e KETAES AL Y
MEDTERRIT L T 5. SIGEYZNE#ELX5X TBL. UTOFRERIIEX 6N
G (REMIT)ERELRY, oL X RO LD S EoEMEARIHA
o)bﬁ {Ot,'}i b‘ﬁ&?é 1 ] ‘iﬁ%ﬁﬂip‘]f%h}: RE ]‘ Ewy 9&7&]%& Oz;’r h‘ﬁ&b
T, elTi (exit)y 2F Y, EED e DEFHEUISHL Tip > 0MEEL T, i >4
ThHhiTa} CUTHSB, E6IT. a; DFEH (o] € PML(S) 135 5 HBHIRIEEf
S PUHBARSE [pe] € PML(S) ICPBRL . ZORIER SRHEEOE ). € GL 1T {ai}i
L6 THRESL, ZD A, 2% E (ending lamination) £ Y, ZhAW e DREE
ThH5,

4. ERWALXEDI S4B 7 71 VBT PERE (bounded geometry) % #
2Lk, FED G OTOBEEERN G ORIKETLETT»6HI OhBBEICE
SEbNhS, BT, 20EIB 7574 VEHOTRE RN THL, FDL5RI 5
A VBETLEYEMLE > THRZHBEIL. EERCOBBEENT»S G DRIk
BB TCTFReBAOGNATHS,

WEREEER. Y. Minsky ([Mi00], [Mi01)) i2 L hid, HREM L > G hls R
RHERY T4 VBIIZORFERTREMISND, ZZ TS, 751 VBl
EHFLARNTHOZD2 O0OWANREL TS b DIEL THOBMAT 25L T
B,

FT2ZDEIBIA /L LT, SETheAMRBEAR L2 oMAtiK: 75,
Ap, A 2T OWTEERL TS, C(S) & AS) 3 ThTh S Lo MA (the
complex of curves), JR#E (the complex of arcs) & § % (F L W EHIT Minsky ©
FRX2SRE L), S OEETERBSHME Y IKHL TY KNL T, HEAK
(projection coefficient)dy (A4, A_) EUATO LD ITED L. YV AR TENL Z3Y



ON KLEINIAN GROUPS WITH BOUNDED GEOMETRY

CETAHEY o S EMY. 22T\, 2L ETE. FORKL ETORER Y O
HRICELTHAERE— (OEVHALHNLTRY) ERS, ZOLE, H A 2
5 AY) ADBk2 B2, ThooEOEFhThry(As) € AY) &HFL, ZDFE
BOFT

dy (A4, A2) = dA(f,)(wY()\),ﬂ'y(/\_))
LEHRTS. Y VHROBICIE. WAERIEDKREINE-2FX LLRAKRICERL
T35, TOLERMVPALT S,

%8 (Minsky). TWERSMEEOLOOLE+HREIEIH S K > 0FEL T
sx;pdv(h,z\—) <K

MHALTBHZ L THS,

F EEREEER). I e D 2ALRAEERL/FOLOLI R SAVEFLT
5, bL T WERBMLFEUI. T bVARSME L5, BHEILPSL,(C) NTHIKE
TH5.

BERSOBATXHNR. T 2ERABALEFE > LB{#HL T 5. oL ERMHIL
¥5:

ER. ([My01] and [My02])
1. T oRBREESDOHNADEHE 2 £l3HHI (quasi-arc) THESZ AR5,
2. £: DD 20— VEfRLTE, ZOrE fIIERE CEIGED. »
DIRDEEEFFO :

1 -B
de(f(2)f(w)) < A {log |—Z———UT|} -
ZIT, d IREEMTH 5.
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18 N- Fractional Calculus of the Power and Logarithmic
Functions, and some ldentities

Katsuyuki Nishimoto Descartes Press Co.

Abstract

_In this article, N- fractional calculus of the power fumctions and that of logarithmic ones are
discussed. Moreover some identities related to them are reported. Some of them are shown
as follows for example.

(@-a?) ((z-a)?)

Y g - loa(e- @R
for FIE?_;)) <o, Il(a)l<w ,z=a.
2
2) (log(z-a)),

(log(z-a),, B(a ,a)(B(a, a) ;Beta function )

where II'(a)l< o, IT(2a)l<x, z=a.
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19 Some Theorems for N- Fractional Calculus of
Logarithmic Functions 1

Katsuyuki Nishimoto Descartes Press Co.

Abstract

In this article, some interesting identities for N- fractional calculus of the logarithmic functions
are reported. Some of them are shown as follows for example. (z= a)

log(log(z -a)), ] p (II‘(a+k)I<oo(k-0,1))
1) -E .

log(log( log(z —a))a)ﬂ IT(B+k) <o (k=0,1)

2)  (log(z-a)),(log(z-a),_, z (IT(a), IT-a)l< ) .

(a-2)sinza

kr"gl( log(z -a)), n ['(a,)

b o (- A —
(log(z = a))E (i o)

:-I ay
where IT(a,)l<®, IT(Zi, a)l<o, and o, (k=1,2,:-,n) are

constants.
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20 i E Bergman-Privalov ZZM ORI 1T

O/ TS (BN R2EEFEE)
HE M (B AT LBFE)
REAFR— B (M RFEEEE)

B=B, #C" OBt 7T%. HB)IZ B hOotERIEAKe2EE2X7T. vid B L
DEHREET N7 Lebesgue BIEEERT. & o € (—1,00) ITHL T, dra(z) = call —
Z2)%du(z), 2 € B EF 5. 1L, #8 co 1 va(B) = 1 2BET LS CEDD. &
a € (—1,00), p€ (0,00) IZXML T, B LORHE Bergman 22 AP(v,) EROELDITE
&9 5: .

i) = { £ HB) s Ul = | [ 1P 0] <o}

TSI, & ae(—1,00), pel,c0) KML T, ME Bergman-Privalov 22 (AN)P(v,)
ERODEIDICERT 5:

(AN (1) = {f € H(B) : | flianypon = [ [ g+ 11y dua} oo }

Bergman Z=2f AP(B) = AP(1p) (0 < p < o) iIZB L, C. Ouyang-W. Yang and R.
Zhao ITRD LS 2RBS TR E A 72!
Theorem.([1] C. Ouyang-W. Yang and R. Zhao) 0 <p < oo &§ 5. f € H(B)\ {0}
LT, RO 2EBEIFETHS:

1. f € AP(B),
2. / IVF2IfIP2 dr < .
B

7L, Vfid B L@ Bergman 3 &IiCET3 f ® gradient ThH 3. 51T, f € AP(B)
75,
lim(1 —r)nt /TBIf(Z)!p”QWf(Z)V(l ~|z) ™"t dv(z) =0
DERILTS. 2L, rB={2€B : |z|<r}, 0<r <1 TH53.
i #E Bergman-Privalov ZZfH (AN)P(v,) (-1 < @ < oo, 1 < p < co) OR#MAITIC
BLT, LEEFABEOHBMTIELT, UTOERER~-:
Theorem.([2]) -1 < a < oo &F 3.

