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The classification problem for amenable C*-algebras

George A. Elliott

1. On considering the well known classification of amenable von Neumann algebras
([7], [26], [9], [8], [24]), it seems natural to ask whether an analogue of this exists in the

setting of C*-algebras.

The most naive form of this question, but perhaps also the most natural, is whether
the class of amenable von Neumann algebras (with separable predual) can just be replaced
by the class of (separable) amenable C*-algebras, — which are those which always generate

amenable von Neumann algebras ([8], [25]).

Since the invariant for amenable von Neumann algebras — the Connes-Takesaki flow
of weights ([9], [26]) — may perhaps be considered as being K-theoretical in nature (it
is based on the unitary equivalence classes of weights), it seems tempting to ask if K-
theoretical data (loosely speaking, data derived only from unitary equivalence classes of
elements of the algebra) are also sufficient to determine an amenable C*-algebra. There
is of course also the precedent of AF algebras — inductive limits of sequences of finite-
dimensional C*-algebras ([23], [10], (3], [14]). The question of going beyond this to other
inductive limits was raised soon afterwards by Effros in [11].

One notable consequence of a K-theoretical classification would be that an amenable
C*-algebra, not obviously arising from a certain elementary construction, such as that of
inductive limit of C*-algebras of type I, could be shown to arise in this way simply by
K-theoretical calculations. Such a calculation, for instance, would show that the irrational

rotation C*-algebra must be an inductive limit of finite direct sums of matrix algebras over



C(T). (That this obtains at the level of K-theory follows from [13], [30], and [28].) Perhaps
with such considerations in mind, Effros suggested in [11] and [12] that the irrational

rotation C*-algebra might be such an inductive limit.

2. Recently, the irrational rotation C*-algebra has been shown to have this form
([20]). Other amenable C*-algebras have also been shown to be inductive limits of C*-
algebras of type I, — the first two such results appearing simultaneously in [1] and in [29].

(Subsequent results were [27], [4], and [5]; these all preceded, and indeed led to, [20].)

3. Recently, also, extensions of the AF algebra classification have been obtained
([16], [18], [19]).

Roughly speaking, it seems to be possible to deal with matrix algebras over C(T)
in much the same way as with matrix algebras over C. In other words, it appears that
the methods used in the AF algebra classification theorem can be extended to classify
inductive limits of sequences of finite direct sums of matrix algebras over the commutative
C*-algebra C(T), in terms of K-theoretical invariants (which should now include the space
of traces).

The case that the inductive limit C*-algebra is of real rank zero ([6]), i.e., has the
property that each selfadjoint element can be approximated by one with finite spectrum,
was dealt with in [16]. This case includes, for example, the case that the inductive limit is
simple with unique trace ([2]).

The case that the inductive limit C*-algebra is simple and has K; equal to zero was
dealt with in [18]. (As pointed out by Thomsen, if the inductive limit has K; equal to
zero, it can be expressed as an inductive limit of finite direct sums of matrix algebras
over C([0,1]), rather than over C(T)); in the case of real rank zero it is easy to show that

such an inductive limit must be AF, and when the real rank is not zero, attention can be



concentrated on the properties of traces. intervals not presenting anything like the same
topological difficulties as circles.)

The case of general inductive limits of sums of matrix algebras over C(T) may, I
think, be expected to yield to the methods now available. One should expect to combine
the methods of [16], or rather. the substantial sharpening of these methods by Su in [31],
with the methods of [18]. In the simple case, this appears to work ([19]).

With T2 in place of T, on the other hand, the problem becomes much more difficult.

(An interesting case of this is dealt with in [21], using the result of [20].)

4. A satisfactory classification should also provide constructions of the algebras
considered. Ideally, one would perhaps hope for a natural construction, or functor, from
invariant to algebra. At the very least, there should exist an algebra homomorphism
corresponding to any given homomorphism at the level of the invariant.

If the requirement of functoriality is not imposed, then the present results would
appear to be satisfactory from the point of view of constructions beginning from the
invariant. An analysis of the automorphism group of an inductive limit of direct sums of
- matrix algebras over C(T), carried out in [22], yields in particular that the automorphism
group of the irrational rotation C*-algebra is an extension of a (topologically) simple Polish

group by the group GL(2,2).

5. The question also arises, once one has a complete invariant, whether the possi-
bilities that arise can be described in an intrinsic way. (This problem in the case of AF
algebras was solved in [13], in which dimension groups defined as inductive limits were
characterized abstractly.)

For the case of inductive limits of sequences of direct sums of matrix algebras over

C(T), assumed to be of real rank zero, such a description of the invariant was given in {17].



(It is an analogue of that given for dimension groups in [13], but for what may perhaps be

called graded dimension groups.)

If the assumption of real rank zero is dropped and one restricts to the simple case,

with K; = 0 and K of rank one, then a simple abstract description of the possibilities for

the invariant was given by Thomsen in [32]: the additional information necessary for the

classification given in [18] consists of an arbitrary (metrizable) simplex.
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Random Environment ICE8d 5 bW & AEE (nkxs)

§1. Extinction probability of Branching processes in randim environment
@¢,. % environment(y.{y, - BT 2% n HROBESHFEBKL L. {Z,,n> 1} 2B o itRoAOLT
%o environment { = {(;} BHZIMUEHEF L LTHEL. 0L E ROBEERLUTCR %,

P(Zn — 0asn — ool, Zo =1) = q(C),
P(Z, —0asn — oo|C, Zo = k) = q({)F,
a = E[g(O)]. |
ROBEFEEERELTBS,
1. Ellog¢(1)7] < Ellog(1)*]
2. E[-log(1 - ¢¢(0))] < o0

B 5 IZ. environment PEBOBFHIZ BT 5 Galton-Watson B CIX
Ik ::qu k: 1727”"

EBOTWBDEN € =logp,(l), F(8) = Ele™%] BNTHDLE, ROGEDSHENR T 5o
W (Grey- Zhunwei) WEW = T0, > 0 BdHok ¥ L,
F(8) =1, F'(8) < co

COLERDEDRD LD,

(a) liminfx_. k%°g; > 0,
(b) E[(1 - ¢c(0)5%] < 0o = g& = o(k™?), k — 00 0 < bp.

ZD&LIR, HENRERBREL. environmnent DEEE ST EEEEBOLBEMRE T SICRETE
BBHERETH S,

§2. Diffusion process in random environment

{W(z),z > 0} & {W(~z),z > 0} 23772 Brownian EHTHMAEZERTZdDOE L. ¢ ZEOD
BEBET 2. ZOLE BANCROBEBASHBRATES 5HEBRE Diffusion process in random
environment & A,

dX (1) = dB(t) — S(W'(X (1) - ~)dt, X(0) =0

BRI Kesten-Kozlov-Spiyzer DIBMEF N EELBRTVBo 0< £ < 1 DBAI, FRCHBE

BHBShhiz. MOBEDAROEIICHET 5 RRELHE Lk,



GL FEX EMOLEH
itk F—

Ginzburg Landau ( GL ) FEXRBEEBZEOREBEER TS EFILVELTEAZINL.
QCR ZBOOEERELDHEREAMLE L, KONEHAEEZS. (3,4) 2EHELT

(1) H(@,A)z/ {-1-{(hv—z'A)<I>|2+5—(1—|<1>|2)2}dm+/ L ot APdz

02 Z no 2
BAEL, @:0-—C AR RSB A>0andh>0 M5 A —F. & B
B, A BRBEONS FVRT VY yVESbbY. CORBMOBMEEEZ 5 (3, 4) 1%

TS BEERBICNIETS. —F, MEOME (A) ZERLIROABEED (1) O
mELTLELEHRDNS. ,

@) ’Ho(@)zfﬂ{—]};[V@lz+2(1—~lélz)2}dx.

INSOPBEEEEREIES (9,4), 2RO LHER (EHHER) HGL AENTHS.

(hV —iAP®+A(1—]8)@ =0 in 0,
ho®/0v —i(A-v)® =0 on 09,

3 _ -
®) rotrot A + 1h(®V® — @V®)/2 4 |®?A=0 in Q,
rotrot A =0 in Q°.
@ {MA@+M1—@ﬂ@=OinsL
0%/0v=0 on Of.

T, EXRMICHBIC U0 ERFERBREROFHESLZOMETHS. LHL, B4
HBEAILL o THWANARIENRBIVZIHOT—RINTRNERETIORELESTH
5. LOABRICBOTRAZED T BDIINFT A= PEB Q THEN, ELicEnLDd
QDWW THEBHARBRERPEHETETHAIN ?(EORLBEBICKABRIEETZD
DEVSTHEW . Fh, ) (4) EEHIHBRTZO0? HEBOEE & MESGHROERD
BEITNL OO DERIEONS.



Self-similar stable process ICD2\WT

Al 8 (BISAFEETEE)

self-similar process (ECHLIMERER) L&, B ZR0OBESAZHROT
THHEFEL LD XS AERERDOC L TH 5, Brown EFAHCHLEEZ - T
WRT ERELA Db LOI Tk, ENBHND Gauss & self-similar process TH %
fractional Brownian motion » 3T IC Kolmogorov (1940) L X > TEIREI LT3,
—75+ —IR®D self-similar process (& FEFREE & OEJEIC Lamperti (1961) K X >TE&
HALTERRMCEY LT oh, 20X 5 2EREREE. >hicERLkEhi2d 50
LRBEOBRC A>T do k. EFRILT N AKERKER ORI DK self-similar
TH5H] CeHRRENT.

ELREIC T, HEALEREENS WEE ., ERERototE (Fix
B, =z 7iEeigd:) ks, TRZETHofaxrhc BB k55b0T
Hhave, L2 LEZRBEOSBoUECRECHMERARENCRboTwwa T L
bEIbhTWw3, 2O T, Brown EHE)<$ fractional Brownian motion & B o {1k
DIEIC, 537 & LTOWHE, Gauss &, EFHIEEFF>-TnwD, 2T T, Thbd
B/ 7RE LT, HEMHLIE L EEMSET 7 XM oWE. BESTW ( Gauss
BREBUENI FADBH) THEC LR RE LRI TR eELb Ll LB
br Yy, FECELATREN TS,

COFEBETH, TO77RCOWTELEREEHE OB /R EZPOKC, BT
Z & %J'Zﬁ&fto

1. self-similar stable process BFET 57%2DHD, ENETHDATF A — 2 IcBHF
% 512\%‘#5}%14%

2. linear fractioanl! stable motion &FEIEN S 7 T XD NV,
3. harmonizable fractional stable motion ¢FFIEN % 7 7 XD nTo

4. ThbofI%l, JEFR%EE, 2hoD 7 7 20H 3EFEMST. %D,



AR ERIEECR & R MRE
(LRKFER, 1993.5.12)

AR - B (k) b =HE

1. @i, HREAR(V-—<rE)RISZohhiE, 20 LO0FRERE$HS
K HX(R) WikE 5. H®(R) BARRA T C % (Banach B) it > T 3. =2
T, I, CRE Ho(R) DS Y —< Vil RIVREBNEIDEEZS.

ROEEDY —< v EOELE, CREE LT, REOFHEUBEHAK M(R) 2 1h
i3, M(R) OR¥#EEIL RER®DS. i, ROVRY —< vEAOIE, CREELT, RE
DIERIBE#H L& A(R) 2 AN, AR) OREMET RERDB. Zh o, L<Hamsh
T3 ([1]).

CREELELT, H®(R)2ZZ A LEIEWULERHAEZRS ILODOEENSLEICNS.
(1) BREWERES V- VORETHEEESERTHNS &)1, ERIEABEEIIAN

BIGENER SIS EANCHRLRS 2 &035 5.

(2) Myrberg BBl % : BABMR ED 2 EO#HEE RT, H®(R) DEAMHAMKR O &
FENCRAZ DD B, KO, V-~ VEALORNLDZ ZHp, ¢DEHTER
ERIBIHEANF— 75 Taylor B ZF D2 ENPRIDES.

RD Royden DEEAES &, COXIURFIE—RMELTHR I ENTE S,

[EH] —H&IC A% REOTERIBEHNSHAHAGERT, EHUNDILEATNE HOD
E95. ZDEE, BAHIE AICB T 5 RD Royden’s resolution EFEREZADY —< v
W RT UTOZHEEZFODHONH Y, EAREEZROT—EICRE 5:

(a) MRHTE5 M4 : R— Re, REOEAIBSHRANH T, Aog =4, _

(b) ARRDREFHALGMT 2 : PR SUBE~ W[ HIIEE ENH->T, RORIES
ZRp, giH U, BES € ANH - T, f(p) # fa)-

(c) RIZHE (a), (b) ZHWicT bODH> BbBKTHAS.

