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1 N-fractional calculus and some identities

for generalized Zeta function
Katsuyuki Nishimito Descartes press

Abstract

In this paper N-fractional calculus of generalized Zeta function
< 1
E(z;a)= ) ——— Rez >1, a €Z)), (1)
Ca)= 3y )
and some identities for

E(z;a)8(z;b)  (a,b>0,Rez>1), (2)
&%(z;a)=(E(z;a))" (a>0, Rez>1, pEZ") (3)

and
E(pz;a) (a>0,Rez>1, p=1) (4)

etc. are discussed.
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NOTES ON STARLIKENESS OR CONVEXITY
OF COMPLEX ORDER

Shigeyoshi OWA (Kinki University)

Let H be the the class of functions f(z) which are analytic in
the open unit disk U with f(0) = £°(0) -1 = 0. For f(z) € H
and m € Ny, = {0,1,2,+-+}, Salagean differential operator D"f(z)

is defined by

Df(z) = f(z2),
Dif(z) = Df(z) = zf (2),
and
Dnf(z) = D(D™"'f(z)) (m 2z 1).

Let T(n) be the subclass of H consisting of all functions f(z)
of the form

f(z2) = Z = @ni1Z"" = @pepZ"t? - e
(av 20, n € N = {1,2,++-}).

Further, let
T(n,m) = {f€T(n): D"f(z)/z ¢ 0 for z = U-{0}).
With the class T(n,m) of the functions f(z), we define

three subclasses T(n,m;b), 0(n,m:b) and P(n,m;b) of T(n, m)
for some complex number b with b = 0, that is,

T(n,m;b) = {fE€T(n,m): Re{l + (D"*f(z)/D"f(z) - 1)/b} > 0},

oo

O(n,m;b) = {f€T(n,m): ¥ k"(k-1+|b])ax < |bl},

k=n+1



and

P(n,m;b) = {f€T(n, m): Y k"((k-1)Re(b)/|b] + |b])a. < |b]}.

k=n+1

Our result is contained in

Theorem. Let n € N, m € No and b be complex number
with b #= 0.
Then

(i) 0(n,m;b) € T(n,m;b),

(ii) T(n,m;b) S P(n,m;b),

(iii) if b > 0, then 0(n,m;b) = T(n,m;b) = P(n,m;b),

(iv) if b < 0 or -n/2 < Re(b) < 0, then P(n,m;b) & T(n,m;b),

(v) if b < 0, then T(n,m;b) ¢_ 0(n, m;b).



3 NORM ESTIMATES OF THE PRE-SCHWARZIAN DERIVATIVES FOR
CERTAIN CLASSES OF UNIVALENT FUNCTIONS

AN BE REXE - BFEH

YONG CHAN KIM YEUNGNAM UNIVERSITY

B AR EO—KEFTHEEFREE f Do C, 2£9HIEHp > 0izxt L THIH
WADOEBDHRE p > 0 DWHMARKICEWTHETH 5 L 5 2 ERIFHEKIZOWTEDRI
Schwarz #8453 DXt / /L A

175l = sup(1 = |21 Ty (2)] < o0

08 L TR A RTHIMEIC OV TR RS Z ERHERD LWV ) Z L 2AIEN¥RTHRE L
7= ([1])s

TP L REKOHD S DERICE L TRERDOTLU® TR £(0) = f/(0)~1 =0 & E
iﬂ:éht%fi‘[ﬂ*ﬁt@EﬁU@ﬁ@Jf%%iéo DX REEEEE ALRT LI

Do

Z OFHTE T HEM B (close-to-convex functions) % M2 O RAKHI /e / /v L5
ENTH D = Lo B, BT 5 AR [5] 0 db B AT« DERILIT T & 1T EF R
BROHLDOTHD, (HBAUFICAZTEND &) DT TIdRw,)

LT ORRO—ETH D, ET MEBEHED EOBEFR ¢ Tp(z) #0022
p0) =1ZWl=THbDLEDLTEELT D, SHIIM, ZEOHFETERNFEICE
THLIHLDORIEK, M, TEOIZEDOEZIETERD LIZE L TR DEENIE L TR,
M2 ¢(0) >0 ZW=TbDET 5,

0 € MITK LT ADEMNES (0) BLETK(p) 2 FNENEIE 2f(2)/f(2) < () B
L1+ 2f"(2)/f'(z) < p(z) ZREI-THDORMEL LTERT D, TITEFY <piTW
Hw % subordination xR T LN LT 5, Thbb, HHEREBEW: DD Tw(0)=0
MDY =pow Bl THOYONFETIZEEE ), SOHBAIX o BHELNLIDF
I 9(0) = (0) 2 Y(D) C (D) IKZE LV, B, pe M ELTLEE ADEIIE
Cl, ) 8B he K(p) BIFTELT [N < L 2B bOREL LTRSS 5,

INOEIEREYE, MEK BBELMEROERL —RIELAELDICR>TWVD, FiC
Y, 0 € My 2 61E S (p), K(9),C(¥, ) HHEEHBIESICBEND, £12, feS(p) &
FTHIEE D Alexander Bt g(2) = [[t7 f(Q)d L K(p) BT 200 2f' /[ = f'/gd € ¢
X0 EES () CClo,0) EoT D, #aTy BT TR K(p), Clt, ) 1ok LTI A
ExpZtuE2D,

@ € MIZXt LT hy, k, € A Z#BRX

zh! (2) zkg(z)
*,im =¢(2), 1+ ) o(z),



ZHTOLOLLTERT DL, BHCHABRINALIICLITLIF NS DEEA L0
BIZBWTHRERE E L ToBE 824, Fz [B] BB Ihizv, EBE, Helik
DIER®BD,

THE 1 g M, BESIFERD f € K(p) EROTEREH-T,
NT¢ll < || T, |-

o026 Z OFFfiIL best possible Th B, ||Ti, || DEIZME~ D o (/L THET S Lo
2V, PRKED Ty, || S4B IOZ LIREE L THS WUFORTA=1,8= -1
ELEEBE),

KIZC(, @) ICH L TIIROBERZ18 D, 1277 L, —M%ITid sharp 2 I iz m s
RN,

EE2 YyeMMBDpe M, &FHE. EED f € C(y,p) ITH L TROFEMRAALY
I,
W5l < Vo(¥) + T3 .

172 L T Vp(9) = sup,ep(l — |22)[0/(2)/46(2)] £33,

ZORV(Y) IKOWTidy € M, (LY —fHIC Gelfer B ) 1<% LTTRER Vp(v) < 2
MWD EBEARNTH D, (ZHh Macintyre DRERXNGHD = & 2 Bl FIX
ZRGE Do, of [4) BLEZIOERBVOBEIL2 LD /NSL B NEMB I A
HETHIDN, ZODDO+HEEICHONTIHBEORICERDZ i L-v, $7-. F
WHEASTZZ L EBDETI DR ¢ € M, I/ LTI TY|| <6 &\ 5 BEREKICH
WTESHONIERERMED ZLIcbEBELTE DS,

LROBEICSVCTEEFIL LTHECEELRDIONER 04 p(2) = (1+A42)/(1+ Bz)
THD (ELIZIC-1<B<A<1ET3), 2hbizoWTIZAEM

||k | = M)_
aBll T 4 /1= B
2(A - B)
1-AB+ /(1 - A?)(1 - B?)
LHETE D, ZORENL, WL HhOHM A EEIEICET S ) VA LA4E5,

Voloap) =
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A note on uniformly differential algebraic
meromorphic functions

FHEIBRE (LEBIXN)
Azt (AATIR)

T ORECEET HEMITERTE AR L0 E L. M(C) 1A
BMUAKOES LT 5, L C M(C) %5 5 differential field & L, L DE
E R EEICR OB EMS FREXEE LD, AL

—

1) Q(Z,w,w,’ s )w(n)) = Zal(z)wio(w’)il T (w(n))in = 0’

Iel

Z 2T I = (ig, %y, --,in) ¥ multindex THI < o0, a; € L THD,
¢ € M(C) 7 differentially algebraic (DA) over L TH D &Id, ¢ ¥
5(1)DEATOFBRAERETILTH D, HBEOKEF C M(C) 2
uniformlly differential algebraic (UDA) over £ L% (1) D ¥ A TDI712
ABHo>TFDLTOERPEOFEREMWLLTNDHILTHD, I
UHITMs R EEX TEOERUROELSEE LT ELILHS
) UDA T 5. 1= & 1L, BIERXDOES M = {2} nen 1 UDA over C
Thb, LEEIXRubel 2] R EEXBRBENT,

f, g € MC)IZRLTT(r,f) = O(T(r,9)), r € Ep>T(r,g) =
O(T(r,f)),r € E,mE < co WV IAUDEE f~yg LELZ LTS,
fr fIXEBR, frgDEEgn fTHY, heMOC)ELf~g g~h
R f~hThHB, TZT, FCMC) IR L#{F/ ~} 25D,

Bz, (1) DAL TOMDHEREEX TRE, TORREROLEE
Gq & L Tka = #{6qa/ ~} ZEx IV, FIZE, Qw,w) =w' - (w?+
1) = 0122V T G = {i, 4, tan(z + ¢),c € C} TH D5 kg =2 T
o, —F. £:= {7 Joon REBRORNFHAN MIEEND Z
L35 E1LUDA over CTH Y ke = 00 TH B, it MoHERIC
FoTitka=00 THBILELALTHD I LEZTL TV D,

#81#972 Malmquist-Yosida ¥ 4 7OEBEE X B & FITid, FFAME
(admissible solution) DTEFE Z R E L Tih &EH TV <, BH, AR
REGEL Y b REORE REEME LTERSND, L L, &FF
fEOROBRIEFONTTHo 7,



Z ZTH, Unicity ORI LB 2 1 SOBERM HRRIC >V T, (1]
TORRERNWTELONZROTEHERYHRET S,

TE. MorEX
Qz,w,v') = (W)? - A(2)(w? — 1) = 0,
(A e M(C))., IZDWTHRNBHKY T,

(i) #6q =2, 4, L oo;
(i) ko =1 (#Ga=20¢ &) , =2 H#Ga=4, HlE co DL X) .

(i) DEEBIZOWTIE, ETHERABRUHEMRE [, gl L THAIE
BenidroT
(2) fP42efg+gd=1-¢
EWMIZTILEETRL, KIZ Q) DB T(r, f) = T(r,9) + O(1) 2 8<, =
s (i) %5,

REFERENCES

(1] Ishizaki, K and N. Toda: Unicity theorems for meromorphic functions sharing
four small functions. Kodai Math. J., toappear.

[2] Rubel, L. A: Some research problems about algebraic differential equations II.
Illinois Jour. Math. 36 (1992), 659-680.



5 p(y) =5 OREE! Riemann HIZDWNT
— #® Picard EEDPREIEL -
EH Rk A SYANNE =1

Riemann B R EO¥ERERNRKOKE MR) E&RL, (e MYR)) L2
TRLHZVME (€ CU{co)) DEXE p(f) LRTLE,
P(R)= sup p(f)
feM(R)
% R @ Picard B &S, C LOEEK Si(2) (1=0,1,2,--- ,n) ZREETD
n RREKHBRL

So(z) y" = S1(2) "+ -+ (1) Saca(2) y+ (-1)"Sn(2) =0

TEHINIEK y & n HREEERE VY, B y OEBFFEREE n - 129
#% Riemann @&V, 7Z7L, TXTO 5i(2) KEFOBRRZNBOLL,
X 51T 5i(2)/S;(2) (i > §) DOBAELED 1 DRABEKTHDET B, FI
So(z) =1 THHHE, Bl v 2ERABBEREVS. n ¥ A Riemann H R
 Picard EHIZDWTH, —AZ2 < P(R) < 2n THB I ENMSNTNS.
PIF, 3 MEAKMEKDODL S 3 HAKE Riemann BEBXD. A 5z
Picard %% & D% % Riemann B L7 5 HREICH LTROKERDH D ;

EE A (1]). FER
¥ —S1y7 +Sy—S3=0
TEZIND 3EARKMEODSL p(y) =5 LRBDIE, KOIEDIRS

S1 =, S1 = yoe +y1, Sy = yoel + a3,
R4 < Sy = yoeH + ya, Rp < S = ya, Rg < Sy = y1 - yoe™,
S3 = ys, Sa = ys, Sz =y - yoell.