1. 1<p<oo OB, fe HB)\ {0} KHLT, kD2 £4RRABTHS:



(@) f € (AN)P(va),
(b) {log(l + |fD}P ~ lef,2 dl/a < 0.

B (1+][f])?
THIT, fE€(AN)P(v,) 251,

z -2 .
11.11{111 |:(1 _ 7,2)11-+-1-+-oz ) {log;;illff((z))'l))g}p lVf(Z),z(l _ |Z|2)—n—1 du(z)} =0

PRI 5.
2. p=10K, fe HB)\ {0} IKHLT, KD 2 FHRIFETH5:
(&) f€(AN) (va),

< £12

(b) V£

B IfI(1+|f])?
E50, f € (AN (vy) 251,

dr, < oo.

; __2\n+l+ta |§f(2)[2 — 121" L du() | =
H‘f[“ Ay [ T )} =0

AN AVAC RN
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2l g | T E Bergman-Orlicz Z2[H D&}

HR EXR (fEMARFEER)
HEE M (8T 2T LBZ)

B =B, ¥ C* Q¥R 35, H(B) it B LOoERIE&KLEERT. v i
B EDOEHR{ENT- Lebesgue FIEEZRT. & o € (-1,00) IZHL T, diy(z) =
el — e du(z), 2 € B 25, FEL, B o 12 va(B) = | HWETE 51
EDD. & oc (—1,00) & EHElmy e o(t)/t = co HET. R _ED 2 EHS
BE. FERS . FEAMBEE 0 KL T, B LORE Bergman-Orlicz 22 A,(va) &
ROLICERT D:

Ap(va) ={f e #(B) : [ vllog]fl) v, <oo}.

o(t) = e?t p € (0,00) DFE. Ap(Vo) IEHE Bergman AP(v,) TH D, ZHITH
L, F. Beatrous and J. Burbea IZR® X 5 2 ¥ T &2 5 X 72

Theorem.([1] F. Beatrous and J. Burbea) -1 < @ < 00,0 < p < 00 & 5.
fe H(B)\ {0} L T, RD 2 &HIXFHETH 5:

1. f € AP(v,),
’R,
2 [ ifte I”ll SO (1= s dval) <

=EL, Rf(z) = X5 1a .z € B Tdhb, frE Bergman-Orlicz 22 A, (va)
@ﬁfﬁﬁlfkggbf J:‘E}: I—]ﬁ@ﬁiﬁﬁ'ﬁ’kb’f UTORRE G
Theorem.([2]) & € (=1,00) & L. ¢ iE&H im0 p(t)/t = co 2T, R L
D 2 EIMKSYFTRE, FERD . FRMEKLE TS, fe H(B)\ {0} IiTHL T, KD 24K
HIXRETH 5:

1. f € Ap(va)s
" IRf(z |
2. [ 0B () Lt (1 o) dale) < oo
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[BE] div u=f, rot u=g DEFEME

(k4] LA [FTR] RRETFKFE BF
BRAEX REEZFRF BFE

D C R® Z—20D@L»eAME S ICL > THENFEHRE TS, f
%D ko C-#kE%, g #D L0 CUBEDORT bV o % L Lo
L5, n, PHE S OR x ([CBITAABMNESRT bLETH, 2D
L&, ROEREME (+) 28 % 5:

(i) divu=f on D,
(%) (i) rotu=g on D,
L (i) u-n; = p(x) on X.

ZITIR, (%) BT D £ CHBART MV u (Theb b, BB
RS FRR (x) OfF u) OFEL —BEMARMBEL L, TORERENE

%9, D LT u BFET D7 DLERMFZ

(1) fffodvx = ffzﬂadsza
(2) divg =0 on D

ThdHZ LIZRBITHND.
Wic, ED 244N D L Ol u ZEETH O TR&GTHHE I L E
RES.
f RO g #FhEh R L0 ClLEROBEE f RO bV g ICE
ET3. TOE L E—o0ME»bMAND & (2) 26 R ET

divg=0 L{RETE 5.
o =a—boBRFrvyN Nf &S Tiebb,

Nf(x) = if//m ||j£yz<”dvy, x € R%.




ZZT
i = —grad Nf on R3

LB ERT Y DHFBAMND Gk D ET (1) 27,
NI MGG DO R TORY MKRT %V AG 21E5:

O N

¥ = —rot Ag on R3
LB LERT Y OFBREAMND Vi D T (i) 2T, #oT
i=1u+V, xeD
EELSE T (i), (i) BT
CETyY=9p—t-n LBSEHEHE (D) 25 [[o¢dS, =0 TH5.
L72#35 T, Neumann %< Z L2k > T D LodEgEKT, R
By 25, D NTHRM2EE L B FETH. ZhERWT

U:=tu+v+grad h on D
EELS EZD u MR HEX (x) DBO—D2Th 3.

ZIT,

= D —EMIZOWT, BT, ERO L S
@@ RAS2 o8B L5 R D IKOWT L,
7 > THELH. ZoLkx DICETE2oD
—WRIMSL 72 EHERESS By, By BIEET S
(AL RARE, 1996). €T, (x) DIEEDOME u i
u=U+aB; + 0B, on D

THEALND (12U, a, b IZREER) . #UZ, (x) OF u = (uy, uy, u3)
IXRRAES
/ u1dx + ugdy + uzdz, t1=1,2

Vi

DEEEET D LICLoT—ERNICEES.