ZO¥EY —< VERE, BRGICE, AZBEHEE UTHRIERT S L TESH
5. ALUTH®(R) 28X 5 &, A= H®(R) L1015 LHF vy "RO—EHid SR
N5 -7, HO(R) DBAFERE UTREZEZADPRWEEDMS.

PUEORGED S &I, RBEMERRO LI IS0 5.

[RIZFEE] He(R) & HP(R) BRETZ O—HHEHEBLNOTEEL LTS
WO, V—< VHERERIIEARMEN

BHRSEICEBIOMBRELLWI ENGh-> T3
(a) R, ROV FEERO & &, RIBMEIZKY LD, (Chevalley-Kakutani, cf. [2])

(b) REW, BER SDEHBBEHTHLI N NEEDHTERELBZLOVEET S
Had, AERMENKD L.



COFBHETOFHERIT, BEL &g, AEMER BRI LENWI E5RT
Eicdh B, FHOETHRNRS &,

[BE 1] ROWEESDY —< Vi ROFEET 5. Rid bi-disc A? = {(z,w) € C?:
2] < 1, |w| <1} O (BR)I KEBIEHETH Y, REOEFOFREABEEHIZALD
BEREBHIC—EWICIIRIN 3. 2, H2(R) i3 H*(A?) & C ft# (Banach ) &
LTHENCE 3.

A DEED 1 RITGEF LR RICOWT, ROEMBEOA? LADHRIIE - TS
50, —EHTREIRETL. AREMBBOELBIE—BICIITEL ([3:7.5.3]). i,
—BEL-RICEEVIALLT. T, THER] E0I I EPLORBTRYEETH
5.

2. RO, RIS, EHOEMI {ra}ol, Tro /1EBBZH0 (EETLD) %
BELUTERS. IS, BAREOI {Na}3l, 282 5. & Nold+RE (B P EGKE
IKRUTOBBROFTEDS.

E3)
En={ank:k=0,...,No}, ang = rpe?™*/Nn
E= D E,
Vzr{l(j:w)EAZ:zEEoerE}.
EBL.

CFR 1IN EHSKRELTEEV LOFREAMBEHIIA? OB RERBRIC—EN
IKIREh 5.

CHd fe HX(V) iZ{ LT,

f(ank, ant)

k= 2)(an — w)

AankAanly Aank = apk — Qn k—1-

1 Ny
(2) Snf(zw) = (2m1)? 2 (an

k,l=1

EBLE, SuflT A ={(2,w) € C?: |z| <7p, Jw| <r,} TEAITHS. BEiZ, S, f— F
BA?ETIRE~BIEL, |fllo = [|Flloo bRE 5. IRO—EHIZ - OBETHE SN
3.

VEREXEIBTAETRELTWAENBEAROTELSTHS. TNS5DKESE
smooth IZEE U T RZEL 5.



ZhiTi,
ha(z)= [[ (z=a),  Hun(z,w) = hn(2)ha(w).

ackE,
EBE, 51, NSVLEHDF {6,} #HD

51 62 5n
H _ L
(z,w) N Y

EBL Thid A? TICR 2 HHEEBHTH B,

Fik 2 R={(z,w) € A?: 1= H(z,w)} &£BL. #HS, #+B/NEEEE, R B
OFRERBRIE A’ LOFREABEEI—FEMICHEEREING.
Z ORI,
b9 b3 b4

H,.=§ —
1 1+H2+H253+H3H4+

s b
(Hy — 61)Hy = 63 + 7, + T, 1,

LEEXWZT, 61,6,... ZIRITHA/PNELELS &, BRIGESIIFE RO VIC (M)
BB EDOHETES. ERICHE, FR 1 OEHZBIELTHEIDS.

Plhicky, 8 1 nahik. AEMEIRENTHS I ERROFEEFELTE
Gichbhs.

Fact([3;7.3.3 Corollary]) ¢ &% bi-disc A? D& ZHEHH O EANO——ERIEHT 5
L, 1, d2 ZEEAIEFHK LD Mobius £#& LT

¢(z,w) = ($1(2), $2(w)) or d(z,w) = ($1(w), 42(2))

2N 3.

HETEHMNT D -7, & TR UFIZER LT, S0 MREPHERAREIC
bEEWRRERBEZ TS, £, an+rHEORMICHE - T3S, (V—< VEICHE
UTan+RMEDRHNIE B. Cole itk D ERAICIESNTZ. ) & 5iCiE, Royden’s resolution
DEERTAL AN INERTHAINEZ B ENTEL I LG >TN3B.
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BN SR DY — ¥ BiconT
HEHEZ

F % n ROBERFE, B 2 F LONTERT
B b} Rz Mz(R)T x H" ™", r>0

¥H72TdDETSH, 2212 H 13 Hamilton quaternion algebra %%, Q OREWH
aQ »s Cor~oRil% fix L, H = Gal(Q/F) &8, zor¥x, Gal(Q/Q)/H
i F 25 R oh~oREEZLKE ., f#toTE/ F @ archimedean places &L b[H
—#ahd, Q % B »° split 32 archimedean places &5 55 Gal(Q/Q)/H @
subset £ 5%, H' = {g € Gal(Q/Q) | 90 = Q} &B&, F' 2 H oEgEktLT
B, 20k E F i3 F o reflex field LI Q £ T, cq7(z), 2 € F TEHRENS,
G = Resp/q(B>) 2k ) B* 05 Q LofE#HZET. G O adele 1bE G4, G4 @
finite part # G4, £7°<. G4, ® open compact subgroup K (T LT, F' bgggan
TEN SRk Sk BEZ B Sk @ F' L0 zeta B Z(s, Sk /F') & Langlands 12& h ¥k
FEENTWT, 20 main part & [I; L(s, 7, 7)™ ©52 605, 22w G4 @
AHRE® automorphic representations ® L%#ED, m(r, K) € Z, ry i G ® L-group
L@ = GL(2,C)" x Gal(Q/Q) » 2"[F' : Q] KEHTH %,

Carayol & Taylor l2X 9. Z(s, Sk /F") OFRIIHNS 7 2 LT, Gal(Q/F) @
2 X5T® \— adic representation oy #H Y. L(s,m, 7o) = L(s,0)) DPBILT 5 LA
HBRTWD, 222 79 & LG @ standard % 2n KEEHEET. —H. Z(s, Sk /F') &,
Sy o f-adic etale cohomology groups I281F 23 Gal(Q/F') 0EHUIL Y EHESBH LD
Thbo COTZENDL, H=Gal(Q/F) o&H»s. H = Gal(Q/F') 0FFEHERT 5—
AR B OTI VR, BIEHENS,

WECHET H 0FH o 0 H oFF 7 2T 5 5E23HAL, ZoBETELR
721 % @ondZ o kA<, Kz,

(1) L(s,03) = L(s, , 7o)
b,
(2) L(s, @QInngO)\) = L(s,m,71)

PAEBRMED Euler factors # W TBLNBLI L3R LY, CHTLOENPESRLENS, B
\Z. Carayol & Taylor O#REH V2L, (2) 132 T® Euler factors 120V THY)ILDZ
Edbirh, TORRIZEY, Z(s, S5k /F') #5% % Langlands OAKD, (HETOBIEDHR
12) bad factors oW THHKY DT L #5507,



FEOEHHTEAN L RICHEHETEK

wmE ®Z (RTK-H - -BHBEHR)

e &% R" HoBM#EEHE L, « HORE Tt) PROEOEGHFHERXNICHE > TH

WTW3 &7 3.

=72 L, alx) >0, d(x) >0, b(x) BEZSNEZHE, «x) BLU vix) &%
hzh 7(t) OFHHMBEBITCEMERRZ ML, V) BFEOERAMA O EE,
n(x) I 20 OBNERRIIVTHS. COBHFBEA B OP2BEORIGERAFR
KON EBEOHZXZ2E R T2ABX L LTELNEZDLOT, RED 20 L E
BEicELEBS, ZOMBECEREIR, MEKKRFLTERENCERL T LK
FEROLDLTWS. KT, alx) =1, blx) =0, d(x) =1 OBAEB VLY 5FY
MEHRTH D

FBIELTWaRE (Thbbd V=0 2FREBLERzLRRLEI. EER
HORLPOHRELEMOREN ZOETEELREEZLE, CORERBRE
ETHDHENDI. FBETREY., EERABEBOEOLIVITLOFEAZREI/LLT S
Cei&oTHBOoNDE (ECHE) FHROBABEREOFEE2HARS L ICE
5T, RADEERSRETESILERT. KK, WANSAZRED b L TE
HEREAOEZELHZAN, REREHATRXOEEROLZEL L EBEBLEZHERESHD
Mo kERYT. X561, REAOEHABRRLESEEARRC, M bEMUL
FHEEBRONZ L E2EET 3.



Self-Avoiding Walk in Five or More Dimensions *

L‘;‘i K
WL TSRS HRES OB

e-mail: hara@ap.titech.ac.jp

Abstract

Self-Avoiding Walk (SAW) &157 @ Z¢4 = {(a),09.... 0a)lr; € Zhor j = 1,2,....d} %, & RFEEHH
F. 27 OFTE site LE)o TOLET [EEn] @ (HiEH) sclf-avoiding walk (BUFISLT SAW) ki3,

1. (n+1) D site DF w = (w(0),w(l)....,w(n)), wl(i)eZ? T,
Nw@ —w(i+)|lz2=1fori=0.1,...,n -1 (REHEOEMHE) RT
wii)#Fw()for0<i<j<n (HOHEBEDEM) zH#HlTd0
2BV UT. BE3nDSAWT, ¢+ 2B LT y THDLEIDID (2F 1) w(0) = a2,w(n) =y %dd0) Okt
Qal,y) s QUa,y) =Uu(ey) s B () = U Qu(0,y) &F < Tz, ,l(O) DEFOHK (DFNEE 0 0
SAW O8) % v 2,(0) LO-FRUELODWTOVHE (), TET (), = Z () o Bic, wDES

tn WED L (0)

N

©

% Iu)‘ ’63?'3—0

E:bL, Lo3FHOLME (ACEEE) SETIE, IR simple random walk E SR TWEL0OTHH, F
D&Y BEERELL B EFOMETHEC S EEoTLE ), ZHBIRET LI, TARKEEIRLSHE
ERELEAENITA LI L D BESESICIETVI TR Y, DTFICBEL RS (BRARELNRTH S 3 04

PELma) BHEETELATWED W3 EHTHESL S

HEAMGER: 48, BEIELZVWOEMDTOL D 2 EHLEBTHS
1. n-step SAW O c, i n EHICEIREBE) 7

2. n-step SAW Ol & Hlid P L TED L DV T 20 55 T8I AL & 3T 0 T3 5l i (||w(n)3)
o LRICERBHED A ?

3. (ERICEW) SAWOSEKIRED L) RHAmRNICHE ) 27

R[4, 5] ¢ XTEASHUE (d>5) DZIDSAW it LT, TFHEYT5 :
1. en~ Ag{pa)”

2. (2 ~ Dyn

*JRE AP HFAEREA TR, 19934H6H8H



3.

BRI AT — VT3 E BESMEAD SAW 042fkiE Brown JEEICIGK. &0 AEMCE 1 [0.1] 225 RO~
DEBEBOAEE C0.1] L, ES n OSAW w 205 (%% /i, K% TRI5~1LT) . R
PO XM e C4[0,1] %

w(m) + s{wlim + 1) — w(m)}

X = = m=|t/n], s=t-m (1)
DEICEETHE, ALED Cy[0,1] LOMHEAL f 23 LT,
jim (s0x0) = [ rarvs, .

DPHLe T dWp &id Cy[R] EOEHEH D @ Wiener Measure TH 5o

FT Ay, Dy, g WX & B EHT, Dy FIEHOER. pa & connective constant ERENRTn5,

BRWEE . g = lia—oo(cn)/" OEERTD g OFLER cn 2 (pa)” OTFREIIC, 19574 Hammersley
[2] 5RLTWD, THEEMAV ERICDOW TR, 19644 Kesten [3] 1245 ¢ (,u.d){”'*‘O("Z/(‘Hml"g m}

u%\

BHEAEOEREE, oz VoTH v,
Lo L, ZOMichEEE, LFEEIC L DA RIBIFER DR,
Cp ™~ fld(/ld)n "7‘7'1‘1» (‘i ~ Dd "’2‘/‘1 (3)
43/32  (d=2) 3/ (d=2)
va=1{ 1162.. (d=3) , 7a={ 0.58.. (d=3) (4)
1 (d>4) 12 (d>4)

BAELECERT (270, d=4 Tl o0 ~ ()" (Jogn)/* DL ITHBHMESD L) 7255 LHETRTAR
XNTWD, FROFHIEAZ-IFICVI L d> 4 DS = HEFICHER L-BICY -5,

FRADHEICDOWT :

SBT3 Brydges & Spencer (& D BASE [1] &7 lace expansion DJjik%E A%, lace expansion 2 1
B Gp(e,y) = Zwemw’y)pl“’l (p 8T 2 =% =) LOVWTDO--FED self-consistent 2HEXELG 25, Th#
3L (LB &Y. MOMEED TLHAND) BlLE ), T, Gplay) = X, cnp” OBE, VT cp ©
DHYODUERHELLMAILFETELDOTHE, FLLBERL (4. 5] B

SENR :

1.
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(1985) 125-148
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642-645
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T. Hara and G. Slade: Self-avoiding walk in five or more dimensions. I. The critical behaviour. Commun.