FEL, HiZC LOBEKRT HO0)=0 THS. 7, yo,y1,¥2,¥3,a3 I3EHT
BBN, Ra,Rp DS yo#0,y3 20 THY, Rg OHBE yo # 0,52 # 0,03 7 0
THD.
X512, Ra, Rp, Rg OHIHRI
Dr, = 4yo>e® + Gayo’e* + Cryoe™ + Go,
Dr, = 4ysuo®e® + Gy + G yoe + (o,
Drg = yoe™ (Gayo®e® + Cayo®e® + Cuyoe™ + o) -

J— 12 —_—



12120, Go (#£0),¢1,62,¢3 (#0) IEKTH 3.
SEEE A TRRAN/ZED Picard SEXIE 5 BLETH D, XSITROBEENDH S -

EE B ([1], [2]). BE B T2 3BOHEIIDONT, (¢1,¢) # (0,0) &5,
€D Picard E¥IL 5 TH 5.

LInLRMS, (4 =( =0 OB, FO Picard ERIZRFBREEIN TR,

TOEDIIERD 3 RABAN L EREMR f, ZRONES DERRD I ENBE
&%

2 (451353 - 512522 — 18515553 + 4523 + 27532) f23 +
+2(Ty* = 3T3) (512 - 3S,) fo +
+(25:° - 9515, +2783) G — (211 — 9T Ty + 27T3) =0 (1)
72U, S (i = 1,2,3) REBA TRREBDTHD, T) = ok +z,, Ty =
bleeL + 1‘2,T3 = .'Ca,G = I{CM .‘C‘%%). :@ﬁﬂﬁﬁ{3%{ﬁﬁﬁmﬁ f2 Eﬁ%
LTnaEBZ, ZOREBECLT f ORIMEK 0(a, f2) EXORFZIHET
BDIERXEDT, fo W UEITRDBENESH, METHIE, HFER (1) M1K0
RAEZHONEINIMRTES. FOB, ROBEIRENRBE ER-T

Lemma 1. y DWT OB m REEX P(z,y) & n RBER Q(z,y) ITH
LT, BERTIERRWV) m+n REBR

P(z,9) - Q(z,9) =0

TEEIND m+ n HREWER y KWL T, ROREXNED LD :

ge(a,y) = za: {l — limsup %y_)} < 2max(m, n).

r—00 ( ,3/)

CORERIE, BEREERKETOIRESEANENTHENESINERET
LDICENTHS.

/e, ZOEOBEIL, REBED Picard EXERETIHEETTRL, R
BAREN SAREERANOBTEROGFEEZAET2HSICLENS.

SE 3

(1] M. Ozawa and K. Sawada, Three-sheeted algebroid surfaces whose Picard con-
stants are five, Kédai Math. J. 17 (1994), no. 1, 101-124.

[2] K. Sawada and K. Tohge, A remark on three-sheeted algebroid surfaces whose
Picard constants are five, Kodai Math. J. 18 (1995), no. 1, 142-155.



6 Exotic projective structures and
boundaries of quasi-Fuchsian spaces

% RAES (RRIEARE BIEHREM)

o TRENALOFEREOEZMIIBVT, By 7 ABKRO /) I—%kFDOD
DOERBIZOVTHANRS. ELICIhEHVT, 87 Y yABZTH (=7 v 7 ABKD
B A THEN) ORROHHEOWERMEICOVTERT 5.

S RHEM 9> 1 OREMT SBEEL L, T(S) & 5 ® Teichmiiller 2/ &
+5. S EOREHMIEL i (C,PSLy(C))-His; T 2bb, BHMIC C £E7VEL,
20 Y &b B Mobius ERTH2 &) kBARFEFEROZLTHL. 5
0 (marking A& 0) EH#ESE P(S) 13 T(S) OERILENYFVER—RT
X 2. 5 LOSEMEH LT, BEER S 5~ C (513 S OWEHE) »ELY,
Z DERNH YT 2 #EE p: m(S) + PSLy(C) £AH /3 —ERB LS 2T,
SRS T 0K ) I - RROKBELHEEEHI LT, A0/ I-FR

hol : P(S) = V(8) = Hom((S), PSLz(C))/PSL2(C)

PEnd L, CHIRFAMRZENESZTHL I LAHMONTS. BT v 7 A
B BRELERSEL VRD V(S) OBAHRER QF(S) LES, BT Y o AR
AL L.

T T, EIT P(S) DEAEE Q(S) = hol ™ (QF(S)) ¢ EFT 4. Q(8) NiEE
OEERS O 1o LT hol|Q: @ = QF(S) BMEREKRTHS. & 5IC Goldman
2 cE 57y 7 ABFT / I—% b OFHEHED (grafting FRW) BRI LD,
Q(S) DEFERL S 2 hid measured lamination nEE ML(S) OEBEEHMLL(S)
rixtlseatol Edbyrs. 2T

MLZ(S) = {/\ € M»C(S) A= anCj, n; € N, Cﬂii%%ﬂﬂ%}i}

Q(S) PTET, FNERMEZRVEHTHS b D% standard, F ) TRV b D% exotic
LIER. WE A€ MLg(S) SHIET S Q(S) DEMMTE A EECL, Qi
standard R ETEHE L VO HE—DEERS TH 5.

B3F McMullen [4] 12 & ¥ exotic ZHHENFIT, 8Q DA WKIRT 5500
HENTENS, COBRRRY TA VBB AROBERELCHAIANSILET
FanD: [AEOERISMEOERCECEINDLI%RITA YEEORRT
AMHET S, BETARTELT, (1), 8] 2T THL.

_144,



E L —HTHRERIZEY, [0Qy DETENKT /) I —KBEDEAAPT 2 LOS
BILFEE 255 DIH LTt exotic ZTEAERE L] Lvd = EMXHmShTY
b. TNt lexotic ZTEOER L2V X S RN, 0Q) I2BWVT dense IZHELET 3 |
CEERLTVA,

C I T [exotic 2B EMEDFIN EDESIZET ATV M, ko 3I-%
RORBEBRIRTENBIRICED L S IC& TR T2 2IKkE LTwa ]| ok
WCEBLTROEE L1587

EHE 1. EED A€ MLa(S) LT Gn T # 0 4 9 o. 42, P(S) 1o B
5 Q(S) DA Q(S) &K TH L.

S 54T, RBEREIRILEE L\ af, SRR 5 L LRBOERRS % i
BB T2 FEARRT AL T, EE 1%L S IR E 5.

TR 2. HREAE (MR, C ML(S) CHED jk € {1,...,m} 2%4i(A;, M) = 0
ERLTVDIIHLT OGN N---NT #0 FEH Lo, o i(s,-) IX 8
FOXREEET.

ST, KB/ I=Fffhol : P(S) - V(S) 3RBHEHERTH 7255, 8Q, i
BT % Q(S) DHMEIZ 0QF(S) DHBES CRIZET A, ZZTHEEIOX L LT,
OQF(S) DML RTROME %155,

® 3. EROERMn e N ISHLTHEH o] € 0QF(S) MHELT, [o] ® (+5
N 7%) EEOEBE U ISHLTUNQF(S) DEMER S i n BUEE R 5.

REFERENCES

(1] J. W. Anderson and R. D. Canary, Algebraic limits of Kleinian groups which rearrange the
pages of a book, Invent. Math. 126 (1996), 205-214.

[2] W. M. Goldman, Projective structures with Fuchsian holonomy, J. Diff. Geom. 25 (1987),
297-326.

[3] S. P. Kerckhoff and W. P. Thurston, Non-continuity of the action of the modular group at
Bers’ boundary of Teichmuller space, Invent. Math. 100 (1990), 25-47.

(4] C.T.McMullen, Complez earthquakes and Teichmuller theory, J. Amer. Math. Soc. 11 (1998),
283-320.
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—HRBHE—TADY A EI T
ZeRAD M BRI D WNWT

AR (KRR FEREREERFM)

—EHARHERN—TADT AL 15— EMEEL Y (b 22 T —ERMD
S WETE C ~OEHNBEDABO—DTHS (c£[3), [2)) . TOEDRHD
B Miz\wbW 5, David Wright D& (D.Wright's figure) &L THSTTY
6(dﬁp.%nﬁcmméﬁﬁﬁﬁfﬁbctmﬁ&%t;<ﬂ6h1mé
- 55, B, Minsky[d]l&koT, MHY =< READY 3V~ 8
TH B EMEHENE (cf[1]) . FRTI Minsky EREDRODE I M
OBREFENEERESAD.

TE M RBEAKTIRRN.

:@:tuDMMW@mwfvaybf$§%t%%éﬂfut:&f%
% ([5, Section 5]) . C DWETIEENOFET LOEEZAATS. TOIML
B S, FSHERABICHIET 2 M OBEF N5 M OWERZAB AR (W
PWBHATEEL AR ICHETHHRE, TOX SR HIET BERAITO
/M@EwmEEE&@&%iuK%Té~ﬁ%&%6®T,%@:amﬁwf
HRREBFETHS.



ZE Xk

(1] SRERKER, NRIEFE, AIBEE, AO%E, Punctured torus groups I
5% ending lamination FAD AR (Y.N.Minsky DfLEMN S ) , Topics in
Complex analysis (1998).

(2] (PFE%E, SEME—, INRET, EBH, WAE, Riemann B & €O ZEHLEM
DEMBEES LT 251 20, FIFESREE (1998).

(3] I. KraA, Horocyclic coordinates for Riemann surfaces and Moduli spaces I:
Teichmiiller and Riemann spaces of Kleinian groups, Jour. of Amer. Math.
Soc. Vol 3 (1990), p499-578.

[4] Y.N.MINsSKY, The classification of punctured torus groups, SUNY
Preprint (1997).

(5) D.J.WRIGHT, The shape of the boundary of Maskit's embedding of the
Teichmiiller space of once punctured tori, preprint (1988).



) —< CEOEREOE/ KO3 — & EGEHD
T® Nielsen-Thurston-Bers B O n%8

Ak IR - AL FRERAER
B % KERILA - AR TSR
e HIEHTTA - Kb Eeh

(9,n) B —< vEDERMKE (M,n,S) £T5. $2bb, 2K
BESBE M, )< E S, BLUVEAME® 7: M — S 3L T,
VteS En 77 A45— Xy =nm71(t) i (9,n) BOY—<VET, /NTA—
F t ICHLTEACEICbDET A, Lad, 29—-24n>0 T 5.

(gn) By A I25—2M% T(gn), TNI/ALI2T— ET27—
B (= GIRER) % Modyn) LB F7o, V- VE S OEEHEEE
p: S =S e, FOREESEREL D L5, BRI, S H(=LEFHE),
[ = (S, t)(=%AH) Ths, ZoLE, Ellk (M,r,S) OXR 2,
Thbb, FHER &: S — Tyyn) T, VT €S L, &(1) € T(gm) P
ETU—~VEN t=p(r) DT 7 A= X, CHEHIEECRSb0EE
B, TOER & AL, EAMEE &,: T — Mod(gn TROKMHZH
THLDONETS.

Poy=o,(y)0d, Vyel.