23 [#] Neumann D7 /=Y AAIETART I LVOREE
2D\ T

[K4&] dint#se [FTB] FRRETFRF BFEH
N. Levenberg Auckland University

D cC R3 #— 0B, HMHE S ko THENFHRETD. f
Y PO+ 5, @EoEDIc DY =D, D-=R3\D ¢&
. fOLSKETHI_ERBRT Uy %

v%mzﬂﬁuwrgfﬂjg(w%ﬂ)ﬂwww x € RO\S

ES ETEOR ye D ICHLT

LB RS LT, R

+ -
Wilx) =MUs(x) x€RO\S, Uply) =0, yew,
Wax) = MUi(x), x € R3\S, Up(y) =MW gy

EY , A EERRFD
W (x) = Wo(x) — Wi(x) + Wa(x) — -

2273, 22T, 2% Neumann OT7 VT Y X b EES,

Neumann (1877) % D C R® AR THIE, BB W (x) 1T D
TLHEEO—HENRE L, HRE f (B35 D Lo Dirichlet FEO#E%E
52%.




Poincaré (Acta Math. 1896) FAfEE D c R® MK {||x|| < 1} C
R3? & CL-#&[FE (diffeomorphic) TH Y, f € CH(T) 72 b i, BB W (x)
(ZONWT EEFRBROZ & BWLT D, ) '

Poincaré (T % DX D&% [ D 23H# & diffeomorphic &\ fHiifE
IR (MERICEZT) FETHDHITEVR] EEELTVD.

T 2T (fEE D ¢ R ICIHT SAARRISRMIER T 20 ) BRE &

BEIATHITH Y, f e C¥(Z) 20, ROWKNPEX DI L &TT

Z ||deHR3\E < 00.

n=1

DTN, RBEIND :

(i) W(x) X D TEEO—RIKET 5.
(i) BEKOFRT

n—oo

lim (i W+(y)) dS, = f(y)dS,.
k=1

INODT &L, BERSE, B, YL /A FERe L, BEERIC BT
TEZEoThEND. EOB, ["HERT V¥ VOEE grad Mg(x)
iT Y FOEEFR (n, x grad g(x))dS, HEL D R*\ & TORSETSH
L) ZEBFRATHoT.

b))



24 A group-theoretic characterization of C* x (C*)*

Akio Kodama (Kanazawa Univ.)

Satoru Shimizu (Tohoku Univ.)

In the study of the holomorphic automorphism group Aut(M) of a complex mani-
fold M, it seems to be natural to direct our attention to not only the abstract group
structure f Aut(M) but also the Lopoiogical group structure of Aut(M ) equipped with
the compact-open topology. In fact, a well-known theorem of H. Cartan says that the
topological group given as the holomorphic automorphism group of a bounded domain
in C™ has the structure of a Lie group, and this result enables us to make various kinds
of detailed studies of bounded domains in C™. On the other hand, in contrast to the
case of bounded domains, the holomorphic automorphism group Aut(C* x (C*)%) of
the unbounded domain C* x (C*)¢ is terribly big when k +£ > 2, and can not have the
structure of a Lie group. But, by looking at topological subgroups of Aut(C* x (C*)%)
with Lie group structures, we can find a lead to apply the Lie group theory to the in-
vestigation of the problems related to the structure of Aut(C* x (C*)¢). In fact, we can
prove the following theorem with the aid of the theory of Reinhardt domains developed
in Shimizu [5], {6], and the fundamental result on torus actions on complex manifolds

due to Barrett-Bedford-Dadok [2]:

Main Theorem. Let M be a connected Stein manifold of dimension n. Assume
that Aut(M) is isomorphic to Aut(C* x (C*)™~*) as topological groups. Then M is

biholomorphically equivalent to C* x (C*)"~*.

Corollary. If two pairs (k,£) and (k',£') of nonnegative integers do not coincide,

then the topological groups Aut(C* x (C*)¢) and Aut(CF x (C*)¥) are not isomorphic.



It should be remarked that, as shown in Ahern and Rudin (1], the groups Aut(C™)
and Aut(C™) are isomorphic as abstract groups precisely ‘when n = m. Also, our
method can be applied to the study of unitary group act‘ions on comp..~ manifolds. The
following Theorems A and B give a different approach from Kaup (4], Isaev-Kruzhilin

[3] to the study of U(n)-actions on a complex manifold of dimension n:

Theorem A. Let M be a connected Stein manifold of dimension n > 2. Assume
that U(n) acts effectively on M as a Lie transformation group through p. Then M is

biholomorphically equivalent to either B™ or C™, where B™ denotes the unit ball in C™.

Theorem B. Let M be a connected Stein manifold of dimension n > 2. As-
sume that there are two injective continuous group homomorphisms py and ps of U(n)
into Aut(M). Then there exists an element ¢ of Aut(M) such that Yp;(U(n))yp~! =
p2(U(n)). In other words, any two effective U(n)-actions on M are equivalent under

 an automorphism of M.
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25 C" DEFRED SHREADOHAIERED

Levi form & ERAIREN
AR Fnf (KiR& K - )

1. M % C DBREATERBINIZRKRT ¢ DEFH S LARE L
L, PeCt 76 M ~® Euclid lEBE# 0y (P) CRY. Z0 L, B
¥ = —logdy I M DiE< T weakly g-convex, 37241 ¢ @ Levi
form Ljp] iZ n—q+1 BORTRVEREZFFD. S HIZ Lip] T M
Dn—qREDESMIZHFEEETHS.

:@Eﬁ‘iﬁ'ﬂi, Levi form L{y] %, M @ defining function % H1 T
M OEL TEEMICHBE LZBRICOWTHET . Z0/RR, Ly
MNEFFNTIBIET H7-DD M @ defining function (ZB83 2 LE A5
ZHENKRED. £77, Fischer-Wu [2] (cf. [1]) PRERZHWD &, 2D
I M ORBATREMELBEENDH D Z LT 5.

TOLEHRHERTOEROOBEIE, n KTERF—F7 X T" W
\Z1Z Levi-flat real hypersurface S 1ZfF7E L72vy (BlSh & FR<) &9
FAEERTI-ODE 1 EFEL LT, T\ S 2 Stein Th D7D DRM,
bbb T\ S ICHMEES T/ exhaustion function 2R TE 5
ODEMEERD D Z L THD (cf Matsumoto-Ohsawa [4]).