Math. Phys. 147 (1992) 101-136

T. Hara and G. Slade: The lace expansion for self-avoiding walk in five or more dimensions. Rev. Math.
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R A B3R B PR 1L S

/1780 F AN Kin Wilfew 1R &9 Chem - Simons gwg&%@&%’
RIF2< BRAZFEA 2 AL B o~ JZ°B z4t, %o 4 alik
T, RE LT IR, BIB o la PIR <0 1] 3/ cn
P8 i 0 BAG p ik 3T 3R, X0 C1% Jorea 13F D Y2 DaRkichE
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Boundary cohomology of locally symmetric varieties

Steven Zucker

In my talk, I reported on the geometric aspects of “Boundary cohomology of
Shimura varieties, I: Coherent cohomology on toroidal compactifications” (Annales
ENS, to appear), the first of a series of articles written jointly with Michael Harris.

To state the main result, we must introduce a lot of notation. Let G be a semi-
simple algebraic group defined over @, D the symmetric space of non-compact
type associated to G(R) qua Lie group, I' an arithmetic subgroup of G(Q), and
M = T'\D. We assume henceforth that D is Hermitian, so that M is a complex
quasi-projective variety, as shown in the work of Baily and Borel.

Let P be a maximal Q-parabolic subgroup of G, and Mp the associated bound-
ary stratum in the Baily-Borel compactification. Associated to I'p\Dp is a tower
of spaces

1) Mp 3 Ap T Mp,

in which the fibers of 7; are abelian varieties (so m; is proper); w2 is a principal
algebraic torus bundle, with fiber Tp coming from the center of the unipotent
radical of P. A certain discrete group I'y p acts on the tower; it acts freely on M’
(with Ty, p\M%p = Tp\Dp), trivially on Mp, and horribly on Ap (unless Ty p is
trivial).

Let Tp C Tp,x be a Iy p-equivariant smooth torus embedding; then put

/ — I T
MP,E —-Mp X PTP,27

a Tpx bundle over Ap. As P varies, the above gives the “building blocks” for
constructing a smooth toroidal compactification Mof M.

Next, let Z; = M’ 5, — M’ be the divisor at infinity in Mp s, Z2 a Ty p- and
Tg-invariant neighborhood of Z; (T here denotes the maximal compact subgroup
of Tp), and Z3 = Z, — Z; (a deleted neighborhood). .

Let F denote the canonical extension to Mfp 5 (later, also to M) of an auto-
morphic vector bundie F on A%, which is always of the form 75& for some vector
bundle £ on Ap. We recall that a 8-closed (0, k)-form 5 on M with values in F, hav-
ing moderate growth at infinity (like an automorphic form), defines a cohomology
class in H ’“(2\7 F ). Let 7[n] be its restriction in

2) H*(Te,p\21, Fl) = HE, (21, F));
and 7p its constant term on I'p\D, which has a restriction to Z2 (by reduction

theory). We compute the cohomology groups in (2), not only for Z; but also for
Z3 and Z3, and proceed to show that there are compatible projections

H*(Te,p\Z;, F) = HE, (AP, £).
(an isomorphism when j = 1).
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Theorem. r[n] and [np] have the same image in Hf, ,(Ap,E).

This is the algebraic analogue of the (easier) topological result for de Rham coho-
mology.

To prove it, we had to make a systematic study of differential forms on the real
quotients of torus embeddings, and how it pertains to (1). As a final remark, we
note that one can write

HE, .(Ap,€) = D HE 1(Mp, RY(m1).£), .,
q

for the Leray spectral sequence is, as in the topological case, canonically split.
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REGULARITY IN TIME OF SOLUTIONS TO
NONLINEAR SCHRODINGER EQUATIONS

NAKAO HAvAasHI

Department of Mathematics, Faculty of Engineering
Gunma University, Kiryu 376, Japan

This is the joint work with Prof. K.Kato (Department of Mathematics, Faculty of
Science, Osaka University, Toyonaka 560 Japan).

We consider the regularity of solutions to nonlinear Schrédinger equations of the
form

1) { iOu+ tAu=F(u,2), (t,z) e RxR",

U(O) =¢, z€R"

where F is a polynomial of degree p with complex coefficients. We prove that if the
initial function ¢ is in some Gevrey class, then there exists a positive constant T' such
that the solution u of (1) is in the Gevrey class of the same order as in the initial
data in time variable ¢t € [T, T]\0. In particular we show that if the initial function
¢ has an analytic continuation on the complex domain 'y, 4, = {z € C™*;2; = z; +
iyj, —00 < z; < +00, —A; — (tana)|z;| < y; < A2+ (tana)|z;|,j =1,2,--- ,n, 43 >
0}, where 0 < @ = sin™ 4; < 7/2 and 0 < 4; < 1, then there exist positive constant
T and 8 such that the solution u of (1) is analytic in time variable ¢ € [T, 7]\0 and
has an analytic continuation on {zp =t + i7; |argz| < f < 7/2,|t| < T}, where

V24, 24,

sin 3 < min ,
g {1+\/§A1 34; + v2e(1+ R)

}

when |z| < R.
For the proof, see [1]

1. N.Hayashi and K.Kato, Regularity in time of solutions to nonlinear Schrédinger
equations, to appear in J. Funct. Anal..



EVERSION OF THE CUBOCTAHEDRON

FrRANGOIS APERY

The first polyhedral eversion of the sphere has been constructed by B. Morin using
a sequence of elementary moves to deform a polyhedron with twelve vertices. Here, we
want to construct another version of such a polyhedral sphere eversion defined by only
two steps, namely the first one, the so-called polyhedral gastrula, and the middle one,
the so-called polyhedral halfway model. The eversion is obtained by linear interpolation
between vertices of the first step and the middle step, and by a symmetry property. Here
is the result:

f
Theorem 1. There exist a polyhedron C and a homotopy C x [—1,1] — R? where C is
defined by a twelve vertices triangulation of the sphere, such that:

(1) ft = f(-,t) is locally one-to-one, and affine in restriction to each face of C, for
all t € 0,1],
(i%) f(=,-) is affine in restriction to [0,1], for all z € C,
(iii) fi1 is an embedding (one-to-one),
(iv) there exists a symmetry o with respect to a plane, such that

fot=pofiooop™t Wte[-1,1],

where p denotes the rotation of angle 7 /2 around the vertical axis 0Z.

The polyhedron C is a cuboctahedron where the square faces have been appropriately
divided into two triangles in such a way to add an equatorial square, and two orthogonal
edges on the polar squares. The halfway step is the same as in the polyhedral Morin’s
eversion, and the starting step is given by a polyhedral version of the embbedding of the
sphere, known as gastrula in embryology, where the north hemisphere is pushed inside the
south one, while the equatorial circle is shrinked. Provided with this eversion, we are able
to prove the following transversality result.

Theorem 2. The foregoing polyhedral eversion f is transversal except for eleven values of
t at which the transition is generic. Using polyhedral versions of the six generic transitions,
we are lead to the following sequence:

Do(DoDo)(DoDo)(THT*)(D;D:)(D;D;D,QD;D;)
(D1 D1)(T~T™)(D2D3)(D2D3)Ds.

Parenthesis indicate that the corresponding generic transitions occur simultaneously.
Notation are those introduced in ”An algebraic halfway model for the eversion of the
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sphere”, Téhoku Math. J. Vol.44 (1992), 103-150. Notice that it is possible to smooth
the foregoing eversion by a standard procedure, and, thanks to the infinitely many extra
degrees of freedom so obtained, we can easily simplify the sequence of generic transitions,
so that it becomes:

Do(DeDo)(TTT)(D;:D:D:QD; D )(T™T7)(D2D2)Ds.
During the previous simplification, the double surface (immersed in R*) of the eversion did
not topologically change, as we can check by computing its Euler characteristic, according

to Morse theory:
X=5—-94+5=3-5+4+3=1.

F.S.T., F-68093 Mulhouse Cédex, France.
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The effect of anisotropic growth speed of an interface on
pattern formation during the growth of crystals

Etsuro Yokoyama
Faculty of Computer Science and Systems Engineering,
Kyushu Institute of Technology

The formation of patterns in crystal growth is a free-boundary
problem in which the interface that separates the crystal from a nutrient
phase moves under the influence of nonequilibrium conditions. The
local growth speed of an interface can be determined by solving the
diffusion equations that take into account both a diffusion process for
the transport of latent heat and/or solute liberated at the interface, and
an interface kinetic process for transformation of an amorphous phase
into a crystalline phase at the interface at a rate determined by the
deviation from local equilibrium conditions, which depend on interface
curvature and surface tension.

In this study, first, we examine by numerical methods the
influence of sinusoidal anisotropies of surface tension and interface
kinetics having fourfold symmetry on the formation or suppression of
corners of a two-dimensional crystal, starting from a crystal of circular
shape, under conditions such that the growth is governed only by
interface kinetics processes. Our results display many of the features
derived from general consideration by Angenet and Gurtin (1989).
Second, we show the severe anisotropy of interface kinetics, for which
the kinetic coefficient has singularities in the form of deep cusps, plays a
very important role in the formation of polyhedral features in the
absence of surface tension, such as for snow crystals, for which the
growth is controlled by both the transport process through air toward
the crystal surface and the interface kinetic process for incorporating
molecules into a crystal lattice. Finally, we present the update
numerical model for time evolution of an interface that accounts for the
transport of energy through bulk phases, and anisotropic interface
kinetics and surface tension.
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BouUNDED, GLOBAL SOLUTIONS OF A HARAUX-WEISSLER EQUATION
AND THEIR LARGE TIME BEHAVIOUR

BY
CrLaus DOHMEN

We consider the qualitative behaviour of solutions of a generalized Haraux-Weissler equation with
m>0,p>1,and v € {-1,0,1}:

Zn ]-\’—,}lV’ + B9V + aU+9UP~0 =0 in RY,

(Py) Vi=U"W, >0, om-1)+28=1,
V'(0) = 0, V() =a > 0.
An equation of this type arises when radial, selfsimilar solutions
w(e,t) = 7°UM), 0= lah~”,
of the porous medium equation with reaction term —
(PME) ug — A(Ju|™ tu) = g [uflu in RN x (0,T),
— are studied. In this case the parameters «, f are given by

o = 1 ﬁ"‘ pP—m
T p-1 T 2p-1)

In case v = 0 the parameters are only subject to the condition
alm~— 1)+ 208 = 1,

which means that there is a one parameter family of values admissable for selfsimilar solutions. This
corresponds to a scaling invariance: If U is a solution, so is Ux(n) := A~2U(A™~1p) for all A > 0. Hence
we can normalize V(0) = 1 and vary k. This scaling invariance is no longer true in case v # 0, but

nevertheless in this paper we want to consider o and f as parameters subject only to this condition.

There is a vaste literature on nonnegative solutions to (Py) , as in many models these are of spe-
cial interest. But in recent years scientists became also interested in solutions with sign changes.
Selfsimilar solutions, however, can be used to describe the large time asymptotics of general solutions of
the Cauchy-Problem with initial data of nonzero mass (see [KV]): Roughly speaking, if m > QY_:&_?E and
the initial data ug have nonzero mass and, if m > 1, compact support, then the solution of the Cauchy-
problem converges uniformly in RY to the nonnegative selfsimilar solution — known as the Barenblatt-
solution — with the same mass. Please note that no sign restriction is imposed on ug.

Typeset by AMS-TeX



2

Similar results are conjectured — and in parts already proved, see [HV], [BHV] and [KV] - also in case
of initial data with zero mass; this asymptotics being described by selfsimilar solutions with sign changes.

In this paper we establish an existence and uniqueness result and describe the possible large time

behaviour of solutions of (Py). It turns out that this can be done in terms of

L= n&rgo 7*U(n).