Far DEELIVEER, ye D\ {id} 3L T, &u(y) € Mod(gn) %
Nilsen-Thurston-Bers DEE» L 5ET A ETH A, FBATIE, 4
NFEHE LIRS 2 RTHEESHE M »SBERICET S, V- VHEHD
ERIEE (M, 7, S) IS LTHBONIRERTHBET S,

ANEMTE M OEBBIEOERYLZELFIZ, HAHMY—<VE R IHES
LEINO% 51T, AREOHIEHERE#EA L THAH. ZIT, HlEal
TR EE O RIERIEHEE 2 —EMIES Z L HRT, HlEE0EDY)
WORRETAVLEND A, #0720, R EOFIEEEFNLDEDYY
O%ETHNTA— S OEHTHAH, V-7 H R OFREORGIEME
w: S— R%I)ELMETHIEINLEILRL, Z0LE, V-TVHNIE



BiliE (M,m,S) T, Vte€S LD 7743— X, =7n"1(t) 13 w(t) € R »
5—ENFMICL > THESND, ROFEHERCTH S, ANTFIEH ORI
DFEMIEER [2, 3, 5] 2 BHEE L.

BoNFERERY Bers OSFEENDEETRSNTIRD L) K% 5.

Theorem. /NEME M DD 5 ) —< yEDE{E (M, 7, S) L/AF
HEOEED L EORSEHE w: S - R ¥%x5. 0k &, ERIK
(M,7,8) DEB &: S — Tyn) »oETHERLUER (£ FOI-)
B,: T — Mod(gny LIEED v €T\ {id} KX LT, KFBLT5.

(1) @u(y) BHARTEY, T2bLERMUETREDVFR.

(2) @u(v) REPETHS. < w,(y) BEOED, TR/
BTH5b.

(3) ®u(y) BHHMETH D, <= w.(y) IFAENLNHEETH 5.

(4) B.(v) RERBETH L. < w.(y) IHYE, EAREE, &
BVEARER ETHEOWTNRTE 2\,

CORBOERCEDILTY A BECHRME, KA, RliEl, HNd
B RKEHICOWTIE [1, 4] 2E8BE L. T/, Bers O58EE Thurston
DAFEOBFZEIIOVTY (1, 4] 28R L. KEETIZ, INHORREL
FROEREDEAF % [5] ISBTHAFHECRNZHAVTHET L.
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11 The Hausdorff Dimension
of the Boundary of a Tree

Hisayasu KURATA Yonago National College of Technology

Let (X, A) be a tree, where X is the set of points and A is the set of
arcs. For z,y € X with z # y let p(z,y) be the number of arcs which join
T toy.

Fix a point py € X. Let

X, ={zeX;p(z,pm)=n} forn=012,....

Let Q be the set of all paths, where a path is a sequence of points
(po, Ty, Tg,...) such that z,, € X, and p(z;,z;41) = 1.

Let ¢(z) be a positive function defined on X such that, for any
(g, 21,T2,...) € Q, €(x,) strictly decreases to 0 as n — oo. For
€ = (zo,71,%a,...),n = (Yo,Y1, Y2, ... ) € ! we define

é)(:En) if o = Yo, -+ +Tn = Yn,Tn+l 7'5 Yn+1,

d(&m) = {0 £6=n

Then d is a distance in §2, and Q is a compact space. For v € X we take
¢ € Q which passes through = and define

B(z):={ned(&mn) <(z)}.

It is easy to see that B (z) is independent of the choice of £&. Also we see
that B (z) is the set of paths which pass through z.
For @ > 0 and E C Q1 we define

AL (E L) = 'mf{ E €(xj)°‘;ECL_JB(xj),€(J:j)<r} for r > 0,
- j
j .

AL (E\0) = liII(l) AL (E,9).



Since A7 (E, £) increases when r \ 0, A, (E,£) is well defined. A, is called
the a-dimensional Hausdorff measure.
It is easy to see that there is a number «g such that

0 ifa> ag,

AL (E0) = {
oo if a < ag.
The number oy is called the Hausdorff dimension of E with distance func-
tion ¢ and is denoted by dim (E, ¢).
Now we define a function ¢ (z) as follows : First let ¢ (po) = 1. For
T € Xp, n > 1, we take y € X,,_; such that p(z,y) =1 and let

d(x)=¢(y)/#{z€ Xn;p(y,2) =1}.

Theorem 1.
.. [logl/¢(x)
1 —_—— X
ng{.lomf{logl/f(a: ,TEkLan *
< dim (€. ¢)
. log1/¢(z)
< 1 —_— X
—niﬁsup{logw( )T E S

This inequality is sharp ; For a, 3,y with 0 < a < 3 < < 0o we can
construct a tree such that

lim inf{10g1/¢( ) re u X}

n—o00 log1/¢(z)’
1L%Sllp{%—)) T € U X }
and
dim (2,4) = 4.
References

(1] H. Aikawa and M. Essén. Potential theory - selected topics. Lecture
Notes in Mathematics, vol. 1633. Springer, 1996.



12 BRI HRE O ERIEGRORITE EF
BRIEIZDWNT

HIK - BTH#RR B8 AKX

1 ERIE&ORIE

BHRERELOTRIBEGOBIMICBEL TIEIZ < DBIF (Borel-Narashiman,
WH, B0, 9% etc.) MHBN, T TIIERNMSHE L TERIN
FEAIBEORIEIC DV TER S, /KL, TTTHERRESRAE LI,
BHEEMIR B OMEME U TEREINZEZREDT LET S,

T8 1.1 BAHEWBIEA N = B /T DFHBE (divergence type) EIXER
Dze BITRLT
2 (1= (2" = +e0

~yer

MEALT B EEZND.

BT, N=Br/THIINY FRSIERBETH 5.
ARFETRTHEBIRHBOE R BHRATEHEIN TS LK
5. Target E/LBEEIRM 12 M/GOHETHBHDET D, /KL
MIZCm NOHDERERT, G M ONTERBETHAEMNS125H DR
BTHD.

S 1.1 N = BY/T & BN EREET B, £iz, MREHIEKM =
NG AR DS (A) 72T ERET 5.

(A) M ADIEBED I NY NEB K &, BIRDTTNSIEDIER DR
5l {g:} CCITHLT

k]:n;) diam(ge(K)) = 0.

=L, diamida—2Uy ROBEREERT.



TDEE, FEREMNER fi,f,: N> MOBWKEREYZRRS5E fi =/,
TH.

R 1.1 & (A)1R, A M OBRFERD orbit HERITE T L&,
FOBEBENOIZAD L DL covering THIIWHI- TN TS,

2 IERIEHOFIRMYE

BIET TR L ERIEROBIEZ AW TROHREERZHHTHI L
MTES.

EIE 2.1 N =B"/I, MBRMEHREFALHDT, ISITTHNHRERT
MWZa2)7 R THDERETS. ZDEE, NS M ADFEEKIE
BIEGIIE L HERETH 5.

3 A

R 1.1 O (BLUEOHROHEBEDLA) NE5RERS.
% 3.1 REUEFRNHIAEHEA LICIIEERE RERIBEEIIFE LRV,
EH 1.1 D&M (A) KHEBELTROGHE (B) 2EX 5.

(B) M 123 % invariant distance d BHFILL T, HRORLHEHED 2
Hp, q IR T BEEORF {pe}, {g} KHLT

Jim d(pg, gx) = +oo
MDD,
ZDEERMEILTS.

IR 3.2 ARER M LIC, & (B) 26/ invariant distance d 1377
T 5R5E, ERESEEMN SRS EEORBIRRIBA R G ICHLT
&M (A) MERILT 3. o T, EE 1.IADILD.

ERIT I DL DS (A), (B) BT EREORIIONTERTS. ¥
WS OO RERSAD.
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Julia 2 & L MBIRE S OREGHIIEEIZOWT

WK - BT Ebger) B THR

HHE D Julia a0 54 LR OMIBHAIZE L2 R Tk
LHTHD. ZOECHUNEEZHNTZINS DS OKEGRIVIEE, 452
Martin 55 & L TOMH - MEGHIVEHRA L LTONHERS.

1 Martin BH}

R % Green BEAEAET A & H 72 Riemaun & 5. R O Martin 2
VARY Mexk RM &L ZEi2T D kT, FOBR RM — R % Martin
BREWVW, A(R) LELZLIZT S,

BEROAN g € A(R) 18t LT  1cHid #5-> Martin B8 k, () = k(- q)
2 R _LOTHRMEEIZ2 555 ZHA minimal Tdh 5 & 5 20% min-
imal point &P, FOtkd A(R) TXT.

I<MBNTND & H I Martin D387 MUTKO LS5 IZEWEE
RT3,

EE 1 RM BHEHMTIAEETH D, BILFR D @ Martin 22237 b
it DM j3a2—2 U vy KEMTOMRAE D i2H L, ZOHMABMIT minamal
points DEN BB,

R BEMHERTH D LE, £0 CEMMMTO) iR p € OR LD
Ai(R) OEOME WE) % dimA(p) EHHDT.

2 TEFHEMEHD Martin BEF

R Y7 ZA4 U HOTMFEFIRTSHD & XIT. £0 Martin JIRE £ X
5. ¥, Fuchs HOELEX#23. T % Fuchs ff&$3. T 8§ Il
2 1R 1 2 6 F OB O Martin 22282 MEZE LS R »T
Wo, Lieho T, GEMER) 8 21 Fuchs OBEBMETH 5.

EE 2 A 2R 2M Fuchs BE T OBIRES LTS pe AMNT
OB SR SIE, dimA(p) =2 THD. Efe, p 2 conical limit
point 2 HIE, dimA(p) =1 TH 5.



F7z, P28 Fuchs BEOBEMTEIBTHROND 7 51 U ficet LT H[AlER
D FRMBEALT B,

3 Fatou £8® Martin ER
ZOMITIE, R BAAIEEEO Fatou A THD L EIZ, £O Martin
BiRe#E2 B,

TR 3 P(zx)=224¢c tTD ceCHRILFATa—LEADOHDIN
Thd L&, P, D Futou 8 F(P.) ® Martin 2287 MUz C 0%
L.

TR 4 fTEMICBNT, P.(z) DO VI Julia WENIEHMETH B L
572 Blaschke Bt B(z) 2% X 5. ZDO L X, Juliv aEM purabolic fived
point EAFERVARGIE, FiEIO ERMBILLT B.

4 HEEGRNERS

ARG W OBERES v B W IZA LT weak £1E, W TEKESINT
ERDOFEMERIZLD v D/A 1 )RITRDEEENS.

EE S5 GHB2H Fuchs ETHD L E, G D conical imit point 13 G O
e I LT weak TH .

T 6 EHE 3 /i3 4 0K T M RCH LT, RO Julia
HAEDBEIIR O Fatow BAIKEL T weak TH A,

BEXH

[1] L. Carleson and T. W. Gawelin, Complex Dynamics, Springer-
Verlag, 1993.

[2] C. Constantinescu and A. Cornea, Ideale Rinder der Riemannschen

Fldgchen, Springer, 1963.
[3] L. Sario and K. Oikawa, Capacity Functions, Springer, 1969.

(4] S. Segawa, Martin boundary of Denjoy domains and quasiconformal
mappings, J. Math., Kyoto Univ., 1990, 297-316.



14  Riemann 28K ED p-Green B D F1E EIEFEAE
= & INZY R

M 3IET /Ry N EEETERDISNOIE SOV n(> 2) IRTTEln Y —
T UBRA. 1 < p < ni3ER. 0« € MITEE. a TD injectivity
radius=oo & %, [1] 125> T M D p-Green BABIEE KT 5o « &
LM OBERTHESHEHEE DT LB g ¥« ZMITHFD D D
p-Green B EIZIRDSEALT HHET 5,

g is p-harmonic in D\ {a}, — div(|Vg[""*Vg) =4, in D,
7151_1}61' g(z) = oo, J101_1};57(3:) =0 for every y € 0D.

