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BARFERE D R FEIC AT T
E FHE (SIK)”

1 FEEADES

A 25—/ B g oM EITTRERMMIEZ X,  FE, B g DY —~< >
HDOXA I a7—2M%E T, &L UTidg>2TEZX5. HiHE X, 054G
MCG, £ #H<L. X4 b2 723N g M ZBY —< VHOEBZERTH D,
BRI O Ly LTHRIKZA LI 27 —BHICEHAT%. X4 b3 2o —%HIER
4327l & ) EEEREMTHD RYC 2EMEE RS, X5, =X Y
ay Ry MeeMEh 3 6g — 6 LDk FHZ 2 > o827 MbE DD, BEEOME
gy —2 rrarsr MuciiiRan g, —X + v a v o7 MeoEFIESHR a3
FEAT & AR E D22 PML = PML(E,) TH 5.

McCarchy k& Papadopoulos i, & [1] i2BWT, BEAREEHOE IO N1%E%R % H

WT62D7 FRZHELENS DWEEFNT. Masur [2] 1ZNY FIKIZOWTE
TW3., DHICENS 6 DD7 7 ZADSHED 32137 74 VEEmICB T 2 H15ME
JEL, 2 DEHEWICRD SR WHEMEAROE SR EE T 5 &0 5 BER TR R TH
5. ZZTIERD 120 sufficiently large & PRI 2 IEFIEIERISXTIG S 2 B0 BRI NIG
$5. TZTMCG, DEIRE G, FERDORR2 20087 /Y 7EEEE2ELL &
sufficiently large LM%, ZOKR G N7 /7 ¥ 7 BB DEIE RO RARDEAT A %
G DIBFRES ¥ FER ([1, p.147). 2L T ZAg = {[N\] € PML | I[u] € Ag,i(\, 1) =0},
Qo =PML\ ZA¢ &5 5. sufficiently large 72E878E G < MCG, & Q¢ ITEMEAEE
WAER$ % ([1, Theorem 6.16)).
OSq VR 3 RoTAMZeR Hr oBEERIE S22 CTh D, 1AX2HEOEEFHE
DIEFIZA By RZHBE L LCHIRS NS, BB T < PSLy(C) ofEHIc X b8 C
ZAEEE QD) L MRREA A(D) hEI5 2. 774 VB T IEREER Q) &
MEARHEBICIE S 5.

{1

IRAN

2 CODEEEICDOWVWT

CIZTWEREBEHEDOEDIZ 3 RN EMICERH T2 27294 VHOBEDODAEZ 3.
Sullivan[4] 13, A= — REGROBUSD S 2 74 VEO N ¥ RMEMmEREM L. O
HTIXERC [3] 1B 3, Sullivan DR % BEMEREO TS BEOMERIC BT 2 LMo

*T920-1192 AR T A RET IR TRl 48
e-mail: miyachi@se.kanazawa-u.ac.jp
AWFFIIRIIAE (BEZES:25K00909, 23K22396, 20K20519) OB ZZ 372 DTH %,
2010 Mathematics Subject Classification: 32G15, 57M50, 22E40
¥ —7— F ! Teichmiiller space, Mapping class group
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774 B BAGKERE OB BE

Q(r) O

Ag Aq, ZAg

FERIEFHIRE sufficiently large

S* bz a—FH PML Exra—FH

& HP /T 1 3E SRR 2 F 7z s = T,/G 3ERZEFMBEL L F -0

A OERMRE S ECRTAINSHER T %

WKOWTika s 5. ZOWMIIEELRETH 2D T, REDRHIIEHE > TV B MEICD
WTEE L 720,

SE 3k

[1] J. McCarthy and A. Papadopoulos, Dynamics on Thurston’s sphere of projective mea-
sured foliations, Comment. Math. Helv. 64 (1989), 133-166.

[2] H. Masur, Measured foliations and handlebodies, Ergodic Theory Dynam. Systems 1
(1986), 99-116.

[3] H. Miyachi, Function theory, Dynamics and FErgodic theory via Thurston theory,
arXiv:2507.20912 [math.CV] (2024).

[4] D. Sullivan, On the ergodic theory at infinity of an arbitrary discrete group of hyper-
bolic motions, Riemann surfaces and related topics: Proceedings of the 1978 Stony Brook
Conference (State Univ. New York, Stony Brook, N.Y., 1978), Ann. of Math. Stud. 97,
465—496, Princeton Univ. Press, Princeton, N.J.



Hyperbolic derivative via composition operators

M s
R E—

Let D be the open unit disk in the complex plane and JD its boundary. We denote by S(ID)
the set of all analytic self-maps of D. Let H(ID) be the space of all analytic functions on D.
For ¢ € S(D), we define the composition operator C,, by C,,f = f oy for f € H(D). Then
¢ is called an analytic symbol of C,,. In general, a main theme in the study of composition
operators is to characterize the operator theoretic properties of composition operators by the
function theoretic properties of the analytic symbols.

We here pose a new problem:

Could the compactness of a composition operator C,, imply the compactness of C,,
for any ¢ € S(D)?

We will consider this problem in the casee of Bloch and little Bloch spaces.
We recall that the Bloch space B consists of all f € H(ID) such that

1f]l = 2‘;5(1 —12)|F(2)] < oo.

Then || - || is a complete semi-norm on B and is Mobius invariant. Let the little Bloch space
B, denote the subspace of 3 consisting of functions f with

lim (1 — |z]*)f/(z) = 0.

|z|]—1

Then B is a Banach space under the norm

£z = 1O+ 1]

and that I3, is a closed subspace of 3. In particular, B, is the closure in B3 of the polynomials.
As a classical function class in geometric function theory, the Bloch space is unique in many
different ways. For example, the universal Teichmiiller space 7°(1) can be regarded as the
interior of S in B, where S = {log ¢’ : ¢ is conformal in D}.

Let H* = H>(DD) be the space of all bounded analytic functions on D. Then H is the
Banach algebra with the supremum norm

[flle = sup [£(2)].
z€D

Note that H> C B and that || f|| < || f]|e if f € H*®. For p € S(D), ||¢]| < [|¢|loo < 1.

For w € D, let o, be the Mobius transformation of D defined by v, (2) = (w—2)/(1—wz2)
. For w and z in D, the pseudo-hyperbolic distance p(w, z) between z and w is given by
p(w, z) = |ay,(2)|. For any ¢ € S(ID), we define that

AR )

2020 Mathematics Subject Classification. 30H30, 47B33, 30HO5.
¥ — 7 — I angular derivative, hyperbolic derivative, composition operator, Bloch space, little Bloch space.




Then 7 is the hyperbolic derivative of ¢ in the sense that

b = 1 PP 0(0)
o7 (2)] = lim )

We remark that the Schwarz-Pick lemma implies that |¢#(2)| < 1 for any ¢ € S(D) and
any z € . Moreover C, is always bounded on B. On the other hand, C,, is not necessarily
bounded on B,,. It is known that C,, is bounded on B, if and only if ¢ € B,.

[Madigan and Matheson (1995)] For ¢ € S(ID), the following hold.
(i) C, is compact on B if and only if |¢#(z)| — 0 whenever |p(2)| — 1.
(ii) C,, is bounded on B, if and only if ¢ € B,.
(iii) C, is compact on B, if and only if ¢ € B, and |¢*(z)| — 0 whenever |z| — 1.
We here define some kinds of classes related to the hyperbolic derivative.
[Definition]
(i) Denote that S, = S(D) N B,.
(ii) Denote by S™ the set of all ¢ € S(D) such that ¢ (2) — 0 whenever |¢(z)| — 1.
(iii) Denote by S" the set of all p € S(ID) such that ¢*(z) — 0 whenever |z| — 1.

It is known that any function in H> N B,=COP is constant on each Gleason part in the
maximal ideal space of H*° other than D. We will use this property to prove the following.

[Boundedness on 5,] Let ¢ € S(ID). The following conditions are equivalent:
(i) C,, is bounded on B,.
(i) C,x is bounded on B, for some positive integer .

(iii) C,x is bounded on B, for any positive integer .

We will study analytic self-maps of the unit disk such that each does not belong to S*
(respectively, S"), but their product is in S" (respectively, S*). We also provide explicit
and new examples of such analytic self-maps of D satisfying (or not) the conditions in our
results.



EEEBEBRD L 7 F —HDOPIFRN 2 EHNDNWT
BIR BIG (LOA)”

BREECEH C NOHENMIRE D = {|2| < 1} L TERZINZ 2 DOERIBEE f,9
F0)=g(0) =0 2T LT3, ZOLE, [ g CHLTHELTVWS L, D Lo
ECERIBES w T w(0) = 0 A

f(z) =g(w(z))  (2€D)

BT OONFEET AL EVS. 51T, Ho(D) = {f : D — D HEE| f(0) =
0, f/(0) =1} 2ED, | ZRBXMNOXME T2 & tel TRIX—XIFbhb
Ho(D) NOHIERIEUDIE {fi}ier DIV TF—EHTH B L1F s <t ZifilcT2TD s, t el
WKHLT, fo 28 fi TR LTIRIBLTWR I THRZEERTS. L 7F—8IF Ho(D) A
D HIERHMOBREGHIICRE T 2 B =AU Ny NTH (F - 7502 2 0FEM) OfRIICH
WHAL, Z OIS S RAFERTEREGEGR OIS B W T EEREE ZH->TW5. ([1, 2])

A, MRERSEBEHEESROL 7F—#HEERL, RSN 7T F—8HIcBNT
HRERDL 7F —BERHOFELL L 72 2 5ERMAFERICE 2N S Z L 2R LE(3]) 22T,
{fher DEBHBEGROL T F—HTH2L13, [, D H»5 C NOFLAEELDH 2H
QO OEADOEBHEESRT £,0) =0, f/(0) >0 2L, D2 s <t ZilILT
Ds,t el WTNLT, f 5 LITRNLTIELTWAZETHDEERTD. koL T
F—8HTIE (D) DHERE L 72553, EEHEEBRDOL 7F—HTIE QO 13— HE
FERIR L 2 2 UICBW TR I Nz ER e > T 5.

AT, FIEREE DA HWTEERETIRDO L 7+ —HOB {fi}er ZMRT 5.
FOBIC, L7 F—ICNRET 24 (f), f = %, evolution family {ws,}s<;, Herglotz
family {P(-,t) }er) ICBELTHFE R LIV,

BE Xk

[1] K. Léwner, Untersuchungen iiber schlichte konforme Abbildungen des Einheitskreises. I,
Mathematische Annalen 89 (1923), no. 1, 103-121.

2] Ch. Pommerenke, Uber die Subordination analytischer Funktionen, J. Reine Angew.
Math. 218 (1965), 159-173.

[3] H. Yanagihara, Loewner theory on analytic universal covering maps, arXiv: 1907.11987,
2025.
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Brm — AT OEBAE R 2B TH 5 AL
WS (RAHE)

HBEMG  (FAHEH)?
IRET (FAEE)”

PINC & 2 8GR =ARO 58 [5) ichin T, EalIAR O EREL Z5T 5,
BEam 7 v 7 ABELBWATRERR 7 v 7 ABRHIEGRINT D %, FRSEGRT 7 v 7 ABEDiE
BAERI DR D BER 7 v 7 AR 5, T X D EGR =ARE I ATV T,
FRZMR D DR %7 P TRBRWEGERI = AHEHE (2,3,00) & (2,4,00) & (2,6,00) D
ATH? 6], £ TINd 3OO ZAHDIREERIBIHTDH 2 UAREE 75
L7=DWRZDFED TR TH 2, MTNICEBEY 27 —8E (2,3, 00) DISEE R
HTH LA ETIEERWTI(7, 8], Z O TIX (2,4,0) & (2,6,00) DIEEAE
FRERTEECH ZVUMBEZ R TRD 25, R V7 P TRABVEGHHIMAFIZOWTIE,
[ I2BVTBRCAEI N T WS,

1. TRDF*E
XD Singerman DFERZ FHWT, =AML DB N O TH 2MHAHT, 28T,

iRl 1. [2]
(m17m27"' >mr73)@®%1@7977\g$

F:<x1>"‘,l’r,P1,“',ps‘H:Uj pk:xm]:1>
j=1 k=1

i)i\ (nl,b s Mgyt s e, My 5,) ﬂ@*ﬁ;ﬁ]\[ OD%Bﬁj\ﬁ Fl %@U%C@@L[Z‘g
AL GRES

1. T25{1,2,-- N} DEHRESy NDHERT ) : T — Sy BFFAEL T, 6(I) DIEH
BHERRHITH D, 0(x;) ERE mj/nj, - mji/n;,, D p; EDOKEIELDIED 5 72
D, O(pe) 23 6(pr) TEDKEIBEIOFE TR SNSRI, ROEXZHZT,

s = Z o (pr)
k=1

2. WHHTEFEIZRE LT vol (H?/T,) = N - vol (H?/T) %7z 3%
ZDLETDEMN OFSBEDET, ={geT | 0(g)(1) =1} e LTHELND,
KIZT DERRZERD 5,
il 2. /3]
BEGOERRE (A |jeJ L. BEGOEMOEE HICH T 2 ERAREEIKG/H D5
2RERE (B |kc K} T3, ZOr &