This problem is already solved for two special cases of (P,) , namely v = 0 and v # 0, but m = 1. The
first case was considered in [BHV], [D1] and [H]:

In the singular case m < 1 and the linear case m = 1 existence and uniqueness of global, classical solutions
can easily derived by energy methods, whereas in the degenerate case m > 1 the solution U is in genefal
only continuous. Hulshof in [H] showed that the appropriate concept of solution is

UeCl(RY), V € CL.(R"), UV’ absolutely continuous.

As absolute continuity in one dimension is equivalent to the L!-property of the derivative, this means U’,
V" € L}, (R*) and the differential equation is satisfied in a weak sense with test functions in L{2 (R*).
Sign changes for U occur, if and only if V' is not zero at a point where U vanishes. If V' = 0 at such a
point, the solution has to be continued by the zero function.
Within this class Hulshof was able to establish an existence and uniqueness result for solutions of (F).
In case 7 # 0 only the semilinear case m = 1 has been considered. Among other results Haraux and
Weissler in [HW] proved existence and uniqueness of classical, global solutions. The limit L always exists
and is finite; if L = 0, then the solution decays exponentially.
Haraux and Weissler only dealt with the case of a forcing term v = 1, but this particular result can easily
be carried over to the case vy = —1.
In the degenerate case m > 1 with v = —1 Peletier and Terman ([PT]) obtained existence of a nonnega-
tive solution of (P,) with compact support, if p € (m,m + % ). This solution gives rise to a very singular
solution of (PM E), i.e. a solution more singular than the fundamental solutions. Their approach can
not be carried over to solutions with sign changes. Also the problem of determining the general large

time behaviour was left open.

Summarizing the known results, it seems that the reaction term 7|U|P~!U has no qualitative in-

fluence on the large time behaviour of /. This is true indeed for a wide parameter range:

Theorem :
Let m > 0, p > 1 and as + v|s{?~1s > 0 for all s € (0,U(0)]. Then there exists a unique solution V of
(Py), i.e. afunction U satisfying ‘

UeCl(RY), VeCL(R'), UV’ absolutely continuous,

which solves the differential equation in a weak sense with test functions in L2 (IR*). Moreover L always
exists and is finite. If L = 0, then the large time behaviour of V is as follows:
(i) If m > 1, then V has compact support.



(ii) f m = 1, then V decays exponentially.

(iii) f m < 1, then i V(n) < C and in case of finitely many zeroes V converges to this constant.

Sketch of the proof:
To prove existence, rewrite the equation as

Vi=W
W = I—V—n:-l-W-(a——BN)U--yUP
V() =a,  W(0) = 0.

Classical methods yield a local solution, which can be extended to a global one in view of the energy
estimate

U(n)
- {%tw(n)mm / (as+7s”)381’“’1d5} <o

Uniqueness in case m < 1 is clear, for the other cases it is a by-product of the classification result.
This classification is done by an analysis of the phase plane in terms of t = lnn and

10 = 1EV@), o) = FO - o0, fm<l,

ﬂV'(ﬂ) 2 l-m :
z(t) 1= t) == p*|U , ifm> 1.
®) V) y(@) = n*|U(n)l
These transformations were already used by Hulshof e.al. to classify the solutions of (P,) with y = 0, see
[BHV], [D1] and [HV]. The results obtained there are stronger than the ones obtained here, as in case
v = 0 the transformations yield autonomous systems.
For details we would like to refer to [D2].
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* F=T (x) 22060895, HRESK F=0 BT LEMNZ ENEFORKEDEAA LU
LTRiFnERESRN, ZOZEEC OMITESGLETEZREESRAN?
* VZOEC OO TEREINMTIES ET 5, PO C©{x] (x= (x.,..., x.))
DILDDIETYV LOODEHFTOERDbODORKE ] ETHE, ZhidC (xIDAFT7NVERS,
FRE O=C {x}/] BQVLEOILHIKKDOHEDRTREARBIND, X1,..., X (D) TR
NB0D1FT7ImiE, ODHE—DDRERA TTINVTH B, ETAFITHL T, FIV=0DE AT
tEflzELsZE%Z, vI(F)=suplp: FEM® =t &RBIEEEXD (FOLKRERZZE ] DT,
THELT Taylor BHAKESHFRFOLRBEERH T2 ELEZORKMMNL) . vI(F)&E, FOV
ETOO0RBIAMEEND, FZT deg F & v (F) 2Ukd s, 202D v (F) O
deg T ICHHT2BKRMEEERTS :

v, o=1im~SUDgeg e suptlog v (F)log deg F}

1. ([2]) VZERTIERCTHENEL, VORGIHEV  2FOR/NADIREBINIESZ [Vl &T5
&, av, o=din [Vol Zdimn Vo, (21) &iz5,

FUL [Vl O Hilbert BB EVD Samue! BWEZEBARDETIS, av. o=00 &30 | T
AL L7z ngilldds s (LIHIE) .

e
G
R

. ({11, [2]) LogEEEUCLHETT. KIFEETH S,
(i) VIOMREUEE S OTIOBLIRS Th 5.
(i) a>0MHoT. EEOFIZHLT, adeg F=v (F). (iil) av o=l

INKEE->Tav. ZVOORBILBBMBEMATHILDONIRNTHAI. 55D
(1) = (1) OFEWHITZWAAESHEL W, BINRERRS 2T THSB, (i)=>(i1) ZaW,
(i) =M1 hskFEBiIcis,
* y=xexp x DY 5T DR} hH%Lmu&mzrﬁéo_mME%w%mmwﬁbﬁﬁmm
T s —F N S MANS., TOHERIBHT S ERO—BIENREBLND,

m. ([3]) > 2 g expriyk

Pl = Wy L =AY

(ley 82, €C K G=(x0,..., %)) ; deg [,=1) 2RO ETAMHFES OO TSSO I

@ :Cm—> V. . CC" PEERTRFBOMERBMNELS (V. N0 DBROMITHWEHE THs &
9B, SiEdimcx{@@Difl“}“.u+@Difs} D, =d/x:) EBL &, v, :=max s;+1 &5,

* WMAZFOEETIIMENTERY y=x2exp x* OFTF 7D, FAKBTIHBHTH2ThHD
ZEDNDHND, aMTETHBREDDHo &EBRNHIRME?

*  PEEXBONEFEEEER TREREERH KL o TS, LB Schwarz @
femma &, IEIIREORIKIE &b BEGRNRGEW. (of. [1])

(1] Increase, convergence and vanishing of functions along a Moishezon space.
J.Math. Kyoto Univ. 32, 245-258 (1992). [2] A criterion of algebraicity of analytic set
germs.  Proc. ). Acad. 68, 307-309 (1992). [3] Transcendental order of sel germs
parametrized by ratios of exponential polynomials. in preparation.



On state constraint problem for 1st order PDEs

it R (FERE - BER)

1. &

RD X 5 % Bellman FERX#E X %,
) max{a(o) - (gle,), Du(e)) - f(w, )} =0 € 9
BL, QCR"GEFREDR, ¢: OxA—-R": f:Ox A— R BB
e, BEHEABO»E (Lipschitz BHE) #IHET %0 u: Q — R HBHKRH
B CTH b, Aldavirue—n e 53— - LMEFN5,

C T T, Dirichlet % Neumann I TA L, HIHERCETEE
7 State-space constraint (B§L T, SC) ME%2E X %,

(1) ext3 % SC DL, BMICROERS (value function)
TEIN D, -

V@pﬂﬁﬁ e (X (1), at))de

BL, af) ik ACEZFEORABER, X(t) &k, ZDa() 2HWAEROM
DHBERDOETH 5,

J dX(t)/dt = g(X(t),a(t)) for t>0

o~
(8]
N’

l X(0) = z.

Fic, SCRIETRE, o X()BAACT->tEBEZL5A X()KDn
TinfZEl->Twn3 ;0%D,

(3) X(t)eQ forall t>0.

iR, (3) BEED z € Q ((2) XoWHISH) XL THILT 3261
3, &z e dNTHEBENCIHLET X7 i g(z,a) (for some a € A)
DFEZRET 5o
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filsc (ZoBREHTT) —FEHEE2R Lk, BEMICE, RoX %
edbon%, SCHEDOHEL Lk,

H(z,u(z),Du(z)) <0 in Q

(@ | )
H(z,u(z), Du(z)) >0 on Q.

22T, H:QxRXR*">REARDHDTH 5o
H(,r,p) = max{}r — (g(, a),p) - f(z,a)}.

—fBic, u S TR EHIECE AT, (4) RBEEHFECOEKRT
DREKXTH %,

EEEORE (Dh & IERMEICT) 2337 &, HHEHAEHX
D, —BHUE*BI03AERETH2FEZER L TE L

2. %

Bexld, [S] tEUREDT, BMEHEIREL Y, Soner DML 72 b
DEYEL OEREHFERER 2T c 2R, ZT0ERGHLHE
e+ b0k SCHEDMH L ERILT 3 c e CEEERRET 5 L &L
—BHER L ko (BiEMIC, 20RO WTR K] #2H,)

Soner 23FEHEE O EIEC SCRIEZ > TSk, H%iicid, SCREE,
Dirichlet BJEEO—FE : EZ bW T E A28, SEIOH L WEREHFK L -T,
s L A Oblique (X%, Neumann) BEDO—E LI L N BER T o7,

B3
[I-K] H. Isuir AND S. KOIKE, A new formulation of state constraints
problem of first-order PDEs, submitted.
[S] M. H. SONER, Optimal control with state-space constraint I, STAM
J. Control and Optimization, 24 (1986) 552-562.
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Semilinear heat equations
and the Navier-Stokes equation

with distributions as initial data

Masao Yamazaki (Hitotsubashi University)

This is a joint work with H. Kozono (Nagoya University).
In this talk we consider the Cauchy problem for semilinear heat equations on R™:

(1) %%(t,w) = Au(t,z) + f(u(t,z)) in ]0,00[ x R",

(2) u(0,z) = a(z) on R"

where f(o) is a locally Lipschitz continuous function on C satisfying

(3) F(0)=0 and |f(o) = f(p)| < Clo—pl(lo]"™* +|o|"7)

for every o, p € C with some constants ¥ > 1 and C > 0. A typical example of f(o)

satisfying (3) is f(o) = %|o|" 0.
We also consider the Cauchy problem for the Navier-Stokes equation on R™ for n > 2:

(4) %?——-A u+ (u-Vo)u+ Vor =0 in ]0,00[ x R",
(3) Veu=0  in ]0,00] x R,
(6) u(0,z) =a(z) on R™

Suppose throughout this talk that the initial velocity a(z) satisfies V, - a(z) = 0.

We construct new function spaces in the same way as the Besov spaces, based on the
Morrey spaces in place of the standard LP-spaces, and to show that, if the initial data a(z)
belongs to some function spaces above and its norm is sufficiently small, then the Cauchy
problems (1)-(2) and (4)-(6) admit unique time-global strong solutions with a bound near
t =0, provided that the function f(o) in (1) satisfies (3) with some constant v > 1+2/n.

We begin with the definition of the Morrey spaces. For p and ¢ satisfying 1 < ¢ < p < oo,
the Morrey space M} is defined as the set of functions u(z) € L{ (R") such that

loc

MGl = sup sup R*/2="/4 |lu| L (Beo, R)| < o,
To

where B(zg, R) denotes the closed ball in R™ with center z¢ and radius R.

For p and ¢ as above, r € [1,00] and s € R, we introduce the space /\f ».q,m & subspace
of &', as the real interpolation space N, . = ((— A)_“/?‘M;” (— A)"32/2M1’) _» where
81 # 82,0 €]0,1] and s = (1 — 8)s;1 + bs,.

Then we can state our main result for (1)-(2).
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Theorem 1. Suppose that f(o) satisfies (3) with some constant v > 1 + 2/n, and let
p and q be real numbers such that v < ¢ < p and that n(y — 1) < 2p < ny(y — 1).
Then there exist a positive number 6§y and a continuous, strictly increasing function

w(8) on [0,6) satisfying w(0) = O such that, for every a(z) € N ;,/q;: ~2/(1) gatis-

fying § = “a(w) l./\/';/q]f 2/(y-1) “ < &y, there uniquely exists a solution u(t,z) of (1)

on ]0,00[ X R™ in the space L* (]O oo, J\f"/p 2/ (= U). The solution u(t,z) is con-

tinuously differentiable in ¢ and twice contmuous]y differentiable in z, and satisfies
SUpysq 1/ (71— /2p “u(t )[./\/11J “ < w(6) and u(t,-) — a in the weak-* topo]ogy of the

space B, 2/(7 D a5t — 40.
Example. Suppose that 1 <~ < p < co. Then we have

u(@) = [[=)7" e MEC N}
j=1

It follows that —-—(:v) = —-~—p f.(zq )+1 e H(w 1/p € ./\f",,
p 7 ,

=2
. Y g
On the other hand, if n > 3, we have 1—{—%<p(n)--—:3 ntvn 2n+9<2

Hence, for every v € |p(n),2[, we have 1 4+ 2/n < 7. Putting p = n(y — 1)/(3 — v),
we have n/p — 2/(y — 1) = —1. The inequality ¥ — (3 — n)y — n > 0 implies v < p.
Further, the inequality 1 < 4 < 2 implies (3 — v)y — 2 > 0, and hence

2n(y —1)
3—7

n(y—1) < =2p <ny(y—1).