D iZ M DERTIEONEBEIRT,a e Dy, D, C Dy, M =UD &
T 5, D D p-Green M g T {g} DIEBYIE DD S ([1))0 g =
zliglo g 12 M \ {a} T p-harmonic £72id g = +ooin M TH 5, HIDE;
BRSO EE g% M D p-Green B EE D,

ABHEDO BT M D p-Green BB EEF 7IIIEFIEISIE 579
D, MBROZMUAEEZZIETHS (5 SH).

Kwm, Ricy (3 M D sectional, Ricci Bi#. h(z) = d(a,z)in M. SM
i M O unit tangent bundle. v € S, M IZ5tU a,(t) = exp(tv) and
N(w) = {w € S;M|(v,w) =0} &9 5, R € C°[0,00)), [IFRDIE
R ET 5,

{ "+ R(@f =0 in(0,00),
f(0)=0, f(0)=1.

IRDAERINF NI,

Theorem 1. Suppose that R satisfies
Km(a!(t),w) < R(t) for ve€ S;M,0<1t<oo, we N(a,(1)).
Let

o0
f(t);_—Tdt < oo for someT > 0.
T
Then the p-Green function g of M satisfies

g(z,a) < kPCQ/ f(t);’:_’fdt in M.
h(x)
In particular, M has a p-Green function.



Theorem 2. Suppose that R satisfies
Ricu(al(t),al(t)) > (n — 1)R(t) forve S;M, 0 <1< oo.
Then the p-Green function g of M satisfies
g(z,a) > kye / fO)rrdt in M.
)

h(z
In particular, if
(o]

f(t);i—?dt =o00, for someT >0,

T
then M has no p-Green function.

LTk, 1, cyida, p, nICE>TEESDIEES, FHlp=20DL=
LRI 2] IT—8T 5, THIL(3, 4 ZE->TREN D,

& 3

[1] I. Holopainen. Nonlear potential theory and quasiregular mappings
on Riemannian manifolds. Ann. Acad. Sci. Fenn. Ser.A I Math.
Diss., Vol. 74, pp. 1-45, 1990.

[2] K. Ichihara. Curvature, geodesics and the Brownian motion on a
Riemannian manifold 1. Nagoya Math. J., Vol. 87, pp. 101-114,
1982.

[3] A. Kasue. A Laplacian comparison theorem and function theoretic
properties of a complete Riemannian manifold. Japan .J. Maih.,

Vol. 8, pp. 309-341, 1982.

[4] J. Serrin. Isolated singularities of solutions of quasilinear equa-
tions. Acta Math., Vol. 113, pp. 219-240, 1965.

[5] H . Bt &R, B ABFRKERE R, 1998



15 Boundary Harnack principles
without exterior condition

A 1 5L BH BAR K KA T B
K& KE ERAKFEHBATM I ¥

Z OFEHE TS % HhICE S Harnack REZ/RT.
Jerison-Kenig [4] 7% NTA #Hi8% AL T, €0 ETHER Harnack JFH
#HESZL, Martin % L TV o7z, NTA I3 IR 1B %
B2 DB BAS, S DA #IE Hunt-Wheeden [3], &5 IZTTIZH
Eiud, Carleson [2] 12728 WA, £Z T, WRIESMIO&NAZ
THHRIZHV, WhWw b Carleson FHMliz EELREL L THED.

X Z 5%, Bass-Burdzy (1] i John fEIIZx L T, 5% Harnack FEZ
EERAL 72. John SEIRITINERSM:L 27 S 2V T, FEERIBEREDH
5L, 4% TO Carleson FHMEDERAFEIIMER BV, & 2 A%, Bass-
Burdzy 1 Carleson SO 1 12, HERRWFE (&4 Z Brown &
B, time reversal %) # VT, ¥R Harnack FEZRL 72D TH 5.
4 DK D EHF TS O ROBHTWEENIZ S T T,
CDHBOBRMOEIILIECERRFER T BT T, Bass-Burdzy D5
LWHEEH % 52 72 WwEeEH T L TH .

TIE 1. John #HIE D (2%t L TR Harnack BHEFEILT A, T4b
L, VAEES, K¥ VROV )82 b TODEXRDL D ETHE,
FOEBANH->T, D LOEOFHRMEE v, v TVNODL qe i20
TDNV TAERZLODIIHL T,

w@)/v@) 4 oy e KAD.

u(y)/v(y)

Bass-Burdzy (3B 1E% BEIZEZ TWehS, COFEHOPTHELZIZEL L
b nEZf, BIMERZ EAHW SN, B ERRNHERT
FITHHMZ Green BBOFMICEERZ SN LI LW oo/ L



BRICEB1OMESb - E)LTEL T42bh, ZOES Harnack
JFREIZ—H T4\, scale-invariant ThWEEIZ L THAH.

HWS, Jerison-Kenig [4] 12 & o T, —#k7% R Harnack JREAH® Martin
BRO®RER, KB Holder #EHMIZ & > TR LREFRBBINT
Wh, FCTHRADTPEEZ LI DFELABD AT LI LY, —HFEBUICE
WTIE — % BB R Harnack JREATEIL L, %O Martin R LAHER
E—HT DN hrol.

TEIE 2. —HBRFE D \IxXF L CT—#E3ER Harnack BT 5. T4
bbb, VEREES, K¥ VROV 2y TIDERDLLDET DL,
EDEBALeDNH->T, D EOEOFHMELE v, v TVNIDLE qe. I
0TDNV THRZLDIZNLT,

u(z) /v(z) ‘
S 1l < Alz -yt forz,ye DNK.
(ol | S AR foroy
X512, DO Maritn EFRIIMARER & —3% L, BB Holder E#t
Thh.

MG EIREL 2\ DT, surface ball 2¥ polar 2% 52 & &2 dH D,
Green ¥ & FAFIME % 4.5, Dahlberg DFFfliIIE Y L7z %L, #
AIAIE X doubling T e\, L7d > T, BEKTHRAMBAKOLE L
Tz AHZ LIFET, < FT Green @ OLLEFTH TN, FL T,
FELDOAMERIToLH LW ELZDTH -T2,

2 E UM

[1] R. F. Bass and K. Burdzy, A boundary Harnack principle in twisted Holder
domain, Ann. of Math. 134 (1991), 253-276.

[2] L. Carleson, On the eristence of boundary values for harmonic functions in
several variables, Ark. Mat. 4 (1961), 393-399.

[3] R. R. Hunt and R. L. Wheeden, Positive harmonic functions on Lipschitz
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(a) = — — a
L' = : + (=A4)

#2156, 22T, R xR EOE% (2,t) = (21, ,Tn,t) THODL,
A=d2 4+ +8 15 a=10rE [Wu=0B3RHEATHL.
0< <1 icx LT, L@ HRFIIEREIC 2 5. 2070 R xR O
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) 7 VBRI 2 R ADERE, FREROFHEOHE I L MO
IZDOWVTRRRS.

1 WRUELSR

LOCHT 547 ¥ v VRO TR S L 2T D, 0 <a <1
DLE, (-A)* 1, —Cpop-f|z[™2* 12k 5 convolution operator RS
bbb,
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operator L(® = 9, + (—A)* DX LD, a=1,1/2 DL 2 12iE t > 0
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WO (a, ) = (4mt) ™2 exp(— o[ /41),
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RYBILEFTELRVY, W >0, |z] 1Ko THERBAT 2| - 00 T
? order ¥ x| THBH I LR ENbRo TV,
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AT W@ ok pu(resp. W % 1) ERENDBITIE ALV E AR
%fi% & % & & potential (resp. copotential) &% . potential t& —L(®
HEBIERAF L $ 5 convolution semigroup (W®(z, s)dr ® €)ss0 12
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CORBELFERE L ). T 72 copotential & v TREBEICHER L 7237800
B g, TRY ST A, BEIEORE I
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W sy =W sy on Int(A)
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% & Laplacian ® & % LXELOMHE b 545, —HKIIE (1) = pg L1275
LRVWEREIEEVLETHS.

E7%\2 Wiener criterion IS ELBRZEAT S, I T}, ROEOHE
BEOHEH .

— 5B K(z,y) >0 WXL, B6 ADERE%:

C(4) = supd | disssupp(s) € A, [r@an <
TEHTL. bUOROBEIKD L) ICFEFILLVWEEEZRLFRELE 4.
w8 1. WEr Wiy s88 ACRYW 0FERBE-HTS. £O
% cap®(A) TEY &, cap®(-) 1d Choquet BEIZ% 5.

2 L-gama
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723 eEx Do LO-FAMBEHRE S

(a) h i D EE#,
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L h(Xo) = [ hdey, ye-

I TwCC DIt wd D T relatively compact THHI LrxHbbHT.
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FFIEE D Dirichlet MEICE L T, HESDERSPERITH H720D
%k & LT, Poincaré ® cone %&f+% Wiener criterion, Kuran O/ %
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* 1 " =
vl%ax—&? €X’D X
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3.2  Tusk condition
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BB ODBLEFSEMNE Cu(E) >0 THAE. 22T, Cp ETD
¥ Ky VBT ABETHD

1 (n=1a>1/2)
max (0, — log |z — yl) (2a = n)
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19 A remark on generalized complex ellipsoids

with spherical boundary points

AKIO KODAMA

Dept. of Math., Fac. of Sci., Kanazawa University

In the case where n > 1, it is well-known that there are many simply connected
domains D in C™ that are not biholomorphically equivalent to the unit ball B™ in
C™. Therefore, an interesting question is to find sufficient conditions for domains
D to be biholomorphically equivalent to B™. In connection with this, we have
the following results due to Pinchuk [3] and Huang-Ji {1]. First, recall that the
boundary point p € 0D is said to be spherical if there exist an open neighborhood
U of pin C* and a biholomorphic mapping f : U — f(U) C C™ such that
f(UNAD) C 8B™ and f(U N D) C B™. Moreover, we say that 0D is algebraic if

it is defined by real polynomials. Then their results may be stated as follows:

Theorem P-H-J. Let D be a bounded strictly pseudoconvez domain in C"
with connected real analytic boundary 0D. Then we have:

(I) (Pinchuk (3]). If 8D 1s simply connected and D has a spherical boundary
point p, then D 1s biholomorphically equivalent to B™.

(II) (Huang-Ji [1]). If 8D is algebraic and D has a spherical boundary point

p, then D 1s biholomorphically equivalent to B™.

In view of these results, it would be natural to ask the following question:

Given a domain D in C™ with a spherical boundary point, under what conditions



can we prove that D is biholomorphically equivalent to B™ ¢ Here let us study this

question in the case where D is a generalized complez ellipsoid

ilz,-PP-' < 1}

=]

E(n;ny,...,ngp1,...,Ps) = {(zl,...,z,) eCM x...xC™

inC" =C™ x-..x C", where 0 < p;,...,ps € R, 0= ny,...,n, € Z with
n=n; +---+n, and |- | denotes the Euclidean norm on C™. Here, without loss
of generality, we always assume that

pr=1 and p;#1, n; >0 for z;=2,...,s.
Also, it is understood that p; = 1 does not appear if n; = 0 and this domain is
the unit ball B™ if s = 1. Then we can prove the following theorem, which is a

natural extension of the key lemma in [2]:

Theorem. LetE be a generalized complez ellipsoid in C™ as above. Assume
‘that s 2 2 and ny,...,n, 2 2. Then E does not have a spherical boundary
point. In particular, among the class of all generalized complez ellipsoids in C™ =
C™ x ..« x C™ with ny,...,n, 2 2, the unit ball B™ is the only one that has a

spherical boundary point.

Finally, it should be remarked that, in the theorem above, the boundary
OF of E is not smooth, in general; and also, the assumption ns,...,n, 2 2
cannot be dropped as one may see in the examples such as E(a) = {(z,w) €
Cr~1 x C | |22 + |w]?** < 1} with arbitrary 0 < @ # 1. Indeed, every point
Po = (20,w,) € OE(a) with w, # 0 is a spherical boundary point, but obviously
we have E(a) # B™ in this case.