A;By, = B,Cjy

*Le-mail: s0422106_edu@ruri.waseda. jp
*2e-mail: k.soma@akane.waseda. jp
*3 e-mail: ykomori@waseda. jp



TEFEZ{Cjr|jeJ ke KHIHDERRITKR S,

B PUAREORBEE SR DR Z 723 Ty ODERR By, By, Bs, B, 3203, D
B2 Poincaré DEHZ W2 23, XD Lehner DAERDEITILDO,

o 3. [1]
B, DIEIERZ w; (1 =1,2,3,4) & L. 73 = Bs(wy), 7o = Ba(13) £ 35 & X, (wy, ws, T3, Wy, To, W1 )
D37 A 6 ATE DTERMIC2 %72 5. By, By, By, By (ZVIABEOREHRAER AR TH 5,

2. £1761

(2,4, 00) BID=AFET = (A}, Ay, A3 | A2 = A3 = A1 Ay A3 = 1) DIEEN = 3 DH T
th@@Agﬂﬂwm%ﬁ%ﬁ®f&éomﬁlwxﬁ%ﬁtﬁﬁﬂﬂeir+&
W& 5T OEBITTOBIE

(A1) = (2,3), 0(A2) = (1.2), 0(As) = (1,2,3)

Y15, FRCT/T, DEEREFERE LT, A3, AN 2 DT, mdE2 & Ty DERK
T LT
By = A2, By=A,, By= A;2A;'A2 B, = A3?

7\7731;/\‘( 32 32 Bél = BlBQB3B4 =1 %?ﬁf:j—o (UJ4,U)3,T3,U)2, Tg,wl) z)S\lﬂl?;CXXEEE
6 AILDTEMICRZ Z e, M3 & D (2,2,4,00) BIDPUARED (2,4, 00) D=1
B ORE S i nite LTEHN 5,

BEER
[1] J. Lehner, On polygon groups, Lecture Notes Math., vol 899, Springer (1980), 315-324.

[2] D. Singerman, Subgroups of Fuchsian groups and finite permutation groups. Bull. Lon-
don Math. Soc., 20 (1970), 319-323.

[3] W. Magnus, A. Karras and D.Solitar, Combinatorial group theory, Dover (1966).

[4] T. Nakanishi, M. Nadtanen and G. Rosenberger, Arithmetic Fuchsian Groups of Signa-
ture (0;eq,e2,e3,e4) with 2 < e < ey < e3 < eq = co. Contemporary Math. 240 (1990)
269-277.

[5] K. Takeuchi, Arithmetic triangle groups. J. Math. Soc. Japan 29 (1977), 91-106.

[6] K. Takeuchi, Commensurability classes of arithmetic triangle groups. Journal of the
Faculty of Science, the University of Tokyo. Sect. 1 A, (1977), 201-212.

[7] K. Takeuchi, Subgroups of the modular group with signature (0; e1, e, €3, e4). Saitama
Math. J. 14 (1996), 55-78.

[8] K. Takeuchi, Correction to the paper: “ Subgroups of the modular group with signature
(0; e1,e2,e3,e4)”. Saitama Math. J. 15 (1997), 85-90.



Self-affinity, Mobius geometry and
Schwarzian-pre-Schwarzian derivative

R B (VP ILERY)
PR fEF (UMK R - 747 - £ VX Z b VIRSET)*

1. [FL®IC

STEREEMEG (LAC) 3 TEEEREHHHIC B 3 BRkEF 0B 25, FHHS (1]
CHREI NS 2 I X o TERML XN Y 5 A Th 3. ZHZMEREs I L
(Es+m)7= (a#0)
&t (a=0),
IHEIEE (o = D)2 a YV 4 K (a=-1)IXREXN2BhEr o725, ZOIHETD
BEPORATA—ZXac RAFERFHEE L Jidh 3.

HE 1 (SHOBST 71 V(2 3]) By ICHL, H3EEFRy(w) RS

Ja €R, Vw,e €R, (k5w +¢),s,(w+e)) = (e k" (w), e*s,(w)), (1)

FOL—2 Yy FHIED E(s) = £ncR THRENZHDT,

AT lE, ZADTHIRFREE D LACTH S Z L IKFAETH 5.

7 08 [4] 1X LAC 25 (V —#£ Sim(2) = COT(2) x RZ D2 7 4 V3&%fil) 12k
B A REDAETEDOAZERIRT, =2V v FRNCBT 544 7 — D5t O FERL
ELTHEDST SN 2 Zmlie. RBETIILACEZREOT 28 Y 74 %
X 2% (V) —#E Mob(C) = PSL(2,C) D7 7 4 W) 1281 % BifR O 0HFE &
LTHERELEZZLIZOWTHET 2. ZZTIZLACOKIME L FB L TA - ITH
DHBERTH->T, WIRFHBEZC L ICEB L 52V DBELATVS.

2. XEJ R

HHfR c(w) = (c1 )T : R 2 RIS det(cy, c) # 0 ZIRET 5. ZHIIHL,

Md = (c, ¢) € GL(2,C) DIEFRLE X := det D2, A = (X ckoTED, %

DAETZAREIM := ((c\)y cA) =PA € SL(2,C) T 5. ZDr =7 L xBRK

ey = OMEM =M (% f), wM=-28 (0—2) S (—(02/61>“’) + (—(Cz/cl)“’)z
v w0 b &1 02/01 w 02/01 ’

DD H, ZOHLTAEDTZAME M ] := co/c; DAY R[AEEH L ——IG

T5. BVAZ 5, SR [c(w)] : R — CP! @ PSL(2,C)-FfEHIZ > 2 7Ly

7 Syule] & —X—HI5F 5. AR, AePSL(2,C)Ick 3| e CP'DB% [Ac] & D K.

fiE 2 FElDIREDD &, BEEIR [c(w)] : R — CPHIZRL,

JA(e) : R — PSL(2,C), Vw,e € R, [c(w+¢)] = [A(e)c(w)], (2)

ABFFEIE JIST CREST GRER S JPMJICR1911), BHFE FRERS 25K21661) DB Z 21} /2.
*le-mail: s—-kumagai@hi-tech.ac.jp / shun.kumagai.p5@alumni.tohoku.ac.jp

*2e-mail: kaji@imi.kyushu-u.ac.jp



DEDILDZ LI ZDY 2T VY WG S, [ WEBETHS Z L ICFAETHZ. ZDL
w (k=0)

DI D LD,
VR (K #£0)

% PSL(2,C) OfFA &Y LT [c(w)] = {
3. EER

EA - IBELRER v(w) : R <5 CIIH L oy (w) == (Yo (), Yow(w))T EBL e RS
C? 3mSRt 2 AT L, ZOHEET N ¢ | &7V 2 9V Py i= Yow/Yw
TREIND. BwilHL, ¢ (w) Z XK TED 2.

L) = 1/Sw 0 Yw _ 'Vw/sw _ wa/Sw
7( a <_Sww/512u 1/Sw> ('wa) <('Vw/3w)w> <\/__1’7w/‘fE> ' ®)

EIE 3 iy DPEBERy(w) 2 b o THCET 74 V() 2ARLTROIR, mAcFER
E2BRE s, = e, k¥ =e™ T, 2% B e PSL2,R)IZHL [¢]] = [Be,| THB.

1 _ Yw (w + 8) e 0 ’Yw/sw
[ (w+e)] = [—%(w) < 0 6_5) ( /__1,yw/€E>
DD ILD. TDEE [k (w)] = V-1V THoT, & IBRFE D LACD
HE7 7 4 Y (1) & A7 TR y(w) 1T LTS, Py = (a — 1)2 25 H 32D.
EH3 & D LACIE S, Py DIFEERBE 725 RKRy(w) Z b Dy D2 7 RITET 5.
TRDOHNTRT L2207 2 RITLAC KD EITKEL, £/, ZDO0ELR
LIGIRFHEEE OO LACHE T 57 F AR ED S kDFET 5.
, B — o 2y/-1 B L
Bl A Ry (w) = w + V1w X Py = W NS SwPyy = 0% A3, —7,
EHE 0 = w(t) = 1o, b € REBLTHENBRE (1) = 1o + V1o 13
Ak/—1eFt + k2
2v/—1ekt + k
Bl B FEUZHE (o = 1 DLAC) DFERy(w) = e VDX S, Py =02 AT, 1B,
Z ZClde, DHEMIESRMAE A7 3T, MIE 2 IZEREH X R0,

= [A(e)ey (w)],  (4)

flC 7uY 4 F(a=-1DLAC) DFRRv(w / VIR G lE Sy Py = 0% H72 5

SE X
(1] FEHEAE, ZREZ, ZILAEE, HfroEAEEE BT 74 oM, 794 VTR, Vol.42, No.3,
pp-33-40, 1995.
[2] =HE LS, “ELVERo R zoBHC 7 7 1 VM7, KETEREE, 72 (7) 857-861, 2006.
[3] S. Kumagai, K. Kajiwara, “Self-affinities of planar curves: towards unified description of aes-
thetic curves”, Japan Journal of Industrial and Applied Mathematics, 2025.

[4] J. Inoguchi, Y. Jikumaru, K. Kajiwara, K. T. Miura, and W. K. Schief, “Log-aesthetic curves:
Similarity geometry, integrable discretization and variational principles”, Computer Aided Geo-
metric Design, vol. 105, p. 102233, 2023.

[5] H AlE—, difge Y VU b > (B2 N80 4), BEE, 2010.
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GIRT T a7 ORI HEICDWNT
ekt HERE  (BfAER) "

1 (FCH»IC

P AEIENEN LN EZM 2 RRICEFDZAETH S, B EZONEBICEEN
MG A 5N ¥, TN 5 DOMICRIRHCNED KU 2 L =AEMAAET 57
HORKENEME d? =1 —2r TH D, Chapple DA FE 7213 Chapple-Euler DN Z
ELTHIENT WS, 72720, r ENEREE. d BEAD SNEMOFLE TOREETH
%o TONRUE Chapple (1746 [2]) & Euler (1765) MWHNAICHRA LIz SN T3 (i
HIZDWTRAIZE [20] Z25H), Xz, FERRICHEMNHEZONEICEENSHNEGA 5
NicL &, TN S OMICFEIIFIC NS K UHEET 3 MO TEDMEES 5 T DL E A
MG 22 (14 d?) = (1 — d*)? THDH Fuss ORI [10] EFFHEN TN 5,

N\ AN
9

1 JE: B =AATE (Chapple ORI d? =1 — 2r AR DILD)
i BDPUATE (Fuss OER 2r2(1 + d?) = (1 — d?)? KD I7D)

—J7. 2 DD L TAHLZAIEMMAET B L & TD XD EALZAICIEIBICHE
19 % T &M Poncelet OFER [17] GEHHICDOWTIEFIZIR [4] Z8) M HIREE N5,

EI 1.1 (Poncelet DFEE (f8A/N\—23Y)) 2DOD8M E, & E, IKxfL T, F; I
N$z URIRFIC By Z29MES % n AENEET UL, B EOMEEDOSRICR LT, 2OM%z
THRICEH By IS LFEIREC By Z29Y 9 % n MIEDMFEES %,

A T, Blaschke B RFOREMANEMEEZFIM LT, HICHET 22 AIPICH
I 2aEZERD .