2. rqnEr+q=nTHOHERELL,C ORESTEESN
AR ¢ DERBHLRE M %

M={tf@)|t=(t,. .. .t;) eV}

WCEWERT. 22TV IEC ORES, f=(fi,..., fg):V —CT X
FAIE®RTHD. (2,w) = (21, .-, 203w, ..., wq) ZC*=C" xCI O
(KIRHO7R) BEAER & T 5. (2,w) DFATHEEE unitary B#E1T>TC,
0=(0,...,00eV T

Ofu

fﬂ(o) :()7 at

0=0 (1<i<n1<p<yg)

CTHIENTED. by(z,w) & (2,w) € C* 135 M ~® Euclid i
BEL L, o(z,w) = —logdm(z,w) £H<.



r REFTH S(w) & Fu(t) (1< p<q) %
0y O f
@w):( _(O,w)) , Ft:z( ”t)
( 8Zi82j 1<i,j<r ll( ) 8ti8t]~( ) 1<i,j<r

CEVESEL,

Flw) := Z F,(0)w,.

EB<. FL(t) & Flw) iEx#ATHI T, ¢(w) 1T Hermite 175 TH 5.
D& ZFRMEKY L.

Theorem. ¢>02H->TO<||Jw]|]<e D& ZE,

B(w) = m‘fﬁmmw ~ F)F(w)] !

&% ZIT (|w|)? = Yl lwe* T, B BT ER Y. RIS
0<|jw|]<e THDHE wiZHL, 2 2017F] ¢(w) & F(w) ? rank
EE LW,

3. M 78 C* @ complex hypersurface T 2, = f(z1,...,2,_1)
WL -oTREINTWND E X, —logdy D Levi form 23EEH BN H I
BIET 2 (D2 b 1 2ERE 0 2F0) DDOLE+F LM,
det(0?f/02;0z;)) =0 L7252 L THY, Fischer-Wu 2] 12k, 2D
FMHEE M D (IZEALEEDLR) BRAVETHLIZLLEETHS.

T >3 M q > 2 DAL, Levi form L{—logdy] OB H M @
REAFTREMEIIEINLZNEWVIBFINRD D,
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26 RADIAL CLUSTER SET OF BOUNDED HOLOMORPHIC
FUNCTIONS IN THE UNIT BALL OF C"

TOSHIO MATSUSHIMA

Ishikawa National College of Technology

1. Introduction and main results

Let f(z) be a function in the unit ball of C", and let ¢ be a boundary point. We
discuss the radial cluster set of f at ¢

Cr(f,Q)= (N {FE): T<t<1}

T<1

as a study of the boundary behavior of a function in the unit ball of C*. The author
has shown that various sets appear as a radial cluster set in [1], and also has shown
the existence of a bounded holomorphic function and map which has “big” radial
cluster sets at arbitrarily given boundary points in [2]. In this talk we point out
the “genus” of the radial cluster set. Our main results are as followings:

Theorem 1.1. Let {(x}7*, be an arbitrary discrete subset of the boundary of the
unit ball of C*, where 1 < m < +oo,n > 1 and (¢ # ¢ if k # . Assume
that {lx}7, be a set of arbitrary natural numbers. Then there exists a bounded
holomorphic function f(z) in the unit ball of C™ such that C,(f,(x) is an lx-ply
connected set whose measure is positive.

Theorem 1.2. Let {(t}52, be an arbitrary discrete subset of the boundary of the
unit ball of C*, where n > 1 and (x # ¢ if k # . Assume that {lx}3>, be an
arbitrary sequence of natural numbers. Then there exists a bounded holomorphic
function f(z) in the unit ball of C* such that C,(f,(x) s measure positive and
C\C\(f,Cx) contains a subset that has at least I, connected components.

2. Lemmas

We use the following notation:

(z,w) =Y py 2Wk, |2| = \/(2,2) for 2= (21, ,zn), w = (w1, -+ ,w,) € C™;
B,={z€C":|z| <1}, B, ={z€C":|z| <1}, A= By,
0Bn, = {z€C": |z| =1} and ||f|| = sup,¢p, |f(2)| for a function f in B,.

We use the following lemmas to prove the theorems:



Lemma 2.1. Let z be a complex number, and let M be a non-negative real number.
If Im z| < M, then |sinz| < exp M and |cosz| < exp M.

Lemma 2.2. Let (27T)* = R"/(2nZ)" be a torus of dimension n, and
let [z), 22, - ,2,) € (20T)™ denote the residue class of modulus (27Z)"™ to which
(x1, 22, , &) € R™ belongs. For (wy,ws,- -+ ,wyn) € R", define the map

@ :[0,+00) 3t > [z + 2mwit, Tg + 2Twat, -, Ty + 2Twit] € (27T)"

for arbitrarily fized (1,2, - ,x,) € R™. Then the image of ¢ is dense in (2nT)"
if and only if wy,we, - ,w, are linearly independent over Z.

Lemma 2.3. Let g,(2) and g2(2) be functions from B, into C™, where m > 1.
We denote by A the radial cluster set of g1(z) at a point ( € OB,,. Suppose that
g2(2) has the radial limit o at the point (, i.e.,

lim g2(t¢) = a« € C™.
t—1

Then the radial cluster set of g1 + g2 at ¢ is A + «.

Lemma 2.4. Let ¢ be an arbitrary point of 0B,. Assume that | is an arbitrary
natural number. Then there exists a bounded holomorphic function f(z) in the unit
ball of C™ such that C,(f,() is an l-ply connected set whose measure is positive.
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FRlEAE

Hoérmander BIZH T 5HRBBEIZCDONT
KN B (BB EBHKRFHEFER)

§0. B

X % C* FOMITHRSEEL L, p 2 C* LOSELFMBKL 5. 0L x, K
D7 Ct LOBBEICHT IHMHENEEELD.

fIRE. FEH A B»® X £T
|f(2)] < Aexp(Bp(z))

LRBHEIICENBEED X L0 fICH L, C" EOBBE F R F|x=f &
B0, FICLBEERK A, B #b-T C* E

|F(2)| < A’exp(B'p(z))

ERBEITENDTEDHD X IOV TOFEMIAI?

—HRZV % C" OMHEE LT EX EEH A BREED 2 € VITRL |f(2)] <
Aexp(Bp(z)) 2T X510t d V LB f ORTZEBE A (V) LB L
g, EORIREEI, TA,(X) 2 Ap(C?) I XV B Eh 272D X TN TORMEF
LiE?) LWHZERNTES. A, (—BEELERTO) A MEMETHD.

A FBEIRIREIL, RRMBT D DEFS—va VLR ENTE .