References. [1] X. Huang and S. Ji; to appear in Math. Research Letter.
[2] A. Kodama; to appear in Téhoku Math. J. 51 (1999). (3] S. L. Pinchuk; Math.
USSR Sb. 27 (1975), 375-392.
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THE POLYNOMIAL PERIODICITY OF THE
PLURIGENERA OF SURFACE SINGULARITIES

B EIL (ILEEE)

Let (X, ) be a normal surface singularity over the complex nuin-
ber field C, and f: (M, A) = (X,x) the minimal good resolution
of the singularity (X, ) with the exceptional set A. Let I{' be the
canonical divisor on M. Then the m-th L*-plurigenus d,,(X, ) is

computed as
Sm( X, x) = dime HO(M\A, Op(mi))/H'(M,Op(m(I+A)—A)).

A singularity (X,z) is said to be Q-Gorenstein if there exists
an integer n such that nK'x is a Cartier divisor. The index of a
Q-Gorenstein singularity is defined by

Ind(X,2) = min{n € N|nKx is Cartier }.

Let P+ N be the Zariski decomposition of A"+ A, where P and

N are Q-divisors supported in A, Pis f-nel and N > 0. Then we

have the following
Theorem 1. There exisls a function o(m) which is periodic for
m >> 0 such that

Smpt(X,2) = =(P - Pym*/2 — (I - P)m/[2 4 o(m).

Assume that (X, ) is a Q-Gorenstein singularity of index s, which

is not log-canonical. Then o(m) is periodic for m > 0 and

(1) if the funclion o(m) is constant, then I\ + A is f-nef,
(2) if s <2, then the converse of (1) holds.

There is an example of a Q-Gorenstein singularity of index s > 3

such that I + A is f-nef but the function o(m) is not constant.






22  Grothendieck duality & Hermite-Jacobi D% ERHEES 1
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HE #H— FrRRFLER

1 Jacobi &9 EBEHK

ZIFAD regular sequence fi, fo, ..., fo € Clz1, 22,00 2n) BEZENEETZ, ATT7NV
[ = <flaf2v"'7fn> @gﬁ%é& V = V(I) TZ:Ej-o glﬁﬁ f,‘ 7::-6@ Hefel' ﬁ%

filz) = ft(@) = Z(Ii,j(:7C)(zj - CJ)

BEUD, q(z,C) = det(q;;(z,()) £B<o FRIEAK ¢ € Ox (X =C") IZHL

o q(2,Q)w(¢)
“V“)“(ZJE/ /deh@)~JMOdC

1

=R 2, ()p(C)dC, - -
“@‘M“CMmmwﬁmo
55X ¥ 2 Hermite-Jacobi DEAER I #% % b, BL Res i& Grothendieck residue

map

€ C[Zl, 29y eeny Zn]

Qx /I x Eath (Ox/I, Ox) = C
THd. ELPIC ol OB, Ko=0THh, Bl
K : Clzy, 2, .., z2a)/1 = Clz1, 22, 20}/
IXEE B4 L7223 (Berenstein, 80 ), 2T

[ q(2,¢) ]
F(O () falC)

BBERKEARTI DK S,
2 FRIREE

ZERRE Clz, 22, ..., 2] WEIEF Z AN, LT fix T2, ZORBEFIC LS Grobner HJE
I DB HET, BA Clzy, 22,00 20) /] ZBEAR b(2) 1 =1,2,..,N) ZEEL T 5
JMVEREARL, ZORY MVEEE E LB EEL N =dime(Clzy, 22y, 20]/[) o

X, BERN e D, AF7NIIZLBRKERE Nf(p)e E BL

Nf(p)(2) =) cilp)bi(z)

i



RABRBEFDODT, ¢; BIXBSDPIC E ORAXRT MVER E* DBERTH D, by DI
BEELR 2, ZERHATEZREANRETHEDICKK, BB o 2HETHhIZLIWI LI
2%,

FTE  ¢(z
2 qi(C)bi(z

O % (B ZCBLT) AFPNV I ICLZBIRER>EHD%E Nf(q)(z,¢) =
) £BLe TDLE (b} ORNEEDERELIL

4(¢) .
[fl(ofz(g)fn(g)} € Hpy)(Ox)

TEZ5N D,

3 EtEIADHE

BHNEE ¢ =B, AT7NV ] OBREEG V ICEERFOLIREHAKLER S, FROD
BEHENFREVWE SR, SV IBRBOREORMSO—REEOETRRINS, 177NV ]
DR TFTTNVARERDOTHAO ) Iv 72 D-MBECEREANDI L, COLIRBEIC
Yo DREKKRBAEHETE 2, HiZ, Laplace EMZ LTHBRAREZEMT 2 L Tt
HEfRULTDILHARETH 2. LTI, RROAKACEREROBAOMERES (Z0
BER, RL2RAETHATHIENTE D)

Bl I=(z*y*+2z* + 3z)
FIR Clz,y]/] & E = span{l,z,2%,y,zy,2%y} LRA—RT %,
Nf=co+cz+cz? +cay+cazy +cszly LB, tET B L

~ 3% Jp
30 8 B o Do 10%
o= 5550 3~ 5V 1)
9 A
Cg((p) = a—:(o)y 04(90) = _a_yf(o) + axgy (0)
B0 LT 1P 10

(#)= 10355V " 25205 " 3570 T 35575,V
282, 3T, 8B s IFADARICEEREODT, Laplace B THIIZFIAR

3 1 1 1
Lcs) = Zays - 5xy3 - §y3 + ixzy Lk, HEBORDPS
oL 1 oL e =
Cle = 228 o L say Lo = T o i,

DED ¢ DHEZELCTARLE, ROFEIWMAE T,



23 Grothendieck duality & Hermite-Jacobi (D% ZE#RERRE 5 11
I vy D-EEEAWERE—

HE #H-— FIRKFELFEL

1 5 E&ER

HEO—FICRBATBRROS 7S AEBEAVSEDT, WEETLERTEERL, %
BEROEEIIFV Yy XFRFEI LT S, Z={€|€E=(8,62,.,6,) €C} &BL

LFPN I =1, fay o o) KEBBEIABOHR E = Cl6,, &, .., 6]/ T DBAZER £
DERIL, BRTOBEES V =V() ICAZHOBHEK LR 30, TOERBBUIRIC L
h BHETTbh 3,

BE i Extd_(0z/1, 0z) - Hy(0=) 2ERRER LT, TOLE, RABMD Lo

i(Eath, (0=/1, 0)) = {h € Hfyy(0=) | Th = 0)

Fhe,m = 7] eB8Le, 7 PVER {h € Hy,)(Oz) | Ih =0} X Oz £ m TERK
Xhdo

ER AF7NV I ORBIBEEFICLZT VT FREN VDD S shape lemma 2 #H
T RBAR, BRAOMBR—EBNTHD, 2—2 Uy FOERET m OFRENT
BETH D, £,V DBMATO m OHEVERTH S, LL, —RICIEREORN
BETO m ORTERDZZLRITRBOBRTIIRERZMED,

2 RO/ Ivyvy D-MNEERVEETE

SIR= FOERIBEMEREIC R SBEMAMERARLADRIROEE DTRIHICT %,
DR Hiy(Oz) RERRE DAIBFOMELRRS. i, - T & - PR OO Bk TR AR
FREBEREL L D0 2T, REMBAIFEDY —HOBER m I8 L m % annihilate 33
RBAERRL2UKDORTE D=AF7NV% J={ReDz|Rm =0} LB,

REKBAT A RED Y —8 Hf, (Oz) OEMSHE

Hiy)(Oz) = Hiy,)(0=) & Hiy, (O=) & - ® My (O2)
6 U TROBAFMBRHADEFEET 2,

m=m1+m2+"'+m3, mkEH[Ak]( )(k—12 €)

EAFE &M A CBOT (h|Ph=0,h€ B (0=),P €T} = {emi [c€C)  #
BRILT Do



BHER fi, o, fo OVIETHRE J & BE R A e VOERERZ e EB< R Ax
CEBEHOTINVIBEKE 64, THOHDRIL, Jmi = puiba, BRD D, CDTLEERE
BLEAEDETHERIE m = Tpu(De)bas, OLD RBMAMERREZAV=RENERZK
H3Z KD,

3 J L7/ & Ehrenpreis-Palamodov DE AR

%I.Eﬁ f(f) Zawﬁa’ ‘s—ﬁb X = {x|x = (l’l,xz,...,xn) € Cn} i@ﬁkﬁ{’ﬁﬁﬁi F(D) _
Y a, D7 EHIEEE B, EEL DT = o

0z 0zy - - dzn°

BRITAFFIV I = (91,92, -, gm) L.?Tb727‘77\%ﬁ72:15‘[§b, RO 3wy iREEREO
RMAHEBRR G1(D)u = Gy(D)u=---Gn(D)u = 0 ZRIGZ ¥ 2, B Cl61, &, ..., 6]/
DORMNBEE E* L BE, EORMASHTBRROBEME S LBFE, E* & S L7
SRAEBRTHIET %, FIZIE, R Ar OBBRE (ak1, 062, Qkn) EBLE m € E* I
3 pr(z)etramitonamatarntn ¢ G INIRG B,

4 Grothendieck duality D&t &

hw&@ﬁﬁ%&J(@ﬁﬁﬁ&nMﬁ%:UQ)530 ) £BE a8 477

WIICL2HERE (BB ICBALT) BoizdD%E Nf(g)(n,€) = ai(Obi(n) &BLe %
AR ¢ KRBT 3WMEARE QD) TERY,

FH HEE mcEt 2SS T7SRAERULEDDE L(m) LBL. ZOLE, (BE (b}
DORNZEETH S) BEK ¢ D575 &ML QD) (L(m)) £—HT 3,

Bl I=(n" +26 +3)
REWBFIFETY—Bm =

S Tae T RROHEARORE L TR

5h3.
€m=0,(n* + 26 +3)m =
(66D¢ + 30D, + 24 + 267D, + 46)m =
COABRRES 7SI AERTIIE

D% =0,(D? +2D% - 3D,)u =0,

(=6D,z - 3D,y +24-2D,Dyy +4D,)u=0

b, COABRRXROLEABMERDB LT m DS 7S AERPBWHICH L E 2, &
s CHIBLTWR, ORNBEDOHBIMSLYS 7S AEBTHK S,



24  Grothendieck duality & Hermite-Jacobi D% ZEEAERIE D 111
—Z %58 Hermite fiEHE —

HE #H— FURKETLFE

S

palli]]

1

ZIERD regular sequence f1, fa, ..., fa € Clz1,22y .., 20) BEDBA T TNV I = (f1, fo, ey [
wg}ﬁ%é& "/ = ‘/(I) fﬁ?o ‘/ ‘i (@@}#\ Al,Ag,...,A[ #6&5 t?_%o @ Ak @E

BHEZ u &8

ZEAE Clz1, 23y -, 20 WRBEFZ AN, LT fix T 50 Z OEEFEIC & 5 Grobner K
ZE D EEKHET, BR Cln, 22, . 20/ BEIAR bi(2) (1 =1,2,...,N) BREELT AN
O MVER LRI, FORY MVEHEE E LB<L 212U N = dime(Clay, 23, 2] /1) =

g1t p2 + ot o
NP PV E ORAEM E* OBRZ, VICEEH DL I WHEBEKT [ ICL D anni-

hilate N2 L5 RHDE LTHEOIT SN 3,
E; = {h € E* | supp(h) C Ax}
LBRY, B WRORY MVERER D, ZORY MVERMOEEZ RS ¢f 1, €l0, - Chp,
LBLe ThHD ep, HIE, K A KAEROBEKRDT, B ¢ KHLT,
* a’y
SHOED I RACH