It follows that the distribution ¢(8u/8z1)(z) can be taken as the initial value of Theorem 1
with ¢ = v, provided that the constant c is sufficiently small.

We next state our main resuit for (4)-(6).
Theorem 2. For every p and ¢ such that 1 < ¢ < p < oo and that n < p, there ex-

ist a positive constant 6y and a continuous, strictly increasing function w(§) on [0,60]

satisfying w(0) = 0 such that, for every a(z) € N ;‘/qul satisfying V, - a(z) =

and § = ”a(m) l./\/'”/‘”oo1 “ < b0, there uniquely exists a solution u(t,z) of (4)—(5) in
C* (]0,00[ x R*) N L*>® (]0 oo, ./\f;/qpocl) satisfying supt>0 tt/2—n/4p “u(t) IMZP ]I < w(8)
and u(t,-) — a in the weak-* topology of the space B oo a8t — +0.

1
Example. We have p-v.— € N ‘1),1’00(]1%), since it is the Hilbert transform of the
. 1
measure §(z) € By (R) = N}, (R). (Note that p-v.~ ¢ M'(R).) Hence we

1 n/p—
have p.v. — € N? n1,00R") C N pép/nloo(lR{”) for every p > n. It follows that
31

1 L | :

c (O, - ,0,p.v. —w—) can be taken as the initial value of Theorem 2 with ¢ € [1,p/n]
1

for every n > 2, provided that the constant ¢ is sufficiently small.
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TWO-DIMENSIONAL NONLINEAR
ELLIPTIC EQUATIONS RELATED TO
TRUDINGER-MOSER’S INEQUALITY

TAKAYOSHI OGAWAT AND TAKASHI Suzuki?

7 Department of Mathematics
Nagoya University

1 Department of Mathematics
Ehime University

We are concerned with the following nonlinear elliptic equations:

u2
(1) {—Au:)\ue , € B,

u =0, z € 01},

where B = B;(0) C R? is a unit disk in R? and ) is a positive parameter. We consider a
family of solutions of (1) satisfying

(2) llullLes — o0 as A — 0.

The nonlinearity of the equation (1) is the Sobolev critical exponent in two dimension.
For any domain Q C R?, It is well known that the Sobolev space HJ(Q) is continuously
imbedded in LP(Q) for any p < oo but is false in the case p = co. Trudinger [18] showed
that for any v € H(Q) with ||Vul|z = 1, there are two constants & > 0 and C > 0 such
that

(3) /Qexp{auz}d:c < ClQl.

Later, Moser [8] simplified the proof and improved that (3) is also valid for o < 4w. Here 47
is the best constant of the isoperimetric inequality. Further extensions for this inequality,
see Ogawa-Ozawa [11] and Ozawa [13].

Concerning our problem (1), there are two different approaches. One is the variational
method. When we consider the maximizing problem of the functional

(4) / exp{au?}dz foru € Hy(Q), |[Vul|2=1
Q
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2 TAKAYOSHI OGAWA! AND TAKASHI SUZUKI}

on a bounded domain. Then the extremal function (if it is achieved) becomes a solution of
(1). Shaw [15] showed the existence of a positive solution of (1) for each parameter A > 0
(see also Adimurti [1]). When the domain is a ball in R™, the maximum can be attained
by some function even when n = 2 ahd a = 4w (Carleson-Chang [5]).

When the domain is a unit disk, all the positive smooth solutions must be radially
symmetric by Gidas-Ni-Nirenberg’s result [6]. Therefore the Dirichlet problem may be
written as the nonlinear ordinary differential equation:

1

= Urr = —Ur = /\ueuz, z €[0,1),

u(1l) =0, u'(0)=0.

()

By solving (5), we can obtain the details of the properties of the positive solution of (1),
which is the second method. Atkinson-Peletier [2], [3] applied the shooting method to (5)
and proved the existence of radially symmetric solution of (1) satisfying

lu)lpee — o0 as A — 0.

Our aim is to specify more precise behavior of the family of solutions {(u,A)} as A — 0.
We have three results. First one states a global behavior of the solutions.

Theorem A. Let u be a positive solution of (1) with the blow up condition (2). That is
: Ilu”Loo(B) = U(O) — 00 as A — 0.

Then we have

u(z) - 0as A —0

for all z € B\ {0}. Moreover we have

(6) hm A [ ue* dz =0,
A—0 B

(7) lim ,\/ (e —1)dz =0,
A—0 B

(8) lim [ |Vu|*dz > 4.
A—0J B

This theorem says that the solution satisfying (2) must blow-up only at the origin. The
inequality (8) shows that the solution concentrates to the origin with its energy density
|[Vu|?. The lower bound in (9) arise from the sharp exponent of the Trudinger inequality
(3).

The second result is a microscopic behavior near the origin. When we rescale the
solution by some sequence, then the solution has a limit function.



TWO-DIMENSIONAL NONLINEAR ELLIPTIC EQUATIONS RELATED TO TRUDINGER~-MOSER’S IN

Theorem B. There is a subsequence {(um,Am)} of a family of solutions of (1) with (2)
and a scaling sequence {v,} such that vy, — 0 as A\, — 0 which satisfy

) W2 (Ym) — 12 () — 2102;(-1—:2[-9-3-1-2-) 25 Ay — 0

locally uniforinly on B\ {0}.

The limit function of (9) is an exact solution of —Av = 2¢”. Remark that since the
nonlinearity of our problem is nonhomogeneous, the usual scaling u — y*u(yz) does not
work well. ( For other nonlinearity or the higher dimensional case, see Nagasaki-Suzuki
[9] and Itoh [7].)

The property (9) was firstly observed by Carleson-Chang in an implicit way. Later
Struwe [16] obtained a similar result for the non-compact maximizing sequence for the
variational problem (4) for the case @ = 4w. Our result Theorem B is, however, different
from theirs, because in our case, each factor of the sequence {(um,Am)} satisfies the
equation (1). Moreover even the energy integral might blow up as A — 0 and therefore we
can not obtain a priori estimate of {u,,} from the Dirichlet integral. This is the crucial
difference from the variational setting. _

For the uniform convergence, if we assume the smallness on the energy for the asymptotic
solution, then we have the following.

Theorem C. Let {(4m,Am)} be the same as in Theorem B. If we additionally assume
that

By = limsup/ |Vium|?dz < 6
B

Am —0

Then the convergence in Theorem B is uniform on B, that is,

as Ap, — 0

(10) ) = (rm) = 210l 7o)

uniformly on B.
Theorem C is proved by the aid of Brezis-Merle’s ([4]) result.
Lemma. Let u be a solution of

{ —Au=Ve", z€l,

(11) u =0, z € 0N.

where ) is any bounded domain in R2.
(1) IV € L(Q) and e* € L (Q) with 1 < p < oo, then
u € L™(Q).

(2) Let {(un,Vn)} be a family of solutions to (12) with ||[V,|, < C, ||[Vae* |1 e <
4 /p'. Then
|un]leo £ C  independent of n.
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In ,[Qg]’, Camacho and Sad defined an index for a smooth complex curve invariant
by an holomorphic vector field with singularities on a complex surface, at any point
of the curve which is a singular point of the vector field, and which is isolated in the
curve for this property; they proved, when the curve is compact and when the singular
points of the vector field which are on the curve are isolated, that the sum of the
corresponding indices is the Chern number of the normal bundle to the curve.. In JEN]
A.Lins Neto generalized this definition a%thm formula to the case where the invariant
curve may have singularities, while in M we generalized them for any dimension to
the situation of a smooth complex submanifold V' invariant by an holomorphic vector

field with singularities in a complex manifold W.

We shall now give a common extension of these two situations to the case where
V is now an analytic subvariety (not necessarily everywhere smooth) of a smooth

complex manifold W.

[CS] C.Camacho et P.Sad: Invariant varieties through singularities of holomorphic
vectorfields, Annals of Maths.115 (1982) 579-595,

[L] D.Lehmann: Résidus des sous variétés invariantes d’un feuilletage singulier, An-
nales de UInstitut Fourier, vol.41 fasc.1, 211-258, (1991).

[LN ] A.Lins Neto: Algebraic solutions of polynomial differential equations and folia-

tions in dimension two, Springer Lecture Notes 1845 (1986), Conference on holomor-

phic dynamics, Mexico, 192-232,



Kuperberg’s C* counterexample to the Seifert Conjecture —
A flow on the 3-sphere with no periodic trajectories

Paul A. SCHWEITZER,S.J.
Pontificia Universidade Catélica, Rio de Janeiro, Brazil
e-mail address: pauls@mat.puc-rio.br

In 1950 Seifert [Se] showed that every flow sufficiently C° close to the
flow along the fibers of the Hopf fibration S3 — S? has a periodic trajectory.
He asked whether every non-singular flow on S2 has a periodic trajectory,
and the affirmative response became known as the Seifert Conjecture (al-
though he did not conjecture it!).

In 1972 a C! counterexample was discovered [Sc|.The construction used
a “plug”, a flow on T¢ x I (where T¢ is the torus with a small open disk
removed and I is the interval [0,1]) obtained by spiralling the original flow
lines {point} x I in the direction of the Denjoy flow [D] on T2. Denjoy
proved that his flow cannot be C2, so this construction also cannot be C2.
Then in the mid-1980’s Jenny Harrison [H] modified this construction to
get a C? counterexample by producing a remarkable C? diffeomorphism of
the plane with an invariant fractal circle on which the diffeomorphism has
Denjoy behavior. The length of the fractal circle is infinite, so Denjoy’s
argument does not apply.

Two months ago topologists throughout the world were surprised and
delighted by Krystyna Kuperberg’s C* construction of a non-singular flow
on 5% with no periodic trajectories [K]. She uses the Wilson plug [W] on
E x I, where E is the planar annulus {1 < r < 3}, with two circular
trajectories T and Ty at (r,z) = (2,1/4) and (r,z) = (2,3/4) respectively,
in cylindrical coordinates (r,6,z). Her ingenious idea is to perform two
“self-insertions” of Wilson’s plug into itself, replacing intervals in 717 and
T5 by trajectories which spiral around a minimal set inside the new plug.
Essentially, the trajectories entering Wilson’s plug on the cylinder r = 2

are cut open, and the self-insertion performs the same operation onT; and
Ts.

A careful analysis using the radial coordinate r (which is constant along
trajectories in the Wilson plug) is used to show that the resulting plug on



H x I (where H is the torus minus two small open disks) has the following
properties:

(1) it has “matched ends”, that is, if a trajectory goes from (p,0) to
(g,1) for some points p,q € H, then p = g;

(2) there is a point p € H such that the trajectory entering the plug
at (p,0) has its w-limit set contained in the interior of the plug;

(3) there is no periodic trajectory in the interior of the plug.

From these properties it follows that the plug can be inserted into a flow
on S® (or on any other 3-manifold) to open isolated periodic trajectories,
without creating any new ones, thus yielding the C°° counterexample.

The Kuperberg plug can easily be embedded into a cylinder D? x I
and then this cylinder can be rotated around R? x {0} in R™ = R* x R"~2
to yield a C* plug which smoothly opens compact leaves of codimension 2
smooth foliations on n-manifolds.

Two interesting open questions remain:

1. What are the possible minimal sets of flows on $37?
2. Gottschalk’s Problem: Does there exist a minimal flow on S* (that
is, a flow with each trajectory dense)?
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Ends of leaves and classification of Lie foliations
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BOUTS DE FEUILLES ET
CLASSIFICATION DES
FEUILLETAGES DE LIE

G. HECTOR et S. MATSUMOTO

1 Introduction

Il est bien connu que toutes les feuilles d’un feuilletage de Lie sur une
variété compacte sont difféomorphes entre elles. Il est alors naturel de se
demander:

i) quelles sont les variétés non compactes qui peuvent étre feuilles d’un feuil-
letage de Lie;

i) dans quelle mesure le type des feuilles détermine 1’algebre de Lie struc-
turale du feuilletage et son groupe d’holonomie.

Dans ce travail, on étudiera ces deux questions en relation avec ’espace
des bouts de la feuille-type.