#1202, p(z) = |Imz| + log(1 + |2|2) @& & A, (C?) = E'(R™) (= R* kg
R hE%E L OB O Fourier E#D 2 TEM) THA. py,...,un € E'(R?) T,
g1, -, 98 € ERM) (= C®(R™)) O L =, AMEMBEIL f e ER™) (ZHOVWTOEHIAA
518 (convolution equation) DMBRIWRER frpu; =g; (j=1,...,N) OFRIZONT
DV OHORIRE L BEIZ2 B (cf, eg. [BG2], [BT1), [BT2]). = I T, MFHIHo%E
& X i, p,.. ., pn € E'(R™) O Fourier Z# iy, ..., an € E'(R™) = A, (C") D3ti@
BEEATHS. LL, TOZLRBEBICE) EEELL R, b, x5 &b
DB Ap(C) NTD fy,..., ANy KL TERSNDATTNATHDHPOLTHD. DED,
f1y.. iy O TBEEEADR) OBEXEZDVLENTTL D, 29LT, EFEELERE
(multiplicity variety)) OEEERRAET D, bhAA, 2L ED AMEMBEITYD LIEE
5.

Bolt, A MR & XS IBREMN T - ABEEZ L TVD LB bh 5.
FIT, ZZTHRER AMEMBEEZAE FEPOICE LD, £, BEEESKREFIIOVWT
BN RBEDNHEEZX D LIZT 5.



BRATIOER S X M A RBRRBEOMEN 5 - 2HIET D REOBR~HIT, RO L D78
2ODFAT (HDHVIX, TOFE) ICHFEEND.
(1) FENTHIEBAES X PRIBMICH 2BEBEHOLERRATEREN TN D (HDHWV,
FOMBESTHD) ZERDP->TND L EFOBRBHEOMEE LRV THIET
D HiE.
(2) RRATEIERSES X % C0 LOBEIMNSEE Rz b X OWHE (213, B
R Y) HAVTCHET D HIE
(1) 1IIARHTRISRAE, (2) ITBMHISRMELFTN D 2 85 D.

§1. #fR

9, BT A, CM) 2EELED. p & Ct LOSESTMBHL TS,
EE 1.1, EEH A BBMEED ze Cr it L

|f(2)| < Aexp(Bp(2))
PEETLOICEND LD Cr EORBE f O TERE ACH) &<,
A(CM) % C* LOBBEEOLRTRET DL, A(CH) A AC) OBFRICI D OILH
LA FIT, ZOB A(Ct) % Hormander BL L 52 EDHD.
LI, Cr LR EL T p iIROME A= LEETD.

(W1) p(z) > 0, log(1 + [2|*) = O(p(2)) ‘

(W2) EEH C), Co BHEELT, |2 (| <1726 p(C) < Cip(z) + Cy ZiEIZT.
Eo (W1), (W2) 24 C* LOZESLAMBEUIITA b (weight) LFFEND.
DIRE % B < BRIFFNCHET 5 Hormander BICEIT 2R OMBEBKIT HZ L TH
% (cf., e.g. [BT1], [BT2], [BG2|, [Ho2]).

&l 1.2 p A C LOYTA DL EUTHRITS.
(1) Clz, .-, 2zn) C Ap(C™)(C™).
(2) ZER A, (C™)(CM) BT L VAL T D,
(3) f € Ay(C™) IZEED 2 € C* IR L | f(2)| < Aexp(Bp(2)) (A, B > 0) il
LTWAERETSD. e x, A B, p DRIEFL fILEEORWIEER A,
B BEEL, £ED z€ CM IR L

5 PO < wep(Bp(a))

z)§}3i1‘z:-§—6 7.::71’:\1/, Z+ — NU{O})O’ = (Ql,...,an) € Zi,a' = al!~‘.an!)Da =
8a1+“'+a"/82?1 .. .62{3" T&)é
(4) f € Ap(C™) THBZL L, [ AC™) T

|f|? exp(—Kp)d\ < 0o
Cn

ERAEFEH K BEETDHZLIERMETH D, 72720, dXh 13 C* £O Lebesgue
BELHHOT.



Bl 1.3. A b p LXET % Hormander 3 A,(C") DWW OhDFIZZET 5.
(1) p(2) = log(1+ |2]?) D& & A,(C") =Clz1,..., 2] THD.
(2) p(z) = 2|17 D& =&

A, (CM) = {f € A(C™) : [(f DHEK) =0 2> f ITHIRE)
HoHvE T (f OhL$) <o)}

Thd. B, o=10DL& A(CH) = { EEEBRBE } LV & br5.
(3) p(z) = |Imz| + log(1 + |2?) DL & A, (CH) = E'(R™) (R* D=y bE
%% SBEK O Fourier BHD 2T ZE/M) THD (cf [Eh)). 72721, Imz =
(Imzy,...,Imz,) THD.
(4) p(2) = exp(|z|*) (a > 0) IZOWT, TNV A MIDTbDMEFTERIFT
a<1Ths.

Wi, BRI B AP EBESHKEEHT D (cf, e.g [BG1], [BG2).

EH 1.4. (1) {zxtken & |zk| / 00 (k — 00) L7725 Cr NOEFNE L, {mi}ken =
REFNL D, ZDEE,V = {(2k, mk) tken & EHE ZHRIK (multiplicity variety) & FE
O, my & 2z, ODEHEE (multiplicity) & FE5.

(2) fi,...,fv € ACY\ {0} DEBESESHBRATHD ERETD. ZTDLE,
fi, 0 N D 2, € CICBITHBRAL LTOMERBEI E my (>0) OL &, BEE
g{:gﬁﬁt V(f) % V(f) = {(zk,mk)}keN TE%‘T%

WMAERZEZRZTIVIRO X L fRER S Ehhb.
FE 1.5. (BRATE) V = {(2c, mi) bken ZEEESHEL U, {0halren jal<me1 &
(n+1)-EERKINETD. cobx EBD keN, |af <mp—1IZXL, D%g(z)/al =
ko £785 g€ A(C™) BFET D.
EOBBEBICBI- L5 2 b O ACT) Db VIZ A (C?) TRITHENE I NES
2 BHONEBRELERIFIZBITD A,(CM) #HMETH S,
Wiz, BEESER V = {(2x, mk) fren EOBHTRABE EET D,
T8 1.6. V= {(2k, i) hen XEBEEZRAKLTD. ZDL X,
() I=IV)={FeAC) : F itz THR<&b m IDEREHD} 2V I
fHRE L7 A(C™) RNOBA F 70 LIRS,
(2) A(V)=ACY/I OT% V ORI LIPS, ik, (n+ 1)-EEREES
{ak,atkeN |aj<me—1
LR—REans.
(3) #IBREAE py : A(C?) — A(V) %

D*(z
PV(f) = { al k) }keN'IaKmk—l

WWEkoTE®HETS.