DESIERT %0

2 BE&

SRR f; O Hefer 8 fi(2)— £i() = T; 4:i(2. O)(z5—¢) BAWT, ¢(2,¢) = det(g:5(2,())
LB XHIT, B LT q(z,0) DA FPN [ I L BRIFREI-ZHDE Nf(9)(2,() =
L a(0)bi(2) EB <o

FRIBAM o € Ox (X =C") CHRT2RAER

ol = — b [ [ M@ ()
Ketd) = o [ | o o™
X, *Z MVER E S EABEE~DIESER LIS, BOH

(M@

[ f(Q) - fa(€)

i, <7 MV E CEEROEBREART I EHHRKD. ENE £(2,() € EQETT
KT LT Do




3 ZZ¥ Hermite HEITHE

AR x(2,() %, HE er; h=12,.,6 =012, ) CEALTEBBELRBLELE
D e;; DRBE er; LBLo e BT MBI EICBTBEO5R : OFER LD, X
DOFBIZAPTH 5,

I {ex;) 7B, BIE {c],} OUNEETH 3,
HoT, ROKEEE 3,

i
6k7§(.f) = fk,j k= 1727'*'767 ] = 1727“-7/“:7 fk,j € C E;ftj- f € E ‘i”"ﬁ‘:ﬁ& lJ,
f=%e(2)fs; THREABN DB,

F&0
FRITA T 7)) I ¥ complete intersection TH 2BAIL, Jacobi DEEXKHUED & &

W35 &iZ&b, Grothendieck duality DSEABNICHEHRK 2, BiC, ZHEIAOREHSE
BEAEDOHEIE, BB E2HWTHENTEEL 23, Grothendieck duality Z 2 iE, %
EHFAREEDLERN Hermite TEOBEKN R P52 KD Z7NVITU X L HERT
BEL 2. —ROBRTA FTFNVOBED, AT £+ 2HET B LIETAETH 2, E
BRohiZho/ I v/ REBFEORBSABRRRRZE L LEMBTH 5, BEAKS
KD BMEEZRDTHNE, BIAREEDCHAEEDIRES,



25  FRIB#O—EH2E mic 2T

BRIy RBRHFILKFE
TR

S % PMC) ORBMELET 5. ROFUEELD :

(UA) HREEEBILETERIER f,9: C — P*(C) ¥ f*S=g"S &%
w8, f=g9
(BH) EfIB4 f: C — P™(C) DM SIc&FENDLLOE, f i
ERER.
(BHC) FERIE f: C — P*(C) OBN S EXDLLBLESE, f
EHEAR.
LIRIC B30 3 &MAR T bDESATH, TDREUT d° (d > 13)
Thbh, T, ToBHHEEIDIELED dHOES %D > T

CCTI (UA) &b bk

(UL) #JEIERILISERIES f,.9: C — PY(C) M f*S=g"S &%

Tegil, f=9

Ao B EEN T 5.
P(wo,w1) ‘i Wo, Wy D d (ﬁ{@/ﬁ(glﬁitfﬁ\'%éﬂij_t)@éjg—% .



(U1) BIEIEBMLAEER f = (fo: fi), 9=(90:91) : C —
P (C) W 2HEIEEE h i2k Y, P(fo, i) = h*P(90,01) %

AT, f; =whg; (j =0,1) PEKDILD. TIT, wi=1.

IDEX, ¢> (2n-1)2 ITH LT, KOZEXOESES S 13 (UL)
AT

P(wOa wl)q + P(w1>w2)q +- P(wn—-l’ wn)q-

—_— 637



26 Nondegenerate entire maps of C? to C?
BSLER

Tl (IR fzy) ZIEEREHE LT D,

(1) Ja € CiIcxL. [ = a QBRI ZE DN b BOlh 2 o>
Riemann i & ERIFE 22 S0 (E L THERIOGE VD) 3D & &,
f 2 WA O BB SR & 5

(2) &Ex 1 EOBRIMEZIRS T TDa e CITH L, [ = adiE
ORI SR O TH D & &, fEBIHOBERK LTS,

(3) (2) T FEAROBPHROME & Liz& &, [ 2RI
DB H & 5,

(4) (2) T {KFEHOE. HHEEKAE R THRMEO puncture %
Lom” L L x, fEREBOBEL LTS,

FEA (LR 1976)  fluy) ZEEKEL, ESVad [ =a
D AR S N OmTH Y, capll > 0 —= JAESSC Rk
REEx.

FEB (FEFF—ILE)  f(ay) ZEEEEL, E3Vad [ = a®DdH
AR N AREROTTH Y. capl > 0 = IO,

ERMC (A 1975) flz,y) #REMUOEELLETLE, =
poPoT BT D, 2 ZiZp(z) HEMH P(r,y) HZE T € Aut(C?),

TE2 PO o CRFBLETR, P,y RBILLTD

“JVPK%L\POFﬁﬂ%@@%%ﬁD&%\Fiﬁﬂumw
WEG LS (F e (SH)),

(2) PSS L. Po FARHMIROBBIRD & &, FRrauiliilos
B LMES (F e (H))o

(3) VPIZA L, Po PR Ot o b x| i o)t
g LS (F e (P))

(4) VPICxt L, Po FRRREHI OB & &, FRHki
PR OBER LIRS (F e (SP)),

(5) VPIXt L. Po FARBONOEMK D & & MUK
i LR (F € (A)).



HE IERLEEG— (H)U(P), (H)N(P) = 0. (SH) C (I),(SH) #
(H),(A) C(SP) C (P),(A) # (SP),(SP) # (P).

FH 1 F e (A) e FIXF = FyoTE B 5, = 2I0 Ryl kil
(b £ERGH%,. T € Aut(C?),

FoDES A ERTRDL Z WL » T, ROTHEED,

TH2 Fe(A)DOut+EEE ko (1) & (2) BPRRAIITDH T &,

(1) HHRBEBMELDIEKREn R H > T, C* — E 3 Vplixf
L. Frlpix (EBELZHT) TErEORLYHKD,
(2) EXrosmxBHRBOSRL VD Ey 5 piaxt L, Fyi(p) i C?

OBEESH, E—Ey 3Vl L EF Y (p) id@manf@BORE YD,

GE1F = (po),v(y) HEH TRV SR TH S, T
ZCp)y(y) RENENSE, BEAERETH S,

HE  F = (z,e¥) 3R TRV TH 5,

EE KR ES TED order B p € [0,00] Db DRIFET D,

TH3 FRIFBRMLEEBRLETDH, BB EORE 3> pIlIxLT
F-Yp) iz C2 i % & A, &4 w BED C?o i £ EORZRRCT
Flp) EEEEL 2O TTEwEOANLMD = FI3sRm
BEEHTHD,

%R =12 2 REUBERET D L. F o [y 3R ER I
B ThbH, WTLHREM LIRS 20,)

BRE 1 Fi(i=1,2) 2RI ER L35 L& FLoR3min?

P, WERBHIERB LT D L X (p(2),¢(y) = (e(2),y) o (z,%(y) X
K f, g RETNEREE L9 0 L&, (f,9) = (p(x),¥(y))o(Po
S,QoT) IEIEE{LD & X heh a2 (PQIELIEA, S,T € Aul(C?))

PIRE 2  f, g OB O L&, (f,g) MIFRILAR G AR o
LERCR? iRl

MRE 3 WM ORINESEZIMD Z &, measure 07>



27  C2 ot/ vy MEizownT

I8 Bl (LBRFERSHFE)
RKHE KB (UM RS RIS SRR

HHEEE C EOFHZAIER Gorenstein i X A5 C2 D3 37 METHD L1, X UK
PRMTEEY PHFELTNXN -Y 25 C? LR ERIRETH B L ZIZF S, fifiore, £0a
N7 MMEEM (X.Y) TdS5HT, Riemann OFEERA G ER Y IMAIOC1 3400 X
ED Well BFTH B, C2 D87 ML (XLY) PEBRETHAH LI X AIERINMTDH S
LAV, BNTHD LI 2 Betti F (X)) =dimHy(X,R) =1 (Z1E ¥V AMHTH A
CEEEME)DEEILE ), ROMBEEER D,

I CE /a7 METHA L2 P OBIMA 2 TN TikEE L,

DF. (XYY CEoBhar sy MLTHD L)% P OB d> 1 OBl 2 e 5,
WS ONELTEEAT S, r:=SingX = {ri....oo ) (120) EBC X -V 2 C? IR
b, o CY ThHbe py(r) =3 pylri) &8 72U pylri) & FRA 2, 0)”‘%”&?{(’5‘
Hhorm: M —X % X ORMNFRIHEL L, E=,E:=7""(2) & 7 OBsMESE L
%, ) ’a? YO llEBEEEREL, A:=YUE &8, DL X a: M-EXX —r Zh

V(M. A) :,tc‘z DIERL I MLTH D, 4. d=1.21220TIIES TH D, EIE.
fl—10>&3 V)= (HFHE,ER). d=2 0L X (X.YV) = (2K ) Th 2,

FH: A>3 2 RETH, ZDLE, RHFWLTH
(CHY L P OEHTHA.
(C2) r E1HETHN, py(r)=(d-1)(d-2)(d=3)/6 Thh
(C3) mult, X =d - 1.
(C4) A DIFENL 7 5 713

d verlices (=20 —1) vertices

-2 -1
%
((|]

ZIT. e oo x IR AHEMM LD DT
(C5) (X.Y) = (V. Ay) (up to deformation). 7275 L

Vo= zor s m s e Phsyl =27y 42
A,/ = {:1; = Iy = “}



COFBIIALT. d=3,40L &, XOER] &1}/,

FI1 (1) d=3 1220 T, FELELY,
(2) d=4 122V T, (X.V) d &M (C1)-(C2) %ifizzL, &E512(C3)-(C5) & (C37)-(C57)
DI —F R WY
(C3*) mult, X =2.

(Cw)AmﬁiﬂH7§7i

Hﬁ T

(C5*) (X,Y) = (V. Af) (up to (lefmmdtmn) 7L

"';* = {(Z]Z‘Z + Z:‘)‘z = 7-'(::7‘-".1 + Z-ZZ;;}
A: = {Zz = Zy = ()}

COERNS . FEIEE (X 2 (1) B2 b2) PLEIRD, R JOWEDT
CFMEEL VI LA bAD (BH3 ). d>4 120V Tid, KOEM2, 3 %137

T2 (>4 FIRETH, TOLE, RPHILT S !
(HY 3PP DEHRTH S
(2) 0= {1} or {erag ) 72720 py(an) = (d = 1)(d = 2)(d = 3)/6, xy i3 A, ORI 2 HaT
bHAb

~

(3 ) OWMERM Y 5712 112 5 IEERGHMBL S 2 2HIKS 77 ThHY L VP = -1 9
E2< -2 (Vi) THA TITad=0dbFFT.

(4) 6: M —— M* % A LOFREOT O =572 Tdh > T, (M*.o(A)) #* C* O (Morrow O
BRTO) RAERT Y METHELDET D, Z0LE, A = o(d) OWTRK Y T 7
L FEE LD (m>2) OnTFhANTHS. Fi, P! LD Plfibration f: M —— P&
E @E%ﬁﬁkn E, LT, f3ME—20FR7 7 15— F 2§85 E & [ OUNITH Y
A=E UF #mY)iLo.

fvertices a vertices
,—_&-——\ /.___/\-—.“
-2 B Y T A A
E;. i
b $ §
!