* T239-8686 #h4%) [WERZARTIEK 1-10-20 B KA BOFBE =
e-mail: masayo@nda.ac. jp
AW O—ERISRHFE (FEES:25K07039) DK Z2Z 726 DTH 5,
2010 Mathematics Subject Classification: 30J10, 30C20
F—"7—F ! Complex analysis, Blaschke product, Algebraic curve
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2 Blaschke FH5EF S AR
DUF, &I EoOREMNZ D £EL,

EFE 2.1 XDz Ui d XAHEHR%Z d X (FAR) Blaschke £ & W5,

pe—

d
Blz) = T Z— 2 D, 6 € R. 1
(2) e}}_[ll—akz a, €D, O e (1)
0=0Mm"D B(0)=0D&E, B ZiEHE Blaschke fEE 5,

N 55 X 5 7% Blaschke FEOMRICEI I 5 [EIX. #2H4E Blaschke D A= A
EtT0THhiEehbBDT, 5%l B LT

2 — ag
B(z) = Z,H = ar € D.
DIEDOIFEHE Blaschke FEDHAZHK S o
Blaschke f#id D &2 H& D LICESIERIBIT, D LMK THS, £z, 2 € 0D
WKL T B(z2) #0 ZH&H7d (HIAX [14, Lemma 3.1]), L7eA>T, A € 9D @ B I
XBW%1E 0D LOWRES dHDF 21, 29, , 29 MOKB T EDNDOMN B, TOMNEE
ML T 2 MEHOMBRZEANT 5,

21 PR

E#E 2.2 d X Blaschke $f BIZXH LT, A€dD O BICKBHR%Z 21,29, ,2q £
% Chb d o BEARE 2 feks Y kommnsnakar o o5
S COEE, W Ly — {3} DEKEE B DM LT [, <

D)
9 NERHEIORE RS 30, 2, —1 41 ICBEERFD 3 KL
#E Blaschke O NRHIHR (CIF&HR)
Z—Qa

il 2.3 2 X Blaschke & B(z) = S EXeEDITHLT, BIZKD NICES 2 5
ZRESEMMOAENRNEEITENS, z2—a=\NZ—a) &FE TS, Lieh->T, AHEHRRIE 1
m{a} TH%,

3 X Blaschke O NERRIFRIZFEMICIR S T &M, ROEHM DI S,

—12—



EIE 2.4 (Daepp, Gorkin, and Mortini [3, Theorem 1]) B 7% 0,a,b ICHERZHD
3 lj(*%@ Blaschke f'ﬁfaj%o A € 0D Eﬂbf\ 21,29, %23 ZZ BIlcXD A LC%%*B&&
%3mRET D, TDEE, 2,2 ZIESEUIKM E

E: |z—a|l+]z—b=|1—ab| (2)

KT %, Tz, W E O, B(G) = B(G) ZH 23 HAIME LOHRERS 2 513
G, G RS SERRDE S L 72> T 5,

B 2.4 O (2) TEX M B GHEAFNCHNET 2 ZAE Azizzs KHAELTWVS
(K 3 ) DT, Poncelet DEFICE T ZNAIOKEMICEZ>TWVWD, iz, TOBH E
& a,b ZEAMHICE DD 2175 OBIKEFENDH 5 C ENHSENTWS [12], Poncelet
DEF & BUIHDOBIRIC OV TIIBIZ X [11], [15] 72 82 < DIFIZEITTON TV,

ERE 2.4 ICBHE LT, Frantz [5] ICK D RARENT VS,

EH 2.5 (Frantz [5, Proposition 3])  HfiMICN#ES 5 =AIBICNET EHE. 3
X Blaschke i B/ ENEEDICRS, T74bbH, fEH E I LT, REFAHETH 5,

o HfifJICNIEL T F 29 Ed 5 =AEIMFET %,
¢« % a,beDICHLT, EW|z—a|+|z—b =|1—ab| hBEXBHEMNITHS,

EH 2.5 &, Chapple DRITIBUF B HALHDONEBDO M Z RGN kAR Uz 2 5 2
TW5, TlE. 4 X Blaschke %2 #& 2 123551 Fuss DN ZIRET A ENTEB
A2 RIORERTS

5l 2.6 —fD 4 XX Blaschke DO NEPHIFRITEZTIERXD 6 AXDOREHIFRTH 5, C
DOWEBIIFRZ RS 6 Xd. TOT7 T AT 7 MTEHIFTERWL 50DY A1 XD
Iz % h, BfRkIN7Zs Blaschke fi7% 5 2 (U5 LBV HATIC A D . S AIRETH
%, X 41&, LUFD 3 DD Blaschke 1

z—1i -2 z+§i

Bi(z) ==z 2 3

) 2. 2 2,
1—|—§zz z— 3%z 1—322
z—1 z—(3+30)z z—(3—2i)z
By(z) = 2 11, 1 _(1_1; 1— (L1435
5% (2 2@)2 (5 + 5z)z
1 1, 1,
B(z): 9 Z+§ .Z—(§+§Z)
+ 52 (2 51)2

DONERHRERZ 2 3 D (LA&HR & AEHhRR) O ETHE L7z D TH S, By DWNERHIFR
T (2 1) ICRA B, FUd. By &

1 =241

z— = > —aTt

bi(z) ==z 2, bo(2) = = 5.
1() ].——;Z 2() 1— 2522’
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Lzl ZE, By=byob, £EIFB, L5 T, By ONERREFRIE b, ONERIFRTH 5
| B BHES {1} ZEATVS,

4 42X Blaschke BEOWEHIFROF: feBZNEN By, By, B3 IKHISLTWV5

FE 2.7 &I, Blaschke fif B W< DH D Blaschke FEDERK b, 0by,_j0---0b; T
#FHI B L E. B ONARIIHIE by ONEBIFRZE8 2 L LRRICIHSG N TH %,

LoflD B, OWNEIIFEHEAZZE XS ICHA M, ERICKEHTH S 2 EDRN S5
s,

% 2.8 ([6, Lemma 4]) 29@2%Bbmmﬂéh@%:zf_a,@@%:xf_b
— 0z

DERZ B="byob £BL X, B DN I &
I i |z—a|(lz— fil + |z = fo| =7) =0
T—Iiﬁ.%;\h%o foCL/\ fl,fg CiQLj—\’ﬁ?Hjiﬁ t2—(a—ab)t—b:0 @ﬁﬁf%bx r Ciy—\'

TEXAMETH 5,
- |12+ | fo]> — 2
- 1 .
r=lhk '\/ PIRE -1

THIC, REDO B,

EHE 2.9 ([6, Theorem 2]) HNIFICNES UM TICNET 2K, 2 DD 2 X
Blaschke DG & U TEIT S 4 X Blaschke M SRKEINDEDICES, 35D bH,
& EiCx LT, RIEFEETH %,

o HMICNIEL T E 29T 2UAIEMMFET %,
« 5% a,b e DISHLT, E W& |z —a|+|z—b| = |ab— 1|/ 052 oz s
HEHTH 5,
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L 2.9 1% Fuss ORIUTHT B HAIONERO M ZREFICIRE LR 252 %0 &
2.9 OFFRIE. &IC Gorkin and Wagner [13] ICX D 2T FAXRL =& 5 OERN T
MENTWVS, £z, Aksoy B [1] IZFWT 2" X Blaschke FED G EARND 7 i A]
REME S K CBUIAMEMNC 2 B S-S DV T DM 21T > T %,

I, Blaschke B 5E &K 2 HALFIROIMUDHIFRZHAT %,

2.2 H\ERHRHR

E# 2.10 d X Blaschke i BIZXH LT, N€ 0D @ BICKX5HG7% 2,29, ,2q &
BLo Ly 72 21, ,zqg CHAIMICEET % d RO S RAES LT 5, N DFAIFJE
Lz LE] Ly DED5 2 EOLZ RO Z B ORI E W Fp &FE <,

5 SVRHRHROMERGE

z—a z—2D>

Bl211 B(e) =2 f—e - S DL E. S By WEELE 2 RIRTH
- — 0Z

D, ROTEATHA BN,

abz? — (|ab]* — la +b]* + 1)2Z + abz® —2(@+b)z — 2(a +b)Z+4 = 0. (3)

X5IT, (3) 1 (Ja+ b — 1)% < |ab]? D& =R (Ja +b| — 1) > |abl? D& ZHEM,
(Ja+b] — 1)% = |ab]? D & XHROFRR L 755,

=
.
7,
,, /,/////////
2

/c

_
T

M6 fa=2b=bidi da=l-dib= Lty fa=anb=—b+}i
212U, ap~0.668 1& a* —4a® —6a®> +4a+1=0 OfFO—D LT3

ol

—fRRED Blaschke FICBH L TERDMEEMEB NS,

FIE 2.12 ([7, Theorem 2]) B % d JAFHE Blaschke Fi& 9% & &, SRR Ep &

—15—



wAR d—1 XROREBFRTH %
&I, WERHhHR & SV HIHRORIC I3 H 2 O IGHENDH 5 T L b %,

EH 2.13 ([8, Theorem 5]) B % d XIEHE Blaschke K& L. Ej %2 B OISR
DETEDIFIRE T 5, TDL &, NERHRRE

TEADBNG, L. wh(z)=0& B D7 74 ViR OEHSTHERTH 5,

ER 2,13 25 T & T, LR ELAT A SR AR D S PEEE I MEME R N AR AR K S %
C EMAREIC TR B,

3 Blaschke 5 EX 5 Z A

3.1 Blaschke ZA
IR, Z2ABEMNZALOA TR, BRZAREZOTEZIS T LICT 5,

E&E 3.1 2O0M E, & B, IS LT, By ICHBELRERHC B, #9459 % n fAlE%R
Poncelet n ff1E & M5,

FEITIBNTz K 512, Poncelet DEHII AN FICR > 72 2 DOFEHICH LT, Poncelet
n AIEN—DFET UL, 1-73F A—2 D Poncelet n AEDNSRZDHENMFET ST &2
REEL TW 5, T Poncelet n MIEOBICKH LT, % n AEOHFLONSEZERITE
DEIFIVICTEZMN? | &S Ri#% Shestakov (1814) MWE A, FIHEERN S TAHZ L
ZTzo TORBEIX, $ 200 F5£D 2016 FICLLTD X S ISR E iz (BRICDOW T,
(18] ZZM),

EHE 3.2 (Schwartz and Tabachnikov [18, Theoreml]) FE, & E, ZFH& L. E,
X B ONFRICEZENTWE ET B, £, TNSDOFEMICH LT, Poncelet n D
1NT A =RENMAET B & E n MIEOTHRO RO L EEELRIT n AIEOH
HELNOLELERE. TNTH B EHUGHEHNEZE 1 S bE5856L 55,

COREIZ, $IEEH 2175 28T By WHNMNTH S L LTE—REZEDEY, £
Tz, EHL 24 & 2.5 5 Poncelet =L, 3 X Blaschke FEh 5 E X % =M LML
MO T ENLD, THI, —RIED Blaschke NS EX D ZAILEEZ T2,

E2 3.3 d XX Blaschke & BIZHW LT, A€ dD O BIC KXW xEHE LTS d AE
% Blaschke d f4TF & "L,

AE 3.4 T CTlE. 2D Blaschke ZAEDIELEDONEEHULD I 25 DT, Blaschke
Z M MEZAIGICIRE Lk < THME RV,
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Blaschke & B ® Blaschke £ D501, B ONERIFRICHET S L0 S HE 2§
Do LML, B OXRED 4 R EOEGE, NEHFRERTAO®E O B IRE D, %
NICEBED 5T, RO %,

e 3.5 B & d JHEHE Blashcke FEE 9 %, A€ 0D &9 5% & & NICHILT % Blaschke
d AFEOTEROEEHFOHN B AESIEMHE L 1 A ESESETH S,
FE 3.6 Blaschke ZAFOEREE LA LKA ESIE 2 REGFRIC R 5T,

ZRIC, Blaschke ZHEZEMICNET 2 ZAICHERT A E2EZ TV, TDT2H,
HAT P CiERIZ: Blaschke FZ2E A2 IR > - X FEADHEHOMEE TER I NS E
BELTHET A EZEZ S,

3.2 Blaschke-like Zf&H, (Joukowski ZHlc K 3)
RO DEB %, Joukowski (XKykosckuit ) 2541 & S,

1 1
2 —) O<t<l).
1+t2< w+w, 0<t<1)

C OEE w Pl EOHAIFRZ 2 Vil EORMIR E, ONERICETEHEABBHRTH %,
fz7z L/\ ]Et &

z=p(w) =

Bo={J:- 1?#‘ + o 1?#‘ <2}
TR E DTS B [LEOBELE ¢ (0< e < 1) IHLT. 5E< 1 BEAE o 10
K o THAITIHRIGEELDERD e DFEMOBR ZHOMHIHKICE T N TE %,
fZH4E Blaschke i B ICx LT, B, = ¢;0 Boy; ' £,

w
O = ©®
]D) i’ ]D) U)Q w3
Ot \ \ 2N Pi ‘ \ Yt
— ) 3
C\E, C\E
BCPt ¢ g) B<Pt N\M

7 Blashcke-like 544 B, = ¢ 0 Bo g, *

T T Ty o(1/(2w)) = @(w) BIRDNIDDT, ¢ : {1/2 < jw| < o0} — C\
E, (onto, conformal) D ¢, : D — C\E; (onto, conformal) hbnz, Lizhio
T, % 2eC\E, LT, ¢ '(2) DK w T |w| < 1 Ziilzd & DM 1E—D1FE
T, TOLE, B, EHEMKOIMIC\E, ZEEIC onto 15,