Le théoreme de structure de Fédida ([1]) nous permettra, sans perte de
généralité, de nous restreindre aux cas des feuilletages minimaux (i.e. &
feuilles denses). Le lecteur pourra étendre lui-méme les résultats obtenus
aux feuilletages Riemanniens grace au théoreme de structure de P. Molino

(5D

2 Description des résultats

Soient alors g une algebre de Lie de dimension finie, G le groupe de Lie
connexe et simplement connexe correspondant et F un g-feuilletage de Lie



minimal sur une variété compacte Af. On désignera par

i) T' C G le sous-groupe d’holonomie de F,

ii) L la feuille type et End(L) l'espace de ses bouts.

La minimalité de F est équivalente & la condition I' = G.
On se propose de montrer les résultats suivants:

Théoréme 1 Il y a trois types possibles d’espaces de bouts pour L: un point,
un couple de points ou un ensemdle de Cantor.

On notera que cet énoncé est le correspondant exact du théoreme de
Freudenthal ([2]) pour les bouts des groupes dénombrables de type fini.
L’analogie avec la théorie de groupes est en fait bien plus forte et comme
Stallings ([6]) 'a fait pour les groupes, on fait une description précise des cas
ou L a soit 2 bouts, soit un Cantor de bouts.

Théoréme 2 Les conditions suivantes sont équivalentes:
i) L a2 bouts;

i) T (et donc G) est abélien et il existe un sous-groupe I'y C T' discret
uniforme dans G qui définit une suite exacte

0 —Tg—T —T/Te=ZR—0
i) le feuilletage F est Morita-équivalent a un flot linéaire (T,L) sur un

tore T' de dimension convenable; celui-ci est donc le classifiant du groupoide

d’holonomie de F.

On remarquera que ['g n’est bien str pas unique.

Théoreme 3 Les conditions suivantes sont équivalentes:

i) End(L) = Cantor



1) i existe un unique sous-groupe I'o C ' qui est distingué dans I (et donc
dans G ), discret uniforme dans G et tel que T[Ty est libre.

i11) Le feuilletage F a pour classifiant un "feuvilletage” obtenu par suspension
de la paire compacte (G/To,T[Ty) au-dessus d’un bouquet de cercles. Ce
classifiant a le type d ' homotopie d’une variété.

Corollaire 4 Si g est résoluble, non commutative, les feuilles de tout g-
feuilletage de Lie ont evactement un bout.

Corollaire 5 Si F n’est pas minimalisable, L a un bout (cf. X. Masa, [{]).

En résumé, on peut dire que "génériquement” les feuilles des feuilletages
de Lie ont exactement un bout. La description des classifiants permettra
des applications intéressantes aux calculs de cohomologies feuilletées, par
exemple. _

Enfin, on remarquera que 'on construit aisément des exemples des trois
types de situation.
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A GENERALIZED CUNTZ ALGEBRA O¥

YOSHIKAZU KATAYAMA

Division of Mathematical Science, Osaka kyoiku University

Let M be a von Neumann algebra with a faithful normal tracial state 7 and IV
be a von Neumann subalgebra of M. We construct a tensor algebra Ty (M) relative
to N ;

{ TR(M) = LX(M) @ L*(M) ® - -- ® L*(M)
Ty (M) = L*(N)
where L2(M) and L?(N) are Hilbert spaces with respect to the trace 7 and ®
means the N-relative tensor product ® y and
co
Ty (M) = Th(M).

p=0

Then T'n(M) is also N-bimodule.

For z € M, a creation operator o(z) is defined by

{o(x)z1®---®:vp=x®m1®---®$p, 1@ @z, € TH(M)
o(z)xo = zx0, zg € TH(M).

Then an annihilation operator o(z) is the following;

{ O(:L‘)*:I:l RET2® - QTp, = E(m*ml)mz Q- ® Ty
o(z)*zo = 0.

where F is the conditional expectation of M onto N with respect to 7.
A N-rank one operator (21 ® --- @ &p) B (y1 @ - - ® yq) is defined by
{(z1®-@2,) B (11 ® QYY) Hz @ @ 27)

=6Q7r$1®"'®$p<Z1®"‘®Zray1®"'®yq >N

where
<21®®2q, Y1 @ Qyg >n=Elyy - (B(y3(E(yiz1)z2) - 24)-
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Let {u;}7_, be a Pimsner-Popa bases for M D N. Then o(u;) are isometries for
0 < i< n—1and o{u,) may be a partially isometry such that

n

Zo(ui)o(ui‘)* = lTN(ZVI) -1 1

i=1

A N-compact operator algebra Ky(M) is the C*-algebra generated by all of N-
rank one operators. A C*-algebra P¥ is generated by all creation operators and
an identity operator. Then the N-compact operator algebra Ky (M) turns out to
be a closed ideal of PY. A quotient C*-algebra O¥ of P¥ by Kn(M) is called a
generalized Cuntz algebra. The coset of o(z) in O = PY¥ /K (M) is also denoted
by o(z) without any confusion. Note that if M = C" and N = C, O¥ is a Cuntz
algebra O, ([3]). A guage action « of the torus T into Aut(O¥) can be defined by
au(o(2)) = ofe¥a), t & T.
By the use fo Pimsner-Popa bases, the fixed point algebra (O¥)7T is isomorphic
to a inductive limit algebra of a reduced von Neumann algebra of M,(C)® ---®
M,(C)® N.

Theorem 1. If M O N is a factor-subfactor pair with a finite index [M NJ, then
there is a guage invariant state ¢ on O such that

P(o(z1) - o(Tr)0(ym)™ - - - 0(y1)")
= bpm[MN]|™"1(E(z1 -+ B(xn_1E(znys)ys_1) -+ ¥7)

and ¢ is a unique KMS-state with respect to the guage action and inverse temper-
ature -log [M NJ.

)T

Let G be a finite group. We consider the two following cases

M =L*(G)xqG, N =L*(G), -canonical trace 7 on M
and

M=W*(G)xsG, N=W*G), canonical trace 7 on M

where « is translation on G and 6 is a canonical co-action of G.

The Cuntz algebra O is generated by isometries Sg,9 € G. A canonical co-
action &; of G on O is defined by 6;(Sy) = Sy ® A(g)([1]). A canonical action o'
of G on O\g is defined by a1 (Sg) = Shg-

Proposition 2. The generalized Cuntz algebras Oi‘:’Eg;”“G and O%:Egg”"c" are

isomorphic to O|gy X5, G and O|g| X4 G respectively.
Proposition 3. ([2]) The two crossed products Ojg) X5, G and Ojg| a1 G are
isomorphic to O\gj.

Proposition 4. Let M O N be finite dimensional algebras and N be commutative.
A is the Perron-Frobenius eigen value of X'X where X is adjacent matrix of the
inclusion M O N.

Then we have



(1) (O¥)T is AF-algebra which Bratteli diagram is the repetition of labelled
bicolored graph associated with X*X

(2) O¥ is isomorphic to Cuntz-Krieger algebra O 4 ([4]) where A is the adjacent
matrix of the line graph £(X'X) of X'X.

Let J = (1 0 ) on (N,N)-bimodule L?(N) & L*(M). The group U(N, M) is

0 -1
defined by
{A € B(L*(N) @ L*(M));invertible with A*JA = J as (N,N)-operator}.

Then A € U(N, M) is represented by
ag < -,hl >N
-\ b2 Ay
where ag € Z(N)hy,he € N'NM and A; € N' N M;.
Theorem 5. The group U(N, M) is continuously embedded in Aut(O¥) by

aa(o(h)) = {aol — o(h2)} " {~ < h,hy >n 1 — o(A1h)}.

Theorem 6. Let (A D B D D, A D C D D) be a extremal commuting square with
span(CB) = span(BC) = A. Then 04 contains 0%, and there exists a conditional
expectation E from O4 onto O by

E(o(h)) = o( Ec(h))
for h € A. Moreover Watatani’s index E = [B,D].
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Numerical Approximations to Interfaces for Some
Nonlinear Diffusion Equations with Absorption

1. Introduction.

We are concerned with the propagation of ther-
mal waves in absorbing medium occupying all of R!
in which there is the interaction between diffusion
and absorption. To describe such a phenomenon we
may use the nonlinear diffusion equation with ab-
sorption which is well known as the description of the
flow of the liquids through the homogeneous porous
medium. Our problem is written in the following
form of the initjal value problem:

ve= (V") —cv?, z€R,1>0, (1.1)
¥(0,2) = v%(z), z € RY, (1.2)

wliere m(> 1), p(> 0) and c¢(> 0) are constants, and
1%(z) € C°(R') is nonnegative and has compact sup-
port. In a heated plasma v denotes the temperature
and —cvP describes the losses caused by mdiatim{l.
We may take p = 0.5 for bremsstrahlung radiation
and 0.5 < p < 2 for synchrotron radiation ({7]).
Since the diffusion rate mv™~! is vanishes at points
where v = 0, the initial support propagates at fi-
nite speed, that is, there appear interface curves be-
tween the region where v > 0 and the region where
v = 0, The behavior of the support is governed
by the interaction between diffusion and absorption.
The support expands in the case where diffusion can
supply heat from the hot area faster than absorp-
tion cools the medium. This implies that supp v(t, )
never become disconnected, even if the initial func-
tion v%(z) has zeros in the interval (ay,a3), where
[a1, 2] = supp v%(z). In the opposite case, the sup-
port shrinks and becomes disconnected. Moreover,
there is the possibility of the initial support to split
into several disjoint sets, even if v%(z) is positive on
(01,02). This motivates us to investigate the prob-
lem "How do the support vary when ¢ varies?" For
this end we consider the behavior of supp v(t,-) for

CRIRLEARFE—EEH
CEREBEAFEERE

e FAX: ®06-957-2137, **0940-35-1710
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Kenji TOMOEDA and Tatsuyuki NAKAKI

the following two cases:
Case 1. There exist nonnegative functions w;(z) €

CO(R')(j = 1,2) with compact support such that

(1.3)

v'(z) = wi(z) + wi(z),

where [, 0] = supp w}(z) and [0, @2] = supp w(z);
Case 2. v%(z) € CO(R!) satisfies

(1.4)

From analytical points of view, there are some re-
sults concerning the behavior of supp u(t,-), which
is stated as follows. For p > 1 supp v(i,:) expands
as ¢ increases, which implies that there does not ap-
pear the splitting of supp v({,-) in Cases 1 and 2
({11,[2],[3],[4]). For 0 < p < 1 there are Kersner’s
results [5], which is useful to determine whether
supp v(t,-) becomes disconnected or not in Case 1
(see Theorem 2 and Remark 2). In Case 2 the possi-
bility of.the initial support to split was numerically
suggested by Rosenau and Kamin [7].

In this talk, we treat such a problem from numeri-
cal points of view in the specific case where m+-p = 2
and 0 < p < 1. By using the difference approxima-
tions which converge to the exact solution, we par-
tially improve Kersner’s [5] in Case 1, and obtain
the sufficient condition under which the initial sup-
port begins to split into at least two disjoint sets in
Case 2.

2. Main Results.
For the space mesh A tending to zero we are able to
. ; — . 1/(m~-1)
construct the numerical solutions v, = u), such

that vy, uniformly converges to the unique weak so-
lution of (1.1)-(1.2) for v%(z) € W (see [6],[8]). Here

v%(z) >0 on (a,as).

E-mail: *CMS01@JPNOIT10.BITNET, **nakaki@fukuokaedu.ac.jp



the numerical solution u,(2,z) is the difference ap-
proximation for the solution of the following problem
instead of (1.1)-(1.2) by seiting u = v™ 1

(2.1)
(2.2)

Uy = MUUzy + a(u:,)2 -,
u(0,2) = (=) = (+(=))" ",

where a = -4, ¢/ = (m—1)c, and W is the set of all

nonnegative functions ¢(z) € C°(R?*) with compact
support which satisfy

(i) #(z) = o(z)™! € BV(R') and &,(z) €
L*(R)n BV(RY);

(ii) ¢,(z) is absolutely continuous on I = supp ¢(z)
and ess.infy@;;(z) is finite.

Theorem 1 For v%(z) € W, assume M and ¢
are positive constants such that ul(z) > M for
z € [og,01 +¢). Let {En}n=o,1,2,~-- be the numeri-
cal interfaces with €y = «y. Then, for each positive
constant M' < M there exist positive constants T
and h such that (u})z(€,) > M’ for all t, < T and
h < h. Moreover, the numerical interface curve Ex(t),
which is defined by piecewise-linearly interpolating
(tn,&n) (n > 0), converges uniformly to the exact
‘one on [0,T).

From the construction of the difference scheme, the
numerical interfaces {£,}n=0,1,2,. are approximately
written as

kny1
n n’*’“‘,’;"’"“-—"‘aun‘x n + 20}k, ’
g +1 5 (Uh)x(fn) ( h) (E ) +1
k‘n+1 = tn+1 - trn (23)

which plays an important role in determining the be-
havior of supp v(t, -).