FHE3 D d>d A0 XN A (d-1) Emibossd, TALIE]



28 Crb CINDR LIRS A A OHE
(EH0 4 RAEE D &)

KHE KW (FUKFKFPRBIRFEM 7R

FIfE . TEORMAEDIAAL f:C? o C* BREILEOAREFETH L7 ? Thbb, &
FIRHLT, C OREMBCAR o PTFEL T ao f (dERIARIBOARIIR L0 7

CORMBE C? D Ry MU LS HETHRL7HIC, C &2 PP OT 71 YHEGLER

R8T %, X, % f(C2) D PP IZBFABAL L. Y= X, — f(C?) kB 4 (X}, 17)
BEDEFR Y, X, OBFAYE THE L)% CP 0 r 8y MLTH S, HiEOMGETRD
HRERE L7,

EHEA! f:C o C 2AHMMBDAALT D, deg X, <3 AIRET S, 2L E, C' D
REECHEE o PFEL T ao f MBI LEOAAIILR D,

Xy WEBRARKBMEDOHZESIZZOHERENL I L2005,

UF. X3P OES4RMH, Y i3 XOBTHYTH-T, X =Y »°C? LALRIFEETH
HERET S, X IFEMLER 4 RME/Z 25, r = SingX 137272 —2D R/ MEMEIFR S »
LEARB2EANO b M — X % XN OF/MFRAMHEL L.E=U,Ei=r""(0) &«
DENEEET D 77 (0) DEDIERY A7V Z EF 5L Laufer i2£0), 2?2 = -1.-2,-3
HPHONTVAE, ¥V %Y O CX2EAEMRET AL, (MY UE) 13 C? O35z a3
7 METH B,

FIE1 . YUEORMY 7731 H 52 4 FEICHHEIND,
(7220, cle 0 A D BEFNFNBLREE0. 1. -2, -3, -4 OIEFEFHMBTDH - T, HiZ
i &7 LNI’EU Ce ik Y OIS TH) 0. AD X E OMBNSTHD . )

7= -2.-3 122\ Tid, WL 2EIE L X.Y) & oup to Aut(PH) T (Xplir'it CHE L
7oo Fh. 77 oM N -Y < CP A rlt_'%"lma)} 2907 C OfUEM AT A explicit
AL 7C, 27 = =1 2DV TR R P TH 4. IO S 1D

EE2: f:C e C #REMIEOAA LT L Xy (R Julini 2 L, 23 -3 %1
02

AL SOEE, COREIMACHE o ATELT o S RES VAR NN A S AT R N
Zp & Xy O 00 RN B R O TN REME OED LIRS L s v TH D,



Z? = =2
7t =1 Ly
1
SE ik

1. T. Ohta. The structure of alyebraic embeddings of C? into C* (The cubic hypersurfoce case).
to appear in Kyushu J. Math. 53 (1999).



Y B R IH
ML RADEHAD CR EHMHTDI

g AR (RERRFHESR)

FE. CRAEEIZ. ARESONERFEMEZ EREEL AL Tho
7= H. Poincare, E. Cartan OFFZEICZ DR ENH B & VbR TV 57T,
A ERMTBESFOEBANGAL L) &) 7 47 T3 1L Rossi
IZ& B (cf. [Ku]). #hid, £S5 R LD C R 1AL, 4
F . T4 Stein ZROBRICE DL VI TEIZEIVTRE. EIX
TOHEBNCREEOHIIIBFERAOEREEICE 2N FRW b OH
$HHOT. BTEIIES KT EOEENC RIEEDERE E RIS
BEOEROBE,rLEEL ERIGCIEREADOZERD semi-universal
EOEBRIZTI Y7 b BELSHAROEROBEOFIETREIETDH
23Lv) k% [Ku TRLTWA, ABEROZOHEFTICEEA
<. FBRMTBRADEFRD semi-universal k% it C RIBEDE
BAFBL TERT 2LV RBER A7 07T 4] LIFHINS.

AHETIE, HEFREOBELERCEUH TR O 7 A5
AN D EV) L IZDOVTHEL 2V GEROFFI W TIE, [M2]
) .

Zhn

1. Bz 7 A

V cCN % B(c) DitFETER SNz 0 RICIERE AT zZm & L.
B o FTICEBERAYHEObOET A, HL, Ble) BESZHLEL
HLE e DBERE KT

M :=VNSIN-1 (§V-1.= 9B(c)) £ B L. M IETE 2n-] RILH]
MABRET, U=V \o LOEZHEET M LICHEELC RIBEY
&I 7.

Faiz M LOCREEDER*ZBTHDOTH AN, (Fr OBIK
BRSO REEL L TOCRBESTIZHLDOT, FIZZI LD
L VIED ) ZETLHCREBSTIRIBENZODOLIFIIRLZI LIZT 5.

BT OS5 LR 2T A ORI NEMESIIRD I ATH L.

(I) CREM&IIEREROPIERFIESHIZBEE L BSTH S DT,
CREMETZ (ERIZ) %< OC REENFFILFRAOEFIE
L DEL, COHARRTALOIIEBEATRWC RIBEED
ERHGY ERLLENDS.

(11) ZEFbR% RS 5184 O C RIEEAIERIMZERDORRE 2L
TWALEE., FNLOOKES () BBFESOEREZ 2L T



HOEAHHIHT HEADEKRICIE lat & v ) B0 % &40
FEONTVALZITICEPETEIZWEEATH A,
() EZC (), (II) OMESOBEOH ARSI % o726 (Vo) D
D semi-universal TRIZHIET 5 C REEEDEFIRY BT 5.
H1OMBEAIL [Ku] BV THRIN TS, £ITE, MO
FREGOLTNT M 282 L TRON L2 TOCREEIIFE R
NAERETHDHEV) B 2 ERGmPER N TS (ZDX
O ML, FEbIE, HEEIREFENTO wiggle 12X 5 CREEZEDE
e BRTHUBTHY ., [wiggle ZEE TAERR] 52 5). *
T, {exp ulu € AT Unr), vz small} ICEFBEOEFIZ BV
TR R T A IRE e FFoiud . EFEBEOERO
Ba L HATLIZESRMATE, B2, (V,0) DETROBEREEY (up
to wiggle T) 2TEHEATVWA L) % CREEDETESEBRTE L L
W) ZEDIRENTW A,

2. CREEEDER L ERIMFRESOLR

E2OMBEIIIOWTHERLTHAS.

BN C REGEE ERIMUFE S OBOBRIIRD L ) THo 72!
BEHUC RERIE M — M 2 /YBRE T2 EF LSRR
— M RBERE T HE R

COBRIEIEREOBMOBEHRE L TORFSINEIEZEALIDN?

2.1. [BEHMC RIBENEWE — EFXESIFEROTTE]. dimgM >
T OBAEIL, CREZOEEKRIIBEREED (X)) EREICIRS
NAHZEDFERHIN TV (of [M1). oT. (% EBERTO
BAIE) COMBICIEERENREIEL W EBDbR 5.

2.2. [HBERSHHEREDEWIE — ERBAZEOEME]. 0BT
OFELIL, M OFREFEOEFAILGL T, £ flat Stein completion
BOEETH AN E V) aTHh A, Flat Stein completion 231JRET
BI2ODLBEEMEE L T EREBEOE TOEMNBBDERIZH->T
IERIERTIEECH AT L | h b, —F . EREBEO LKL CV
NOEIZEDIRE L THEOATh TwIUE, (20X ) 2L REE
stably embeddable ZBEE AT L1293 5)  Stein completion 237]
FECHAZ LD ERICLSTREINTED ., BIZ, [B-E] Theorem 5.1
EBILERET,. £ Stein completion (3 flat BEICE > TWwWhH I L
b, GEo T, ROBHEAEDY LD !

flal Stein completion 21§ <= £ TOIERIBBA LTI

B > CIERLIRATHE <= stably embeddable ZEETH 5

BIRLBED stably embeddable D CR-AU [ CRAEED stably

embeddable ¥ | (EFIIKESHE) TH AL, EXTNERIC (B



REFDOL NV T) BHEE (V,0) DEFRICKIGL TV 5 I NGRS
nx.

TIE 2.1. M LD CREEED stably embeddable BRDOTENETRIZ A
LT, HheBRET L L)% V ORKEREFFET 5.

2.1 13, dimpg M = 3 DA [B-E] THEBEFER O TV D
M. FOFER dimp M >5 OBETHHENTHS.
INT, H2OMBERI

C RHEED stably embeddable % (wiggle ik & L T)
Tz L

EVHIBTHRERINI-Z LIRS,

3. CRiEEL ZO%K

CR H3E D stably embeddable ZF AR 200 E L T, CR1E
EEZOEBI OV TLERNROERLET->TE <.

rankgS =n — 1, o .
3) [X,Y]el(M, S)for X, Y € (M, S).

CRIBEICETA2ERBEGIT S MOENY b v RIERINZ bV
ELTEBOMFEREGR L FATIcER{LS N 5.

Cauchy-Riemann ﬂfﬁﬁiz_ Fu(X) = X(u) (X € I'(M, §)),
CRBEE: fe C®(M) s.t. dhf =0,
1 (0,9)-F6RK: A)7:= C®(M, A15).

BMESBE U IZROL ) HCRIEER °T" &% M LIZ5|&REIT !

(3.1) °T" := CTM N T Uy

Ll o7 :=°T" LTI &I2$ 5. /2, HE 17 C CT'M s.i.
F~CTM/(°T" ®°T") *EZEL. KDL )IIFLT !

(3.2) T =Fa°T.



3.2. CRAEED perturbation. CR & °T" @ perturbation & i,
CTM DEGZEEL TD perturbation TEFH 3.1 D&M+ b
DaEFD. °T" @ small perturbation l;i_\ ROV TR G % 7
peANTYIZE-oTAT" = (X —(X)| XN e} £FEDEND (o,
[Ak1]) : ‘
(PR S=1F) P(¢) := Gy — R($) = 0.

22T, R(e) BIEREE DT KT

4. CRH¥#&D STABLY EMBEDDABLE &

EIOMBRIZOVWTERET L. HALKRDL ) RIRREEZ T A
Vid B(c)c CY OEBET hy(w) = = hp, (0) =0 TE

BINTVD. fu: M CVN TERLZEDAREE £,
INODEOIAARTHERL NNV TRTROTEINIEANTH 5.
00— T, FO::p—)l‘OOdfo TUJCNM:I —r‘> /VU/CNII\I — 0.
4.1. CR#83&( stably embeddable ZHDERIL. C RFEED sta-
bly embeddable 2 EIEIZI RO L HIZEHZRIN B,

EFE 4.1 [BEWEK] X A5 2B T 13 CT ORSTORITESF

LL., BEATTINVE Ir C C{ty,... 1} TKT.

RD (0)-(2) 2W72F (1) € AP (TH [ty ... ta] &% °T" D stably

embeddable Z XK & £ 5.

(0) ¢(0) =0. Vk>> 0123 L T, ¢(¢) 1& Folland-Stein norm || k)
WRAL TR~ E 8K

(1) P((1)) =0 mod IrASHT)[[ts, ... 14]).

(2) REMIZT LI % f(1) € AUTOCYpn)[thy ..., La)) BEIET B
(a) f(0) = 0. Yk >> 01ZxFL T, f(1) (& Folland-Stein norm

1 1= FIL TIHA X 8 2%,

@)WMMHJWUEUIdeﬂTU“@MMmmHWM}
[wiggle] FA4id. RO XS KR o1) 13 (CN PUZHEDA T
7)) BESBREOLERE n: U - T D5 wiggle LD ESNRLE
IERZ LU, F—DEESHREDERIE 7 U > T 5 wiggle |2
INBONL2OOERKEIFE—RTHILIZTH !
CN x T2 FANCEDA TN M DB REFEOERK
U -2 c¥xr

b yz

T — T



Y EIAOFREDAADERE g: M x T — U B FE
L'C
Cg(0) IXBERREDAR M 5 U IZ—HT 5.
ZM)M@bﬁAGMJ#%W%E”éﬂé
[1st order BFERE] st order wiggles (& Ist order EIEDRH]
~W1ﬁf§%%%%b « ROBEDY LD -

{1st order stably embeddable ZEffk }/{l%t order wiggles}
~ Ker{H'(T") = HY(T"CY )}

#t-> T, CRIEED stably embeddable %Uf/ﬁk (p(1), [(1)) 1AL
T, 1st order ZREBRIIRD X 91 "—?—i f)ﬂ A

T,T 3 v — v(¢()) € Ker{ H'(T") = HY(T"°Cas)}

F7-. CV T stably \3BOA TR BBEIRAFEDOETE (up to wiggles
T) 2TELLVIRRBIRO L) ITERILSN 5.