E& 3.7 LHOXSICHRL B, & B & ¢, ICB9 % Blaschke-like 5% & MES,
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Joukowski 24 2 = ¢ (w) & D FOMERKTH O, HAHE oD LT

t*w+w
ZIQOt(’w)Zw, w € JD
EE TS, LIeh->7T, 0K, T,
_ z —t%2
w = p; (w) = R z € OE,

Lisb, ThERAVIE. X e R, IZif LT, B, O¥ig%#2 % & T, Blaschke
CIARRIC TINERERAR ). THVHERR ). [Blaschke-like ZfJE] ZEHKTE %,

WEBHIFRICRE LT, 3 X Blaschke B B & ¢ B9 % Blaschke-like 5§ B, ICD
WTRMEE NS,

EE 3.8 ([9, Theorem 4]) 3 X Blaschke f B & ¢, ICB9 % Blaschke-like H 4
B,, ONIHIFRIHEMITH 2, THIT, %2 DDMEM IE, (0 <t <1) & By I LT,
OE, ICNE LIRIKFIC By 72949 % Poncelet —AENTFEET S2DIE. By, D5 3 X
Blaschke 8 B @ Blaschke-like 5§ B, DWNAHIFRIC K% & 2R %,

Blascke-like Z Ik L TiX. Poncelet ZAEDOIEETH S EH 3.2 EHLIOKER
MEENS,

EHE 3.9 ([9, Proposition 7]) B, % d X Blashcke #&& ¢, ICBI9 % Blaschke-like
HET %, A€ OB, LTHLE ND B, ICLBWERENETS d AIEOEMSDT
Bhoh 55 8E G OE, EHLEUEEMNEZE 1 iS5 E 58 5I1CE 5,

CDOEMTIE Joukowski ZHah SR E 117z Blashcke-like BARZFIFH L7=hY. FH#k
B IERAFEMHOEICEMICETEIIMICE NWANWADH S, Tld. HloZHEFIH L
TG EEIRBIEAIM? I OMEEEZ S,

3.3 Blaschke-like ZH; (Jacobi {5FIREIC K B)

AT P 72 M PR O NERIC A I B 2 iE, Bl A I Schwarz [19] IC K% Jacobi 18
MBI ZFMHT 5L DS N TS, LU TIE T OZHZZFIH L T Blaschke-like 44
ZRERS % (cf. [16, ChapterVI]),

v dw
Sk = [ ,
R A [T

! dw
K =
- VI =)~ Ru?)
2 dw
K’ = .
(k) /1 V(w2 —1)(1 — k2w?)

-1
u(w) =u = —Z+1, v(u) :v:c'snfl(u,k),
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z(v) =z =

e == VP (0 ),

°= 2 T

TR UL k& cldlog /12 = mid D log /1L = cK (k) ZHTT XS ITER, &
fo. FABERD X515,

D, = {|w| <1, Im(w) >0}, D, = {Re(u) <0, Im(u) > 0},

1
Dv:{—logw/# < Re(v) <0, 0 <Im(v) <7},
—-Pp
1
D,={l1<|z| < ,/#, Im(z) > 0},
-p

D.={lz=V1-p+]z+1-p’| <2, Im(2) > 0}.

CDEE, u,v,x, 2k TNEND,, D, D,, D, D, ZRRETEREIRTH%,
INHDOEKRERZ v LB,

z="v(w)=zoxovou(w).

v & B D, S BRI D, "OEMBETH % DT, Schwarz OFFERD FHEED
ED&EE ={]z—1-p?+|z+1-p* <2} O RCETHERGSRT MAHET B,

TDOLE, BIf B;=50Boy 1k &, LD Blaschke-like 5IC72 %,
3%@@mamﬂ§3@%;af:é-i;iEﬂbf\HSﬁ\pz0W7@k%
0E, DEMDWHEN 5 TE BEMBER N2 EDTH B, WHKEIE By ONEHEE 5
ABM, EM 3.9 D B, DEHEIRRLTD, IN5RBVINEEHICESR,

BATEABMICK 59, Blaschke-like BARICHIB T 282N EIEH ST 95 D,
HHETNIEDISHZEDEASIH? TOREICONTIX, SHBOFETH 5,

BE XK
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EXTENDING HOLOMORPHIC FUNCTIONS FROM
ANALYTIC COMPLEMENTS OF COMPLETE KAHLER
DOMAINS

TAKEO OHSAWA

As a continuation of [Oh-1], it was shown in [Oh-2] that there exists
a locally pseudoconvex but holomorphically non-convex ramified Rie-
mann domain over C?, originally constructed by Fornaess [F], which
is holomorphically separable in the sense that any two points can be
separated by holomorphic functions. The purpose of the present note
is to clarify what is needed for constructing such holomorphic functions
by proving the following.

Theorem 1. Let M be a complex manifold of dimensionn and let X C
M be a closed complex analytic set whose complement has a complete
Kahler metric. Assume that there exist a holomorphic n-form w on
M which has no zeros in M \ X and a plurisubharmonic function &
on M such that ®~}(—o0) = X, ® is C®° on M \ X and e ®w is
not locally square integrable on any open subset of M which intersects
with X. Then, for any ¢ € R and for any holomorphic function f on
O 1([—0c0,¢))) satisfying

i"z/ |fPw AW < oo,
d<c

there exists a holomorphic function f on M such that f|X = f.
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PR L7232 D Dj@ERs IR I BE S % > 27~ BEEX

ey ZEH| (RN R E AR )
Victor M. Buchstaber (Steklov Mathematical Institute)

AR MY =< VHIHMNEES 57— BRI, R KT o Y —BERIIKFET 24EHE
AR 72 BB CTH 5. F. Klein 1, 7 —XBIEZFHEL C, S REr Y —HEDH
D JFCHRAF LR WHERIHA R BB R &) WO REZ R Lz, Z O,
Korotkin, Shramchenko, Nakayashiki iZ& D, —fx® 3> %7 Y —< Y HEIIH L THE
& j=. —7, Buchstaber, Enolski, Leykin &, MREHHIRD BRI ER RN E
ZBNTGEL, 7T XBEMEFBL T, FHRIZBIT 2 X EZEIEM ORI EFR T2
DIRED B0 LREHNTF T 5 K 5 RAEAIR R BBERZERE L) v EZ R
L7z, ZoO&MZml TR E S ZF~BBe WS . MIREAD 1 DO@EEHIHE, (n,s)
HifR, 7L 2avy ZiifR, 74 > a2 b7 RIS L TiE, %E ORENFIR XS
7z —77, HERESD 2 D oEM iR, KBtz EeE T 2 REOTE WS EIRT
E, 2 DREHRICIZE ENTVWRY. ARRERTIE, HERELSD 2 D DBMAEMEHTRC
L TREDMEZHRT 5.

HAK g LT, N(@)=rvpx?" + 002 + o 4 vy 0 + vggia, v €C, g #0
WEREZFZRVWE TS, V Ry = Nu) TERINLIMEE g o@MHEMEiiRE $5.
V EQEMBATHR 1 = Sde, 1 <i < g&REZD. p="(w,....1y) 8T 5.
(0,6}, 2 V FoEEREa Y —REL 55, FABTH% 2 = (faj M) o =
(fbjm), = (W)W LEETS. Na)=0t%3%acC%L%. N) % N(z) =
w(r —a) [ (@ —a;), a; € C e EL. st#0, s27 /€ = N'(a) Zili7z=F s,t € C%
v 5. M(X) =12 (X— ) Y¥3. CRY?= MX) TERSINZE g O
EEMARE 32, C FoFRIMDER w, = —TdX, 1<i<gZ&EZ5. \ %
M(X) = N X294 M X294 N X297 o Ny X 4 Ny Tl THEBRE LTERT
5. C LOB2YITHR 0= —5% S0 1 (k+1i— g)Aagraion2 X dX, 1 <i<yg
EZDH. Vo CAOREG

C: V=0, @MHWKHZ(S W )

r—a (r—a)t!

DPEFTES. gx g DIEHITHI D % 1((*(w1),..., (" (wy)) = Dp TERT 5. ZIT,
Cw) Fw DCREBFIERLTHS. 1<i,j<glcNLT, DD (i,5) B, 2H
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. i1 » .
FECE VT, gt 1) (—a)™7 &FF 5 ([1, Proposition 4.1]). ey, eq 228
j j—
ELTC, ROZHEAZEZ 5.
g+1 o
f(e1,e2) = Z €5 e5{ 2ag1a-4i + Vagro-ai(er + €2) },
i=0
fler,e2) = Z €15 {2Mg12-4i + Mag—ai(er +e2)},
=0

fler,e2) = t72(ey —a)"* (ea — a)ng(L, : )

e1—a ey —a

Dk % n;; =N, i) 7(61,62) = f(el,eg) + (61 — 62)2 ZZQJ 1nz]621 ! ] ! Zii7z S
*E?ﬁﬁ {nZ]}Z] 1 75)7?&?6 Q= (nijj)lgﬁjgg tj_é (CL, 0) J;{&*/C thEEUfci Vv J:@EEV
DR k. 1y BRCHET B,

(o) = (COm)s €' my)) D} = 20

1<i<gliTLT, K I EXRDFIZET S ([1, Lemma 4.13]).

r de
(z —a) 2y’

AR —2x' = ([, ki), =2 = (f, mi) BEERTD. & =L
(g5 5 e Ry, R={N'(@) reQlo, {m}} €75,

2

Ki = re Q[a, {Vm'}?igza%]

Definition 1. v = (vg,, V3g-2,...,v2) € CIITH L T,

ff@ﬂzzsexp<%%N¥U/YJU>9lg{‘«2#) v,7), e€eC

!/

6//

Z?%.::T,H[]@mﬁﬁv—vy@%—&%ﬁf%é.

Proposition 2 ([1, Proposition 4.15]) my,my € Z9, v € CI IR LT, KDL D ILD.
H(v+2u'my + 2u"ms)/H(v)
_ (_1)2(t§/m17t§//m2)+tm1m2 eXp{t(QFLIml + QIillmQ)(U + /lel + u"mg)}

Theorem 3 ([1, Theorem 4.12]) e 25 %< &%k, Hw)dv=0DEDTRD XS
WNERBEFATE S,

SE Xk

[1] T. Ayano, V. M. Buchstaber, Sigma function associated with a hyperelliptic curve with
two points at infinity, accepted to Regular and Chaotic Dynamics.
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Hardy spaces on bounded symmetric domains I

Characterizations

Shaolin CHEN (Guangxi Normal University)
Hidetaka HAMADA (Kyushu Sangyo University)*!

This is an announcement of [2]. Let © C C" be a bounded symmetric domain with
origin and Bergman-Shilov boundary b. Denote by T'y the isotropy group of Aut(f2).
Q) is circular and star-shaped with respect to 0 and that b is circular. The group Ty is
transitive on b, and b has a unique normalized ['j-invariant measure o with o(b) = 1
([3]). The unit polydisk D", the unit ball B™ and the classical Cartan domains are
bounded symmetric domains with origin. Denote by LP(b) (p € (0,00)) the set of all
measurable functions F' of b into C with

|Fl = ( / rF<<>rpda<<>)’l’ < oo

For p € (0,00), the pluriharmonic Hardy space &7 (2) consists of all those pluri-
harmonic functions f : ©Q — C such that || f]|, := SUPre[o,m M,(r, f) < oo, where

n=( [ireoras )

If p > 1, then || - ||, is a norm on Z#%({). This is no longer true in the case
0 < p < 1, and in this case, | - || is subadditive and it induces the translation invariant
metric on Z#F(Q). For holomorphic Hardy space, Hahn and Mitchell [3] obtained
the completeness of #7(Q2) = 27 (Q) N H(Q,C) for p > 0.

Theorem A. ([3, Theorem 5|) For p € [1,00), SP(R2) is a complex Banach space with
respect to the norm || - ||,, and for p € (0,1), JP(Q) is a complete linear Hausdorff
space with respect to the metric d(y1,v2) = ||ty — ¥al|b, where ¥y, ¥y € FP(CY).

Shapiro [8] generalized Theorem A to complex valued harmonic Hardy space on D.
In this talk, we extend Theorem A to Z7#7(Q).
Pavlovi¢ obtained the following characterization of holomorphic Hardy space on D.