BREERL O oy BEHTH S Z L Bbh 5. KIT, A(V) OBSZERE A,(V) #E#HL
£,



EE 17, V = {(z0,mi)leen FEBESBIAL TS, 0L % EXH A B MEED
ke NiZxtL

mr—1

> lak,al < Aexp(Bp(zk))

|| =0

e L END X OV LOBITEIE {ak, i kenjaj<me—1 PRTZERE A(V) &
<. R 1.2 (3) £V py(Ap(Ch) C A(V) TH B, Bl py @ Ap(C?) — A,(C?)(V)
NEHFHOLE V & A,(C") IZFT H#M ZHRIK (interpolating variety for A,(C™)) &
B E10EME A(V) LEBET I LLTERRTTHS. E2HN, COEHEE
A L7= ORI ~ DR A D70 Th 5 (of. [BG2], [BTL)).

Fo, (EHEERLOD) C* LOBTHESES X ICHLTHLRKOZEEEEL &
9. AX) & X EOMWTBEOLRTERLETS. HIRER px : A(C?) — AX) %
px(f)=filx WEVERT DL, px I2HIZAD (cf, e.g. [Ho3, p. 203]).

EE 1.8. X 2 C" LOMFAMSESLTE. 0Lx FEEH A BWEED 2 X
IxtL

g

|f(2)| < Aexp(Bp(z))

T EOCEND LR X EOBITEE f ORTERE A (V) L2l b5
o px(A,(CM)) C Ay(X) ThBHD, BR px : A, (C") — A(X) BNEHOE X X &
Ap(C™) 12T BRI 2 4R {K (interpolating variety for 4,(C")) & MES.

DFEY, A (C™) MMM L3 TS SES (H 2 VITEEESERK) 53 4,(CM) I
B3 2HBIZRETHDIDDOFRMGELIIT?) WD ENTES.

B#, BESRATHDH L ETT & ECKREEE L EBAHERIER (semilocal inter-
polation theorem) ##BM T 5. f = (fi,..., fn) € (Ap(C™)N TIfP? = |f1l*+ - +Ifn/?
ERSLE, EEK e CIZHL Z(f) = {z € C*: fi(z) = - - = fn(z) = 0} OEFE
Sp(f;€,C) &

Sp(fi€,C) = {2z € C" : | f(2)| < eexp(—Cp(z))}

WCEVEBTD. (Sp(f6,0) 1F, Z(f) DBRAHEDO L S 2 %% o)

TE 1.9. (RBFAWMER, of, [BG2], [BT1], [BT2] )&, C >0 L LT, g 2FEED
z € Sp(fi€,C) ICX L |g(2)| < Aexp(Bp(z)) EM7=7 Sp(f;e,C) LOERIBIE S 5.
:@&f%, %Eﬁﬁ G e Ap((Cn) (‘:IE/HE_’ﬁ €1, Cl, Al, B1 <E S(f;El,Cl) J:@IEEI.”;Q%I
hiy....,hny B> T, FED z € Sp(f;al,C’l) Zxt L

N
G(2) —9(2) = ij(z)hj(z)
lhj(2)] < Arexp(Bip(2)) (j=1,...,N)

LS. I, Z(f) BT G = g BRIT A, £12, Z2(f) SEEMBRBE, V() =
{(ze,mi)}ken ETDE, EED ke N,|a| <my — 11X L

D*G(zx) = D%g(zk)



MRLT 5.

T OEBOIER O HIZE Hérmander 12 X 5 L2 B (cf. [Hol], [Ho3]) BSATZA
KAWL TWA Z EICEETD.

COXBHEEERO DI, MITNESES (5D WVITEEESRE) X 25 A4,(C)
BT ARESBETHL I L ETT DI EED f e Ap(X) # TA, ) ZRoTC
% S(fi6,C) EVOIHE LIDEBCE TIRTE D Z L 2REIF IV DN D.

§2. 1 EHOBE

P RISV TOREREZERND. m =1 LT, EEEOLRVWEEL IO
BRI aiﬂé

FHE 2.1. (BL1) V = {(zk,mu)}ken ZEHEESHELTH. ZOLE, V 23 A,(CY)
T AHRESRATH DD ONLEHS M, B f € A,(C) kEEiﬁca C »
VCcV(f) ThoT, EBED ke NiZxL

6 (2|

mk!

BT ESICENBIETHD. 2L, 2 DOEEESELE V = {(2k, mk) bren,
W = {(wr,ne ) }wen KRL V CW THBZ L1, 851 LT {zetren H {wrlren
DER5FIT 2k = Wk PR3 me < Ng! ThdILEEWRTS.

&, [BL2) TiE, A, (C) BEOBIZ Lo TEHRSND C LOFHEUBHOZTZER My(C)
BT MR OV T BN TN D,

I, Nevanlinna OEEBEEIC & »> TER SN D RARREICONTHR D . UK, V=
A b p i3SI (radial) TH D, 2F Y, p(z) =p(|z]) WL TS LEETD.

T ITH, A b op 82 &% # (doubling conditon) p(2z) = O(p(z)) Ei#Z LT
HERELHEREE~ND.

B, VA b p M2 BEGEREILT L L, HDOEER « BFEL T p(z) = O(|2]7)
LRBILIIRMETH B I ENbh B, —F, U A MEMDL T, HDIEEH A HTFE
LT p(z) = O(exp(Alz])) THHZ & Lonbhnbliw., EE, Il 1.3 (4) THRATZL I
p(z) =explz| XV =A FTHD.

I 2.2. ([BL2)) p & 2{E&HEEETHHARY A PEL, V = {(2, M) }ren ZE

BESRELTD. Z0OLE, VB A(C) CET2HHMERETHDLODOLETTR
HIIIEES A, B PFELT, £EO 2 C IS L

> eexp(—Cp(2k))

(2.1) N(|z|,V) < A+ Bp(z)
LY, FED ke NZxL
(2.2) N(|zk|, 2z, V) < A+ Bp(zk)

LB L THDH. 12721, N i Nevanlinna OEHBEHETH .