T 4.2. [EF versality] w}f/ﬁ;’e H(1) DIETE versal TH D L IL,
ROWENB Lo &% 59 1 CN x SIZIERNCEATRT: M
DBEPREEOEEOEFE r: U - SICHL T, ERIER: 5 > T
DBHEELT o(rsN i 7 U = S5 wiggle KX ROLNS.

T3 4.3. [AT semi-universality] o(1) 77RD 2 HE X fFo L &,
£ semi-universal TETH AL E .
(1) B8 versal, (2) lst order EREAZD bijective.

4.9. AP semi-universal }&. BT semi-universal j&iZ C RIEEDE
S L T unique 1@ E 50T TE WA (FAETHUL) up to wiggle
T unique TH 5. (V,0) DEFE DRI, RO EHD Y LD,

TR 44 ¢c> 0 ¥+ -THBTIE. M LOCREED sta-
bly embeddable EIEDETE semi-universal RIE, (V,0) DEFD scmi-
universal BED S wiggle 12X > TROLNS.

T, CR#ED stably embeddable ZD )/-.;,\@ semni-universal
AR TIUL., E3OMBEEFRRINL T LI

5. AT SEMI-UNIVERSAL BRI

CRAEED stably embeddable ZED AT semi-universal RO E
175 . BEREDET VIZ pewerseries-method (2 & B EESIRIED semi-
universal BEOHM (cf. [Kod]) THAH. £, deformation complex
EMHI I B BRI Eéa‘ép}*ﬁu%wr ZESWTIThbNLA, 22T, de
formation complex & i3 RO (1)-(4) D B R T REIR (W, d)
DL THA (1) pre-object (BHEEREDER OB EIIEFEE)
® perturbation % K OTETESN S| (2) FOUHETEHL K2 OTT



ELTRBSINS, (3) H'(K*) I3 1st order BILZEMA KT, (1) (235
WEL T) BROEFEENLRT A O obstruction (& 112(K*)
DILTRIN .

5.1. Deformation complex. C R#Ei#ED stably embeddable ZED
WAL, Ist order BIEZER L B ROETIEANIEET 5RO obstruction
DZEMUIRD L HI127 5

@Rl 5.1. (1) Ist order BIRZEM = Ker{H( ") Iy (TCN a1,
(2) obstruction DZEMH = I((‘,I‘{]]l(1\"(','/(:;7\7']\/) o (B 1)}
TIT, H iz 7CN 50 o (w(h(w)),. .., vl (0))) € D™ Iow

T%iézmSWL%L@A7FWﬁEHW5@%§T.
RD 2 §?51$ K \FBEL 72481K (K°, d) 25 C REEED stably em-

beddable O deformation complex (2% 5 .
0 0
] I
0 - HYTWCN ) B HY@™ 1) = 0
1] i b
0 — K°0=AUT) B AN B Al a™my) - 0
1o 1o 1o
0 =  ANNT) B ANy B AN @™ ) o 0
e 1 O L O
0 —  AMT) B ANy B AN @m0

¢8b \l«db J«(}b

T EREBLEOERANY FVE EIKL Ty H(Epy) = {u €
@U%M&U—M\idﬁﬁéaaﬁﬁ%%?
EBE ROGEIL, Ko OFEFRL DS .

#nRE 5.2.
(1) HYK®) ~ Ker{11'(T") B 11'(T'°C¥ 1))
(2) HA(I*) ~ Ker{ Il'(Nyjcv ) ™)

5.2. Homotopy formula. ¥FZZ (KD semi-universal IRHENRIL .
FBITIZEDS W TTONAH, ZORLEE SN BDIERD 3 DO
HELENOOERFZE/ VADOFMTH S (1) IFETT Y —ZEHAD
. (2) AERXDOERAOHE, (3) 0-HEXOBIEAE.



BOAEAR (I, d) WCBL TOERE (1)-(3) L ENL D/ IV ADEF
XKD L H 1G5 B, 72720, CRFICET BB/ VAL LT
(& Folland-Stein norm (cf. [I--S]) AT 5.

T 5.3. ¢g=1,2 KL T,
o Z,: [{7 = Ker d N K7,
o Q,:Kerdn K7 — K~!
BHEEL TREMAT !
(1) Zyu=u foru € Ker dN K7,
(2) dQqd = d.
TIE 5.4. TH 5.3 THONZ Z,, Q, \CHL TRD / )V L DOFFHEA 1+
Lb,
(1) (ay, by, c-y) € KM IZHL T,
o Zi(ay,by,c) = (a'l,b:],(:/_l),
® Ql(a.'l,b(’),(:'_l) = ((18,1)11)
ETAH. ZOLE, RO LD
lagllgsny < Cllaiflay < C el

(2) (ap,by,c0) € K 1KLL T,
o Zy(dg,byyeg) = (U;s[”l»(‘i)),
* (92((1’2,51’0(;) = (0'1’1{’(’;10[:1)
ETAH, ZDE I, ROFMAKY LD
lag ) + oo k) < Clballsy < C11ballry
EHOERIE, Aﬁ%T)?AW(d”CNl) Ay (NWCMM)(q_( )
K%?%Fﬁm&ﬁﬂﬂﬁﬁw,ﬁdmfﬁictﬁféé [45
M) . EBCFIET 2 [1EELANEN ] LIZRDbDEE
dimp M = 2n — 1 > 5 OJBE: (cf. [I-K], [F-S]) M EDIERIN
VHEE 2L T, 1§q§n—r’@$[§..fd"{7§ BhD
Jp: AY(E) - Ker O, 3N, : AYI(E) > AM(E)  s.t.
(1) DoVy =1 = p, (2) |[Noullk42) < Cllufln)
Z —(‘i Db _d;,&)g+é)gab L Tw5hb,
dmRM_jm%Awd [Koh], [B-G], [M3]) Q 3#EFm X KN
OEILVERBEE., £ 13 X EOERANZ PVERT, M = 09,
E=Epy PRNZLoTnbETE, TDESE, g=0,1I4L
Ty RN LD .
301 A%(E) - Ker OY7, IV AY(E) —» AY(E)  s.t.
(1) OpONy" = 4A°“dbab_.1-p““ d/V“Udb__l P
(2) 11V “ullkrz) < Cllullg, 10" ullpy < C Ihﬁ'U\hm <
Clluller)-
T, 0= 00, O) i= 0k L LTV B,

[



5.3. BF semi-universal RO (HXEWiEE L TOER).
semi-universal BROMERUZ . ROFELIIEIZES VT, NE- Nmnberg~
Spencer I X A ELSHIEKDEFD semi-universal TEORER % 70
ELThEN5.

EFN— A
WREEDOLEF C RHEED stably embeddable
R EEE ) B
¢ € AP TIOX) (¢, [, k)€ Kt = KO K10 gy 2!
RS EE m/A):‘*’ ) "
P(¢) =86 — 1,0l =0 (5o — R(B), 3 fo + 1), (h+k)o(fo+ 1))
= (](¢7 . ) H]\(d) f !‘)
= (0,0, 0)
n ,40'2(T1’°X) in K2:= K% q KW 20
RAREIHE AR
@/1(1) = ( ( ) fu( ) ,(Z))
1() G[qﬁ n—1) (t)’gﬁ(u-l)(t)] Q2ZZR] (d)‘” 1) (,) f(u 1) ( ), A:(“")(i))
770) jRFFRERSY D p KFFRER> -
::fx(T%\%ﬁ@%3E>h +th)o(fo+ )3 V OSSR
EaW (h1y ooy by ) & CR-function ky (A = 1,...,m,) DR ky €

HM((n@ﬂtcm5@m+ft®Am%§¢# hid, fy %
HLE T h fICET A Taylor REOERTH 2. fE-T., BEICIE
(h+k)o(fo+ f) e K*0 L3 b ownds, NE. Nirenberg- gpem(rp()w—
erseries method % #1795 BIZI3 Taylor REBOERIBE %> = L i3 7
WOT, semi-universal BRABROBIIZRIRRIZAEL 2. (ERGIEH
# HAp(M) — H®(B(c)) @TT{UI [Ad], [B- E] Th Ih(or(m A.l TRER S
NTwnsg,) 22T, H°°(B ) := {k € C( B IB _td/.—()}

Ry (o, f, k) \3IEBIEE /\’i’i's" QAR d),,( ) o =D(1) TENE
() D p RERERTE p— | REEREAERDL TS, [(1),
) IZOWTOHLREKTH 5.

5.4. BPE semi-universal RO (BT HIEDIEM). (d(1), f(1), k(1))
% 5.3 B OFRRIC X D RSN ETBEE T 5. 6(1), [(1) A% (Folland-
Stein norm \ZBIL T) WHT 2 & 2R F. (h(1) DI TS 20
25, CRMEED stably embeddable beb’k@zﬁ% 21 A(f) e A
vy, o(1), f(t) DYPCRMEDIERIZ, A(t) := m( Z({)l ”2( e L)

LA BERBEFH R T L) IR HIETITDR B,



ETFNT — A

?E?i‘%féi@%{ﬂ:ﬁ 7 C R#EED stably embeddable i
IR Nloullen (1) +HM“H)
<<(||[ =0(1), 60D (D) |lemr << Cllg D) - [0 ()] )
<< CJo" = Vle-s (1 H@‘“ Dlk(t) << 777
<< C"A(1)?
bL
(5.1) o(1) € A CT) [ty - 1d]]

Yo RHNBY S EATEL Y 3L o Twiud, 777 Ok

<< C'\Ia’J‘“””ll(k)(l)Hf“"‘”H(m)(t)
t\tcb\ AV EB @l (1), 1l (1) OERBGEFIICES 2 &
Tf}éi% 5.3 BITO (1), [(1), k(1)) € KM [[1, ... 14]] DHERE . 1

Mt (5.1) XY L2 L HITIEIET A C baliN ()/.%,’T—L’ﬁ semi-universal
BREBICEL ) RBICERSINTCREAL L4,

5.5. B sem1 universal ﬁ?@%ﬁi (BREMEAEROIBIE). 8y
&M (5.1) iX, (stably embeddable CIERRS 2\vy) CRAEED (wiggle
RFEETH) rﬁﬁfﬂ SOBETH, ZOAT semi- umve]sal TRAB R DIR
UM AR A R EMN &L L THbRL Tz (ol [AK2]). L
L. [Ak2] DHE L FA DG EL TI R REZ > TWwAh, [AK2] T
‘i\éw”(ﬂ—+@4)ﬂhﬁﬁ & ANT") P2 OB HEENH - T,
Foa DBAD (60D(1), f0mD(1), k(1) = (du(1), [u(1) OBIRIS
SINDEEER FANT )+ HAT'OCN a) Th B, i, e Dy
Bl EHERBEZT LI (,00), fu(1) &I ET O EBRAYEm
FLAWVEWVH I EERERL TS, EE. bundle homomorphism
2 BB, FHE 5.3 THIZL 2 homotopy TEFR 72, Q2 %
BIEL . MBS tEs 272 L TWwb XD % (o(t), f(1), k(1)) ZHERT
HIENTEAH.

5.6. ¢(1) N BT versal TH DI EDIERR. 5.3 BITO (¢(1), [(1). k(1))
ORERIEICHI > T, wiggle ¥ 52 5% ¢ fm],.. g DREIZEL TR

CHERTCE S, 22T, homotopy TEHE 7, Q) L ED/ VLD
S iRl oY (I

CNTEIOMBEASRRIN, BRSO 7 L1 (dimgV =20
BALEATLIET) BRETELI LIl 5.
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