Theorem B. ([7, Theorem 1.1])Let p € (0,00), T = 0D and f be a holomorphic
function in D. Then the followings are equivalent:

(1) f € #7(D);
(2) 91f] € LM(T), where [f](C) = (f5<1 = rORdr)

(3) %lf) € L(T), where Z.[£1(C) = (J; (1= 1) sup,e 1 (0 ) Pdr)

1
() 1) € LP(T), where Zi{f)(C) = (502 21 F Q) ) re =1 — 2%,
Furthermore, for j € {1,2,3,4}, there are constants C; independent of f such that

1f = FO)lp < Coll [ flle < Coll%fNlr < Coll%alf1llr < Cullf = F(O)p-
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In the case of several complex variables, Ahern and Bruna [1] obtained similar
characterizations of the holomorphic Hardy space on the Euclidean unit ball B" in C".
Krantz and Li [6] also obtained similar characterizations of the holomorphic Hardy
space on some classes of pseudoconvex domains of finite type in C".

On the Euclidean unit ball B", the following result is known. Let f € H(B", C).
Then, there exists a positive constant C', depending only on p, such that

Slslp<irr+ [ @)y < sy Q0

oBn
for p € (0,00), where

1
2

900 = ([ 19s60ra-nar) . ceom

is the Littlewood-Paley type ¥-function (see [1, 6, 9]).

If we consider bounded symmetric domains 2 C C", the results in [1, 6] can not be
used except the case 2 = B", because if 2 # B”, then its boundary is not smooth. So,
it is natural to consider a generalization of Theorem B to bounded symmetric domains
Q). In this talk, we extend Theorem B to bounded symmetric domains 2.

A classical result of Hardy and Littlewood asserts that if p € (0,00], a € (1,00)
and f is a holomorphic function in D, then (cf. [4, 5])

My(r, f') = O ((1 i r>a) as - 1-

My(r, f) = O ((%)a_l) asr — 17,

if and only if

1

In this talk, we also consider an extension of this result to bounded symmetric domains.
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Hardy spaces on bounded symmetric domains I1
Composition operators

Shaolin CHEN (Guangxi Normal University)
Hidetaka HAMADA (Kyushu Sangyo University)*!

This is an announcement of [2]. Let Q2 be a domain in C". For a given ¢ € H({2,D),
the composition operator Cy : P (D) — P () is defined by Cy(f) = f o ¢,
where f € 25 (D). In 1987, Shapiro [4] gave a complete characterization of compact
composition operators on (D), with a number of interesting consequences for peak
sets, essential norm of composition operators, and so on.

A continuous non-decreasing and unbounded function w : [0,1) — (0, 00) is called
a weight. A weight w is called doubling if there is a constant C' > 1 such that

w(l—15/2) < Cw(l—13), se(0,1].

w(t)=1/(1=t)* and w(t) = 1/(1 — *)® with a > 0 are doubling functions.

Let ©Q be a bounded symmetric domain in C" with origin. Then its Minkowski
function is a norm on C" and will be denoted by || - ||o. For a weight w, we use %,,(2)
to denote the pluriharmonic Bloch type space consisting of all f = f; + fo € P ()
with the norm

1£ll2.0) = |F(0)] + sup BL(2) < o0,

2€Q
where %7 (2) = A(2)/w(|z|) and
Ap(z) = sup{|Dfi(z)w| + [D fo(z)w| : lwllo =1}, =€ Q.
Then %,(1?) is a complex Banach space. Furthermore, let
I t0nc = sup BL(2) < o

be the semi-norm. If f € %,(Q), then we call f a pluriharmonic Bloch type function.
Let D7(¢) denote the Koranyi approach domain defined by

DxQ) ={zeB": |1 (0l < S0 —-IzP)}. (1)
Kwon [3] investigated some characterizations of composition operators of the Bloch
space on D to the holomorphic Hardy spaces on B" to be bounded or compact.
Theorem D. ([3, Theorems 5.1 and 5.10])Let p € (0,00), 1 < a < o0 and w(t) =
1/(1—1t%) fort €0,1). If p € H(B™, D), then the followings are equivalent:

OPr 2 dr n .
1) [ogn ( 01 % d ) do(C) < oo, where p,c € Aut(B") with ¢,(0) = r(;

2
den (fDn(C) ‘ﬁ“’f;‘;;f?if @ ‘1‘2(2?21+1) ’ do(¢) < oo, where dV denotes the Lebesgue
volume measure of C", and ¢, € Aut(B") with ¢.(0) = z;
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(3) Cyp: #,(D)N H(D) — 5P(B") is a bounded operator;
(4) Cy: AB,(D)NH(D) — HP(B") is compact.

The characterizations of composition operators from harmonic Bloch type spaces
on D to pluriharmonic Hardy spaces on B™ by using doubling weight was given in [1].

Theorem E. Let p € (0,00), o € (1,00) and w be a doubling weight. If ¢ : B" — D
s holomorphic, then the followings are equivalent:

(1) Cp: B,(D) = PIP(B") is a bounded operator;
2) fyon (i IV P61~ r)ar)* do(Q) < oo

3) S (Jopio 90 PRSI ~ 2D dV (=) do(C) < oo
(4) Cyp: B,(D) — PHAP(B") is compact.
In the case ¢ maps D into D, the following characterization was obtained in [1].

Theorem G. Let p € (0,00), 1 < o < 00, w be a doubling weight and ¢ : D — D be
a holomorphic function. Then the followings are equivalent:

(1) Cp: B,(D) = PP(D) is a bounded operator;

iS]

3" (s 19/ (re) P (l(re) ) (1 = 7)dr) " 42 < oo
(1

D
2

0 (002 27218 (rie®) P (|0 (re®))

9 < o0, where 1y =1 —27%;
s

(fol — T) SUP)<pery (|¢ (pe' )|2w2(|¢(/)ei9)|)) dr) 2 % =00
(fpl )|ng5 ) 2w 2(|¢(z)|)dA(z)>§ % < 00, where dA denotes the Lebesgue

area measure of C;
(6) Cyp: B,(D) —» PH#P(D) is compact.

In this talk, by using doubling weight and a new characterization of pluriharmonic
Hardy space, we establish the characterizations of composition operators on harmonic
Bloch type spaces on D and pluriharmonic Hardy spaces on bounded symmetric do-
mains {2 to be bounded or compact, which extends Theorems D, E and G.
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10

Roper-Suffridge type extension operators for univalent
mappings revisited

Hidetaka HAMADA (Kyushu Sangyo University)*!
Gabriela KOHR (Babes-Bolyai University)
Mirela KOHR (Babeg-Bolyai University)

This is an announcement of [7]. Let £S, S, S* and K denote the family of all
normalized locally univalent, univalent, starlike and convex functions on the unit disc
D, respectively. The Roper-Suffridge extension operator is defined for f € LS by

(I)n(f)(z) = F(Z) = (f(zl)> V f/(zl)zl> , R = (21,2/) € Bna

where the branch of the square root is chosen such that y/f'(0) = 1. Roper and
Suffridge [9] proved that if f € K then &, (f) € K(B"), and in [5] it was shown that if
f € S* then ®,(f) € S*(B™). Graham, Kohr and Kohr [6] showed that if f € S, then
®,,(f) can be embedded as the initial element of a Loewner chain on B".

We choose the branches of the power functions such that

(f (21) > ¢
21
21=0
For a, f € R, f € S, Graham, Hamada, Kohr and Suffridge [4] considered the operators

0uas D) = Fast) = (£, (L) (ry). cemn

21

=1 and (f'(2))”

21=0

When a = 0, = 1/2 we obtain the Roper-Suffridge operator ®,,.
Let E={(a,8) e R*: 0 < a<1,0<3<1/2,a+ < 1}. It was shown in [4]
that the following extension results are valid for (o, 3) € FE.

(i) ®pap(f) can be embedded as the initial element of a Loewner chain for f € S.

(i) If f € S* then ®,,4(f) € S*(B").

(ili) fa>0and 8> 0 and n > 2, then @, , 5(K) C K(B") iff (o, 8) = (0,1/2).
Elin [1] has introduced an approach to extension operators on Banach spaces based on
the semigroup theory. Let Y be a complex Banach space and let » > 1. Also, let

Q= {(z1,w) €EZ=CxY : |z +|w|} <1}

Then, the Minkowski functional of €2, is a complete norm || - ||z on Z and €, is the
unit ball of Z with respect to this norm. Let a € [0,1], 8 € [0,1/r], a+ 5 < 1 and let
O, p5:5 — S(€,) be the Roper-Suffridge type extension operator given by

s = (1 (L) (). G eo.

21
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Graham, Hamada and Kohr [2] adopted Elin’s point of view in [1] and proved that
if f € S, then FF = ®,4(f) can be embedded as the initial element of a Loewner
chain on €, (in the case of g-Loewner chains, see [3]). Roper-Suffridge type extension
operator @, 3 and its variations have been recently studied by many mathematicians
(see the references in [1, 3, 7, 8]). Note that in these results, a € [0,1], 8 € [0,1/7]
and a4+ [ < 1, where r is a positive constant which depends on the domain on which
O, 5(f) is defined.

Let H be a complex Hilbert space with dimH > 2 and let B be the unit ball of H.
For a fixed unit vector e; € H, we consider the Roper-Suffridge type extension operators
as follows. Let H; be the orthogonal complement of Ce;. In the case z = z1e; + w
with w € H;, we use the notation z = (z;,w). For o, € R, let ¥, 5: S — S(B) be
the Roper-Suffridge type extension operator given by

Y (). Gwes

21

VaslF)ersw) = (a0,

Until now, it is only known that for the pairs («, 5) € E, ¥, 3(f) can be embedded as
the initial element of a normal Loewner chain on B for any f € S (see e.g. [3]).

In this talk, we give a closed domain D in R? such that for (a, 8) € D, ¥, 5(f) can
be embedded as the initial element of a normal Loewner chain on B for any f € S.
Note that £ C D and D contains points (a, 3) € R? such that a < 0 and/or 8 < 0.
For the proof, we use a new method which is different from those used in [3, 4]. As
a corollary, we obtain that for («, 5) € D, U, s preserves starlikeness. We also show
that if (o, 8) € R?\ {(0,1/2)}, then the operator ¥, 5 does not preserve convexity.
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11

Koebe one-quarter theorem in infinite dimensions

Hidetaka HAMADA (Kyushu Sangyo University)*!
Gabriela KOHR (Babeg-Bolyai University)
Mirela KOHR (Babeg-Bolyai University)

This is an announcement of [10]. The famous Koebe one-quarter theorem gives a
sharp bound on the size of the image of univalent functions on the unit disc D locally.
In 1907, Koebe [13] discovered that the ranges of all functions in the family S of
normalized univalent functions on D contain a common disc {¢ : (| < p}, where p is
an absolute constant. The Koebe function shows that p < 1/4. In 1916, p = 1/4 was
established by Bieberbach [2].

For normalized biholomorphic mappings on the unit ball of C", n > 2, the Koebe
one-quarter theorem does not hold in general. Moreover, there is no constant p > 0
such that B, = pB lies in f(B) for every normalized biholomorphic mapping f in B,
where B is the unit ball of C™ with respect to a norm on C". For example, let

fm(2) = (21 — mvVm?2 — 1z§,z2, cesZn), z=1(z1,22,...,2,) € B", (1)

where m is a positive integer and B" is the Euclidean unit ball of C*. Then f,, is a
normalized biholomorphic mapping on B" and for a,, = (vVm? — 1/m,1/m,0,...,0) €
OB"™, we have f,,(ap,) = (0,1/m,0,...,0). Therefore, there is no constant p > 0 such
that B lies in f,,(B") for every positive integer m. Moreover, f,.(2,t) = fm(e'2),
z € B", t >0, where f,, is as in (1), is a Loewner chain such that there is no constant
p > 0 such that B lies in f,,(B",0) for every positive integer m. Therefore, in several
complex variables, we should add some assumptions on biholomorphic mappings f
(respectively Loewner chains f(z,t)) so that the Koebe one-quarter theorem holds for
f (respectively for the first elements f(-,0)).

For normalized biholomorphic mappings on the unit ball of C”, the following es-
timate for the first elements f of normal Loewner chains was given by Kohr [14] and
Graham, Hamada and Kohr [5].

&l
(1= 1lzl)*

In the case of finite dimensions, the estimate from below in (2) readily implies the
Koebe one-quarter theorem (cf. [1] in the case of starlike mappings).

Let B be the unit ball of a complex Banach space X. In the case of infinite dimen-
sions, Zhang and Liu [16] and Liu and Liu [15] stated Koebe one-quarter type covering
theorems for several subclasses of normalized starlike mappings on B. However, they
did not give a proof for the covering theorem. Hamada and Kohr [8, Corollary 3.6]
proved the estimate (2) for the first elements of normal Loewner chains on the unit
ball of a reflexive complex Banach space. In 2002, Hamada and Kohr [7] proved the
1/2-theorem for normalized convex mappings on B. By using a similar method of proof,

Izl pe < 2B, @)

(1 +[I=1])
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the Koebe one-quarter theorem for normalized starlike mappings on B can be proved.
Since f € S if and only if f is the first element of a normal Loewner chain on the unit
disc D, it is interesting to consider the Koebe one-quarter theorem for the first elements
of normal Loewner chains on B. However, it is still unknown. Also, the method used
in the proof in [7] cannot be applied to the first elements of normal Loewner chains.