ZOEBO+HSHOFERN, EHE 3.1 OFME2 - TEER [ e 4,(C" ) #{E% (Rubel-
Taylor .- & % Fourier #&#ti% (cf., [RT])) BAVWSNTWD Z LIZEET D) & TTD



5. (21) 13,V C V() LRBRBIH | € Ap(C) DFFIERTLTOBHERT, (22
i, (B BB f OO OFEICEFRT 2FMRNTH L0, EDLZ AV NDERD

2 ‘575)%/\/35 DEXLTWRWI LERLTWAERTHS. %%, V = {(zk, mi) bren P
A(CP) BB B BB Td B 72 b1, (LB k€ N 1T L

min |2k — 2| > e exp(—~Cp(zx))
ERDEEK e, C PHEETHI DD TEY, TH8 2.1 OLEHOHFRIZEV SR
5. (bbDh, BIERT LA, )

BRABHETR Y =4 b (B2, p(2) = explz]) DBEICH, LERM L +55&HH
BELZ2VITNE S Berenstein-Li (2 & W BE X (cf, [BL2]), 7z, BEK Loy
TA MIOWThH, VA b p(2) =|Imz| + log(1l + |2|?) @ & &%, Squires 2 & HHFE
(cf., [Sql], [Sq2]) X°, Hartmann-Massaneda {Z & 2HF3E (cf.,, [HM]) 2 EMRR STV 5

§3. ZEHDIBE
Y, X N Cr OIS ESOREHERT D, ROBRIL, C* ORI ES
DHEBHIRGEDORBRTHS.

R 3.1. ((BLL) X = {(e}ren CC" ZBERSHALT5. COEE, X 5 A (CM) i
B 2 @M ERETH D OOUE+DEMHE, m(> n) BEOREE f1,..., fm € 4,(CY)
YEFE# e, C B X CZ(f1,..., fom) ToHoT, FED keN ¥ ue 521 jcxtL

> " IDufi(Ck)| > eexp(—CP((r))
j=1
EWmimT Lol End L THA. 1272 L, 5 ={zeC":|z|=1} TH-T,

= agilz) up e+ aafz(j)un

Dy f(2)

i ue S BRI o [ OBEMYTH .
Z OEEIL, Jacobi FTHIEAVTEVHEZ D - LATE 3

% 3.2. (BL1) X = {Ch}ren C C ZBEBBRIAL 35, ZDL X, X # A,(CY) iC
THOMMERIATH B2 DOUEAFHEM, m(> n) BOBEE fi,..., fm € A(C"
L IETEH ¢, C75>XcZ(f1,...,fm)’C3boT FED keNistL

B
)

(3.1) > 1ALs(GR)] 2 e exp(=Cp(Gh))

I,J

BT LOICEnDIETHD. L, (3.1) OEDE f1,... fm @ Jacobi {75 Jf
D nx n AMTFIOFTHIRXOBEIHED T E HHH LTS,

o, BEREARE X A A,(CM) B L THEMTHD L X, X 12O T Nevanlinna
DEZ B DEKE OFEA/ HL TV D (cf, [LV], [Li]) .



::fyf%ﬁéﬁ%J%fﬁh&&m®@$774/% YZERIDIERTFN) Iz, B
BMEEED L X 2 BB EL LTEDE ST LTER 3] 2RI H LN TE. M
BEEPRSRBFNIVASNLEREETD.

9 1,(veEN) & CP HORKTk, (1 <k, <n) OBET 7 4 VERERT, v#V/
DEEx X, NX, =0 ThHsreLd2 =1Lk, =nDLXFC" RO 1EEHLDT.
(-,-) & Cr NOZENFEL L,I/EN(C?‘TLNuz{vE(C":(v,x—y)zo, v,y € X, }
EB L, LM N, 1L Cr O k, KIS ZERICED. S ={ueC: |u] =1}
TS5, =N,Ns" 1 LiL.

T 3.3. (O1)) X =U,enXv ZETERLEZL DS 22t~ RRTTDBRT 7 4 VHHE
BOFERTETSD. 0L X, X B A (C) BT 2 RUEEEETH D 2D OLEHSIRIE
X, m(> sup,en ky) @@%Bﬁﬁ fiyoo- fm € Ap(C™) LEEEH e, C DX C Z(f1,---, fm)
ThHhoC, FEDPveN (e X,,uesS, LC%TL

Z |D.f;(¢)] > eexp(~Cp(C))

BRI TEOCENDIETHD.
TOFBIEY, X BNEET T 4 VESEMOKERZO & x| [BT3] TR SRR
REBEOEENRMEEZ D LN TED.

% 34. p g p<qéRBUTAIETEH. ZOLE BRT 7 4 IS EROIERT
X 7 Ay (CM) WCET 2 MBS ATH 22 51F, Thud Ay (Ch) BT 2 MRSRIET
bdHD.

F7, BT ITOND L THDHD, BET 7 4 VEHZEROER X A Ay (C) 2B
TR2REERGBTHD L&, E@S4Lkﬁ6nﬂiwmmk'f+%f%6:kﬁbm
5.%:?J@§3&FX=ZULHWM)tﬁéiimfétbmﬁw<O®AAOﬂ
BEAUBIZR DLV ) BEENEINS. (ZOREE, A, (Ct) RIOA T TR L
FRETHD.) ZOMBEIC OV T, m=sup,enky +1 THITHD Z L EZIAASNT
W3 (cf., [02]).

WIZ, X DB S 272 58KE (smooth manifold) D& X D—2oD+H&HEEEZXD.

T 3.5. ([BT2], [BT3]) X CC" 2#RKJt k DBOLNPRERHET, f=(f,...,[N) €
(Ap(CNYN b oT X = Z(f) LRREN, ED z€ X IZH L rank Jf(2) =k TH
HETH L& EEH e, C DMEED z€ X ITHXL

(3.2) E:IAIJ 2)| > e exp(~Cp(2))

BT LIS LB B, X 11 A(CM) KT 2 BESHETSHS. 2721 (3.2) O
25043, f O Jacobi 4751 Jf DRETD k x k AMFHIOFFHIROMERHE DT % & 5 LT
WA,

EE 33 DEREST T, SEISERET 7 4 VDR 2 REHESIIH X TER
EHEIRBENDEVIBBENIEZEZLOND. ZOEDICITET, X PREMESOEHEEIC
BEHT A C) KEL THEABNTHD Z &mbbé<ﬂ[m1mw][])_am§¥
THD. ZORBEREANT, RENBHESOFBBEOIERZFIDORKRNHE Th 5 BERH
ESDOZEREBICL DY BIIONVWT—2oD+ & G252 LN TEE.