Theorem 2. In Case 1, assume w)(z) € W(j =
1,2). Put W;(z) = (w)™(z) (j = 1,2).

a(W1)=(=0))%,  a((Wa)a(+0))® > .

Then there exist a positive constant T such that

supp v(t,-) is connected for each t € [O,T].
Suppose

(2.4)

dl(Wklll, < (5=1,2) (2.5)

Then supp v(t,-) is disconnected for each t € (0,T.),
where T. = min(T7,T5) and T} is the extinction
time of the solution of (1.1) with v%(z) = w)(z).

Remark 1. It is clear that the first assertion of
Theorem 2 holds, when the orders of vanishing of
the functions (w)(z))™1(j = 1,2) at £ = 0 are less
than 1.

Remark 2. Kersner {5] obtained the second asser-

tion of Theorem 2 by constructing the supersolutions
for the initial functions

2°(2) = Kj((e; = 2)a) /"D (j=1,2). (2.6)

For s = 1 his sufficient condition coincides ours. For
8 = 1+ ¢ (e > 0) his sufficient condition is

- ; -1y
K7D (3124 (14 €)(1 + me) < <22
(2.71)
Our sufficient condition is

Wm—1) pajy2+de [ 20 V26 (14e) _ dm—1)
4K (F) (1+2é) e S T

2.8
We find that the conditions imposed on A (j = 1, 2;
by (2.8) are weaker than those imposed by (2.7).

Theorem 3. In Case 2, let v"(z) € W and o3 <
1< <72 < P2 < oz, Assume

u(g;) >
c’vm”uo]lmeSS.lanugx(z)

R ““o“Ll(n,n)
(~alludiZ ) (v~ )~ mllu® o TV(u])

(2.9)

>0

for j.= 1,2. Then there exist { > 0 and % € [11,72]
such that u(l,£) = 0 and u(¢,8;) > 0 (j = 1,2).

This theorem shows the existence of t =  at which
supp v(t,-) begins to split. However, we don’t know
whether supp v(¢,-) is connected or not for t > t.

S
o
-2 2
Figure  Numerical solution with
m=15,p=0.5,c=10 and
t = 0,0.025,0.05,0.075,0.1.
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Rewriting Systems and Homotopy
AR S5 (RFFK)

Recently, so called rewriting techniques have been of interest
in various areas such as algebra, logic and computer sciences, not
only from a practical point of view but also from a theoretical
point of view.

Here we consider only string rewriting systems, that is,
rewriting systems on a free monoid. As is well known, if a monoid
is presented by a finite complete system, the word problem for the
monoid is solvable. Thus, it is an important and interesting
gquestion to ask how much it is universal. Is there a good condition
characterizing monoids with finite complete presentation ?

In 1987 Squier proved that if a monoid M is defined by a finite
complete rewriting system, then the monoid algebra of M over the
integers Z satisfies the homological finiteness condition FP3, and
using this fact he gave a monoid which has a solvable word problem
butvcannot be presented by a finite complete system. In his next
paper he introduced another (probably more general) finiteness
property on finitely presented monoids. He considered some
relations called the homotopy relations between paths in the graph
associated with a finite monoid presentation. If the full homotopy
relation is finitely generated, the presentation is said to be of
finite derivation type. Squier proved that this finiteness property
is an intrinsic condition of the monoid not depending on its
individual presentation. Moreover he proved that if a monoid M is
presented by a finite complete system, then M has finite derivation
type.v Exhibiting a monoid which has FPm but does not have finite
derivation type, he could succeeded to show that the property FPw
does not implies the existence of a finite complete presentation.

Recently, Otto, Cremanns and Lafont showed that if a monoid has
finite derivation type then it satisfies FPS'

By means of the homotopy relations we can define the
fundamental groups of a presentation. These notions are natural and
interesting in themselves. In my talk I will discuss basic
properties of the homotopy relations and the fundamental groups of
monoid presentations.



Bounds on Castelnuovo-Mumford regularity

EF F (EF&E®)

A IE. L.T.Hoa X (Institute of Math., Hanoi) & DIRWFETH 3,

K20 OREEKE L. X% dRTTO PYOIEBILIEENISHiEE TS, . PROE
BER% P =K[Xy,...,Xn]s XOEER%E R=P/IET 5,

X @D Castelnuovo-Mumford regularity & .

H(PY, Ix(r—i)=0fori>1

ZWIcTR/NOEH rOZ EX N, r=regX EE{,
XT. ZDregXld. XOAFTNIDY VY —DERTDOREA4IHTIEZELRBTH B,
ROFENH 3,

[Eisenbud-Goto F48]
regX < degX — codimX + 1

IHIT. ROWEEEAT 5, X k-Buchsbaum & id.
(Xoy- s XN ) @pez HE (PR, Zx(0) =0for 1<i< d

DEXITINVI,

3T, k>1&U, XA k-Buchsbaum THAERELLD. ITL 1988 FLIK. (1) [S-V2],
(2) [H-MR-V], (3) [H-V] it &b, ROZ ENRINTE I,

(1) regX < [(degX —1)/codimX] + (2% — 1)k +1
(2) regX < [(degX —1)/codimX| + (2¢ — 1)k +1—4d
(3) regX < [(degX —1)/codimX]| + flﬁ%ﬂk +1-d

Rid. T2 DEEHETH 5,

Theorem[H-M]

degX — 1

: <
regX < { codimX

]+(d+1—depthzz)(zk_1)+k+1

#it. Nagel & Schenzel[N-Sch] 2%, F 4 ERL -7 FET. AEOREEZB TS,



Dk, ROWETHEZEDS. REERK K LD graded ring £ 95. RiZ KL 1ROTTHE
BRENTBEETS. Fi, dimR=d &L, RORKRBKRKATTNEmET S, ZDEE,

a;(R) = max{n|[Hf(R)]n # 0}

LEETS. Fi,
reg, R = max{a;(R)+i|i > n}
LREET B, I,
a(R) = ay(R) regR = regyR = regsepinn
5. SFREORUSHBE X LOHIETVRW,

regX =regR + 1
L1125,

R, EEBOHNBETOEERHETHA.

Main Lemma[H-M] EO%#DTF T, R% k-Buchsbaum, B1%, i #d i LT, mFHL(R) =
0£95. ZDE%,

reg, R <a(R)+d+ (2k-1)(d-n)+k
AERALT 5.

+® Main Lemma & Uniform Position Principle(cf.[H]) &9, T+ DEFBIIBE LN B.
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The Gradient Theory of the Phase Transitions
in Cahn-Hilliard Fluids
with the Dirichlet boundary conditions
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Oh-okayama, Meguro-ku, Tokyo, 152, Japan

In this note we will investigate the asymptotic behavior of minimizer {uc}.>o (as € — 0)

of the following variational problem :
2, 1 ‘
(Pe) inf{ / [e|Vul* + - W(u)ldz | v € W(Q:R"),u=g on BQ},
Q

where (2 is a bounded domain in RY with C? smooth boundary 99 and ¢ is a Lipschitz
continuous function from 92 into R™. This type of problem is related to the study of the

phase transitions of the Cahn-Hilliard fluids.

Let W(u): R™ — R be a continuous nonnegative function, and W(u) = 0 if and only

if u = a or B. We assume that there exist two constants Ky and K5 such that

(1.1) sup W(u) < W(v) for all v & [Ky, Ko™
uEB[Kl ,I{g] n

and

(1.2) g(z) € [Ky, Ky for all x € 9Q.

In order to state the main theorem, we will introduce a Riemannian metric on R", d(a,b).

For a,b € R™, let d(a,b) be the metric defined by

d(a,b) = inf{ / W) a0 |t |y e e (0,1 ),
0

7(0) =a, y(1) = b}-
We now state our main theorem of this note.

Typeset by ApS-TEX



Theorem 1. Suppose that function W satisfies (1.1) and that g satisfies (1.2). For e >0,

let u, be a solution of the variational problem:
D) 1 . 9 . ; .
inf{/ [€|Vul* + - Wu)lde | uwe W (Q:R"), ulsa(z) = g(z)}
Q
If there exist a positive sequence {€;}$2, and a function ug(z) € L'(Q : R*) such that

(1.3) lime; =0 and limu, =u, inL'(02:R"),

2t OO 100

then the function ug is characterized by
W(ug(z)) = 0 for almost all v € Q. that Is, ug(x) = a or g for almost all z € 2.
Moreover the set Ey = {2 € Q|ug(z) = o} is a solution of the variational problem (FPp):

(Po) inf{ d(c, B)Pa(E)+ /BQ d(”lan(l‘%g(x:))dHN——l |
E CQ, Po(E) < o0, v = axg + Bxa\e}

where Po(E) is a perimeter of E in Q and v|aq is the trace of v to OQ. Furthermore we

have

im [ [elVue [ + = W(u,)|do = 2d(a, B)Pa(E)

i—00 Q EZ

+2 / d(a, g(2))dH 1 +2 ] d(B, g(z))dHo 1.
80M8* Eg 89\0* Eq

Here O*Ey is the reduced boundary of Ey.

Remark. It is not restrictive to assume that there exists a subsequence {u., }32, satisfying
(1.3). In fact, the following is proved by I.Fonseca & L.Tartar: if there exist constants C
and R such that

Weolu) > Clu| for |u| > R,

then there exists a subsequence {uc; }52, satisfying (1.3).



Singular Seolutivns lor Semilinear Elliptic Equations
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ABSTRACT.

We study the existence and multiplicity of positive singular solutious of semilinear
equation, When the growth of the nonlinear function is supercritical, we prove there
exists a positive radially symmetric singuldr solution on finite ball or whole space. We
also study Lhe existence of positive singuiar solutions on various doinains when tlie

growth of nonlinear function is suberitical.
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~ta .,
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measure &4V,
X T, %3 Banach space X L@ integrodifferential equation
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#EZ B, I T, W(ds) I completely positive measure, %7z—A & X ED—
AL Co-semigroup [e7];p0 DEBIEARTH 5, HER (2) FREERHOR
FHEXOEFINIEEE UTHIREE N, BOFAE - —EHEE BTeyFk-OmRmin s
BICKDREINTI B,
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RESIDUE AND MASLOV CLASSES OF SOME
LAGRANGIAN IMMERSIONS WITH SINGULARITY

Harvo SUZUKI

Department of Mathematics
Hokkaido University
e-mail suzuki@math.hokudai.ac.jp

Let (E, £2) be a symplectic vector bundle over a differentiable (= C*°) manifold M with
a symplectic structure 2. Let ¥ be a closed set of M and L a Lagrangian subbundle of
the restricted symplectic vector bundle E|pr\z. We take usually as ¥ the set of singular
points of a Lagrangian subbundle of E' and then we call X the singularily of the Lagrangian
subbundle L. By making use of D.Lehmann’s technique, for odd Chern polynomials ¢qj 1,
one can define h-residue class resy(L,X) € H**~2(M, M \ Z;R) on the singularity & of
the Lagrangian subbundle L, if ¥ has a neighborhood W which is a submanifold with
boundary and retracts to X by deformation.

Let U be an open set retracting to W by deformation, Ly a Lagrangian subbundle of

Ely and pp (Elu\z, Lolu\s, Llv\s) the Maslov classes on Ely\x. Then one obtains that
resp(L,X) = e 0 6" up(E|p\ =, Lolv\=, Ll x)

where 6* : H*~3(U \ ©;R) — H*~2(U,U \ T) are connecting homomorphisms of coho-
mology exact sequence for the pair (U, U\X), and e : H**~2(U, U\ Z; R) — H**=2(M, M\
Y; R) are excision isomorphisms.

Let M be an n-dimensional manifold, (V, Qv ) a symplectic 2n-manifold and f: M — V
a map which is differentiable outside a closed set £y C Al. Moreover, we suppose that

flfw\go is iSOtl‘OpiC, that iS) (fIM\Eo)*ﬂV = 0. We set

Y ={z e X\ Zo|ker fi|ls #0} U,



The pullback E; = f*(TV) of the tangent bundle TV by f has a natural symplectic
structure 0 induced from Qv by f. The tangent bundle L = T'(M \ X) is a canonically
embedded Lagrangian subbundle of the symplectic 2n-vector bundle Ef|pn\x. If there
exists an open set containing a submanifold with boundary which is a neighborhood of ¥
and retracts to & by deformation, h-residue classes resy(f, ) € H*~2(M, M \ £;R) are
defined. |

Let D be the R2-bundle associated with the S'-bundle U(n)/O(n) — U(n)/U(1)-O(n).