For the Bloch constant in higher dimensions, see [3, 6, 12| and the references therein.

In the first part of this talk, we obtain a covering theorem for biholomorphic map-
pings on bounded domains in a complex Banach space X. Next, as an application of
this result, we obtain the Koebe one-quarter theorem for normal Loewner chains on
the unit ball B of X. We give several applications of this result. Finally, as another
application of the above covering theorem, we give a covering theorem for nonlinear
resolvents on B (cf. [4]).

References

[1] R. W. Barnard, C.H. FitzGerald, S. Gong, The growth and 1/4-theorems for starlike
mappings in C", Pacific J. Math. 150 (1991), no. 1, 13-22.

2] L. Bieberbach, Uber die Koeffizienten derjenigen Potenzreihen, welche eine schlichte Ab-
bildung des Einheitskreises vermitteln, S.-B. Preuss. Akad. Wiss.: (1916), 940-955.

[3] C.H. Chu, H. Hamada, T. Honda, G. Kohr, Distortion of locally biholomorphic Bloch
mappings on bounded symmetric domains, J. Math. Anal. Appl. 441 (2016), 830-843.

[4] M. Elin, Non-linear resolvents of holomorphically accretive mappings, Anal. Math. Phys.
15 (2025), Paper No. 77, 20 pp.

[5] I. Graham, H. Hamada, G. Kohr, Parametric representation of univalent mappings in
several complex variables, Canad. J. Math. 54(2) (2002), 324-351.

[6] H. Hamada, A distortion theorem and the Bloch constant for Bloch mappings in C", J.
Anal. Math. 137 (2019), 663-677.

[7] H. Hamada, G. Kohr, ®-like and convex mappings in infinite dimensional spaces, Rev.
Roumaine Math. Pures Appl. 47 (2002), 315-328.

[8] H. Hamada, G. Kohr, Loewner chains and the Loewner differential equation in reflexive
complex Banach spaces, Rev. Roumaine Math. Pures Appl. 49 (2004), 247-264.

[9] H. Hamada, G. Kohr, Loewner PDE, inverse Loewner chains and nonlinear resolvents of
the Carathéodory family in infinite dimensions, Ann. Sc. Norm. Super. Pisa Cl. Sci. (5),
Vol. XXIV (2023), 2431-2475.

[10] H. Hamada, G. Kohr, M. Kohr, Koebe one-quarter theorem in infinite dimensions, J.
Funct. Anal., 290, no. 2 (2026), 111237.

[11] H. Hamada, G. Kohr, M. Kohr, Subordination chains and solutions to the Loewner PDE
in infinite dimensions, submitted.

[12] H. Hamada, G. Kohr, M. Kohr, Bieberbach conjecture, Bohr radius, Bloch constant and
Alexander’s theorem in infinite dimensions, submitted.

[13] P. Koebe, Uber die Uniformisierung beliebiger analytischer Kurven, Nachr. Akad. Wiss.
Gottingen, Math-Physics. Kl., 1907, 191-210.

[14] G. Kohr, Using the method of Léwner chains to introduce some subclasses of biholo-
morphic mappings in C"”, Rev. Roumaine Math. Pures Appl. 46 (2001), no. 6, 743-760.

[15] T. Liu, X. Liu, On the precise growth, covering, and distortion theorems for normalized
biholomorphic mappings, J. Math. Anal. Appl. 295 (2004), 404-417.

[16] W. Zhang, T. Liu, On growth and covering theorems of quasi-convex mappings in the
unit ball of a complex Banach space, Sci. China Ser. A 45 (2002), no. 12, 1538-1547.

—32—



12

HANMN = L2 EEEIC DO W T
EA BRI (RO A)*

T

HZON7EREME X LT, ZELFHMBLOEMY] {¢n} HZELHHM
BAEL ¢ ICINORT 2 IRET %5, AEEHTIE. TD L ZOHEAN Z Bergman Z22H
H*(X,¢n) ={f € OX) | [ |fIPe™?" < oo} DEEMICOWTHL D, Tb
B, MERRZEM H? (X, ¢) DIEBEOILH, SEBEDOZEM H?(X, ¢n) DL E>TY
DEDTEYTE L0 E2EET 2, ZOELMEICIEEZZ2XEZO0HE?H %,
D EDRERZRIE X OFORMANFZMETDHD . 5V DRBEADI {p,} Z
DbDODI TR TH S, TOZODOBREFITITID EF, ED X5 RIGAIC
WUATAHE & 72 2 D RN T B

#E7s Kahler ZRK X &, 20 LOZELHTHEIE ¢ 2E 2 5, EANZ Bergman
ZERNE H2(X, @) = {f : X LOIEAI (n,0)-form | [, |f|?e % < oo} TEHSN D, &
TP = (VD) AT THD, RBETIIROEANE L2 EMIERLS: L&
FHAATBIR DA {@;} DERICR ¢, — ¢ Zii/=d & %=,

() UHX,9:) C H (X, p) #FBmTH %

DIRIL T % 72 DS D,

EREDOZELFARMBERKOHEMI p; — @ WL T (x) PBILT 2 E, TX X (x) %
7231 LB 2T 5, ZOREZ Taylor[1], Fornsess—Wu [2].[3], Zhou-Li [4] iZ
EoTHREINTE D, WINLd Hormander O L2 FFAEEEP FHLEETH S, %
7. Guan-Zhou 12 & 2 BBHMEER: (U, Z(¢:) = Z(p) D EERKH ZRT, 22
Z(p) 13 p DEDDIEEBA T 7 NVETH S, (oL A Z OB IETREME T8 D KISk

1. Taylor DfER: X = C" 2 e~ %0 DSRAAESTH S & & H2(C™, ¢; +log(1 + |2[?))

(%) 2729,

2. Fornaess—Wu DififiR: Taylor OFfERZRXD X S5 ICHRE L7z £3. Guan-Zhou @
SR EEE VT e ORFAESEOREEZRD RV, 25iZn=1 0Dk X
1% extra weight log(1 + [2|?) ZEUDER 22 TEZ e BR L7z, D D EEFMH C
X (%) 2729,

3. Zhou-Li OfER: X % Stein ZHK, U ZIEDREAM % D OZELFMBEE L T 5,
ZDr E, ALEOZEELHFMBBDOEENIG] ; — ¢ LT H*(X, ¢; + V) & (%) &
TR L, EHIFERMXIZE VT, hyperconvex ZRERZHEA X 13 (x) &7z
T hAHE N, 2D 3 OFENIE. Z D £ Kahler ZRANILRTE 5,

* . E-mail: takakura-masakazu@ed.tmu.ac.jp
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1. &R
X FROEMAHIFGRTD 2,

Theorem A. BV —~ Y X DMEZEFHEHAD proper ZIEHIEHR P : X - C =3
DY E. X % (v) BT

Z DEMIE Fornsess-Wu OFER 2 2, X —LBIRY —< Y HEHANLRT 5 6 D
THb, Tz iEHGED S DFE L IIARERNCEL 5, Fornaess-Wu O fiElE, C Lk
DL TMBEAEI T % Riesz B fEEF ¥ Hormander @ L2 FHEEHEHEZHARDE S
bDTHoTze ZAUTKH UAREHDFHATIE. log(|®? + 1) % 3 1B} 3 extra weight
U e LTHWSREDPFTH S, 7. Theorem A LHER 3 ZHE L TAZV, ZIZT
W5 ALY — = YHIZIE, ARGZEARMEBDFEL LV WS REYEH 5, —
J7. 3 TEY L7z hyperconvex ZHEKIZZ DT, HFRLFENMLFAFMBEBOEFEEIC L -
TERSIND, LHELID 20075 RADEMKE, —RAMBITH D Lris, MR
TORBFLODBRVE VWS BERTHBEL T3, RICEA ¢; ICET 2EREHNT 2,

Theorem B. X Z#i'7 Kahler 28K 35, ZELHFMBEKDHEMI 0, — ¢
DRD (a),(b) WIFNhEHI T E, HA(X, p;) & (%) BT,

(a) @ D EITHEHRTH 3,
(b) H2IEDER \ HIFEL T, EEBOEKRT

dd°p; > Add°y
WIS %,

2,3 OFFFA T EHES VST W, AEHE O CI3mEt ez £ - 72
VAW, LA, (a),(b) DR LTHBNERENEIN S, Lizd>T, ZOME
IR EHE DO RIEEEZ 52 TW\WA Z 2 Ik 5,

SE XM
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SVllE:

CR Pancitz fEF R & DA AP REM:
T AR CRIERY)*

B! =

CR Paneitz fEFZRIE CR 2K D AARHEN:, CR ILZADRIE, Szegd
OXBF RN Y, CRBRMIBI 2 HERLFEME L BRICEBLTHWS. —
T, ZOEARIFEMMAE TR L, ZOMNIME X — RPN Em> 51X
KT LUDHHS TRV, SHEO#ETIE, CR Paneitz fEFROMFRNTMEE
CR ZHARDHEDIAARRENE & DBIRICOWTHN T 5.

ARETIE 3 XoriREE™ CR ZHEKIC BT 2 DAL AHEN: ¥ CR Paneitz fEFH R DR
HHIHE © OBERICOWTIES T 5. BTl CR Z2RAB X U2 0 IAARBEMIC
B3 2 H ARSI L, BTl CR Paneitz fEFIEOEHE L HANMNE, FiczoD
ARY MVEREFENT 5. BRETITEDIAARBERGE & HDAARAIRERIGE & ML
L2 CR Paneitz fEHZEDIRZ FH V2 EE L, RERICSROFEL U TRMEREEZ IR

N3,
1 CR Z#iF

CR ZHARIER SRR D FETRBCRITTIUIC L 72 2 RAIZHINRTH 5. 2 2T CR MK
ROERZEANTDICHD, FTERSHKECHET 2EARNFIHEZEE TS, X Z2n
TIUERZMRIRE LT, (Usz) ZIERIEFTEZEE §5. 20 & U LOBERENRT VK

T°U = Spanc{0/0z1,...,0/02,}

WEZFS. FFEEOZEBD PRI TH 2 205, ZOXRT FLVKRIXFEFTEE
DD HIHKS T, X LDOF 27 n OBHEBAIRZ PR TOX CTXQCE2ED 5.
ZDORYZ MAVKIZRD ZODEM RS

TYXNTYX =0, [O(T°X), (T X)] c T(TH°X).

TR INGDEM M TEBHINI PVEBPEZ 6N, X IKIF—ENICEER
HHEDEE 5. D E47% Newlander-Nirenberg OEMTH 5.
COEMEHEFE AT CRZMREZRD LS ITERT 5.

*T305-8571 ZIR D IFHRESR 1-1-1 FRKYE BEEWER B
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AWFLIRIAE (FREES:JP21K13792, JP25K17247) OB E%13 7 DTH 5.
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F¥—7—F ! CR Paneitz fEHZ, HDAALTEEN:, Heisenberg fi#AT
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%% 1.1: CR #i& - CR 2#%5
M %% (20 + 1) KEOZRUK, TYOM % TM ©C O > 7 n OEEBHI~ -
NEHETL, TVWM B CRIBETHD LIE, RO_ODEHGEEHERETIEENDS .

TYM NTYOM =0, [C(T° M), T(TY°M)] c T(T°M).

ZOYEM (M, TY°M) % CR Zi&kfEr 5.

CR ZHEQ AR ¢ U TERZREANOREIME2IZE T oM 5. X & (n+ 1) XTD
RS, M %2 X NOR@Eme 32, Z0eE MIX

TYM = (T X)|y N (TM @ C)

W&o THAZ CR g% .
(M, T*°M) % CR 28k 32%. fc C®°M)» CRERBEHTHZ X, TED
ZeTOMIZHULTZf=0M®DiIoZ%20S. ZHFTOM =TWOM 2 LT

By: (M) —» (T MY); = (df)lrosns

YEDBE, fHRCRIEHIBEKTHZZLIZ0,f =0 LRMETH 3. ERIEEICHT 2
RAMEDOFIED &, FABERZHRE O IERIBEIBIIER L »FE LWV, —J5 T CR IEH]
BIEUCN L TR ARME D RS —fICIZE D 37723, FAZMRIRTH - THIEEMAZR CR
FRIBEDFEL S 5. FEB, M 23 CH WoFEdEhEo v &, C*H Lo ERIBEEE M
WCHIR L7723 D32 T CR EAIBMTH 2. %72 uec C°(M,R) 23 CR ZEFFMEHKT
»H5rix, RATENC CR EABMOERE LTRINZ 2205, CR ZHEFMBENE
RpZEfii% 22 TRT.