EH 3.6. ([03)) X ={¢}ven CC* ZHERSINETD. £/, C™ 2 C* (m 2 n)
DEEREBR F = (Fy,...,F,) € Clzr, ..., 20| XL, d = maxj=, .  ndeg F; & B<.
kX,
(1) X %, A).1«(C™) AL THRMTH .
(2) EEH e, C LHRBHES ECNAFELT, EBEDO veN\E, z€ F7Y(()
Wzxt L

(%)
SO IAE(2)] 2 e exp(~Clz|*)
k=1

BH1-F. =771, £k F @ Jacobi 1751 JF OF_TD n x n /MTFIROHE
SHEDOFMTHD.

i, FYX) 1MEED b > ad IZX LT, A p(C") BT 2 MHESRAETH D,

70, IR SEE X ORKTN 1 O & £1Z1X, Nevanlinna OEESE AV 7o 1
SOA44MENTRER TS (cf.,, [BOL)).
BREESZHRE V = {(2k, mk) Jnen KX LT, {2} @ TEREFE] Sp(Fre,C) DK
Lo TRO LI ICUEFTSEFUHENREZOND.
EE 3.7. ([LV1)) V = {(2k, k) }nen % (BERH)) ERELRELTD. Z0OLE, VA
A (C™) 1B LTI T 5 1 D ORE+ SR, m(> n) BOBEE fi,..., fm €
A(CM) LEEM e, C BEELT, V C V(f1,..., fm) ThoT, Sp(Fie,C) DEBER
A id®x LEAD {2} OEEEHR, TO LD RERRSOERENEA 1 LR2DHZ LT
5.
F72, # L b & Nevanlinna OEEHEELAWE—2D+nEEREZ LR TV,
0 =i89|z|? & C* LO#E#E Kihler KR E T 5.
EHE 3.8. (HM)) p % 2 E&GE2H TV b edDLE, ERESZHRE V =
{(zk, mic) tnen 13,
(1) (1,1)- v b Cl22(i00p(2)) — On(|2],2,V) (ZETHD.
(2) LD ke N ekt L, N(lzil, z¢, V) < Cp(zx).
RRIETIEER C BMEETDHLEE, A,CY) AL THENTHS.

ZOFEBE, VA b p BBEERTRVWEXVENROT, TOERTHLEETH D,

§4. BROWELICE 1T HHRRERE

A FERIRRED C™ O BRMELRMT 2720, Q 2 C* NO@|MERE L, X 2 Q ko
FEITROE DS, V 2 Q FOEBEEZKREL LT A MHEMBELEBR L. 27EL, 22
TOpiX QvxA bk, 2FED,

(1) log(1+ |2]?) = O(p(2)) (2 BEHFRT, |2| > 00, 2 € Q D& X)

(2) z€Q, |z~ | <exp(—Kip(z) — K3) D& &, (€ Q pC) < Ksp(z) + Ky £72%
EER K, Ky, K3, Ky ’EET D (p BE2 LN E X, ThODOEFEHIT
BEIhbD LT D)



B THAMSELSTMPHETHY (UK, Q-vxA b pRExbhiE &, (2) N
DEEHIBEEESNZbDLTE), -V A NBFEET DO DOLEFSEMT Q M
MWTHDHILETHD. Q=CrDLx pHE ETTEBLE-YTA FTHERBIE,
Cr-vxA FTHH D))

KDL A Q EOBEFTHESES X IIXT 2RANEHE (B2, BB 3.1 &) I
DNTIE, C* DL X LREORENEONT. Lo T, 2 TIIEEESRAOBEE L E
W B,

FTVEQ LOBRBEEEFHELTIEE B ETTERILL I A,(Q) R 4,(V) i
ERTDHZLIITE, M 1.2 0 (1), (2), @) KHELELOFEOEEMILT 523, (3)
WS L7z ORSL LW 2 SICEET D, - T, —fROEMAEE Q (o3t L Tidsd
Lbox(Ap(Q)) C Ap(X) Lo TV D LR LT, Zhid, (e Q % Q & OBFIERN
LR EeDEETHLEE, ZD CIZBITD Taylor HEMAF L ¢ LEEE (1,...,1) ©
ZEMKETIER LRV Q FOTFRIBE f "EETIZEICERTS.

T T, BBZER A, (V) RV 0D L TEOEE O A MEMBEEE XD Z LI
T5.0€(0,1] £LTle(V) %

Sug Iau,al : g|‘1| exp(_Klp(CU) - KZ) < +oo
ve

Z23 V EORTEEE {av 0 boenjajcm, —1 PETEELTD. Z0E & 6 (1/Vn,]]
DEETERE m, [CHIBSON (EB, V 1’hETERIND A,(Q) (CBAL T 0-4
M THL 201, BEEE m, KELTZOBEEEOHIRLY L RERVOLESRMEN
SEA SN DDT, ZOEREOHIRIIEROH D LD TH D), pv(Ay(Q)) C lye(V) DSEE
Blansd. ZOHED AMEMBEL L, V 2 A,Q) ICELT -#BRENTHD, 29,
pv(Ap(0) = 1 o(V) BT B0 V IZOWTOME+FSEMEEZ RO ARETH
5. I0DLE ROEEBVNHILTS.

FE 4.1, (04)) Q LOEEEEHEEV = (20, m) bren 75 A (Q) 128 LT 9-HRIH
THDIODOYLESEMEE, m @D Q EOERBEK fi,..., fm € 4,(Q) (m>n) &
EE e, C BFEL, UTHRITZ L THD.
(1) & 2z 1L, & f; DDy mp fIOBEETHS.
(2) Sp(F;e,C) DEERRSTIEEmA 1 DL 2 EEET, 2 2ELe Sp(F;e,C) O
ERER S OBERIIE % Oexp(—Kip(zp) — Kz) TH 5.

ZOfERIL, Li-Villamor (2 L5 C* OBALEK (BAEMIZIT A~®) OBEA ([LV2]) O—
BRILTHD.
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