(M, T*°M) % CRZ8K L T2, URTXOTYOM) =0 23230 0 TERWL
EIWROPFEETZIILEIRETS. 2D & TYOM D Hermite B TH % Levi

2x0 Lo % o
Lo(Z, W) == —/=1d6(Z, V)

WCEoTEDD.

EE 1.2: @i

(M, TOM) 2388 TH % 21X, Levi BR Ly DIEEMTH 2 & 572 0 HEET
5Z8TH5D. ZOLXOIIM LOEMEATHS. 20 K5 0 IXEDREKSG
FRWC—EICIRE 2.

s CR 2R fl e LT, C WomhSEhim, £4 RS, kR0
VI RENPETOND.
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2 B CR ZHFDIRDIAHFTEEME

CR ZRRIADEDIABIZ DOV TIAN B H(IZ, HEZRERDOEGE ORER 2 HEICEE 5
5. BRZIREOHDIABIZE L TERD ZODOFRMN LS HHNTNS !

e Hodge ZARIKIIE R G ZRNCIEANSHE DAL Z 2N TE 3. (UNFEDHIAH)
e Stein ZAEARIIEZE Fuclid 22N IEANCHEHD AT Z N TE 5.

—HTERAMEDFM D 5, BARBEZHEA L EHEE Buclid ZZRNICIEANCHE DAL Z 21X T
VAQIAN

CR ZHEDEEICD, HDIAADWRE L THEZ Euclid 2% E X 2 DNHEHATH
%. BARFNTIERD XS5 ICERT .

E#& 2.1: CREDIAH - IBHAHATEE
(M, T*OM) % (2n+1) XL CR 28k e 3 2. ZhkIke LTOMDAKR F: M —
CN D CRIBHIAHTH 221X, F(TYOM)C THOCN 232205, i
CR ZARIK (M, TOM) pEDIAHTTEETH % 1%, CREDAA F: M — CN 23
GHET IRV,

FORD% fi,....fyn e Lzt E FHRCREDAATHZ L f; 5 CRIFHIEE
BThHs v ZAMETH 2. BESHKIZEABATEENGEET 2729, S0 ED
53 Buclid ZEHEA O ERIZ2 RO AAB B EIFEET 5. 24U LT CR 2K
Baicid, KB DAATZ T T2 L RPN REOAARTREVE D JEEAZZETH 5.

SR CR ZAA DI DA A ATBEMEIC O WTIE, ZHEDRITIC & o> THEEN K X
CERZ. £33 Z0uoFEHY CR 2RI RIBAVICHE D A AR AT RE 2 B 23 (7 1E
THZePHILNTWS., (BEFIZOWTIEEIRT 2.) X 512 Nirenberg [Nir74] 73
AT S D AARATRER: 3 Zotifi™ CR W& Dl 2 MR L7z. —77 T Boutet de
Monvel [BAM75] 1& 5 Xt D BsR#EE™Y CR 2R 063 KIBINICHIDIABATRET H
32 EAALR. 2RRFHDAARIIONTIE, 9 XU EDOEEE BT [Kurs2) 23,
T RICDGE & AR [Aka8T] B ZENENMRL TW5S. 5 RITITHBT 5 RATHDIALAHE
HIZBETHRBIRTH S, DlbxE T2 il CR ZRADMDIABATREMEICD
WTIETORD LS 1Tk S ¢

RFTH (—Roit)  KIEE BAZERIA2K)
3 Xt X X
5 Rt ? v
7 Xk "4 v

RIZ 3 RICIT BT B RN DIABR AT B b FEAR L BN OWTHA T 5. C°
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WD 3 RITERME S° 2B R 5. HEXRT PG L %

9
0z

L=w

-9
Z@w

LEDD L,
THS? = (TH°C?)|gs N (TS* ® C) = CL

DD ID. 0 < [t] < 112H LT Rossi Em@m (57, T1°S}) %=
(S7,TH08}) = (8%, C(L +tL))

TEHT 5. ZHUIsEEN" CR ZHKTH 5. 7 Rossi BRI L CR ERAIBEEIZ LS
ERIBIC A 3 [CS01). T &5 Rossi BRIENZHDAARARETH 3 2 £ 23 LA
5. ZoBlo—fite LT, C° 7V AHTo/NE W ¢ € C(S?) 1ot L™ CR %
BIR (S3,C(L+¢L) 3EZ2ZeMNTES. ZOrE NEFLAYETOD] ¢ LT,
(S3,C(L + ¢L)) 3HEDAARARETH 2 Z L HAVRIN TV S [BEIO].

S B CR 2RI NG & L TS 2 & 020, HOIAKATRERIGEIC
(& Z OIS Stein fillable L WS HEHZ DB, ZAUTHEOERA LRHIFIA D LD Z
YHHISNTWS [Gei08]. FHIIE & A ¥ OBl E 1380 oA A AT RE 2 3™ CR Rt %
AR LR,

PLED X512 3 RTDBHEICIZZ K OR5REHY CR ZARIKITHDIABLRATRETH 5.
Z ZC 3 RnofEEY CR ZHRIAHDIDIALAIRRIC R 2562 & 2 2 DIZEA»OHE
BRMEETH . ZOFMHEELERT 272012, (M, TM) Lo 0 2 —o@E s
5. ZOrE Levi B Ly i2 &k D (T M)* LD Hermite GtEDEE 2. F£72 0 AdO I
M FoEERREED 5 DT, 0, DIFRMECHE I, : T(TO'M)*) — C=(M) HEH
T%%. Zh%EMHAWT Kohn Laplacian O, = 8,0, A% 5. “Laplacian” &5 %#5
TEH 35, ZOFEARIEEMNTT SRV, FHZRIETH > T Ker [, 1ZMELR
RICZHDIG5. (M, TH°M) OMDAAATREMEIE O, OEFTHIEE TR TE 3.

| EE 2.2: B < KERHETRE [Bur79, Kohso] |

(M, T M) % 3 ZocO 5™ CR 28k 35, (M, T"M) 23 AATRE
THHZRESIEMFEE O, PEEREZ O, Shbb 020, DARY bL
Specd, DI B ZETH5.

3 CR Paneitz fEBZ

CR B2 B I 2 HAR M ERFZ L LT, BifiTEA L7z Kohn Laplacian O, 23
H5. LhLZFOENMMEE X CR ILHDRES Szegd DO MERFEME Y Wo 7z CR %
Mz BT 2 B2 RATE - FRATIIRE 2 3463 L EZNICHE IOV T WS DI Tl
V. AFROFETH % CR Paneitz 1EFHZRIZ O, 22 SR N 5 4 BEOHTBEARE LMD
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ERZETH D, ThHOMEZH IR 2MlAZ 52 5. —/HTIOEHARIZE
BHNCIFFEMEITH 272, Z DETIIIEE OBEARIZA S TR L.

(M, T*'M) % 3 XouoMsait™ CR 28k LT, M Loz 0 ZEET 5.
ZDt = CR Paneitz {EFZE P: C°(M) — C*(M) &

P =0,0, + (KR DIH)

CWVWOTEOMIERMOERZEL LTEREINS. T2 TEBOIEOEH X 0 12T 2 H
H - Webster #55t % AW T EARANCEE IR TE 20, U N TRABEMIEHFE LR VWDOTHI
3 5. CR Paneitz EHHZROEARWLMEE L L TURBRETONS .

P i3 4 QAN A ORI R EHRTH 5.

0 =eT0 L \WSHBEHICH LT P = e 2T P 2105 Bl Z 72,
P FHEREFRLC IR,

Ker P I3 EIRITCIC2 5 2 e 03B 5.

BHZ P OZHAIR S, C(M,R) oK
P:C®(M,R) - R; u»—>/ u(Pu)d A do
M

BEMERXOERD Ficksw., ZONBEEPEICIEAaTHZ e E, PIXIEEEETDH
200, P>0eELZ2ICTE. ZOWEK (M, TYOM) OHEDAARRENE & %< B
BRLTWSZEeRHILGNT WS,

| #32 3.1: Scal > 0 & P >0 — HEoHRBAREM [CCY12)

(M, T"M) % 3 ZotDFAsEfE™ CR 284K, 0 % M Lo#EMEe 35, 0 05
EF % HHF - Webster 36D R # 7 —BH# Scaly 231ET CR Paneitz fEFZE P 239E
EEIETHIUS, (M, TOM) FEDAKARETH 3.

J

iz P OIEEEMME L CR IIADOMEY OBERICOWTIRR S, URTIX 3 XITDG
BB, (M, TY°M) Eo#IER 0 (2R U CILEE

_ JyScalg0 A db
 (fuonde)'”

EEZL. ZORBBIIMNIERTHD, ZD R

£(0)

Y (M, T*°M) = i%fg(e)

ZEBT 2 EMIERX T CR WD#FEMAZ E FERZ 2125 5. Jerison & Lee I2X D, HIiC
Y (M, TOM) < Y(S3, TH08%) Ak h 1o 2 ¥, X 52 Y (M, TYOM) < Y(S%, TH053)
F0E (M, TYOM) = (53,7053 O5E I CR LB ANTFEET 2 Z & 2R
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X7z [JL87,JL8S, JL89|. -k Y (M, T'OM) = V(53,1053 &ifi/=¥
(M, T™OM) %5 (S3, T083) BSMCIFET 25?2 1 LWHRWTH 3. Zhud CR %
BUAFEREMEEBFICEBRLTVS. P>0 L WOSRED FTIE, 20X 57% CR
ZRERIE (53, T1O93) IR BN D Z e RIS TV S,

| ®E 3.2: P>0 = CRUDBMFROEE (CMY17]

(M, T*°M) % CR Paneitz fEFHZR P DA EMETDH % & 572 3 Kon AR E™N
CR ZkRE T 5. YV(M,T'YOM) = Y/(S3,TH0S3) 236 b 32 TiX, (M, T"°M) i%
(53, T108%) L AAITH 3. Bz P HIEEEMTH S &5 7% (M, TOM) 13 CR 1L
WEME R Z .

—J5C Rossi BKiHi (S3,T1°53) £® CR Pancitz fEFRIFADEAEL O/, Lilo
EMOREKI LTWwigw, SRR, (53, T1053) Ricid CRILZEMETEE LRV
e DR R S e [CMY23).

B1212 CR Paneitz fEHZR & Szegd £ & OBRIZOWTIHENS. Q % 2 RILHEERZH
RN DI & D 72355 00 %2 b D iEE e LT, 00 Lo#EMEX o 2EES 5. Q b
DIERIBIF DR EY U THEBTE % 00 Lo L? RO ZE M % Hardy ZE/ & W00,
Hp(Q)) TFT. ZAUIFHLEM Hilbert ZEHTH D, MG 2 AR Sy & Szegd &\
5. p& QOERBBE T 2L, Sy DX Sy(z,Z) &

So(2,%) = dap~" + Vg log(—p).

YWOBRREEBE S D, TI T & Yy 1 Q LOWEOSIREBTHS. FRHT gon EE
BEZ2BRWT CR Q-B1E Qp & —H T 2 Z A H 6 T3 [Hird3, FHO3]. X 5128
RO HIEZH 0 = Y0 12 LT, CR Q-#i%iZ

e?TQy = Qy + PY

CWVWS BRI R 723. L7z o T Szegd O MNEBEFFHEME 2 HF T 2 LT3 CR Paneitz
TERZ DT MBI ARE N R %H 2 R 3. CR Q-MZ2EIEINIC 0 127 % #filE
£ LT, # Einstein ZAZILE W5 1850 Einstein & 27z 3HATE LM o T
W5, fi Einstein #E0E— M o5@k™N CR ZRICIIIFE LR WS, C? N Eih
EICHA LTSRS 2 2 e nroTVa.

4 CR Paneitz {EBED AR L

(M, TY°M) % (&3 L DHEDIAAREE & 1XR & 72 w) 3 KockAsEki CR 2K, 0 %
M o 3%, 2oL 2 TR X512, CR Paneitz fEHZE P 13ERN
HOHRIEAZETH S, L LAEDS Laplacian @ X 5 RFEMAWEHARZE 3R D, X
T2 2 &5 AR METE ZHHTIE R W
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o PIX L*(M) LoIFEFUWERR e L THOHAHLIEEZ D0 ?
e PDARY M)V Spec PlZE¥D LStk don?
o P OEFEEIIY DEEDIEAEE DD ?

THo DRI LT, FIILTORRZE.

| % 4.1: CR Paneitz fEBRDZXY kL [Tak24] |

(M, T*°M) E® CR Paneitz fEFi% P IARENHCHETH 2, THbE—EMN
HOHRILEE DD, ZDAXRY ML Spec P @ 0 DA D FIZE TN L TV
3. IBHIEED N € Spec P\ {0} LT, Ker(P — M) & C®(M) DERX

TLHRTZEHTH 5.

FELDEMT 0 53 Spec P DNIHTH 2028 5 30D o TWiRW. 772 LIkl 3 %
£, (M, TYOM) HEDAARIRETH 25E121F, 0 AN HTHZ ZehRINT
W3,

AL D TEHIC O W TR S 2 NS, AR OS5 ICE T 2 IFHEN 72 i 2 IR E
5. AZPAZEE LD EEBEHRERR L T2, oL

AB~BA~1T

il —k BEOBMAOERR BOHEAET 2. 22T A~ BliX A— B smoothing /£
HETHZZ%2RT. ZOFEFEDLS A DRAHINRIIECHEKETHZ 223 L7205,
O BRELNIER EXEZIar Ry MEHETHZ 2D, ART ML
DEtRMEL X CEEBEBOEAIMED ErN S, ZDEHEITIE 0 D Spec A DI S TH
h, Ker A% C®(M) DERIICERDZEM L 72 5.

ZHTIER 4.1 OAEHDO T EHCOWTHAT 5. Fiko & B D, CR Paneitz fEHZE
PZx LTl Ker P IXIERRTTIC R 25603 270, HBAMOBED X 57 B 2
JRE 2 ZEETERY. 22T M oINS 2 KL 2B FHEOHRTD 5
Heisenberg Btz HWS. ZOPHHAIZE D, ROKEMEZFT- 3 0 BED Heisenberg #t
W ERHZR I & —4 FED Heisenberg B TEHR G 2T 5 2B TE 5 ¢

GP+II~PG+I~1, I ~ I ~ 11, [P ~ PII ~ 0.

1Y GrzhzitKer P ADERZHE YL P ® Green fEFIZICHIET % Heisenberg 4
SMEHRTHZ. ZhoZHWE 2T, P ORAKBIENRENBCHEKETH 2 Z LIRS
N5, SHWCE%Z PIMNEST2H-MOSEE LT, p>0XNLTr, =FE(—upp) &
EDDH. TDEE Pr, ¥ smoothing fEHZRTH 5 Z & 23975 %. Spec Prr, = Spec PN
[—p, ) THZZ e, av 7 MEHZEOARY MVICHET 32—z ¢ 5 Z & T,
EM A1 DL,
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5 1BHIAAHBIEERIZE®D CR Paneitz fEAZ:

(M, T OM) % HbAATI 7 3 JOLHRREE™Y CR ZHK, 0 % M Loy y &
3. COLEHHON LT, =022 Pll=0%2-TdbDE RN LNTE S,
¥z Ranll C Ker P THAZ b

m, Il = 1IIm, =11
MDD, R=GP+11—1 tEDSE R smoothing [EFHZRTH D,
E([—p, ) \ {0}) = Ty — To = (GP+11— R)(”u — o) = GPm, — R(”u — o)

5. ZZTHIEIE LA(M) 6 C°(M) NOHERMIEIERZLZEDTED, Fica
YR MERFETH S, Ko THERHNE E([—u, u] \ {0}) IZBREERARZTHS. Lk
Do T SpecPN[—e,e]l ={0} £72% e > 0D0FHETD. 2DIHhH0b SpecP D
MR THY, PIIEERE D Z e 0h 5. £z Ker P NOERFFE mo 53 0 FED
Heisenberg D EHRTHE I b RT ZENTE, KT o & C°(M) & C(M)
I250F. MULE#ERIC XD, Hsiao 12 X 2 ROMEROFIFEADE NS,

| EH 5.1: BHAHFREARIBED CR Paneitz {EARK 1 [Hsil)] |
(M, T M) 3D AARRETH 5 LRET 5. ZD L = Spec P iF R OBERGHRSY
BAETHS. FEED N € Spec P\ {0} LT, Ker(P— )& C®(M)D
BRXTTH TR TH 2. EHICKer PNC™®(M) 13 Ker P IZBWTHZETH 5.

FITHEDHIAAATRER G EITIX Spec P DAHICOWVWT I HIZFH L WHEIEN 75 > T
W3,

,_[ EIE 5.2: IBHAHFIRELRIBED CR Paneitz fEAE II [Tak20] ‘

(M, TYOM) SHEDABFIRETH 2 LIRET 5. ZD Y & CR Paneitz fEHE P &
IFEEMETHY, SpecP C [0,00) THB. 7 Ker PNC®(M)1dF Z@Clz—
By 5.

ZOEMDEEHZ Siu [Siu80] & Sampson [Sam86] 1T X 2 FHFERICEE 3 % #Eim
EHES OB EORMBEBICEHAT 2 e TELNS. (M, TYM) HEDA
AARETH S RETS. 2ok IERRERMNEiiE X Ao #Em Q ©
BoT, (M,TYOM) % (00, T00Q) LM L %5 b DM HEET 3 [Lem9s|. BUFT
& (M, THOM) & (0Q,TH000Q) ZFR—M3 5. £/ Q _EO5EH Kihler it & w, THo
T, R TEBNMERICHENLT 202K T2 L RNTES.

FRERIE v € C°(00) 1T LT, v Z2HfEL 7 2FMBEAK 0« &2 5. (w; 1ITH
3 % Laplacian [3HEFACTEAT 272D 2D & 5 RILROFEIXHHATIX WD, SHED
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REWCBOVTIE [EMMI] TAEHXATWS.) ZOr & QNOFZAIIBWNT
dd°t A dd°i < 0
DD LD, ZTH%EFES LT Stokes DEMEZEH T2 &

0> / dd°u N dd“u = / d(d“a N dd°u) = / d“a A dd“u
Q Q

o0

MEBNEG. T OtDE - Webster #% FIVT L TRIET 5 ¥ — [ u(Pu) 07
dOIT—HRT B0 hrsb. ZOZehro PIIIFAEMETHS. £/ Pu=0DLt X,
Q ET ddei = 0 SR T070, @13 Q LOSERMEKTH 5. v 3L HBMBIHO
BIFETH 5720, 00 Fo CR SHEMBBLTH 5.

P OIFEUEAIE R ERE 3.1 SR8 3.2 YAlAG DY S 2 Y T FOEMEEE 5.

,_[ EI2 5.3: CR Paneitz {EBZ& CIB80AHATEENE

(M, T*"M) % Y(M, T"°M) > 0 %%7=3 3 ZouOHE N CR 2k 5 5.
(M, THOM) D3 HEDIAARIRET & 2 E+ 77513 CR Paneitz fEFHZE P 23IFEE
fHERBZEeTH5.

—| I 5.4: BHAHAE — CR ILDEMF RO
(M, T"OM) 2SHLDABTTRE 3 JOTHIMIEN CR ZBHA 51, (M, T'OM) 13
CRILEDEMIY R % b 0.

F7z Ker PNC*°(M) %5 CR ZHFFHMBIBDZERNC—H T 5 2 &h 5, Szegd DN
FERMITH L TROFERDE SN S.

| I 5.5: Szegd MONMBIFTRMY .

O 232 TOTHEBZARRN ORI FEINT, Z D85 00 138 Einstein it %
borT5. 00 EOEMIER 0 1K LT ylag = 0 ¥ 2 BB+ 55MFIE 0
i Einstein #fERXTH 222 TH 3. I5HIT Yy = O(p3) 72 2B 05
O DIRATHNC (83, T108%) L AANC B v TH 5.

Z OB ORI, 00 A transverse symmetry % b DEEICO W T [Hir93]
WX o TBUCHEIRE T WDy, EH 5.2 12X o T—ROGEIHIRT 2 Z e TE .
0 %5 E D Einstein #fERE LT, 0 =70 b RT. ZOLEQy=Qy =0T
HBHZehs PT =00KHiID. XoTTY X CRZERMELTHD, 0 HED#E
Einstein #7225, S 5I1FH - /MR - FRiEE [HKN93] I X 2#ERZH W2 Z & T
BAHORRD LD .
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6 Rossi BRE_E®D CR Paneitz {fEB%

Rossi BRIANIGEFENT D D DS HHDIAANARE R i b AR 2 Hl e L TH s Tw»
%. B CIXHEDIAARBERIGEICBIT S CR Paneitz fTEHEOWEZEMN LD, &
N DIERPHDAARARERIGEICY ZEFTHRILT 201200 T, —RICIKIZL A
b o TWiRW. AHEITIE Rossi BkEI 2l & UTHD B, HOIAALNARERIGEIC
CR Paneitz fERHZOMWEIE D X5 WCELT 202 ERRNCEZRE L, ZO#EETHL
o720 ODDBREENT 5.

k € Zso WA LT, Ik OIKAFMBEIK D% % SH, TRT. DL X

L*(S%) = P st

k€L
EWVOEREMDEIEONE. | €Zy BT 1< j<IITNLT
v](»l) = L2j’2(22171) € SHo_1
viEnz. zors oW ir—xsicHy,
A0 Spanc{vgl), . ,vl(l)} C SHoa
' Rossi BRI (57, T10S?) £ CR Paneitz fEfZE B ICK o TARETH 5. TDOEEIC

LT

Y = Blvo

DITHIRTRZEZ D L, £OITHIAD
det Pt(l) <0

YRBZIEBGhL. INEDROEENELNS.

EI2 6.1: Rossi BkE_E®D CR Paneitz {fEAZE ]
Rossi Bk (SE, T19S53) Ed CR Paneitz fEFZ P, 3B O A E % ERE S ©.

Rossi BRIEID T X — &2t =0 ZRAT 2L, ZHERERZ CR EREIC— T 3.
ZDGEIIEDIAARRETH 5720, WiH$ % CR Paneitz fEFZE P, IXIEAEMHETH
5. Lo TLERROEMIZ, T X—XEDHITHLIIZENNTIZT, ADMEHEEHHERRE
HhZZ e 2EKRLTWS.

7 SHRORE

EF 5.1 BXOEM 5.2 DD IAARRRERIGEICE T ETHR D O 2 WS [HEIE
BRIEDL ZAFL Ao TWVERW, BIZKkD X5 REIBIT5N 5.
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fRE 7.1: CR Paneitz {fEFZDRAEE M J

HDIAAARAHER CR ZRKICEBWT, CR Paneitz fEFZE P IXHEBE b OH ?
SWHEZ %Y 01% Spec P DI 72 %5 ?

fRE 7.2: CR Paneitz fERAZD#
HHAARAEER CR ZRRIKICBWT, £ ® C 1Z Ker P NOF%EER 722 T H
B 7

AT IC DWW T Rossi BRIAIDGEITOWTHIKIR L U TR TH 5. Rossi BRIHAI_ED
CR Paneitz fEFIZADEHELZERBED O Z 21350 > TWE A, ZDOERIITHR
DFFRICESS S DTH D, ADEHEDFMLTMICOVTIHKAL LTHL2TIE
V. —HTHECOWT, (S2,TH0S3) % {£1} THl- 722 RA DDA AR HE
BRBHZEDD, BENREADEONS ZEPHERINTVS.

CR ZRADHDIAA R HE/ A 121X CR Paneitz fEFRIZIEAEMETH D, FH2 01
SpecP D NFETH 5. —7F5T Rossi BRI 57505 & 512, HDIAARARERGEICIE
CR Paneitz TEHRIZADEGEEZ O, ZOART MAEIENNICERTH 2 LS5 H
BHED Y ZARIATH 5.

RIS 7.3: CR Paneitz (ERZOE R |
HDIAAARARER CR Z2RKI12EB W T, CR Pancitz fEARIE FICHERTH 25 ?

% 72 CR Paneitz fEFH X Rossi BEKETIX B DEHEZ HIR(E D D23, Z OMHEED
IAAARAEEZ: CR 2RI —RICILFET 2 DTH 205 03, HIEDOL ZA 05
TV,

78 7.4: CR Paneitz {(FRZROADEH(E |

HWHIAAARAEER: CR ZHKICEB W T, CR Paneitz TEFZE D A DEHHEIZ N §
fRAETH %5 ?

P EoEEE, CR Paneitz fEFZR & W5 FFEMEAR OB 28 L T, CR ZKED
HDAAAREMEZ B L K5 T 2AD—HERTDDTHS. SROMEITL ST
& OBERBE HICHL2ICR S Z eI 5.
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