We construct a Lagrangian immersion Cf : D — C M4 ith a singular set ¥, (which

contains interior points) from the Lagrangian immersion f : U(n)/O(n) — c™5 of

J.-M. Morvan and L. Niglio and prove

Theorem A. We have h-residue classes

0 k=1
resh(cf,ZS):‘{iO h>1

and all Maslov classes of F|p\x, for degree < ﬁﬁﬁz_ﬂl with respect to the standard horizontal

Lagrangian subbundle are nontrivial.

The cotangent bundle T*M of a manifold M has a canonical symplectic form Q. We
consider a differentiable map into T* M which is a Lagrangian imbedding outside singular-
ity. The tangent bundle TT* M of the cotangent bundle T*M of a Riemannian manifold
(M,~) splits into a direct sum of horizontal and vertical subbundles. By this splitting,
the Riemannian metric v on M induces a Riemannian metric g on T*M which is com-

patible with the symplectic structure £ of T* M. From the result of J.-M. Morvan, one gets

Theorem B. Let (M, ) be a flat Riemannian manifold of dimensionn, N an n-dimensional
differentiable manifold and ¢ : N — T*M a differentiable map which is a Lagrangian
imbedding outside a closed set & C N. Suppose that ¥ has a neighborhood which is a
submanifold with boundary and retracts to ¥ by determination. If N \ ¥ is a minimal

submanifold in (T*M, g) by t|y\x, then we have

res; (¢, &) = 0.



Let K be an orientable differentiable 2-manifold and o : K — M an imbedding of
K with a singular point p € K into a Riemannian 3-manifold. Let D be a small closed
disk around p in local coordinate systems on K. Changing the conormal bundle map over
D\ {p}, one can make a map of conormal bundle @ : K x R — T*M with singularity

¥ = D x R. By making use of a result by I. Vaisman, one obtains

Theorem C. Let (M,~) be a 3-space form and K a 2-manifold. Let a« : K — M be a
differentiable imbedding with a singular point p, D a small disk around p in local coordinate
systems on K and @ : K x R — T* M the map of conormal bundle of a with singularity
Y. = D x R. If the conormal bundle over K \ {p} is a minimal submanifold in (T* M, g),

then we have

res; (@, X) = 0.
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WERZERM ( Coifman-Weiss i) b OEEZEM

HH A= HZRETR B

X = (X,d,n) % Coifman-Weiss DBERER LT 5, T7abE, X JAIHEZEM
T, d [ 3BEEEHE

d(z,y) >0, d(z,y)=0&z=y,
d(z,y) < Ky (d(z,2) +d(2,9))  =,9,2 € X,

p 13 Borel HIEET
0 < u(B(=,2r)) < K, p(B(z,r)) zeX, r>0

Rl d. 12720 Bla,r) i, b o € X, 24& r > 0 OFKTH >Ts {B(z,7)}rs0 7S
T DIEHERIZE>TNBEBDET B, FIROEHERITHDET S, 0<Ja <1,
JdK3 > 0 s.t.

|d(z,2) — d(y, 2)] < K3 (d(z,2) +d(y,2))' " *d(z,y)*  for z,y,z € X.

BERER TR, d ERMETEREHRTLEERICTSORHEDT, THIRERTH

BT, 51K, L (X)) =00 W5HE

*) dzo € X Jrg > 0s.t. B(wo,2r)\ B(zo,r) #Bforr > 1y

ZWET Bo

1<p<oo, ¢(z,r): X xRy = Ry &9 5, felLl (X) &K B=B(a,r) 1330
LT,

1
fB= E/Bf(a:)d%
MO(f, B) = ;(%) /B f(2) ~ fal du,

1/p
MO (1,8) = 5 (o [ 1) falr do

Typeset by ApS-TEX
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EBE,

bmogy »(X) = {f €L (X): s%p MOy ,(f,B) < oo} ,
| fllBmo, , = sup MOy ,(f, B),

”f”bmo¢.p = ”f”BMOqs,p + lfB(xa,l)l for fixed zg € X

EEET Do dU p(X) < 0o LBIFEED 20 € X IHUT | fllemo,, + I fllze &
£ 8004, + | Fp(ony] AT/ 1V 8T8 B 0 bnog,p(X) 1 |fllbmes, %/ Vs
EUTNF oNERITIES,

X EOEE g & bmog ,(X) LD pointwise multiplier TH 5 &, FFED f €
bmog ,(X) IZXF U TE BRI EDHE fg A bmoy ,(X) DTTICIEBZEEE Do g W
bmogy ,(X) E®D pointwise multiplier Thd, 7 7 7EHICL D g ISTEFRIEA
RTHBHI EDDD 5B,

¢ MIROFEMZETIZT ET 5,

: 1 (]5(&,3) 1 S

(1) _A"ISMSAla §S;S2,

(2) ?%T_)SAziﬁigéi) 0<s<m,

® [ By e < au(Blar o0, v,
0

(4) ;%4— < %%—% < Ay, d(a,b) <r,

72120 Abapybotybsiubair2i=1,2,3,4) i r,s > 0, a,b € X IROBOERET 5,
D& %ﬁ(@ﬁﬁﬁ\“lﬂz@iﬁ“)ﬁ

THEOREM 1. g (& bmoy ,(X) D pointwise multiplier TdH %,
<= ¢ € bmoy ,(X)NL®(X). 72720 ¢ = ¢/(2* + &**),

max(2,d(:co,a),r) -t max(zyd(z())a)ar) -t
®*(a,r) = / —-—¢(mt‘” ) at, 8 (a,r) = / M¢(j’ ) i,
1 T

FlIDEE g DIERE/ VA |lgllsmo,, + l9lle &RIMEICE S,

BRZ p(X) < oo DEZXIT Irg > 0st. X = B(z,r) forallz € X. &4 Y, IRD

EENELD LD,
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THEOREM 2. g I bmoy (X ) O pointwise multiplier TH 5,
<= g € bmoy ,(X)NL>®(X). 722U

$(a,r) = g(a,r) / / & HoY) g

e ZDEE g OIERE/ VAR |gleuo,, + llgllze &RMER S,

FEUOHEIR. [17] TEEPTY, HEREMICET 50 DDk E pointwise
multipliers IZB 3 5 b DEEITTHEE T,
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MODIFIED NASH TRIVIALITY OF FAMILY OF ZERO-SETS
OF REAL POLYNOMIAL MAPPINGS

ZIK BHEn (REHEX MEBTK, EHFEX BHELR LoxFEHR)

ZHAEROEREGHFONFZEA IR, TREGOESV-HHALE W L & W
SHEEAEZLHORERTH 3,

g (H.WHITNEY). Wi(e,y) = 2zy(z —y)(z — ty), ¢ > 1. (Rz,Wfl(O), )4l
Bk, MENCREELETS 5. Lo L (R, W,1(0),0) & (R*, W;(0),0) 2
ClRfEicx2EE t=t MEEcHo. C'HETR (4554 CPRMETS) HMBE{L
BV,

— VWb WA BHBRESTRIAE CO LSk “moduli” E S bhTULE 5, A7
HEELE>WTKRCOL >R “moduli” pa sbhizuwd, e+ 1=0,(n>1) »
FRTEDLHAESEPITRTCEHLERAREFRNURBRARNS Sbh, NMERETSEE
TE501HFED [BL2THE] LREAIRV, o TROLIBEBIc Wi dbizb,

FARE. TX 5751 generic BEEDOT T, SHEABEBOBEZSET 3D IcHRATHH B
WEMERS R A 2

I CTRDEEICHEHEDT %,

=% (T.C.Kvo). m: M — R? % E& blow up & 3 it (M, (WtOW) 1(0), #~*(0)) i
ERFTMNICEHABKE TS %,

FAREEROBESEAE2EZEATCVADEIPOCERFEEE2 BT OREICHRKSE
BEUVWELWV,, CCTROEEEZEWEZ 3,

FE (H). 2 vs¢s + Nash £#kox (M;,N;) ((=1,2) et L. (M, Ny) &
(M2, Ny) 28 C'[E{E 75 51 NashEETH %o

Z & Nash &\ 5 i3 semi-algebraic /» o> real analytic o = & ¢H n KE¥HW TS
ZasREAEREVRDILOB/NONFTY —Tdh 5,

FE. M CR" 2R %%5> Nash& k. Ny,..., N2 M © Nashif 328tk ON; C
OM7326DEd %, No=0M L& & &, No,y..., Ng 8 normal crossing & RE4 5 o
p: M — RF % proper onto submersion ¢ p: M|N;,N---NN;, : N;,N---NN;, — RE,
(0 < 4y,...,4, < q) 5 proper onto submersion & {RE T HiE. ¢lp~H(0) = id %% -+
Nash@# ¢ = (¢',p) : (M; N1, ..., Ng) = (M; Ny, ..., N) np~1(0) x R* g+ 2,

COFEORELT (M,(Wyox)™1(0),#~2(0)) (t > 1) it Nash o BB cHBETH 3
=ERbh B, & T modified Nash trivialization 0% %2 L X 5,

. fi: (R%,0) = (R?,0) (t€l) 2 EHAEROFEREK. F:(R"xI,0x1I)—
(R?,0) & F(z;t) = fi(2) TE£2EH 4%, I: M — R xI % proper Nash
modification, * € I w3t L M =Y (R" x %), n = MM &+ 2, (R™, £, (0),0) #
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modified Nash trivialization via Il along I % g%+ % & ik o (1),(il) % i#% 7=+ Nash [7
BIZE
$: (M, (o F)~1(0),17(0)) — (M, (x 0 £,)"*(0),0) x I

& AT AEE R 2E
¢ : (R™ x I, F~1(0),0) — (R™, £71(0),0) x I

BEHETIEHEEZE D,

(1) (v xid)o® =¢oll

(i1) ¢ it t-level preserving
5L D=nxidr £ &h3&s (R, 771(0),0) ¢ modified Nash trivialization via = %
HETHLEIEIRT B,

T A% R RNOBRNSHAET. BEAP e L op =U,507 (A—P) 5 ic g —
ZRE R Z2EUGEIVODETE, T5EEFH opNL™ B R EART 2 K% RlopNZ™]
RE2EXE RRYNZ] =Rleq, .., 2.] 2HHREELTED . RE RlopNZ"] 0 R
EmekoEs%: Up £EC & &, Up ic HAIC real algebraic variety o &S A b, %
o ERITRE © & - T real toric variety & I #1 3 real algebraic variety Pa 28HERK &
N2, %7%& &0 inclusion Rley,...,2,]) CR[op NZ"] nFEH T 25H Po - R" i1
proper algebraic modification ©&% %, CH it EHE blow up 2 HBRRIEEE LTI A,
BEARHEOBENBRCBRNIZRIETI60TH 5, RESA P e L TR opNL”
BRI 0ObPEETERSNBE LS, PA RIEBREREEHE LR S,

. f(21,002) 2BBENEER CHEACHISRAEERT 260 T3, n<3 i
SIEFEEER PaBELELT. PA—-R" s (R™,f10) oBREAMEEEZ 5,

DI EF—MD N TEERDILABVE LS,

FE. fi(zr,n2n) E €I1) 2H (a1,047d) OREFRZEROKRCHEATHIHES
ZERTHEDET B,
(i) n <87k (R™ £71(0),0) i modified Nash trivialization via the map Py —
R"™ above. 2% 4 %,
(i) —fzo nico>we (R, £7Y0),0) it modified Nash trivialization via the map
TR X R 3 (21, .0y Zaju) — (021, ..,u%2,) ER™ 2HF BT 3, O TEH
7 i3 generically 2:1 ¢ % % % modified Nash trivialization via ®# © &Lk iz F & [F
BIcERELbDEY 3,

BARZHEATRSCHMNIBERZER T3 L5 BEHABEBOE E DG IE R
BEEBEETERE (B A fi 8 Newton {,—F © non-degenerate i» > convenient o
i) Lo () BogEs, $HREREEARKOERT 25B0BAK >k Lo (i)
HOTFEENKILT 5. &% ic modified Nash B{EHOEEHIcET2EEE2 RN,

EE. Pyi(n,p) 2REHS r #BABVWEHERER f: (R",0) - (R?,0) 2kogs e
T 50t € Py (n,p) DRTEERERE fi LECHEILT 2, L 2 FAOEHETHRALS
CHBHROBRAVS 5 LI BEHEAERLKOBTEA LTS, T2 LEREOSE
Po(mp) =2 =Q1U - UQu BEEL CRER T EIICTE S,

(i) & Q: & Nash £k,

(i1) (R",ft"l(O), 0) (t € Q;) i+ modified Nash trivialization along Q; 2 # %3 3 o
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ERUGRAL T T o 7 TVE AR O R AR & B M

IR F ALK B

AB - BEXER #4 7Rl (Yoshinori Morimoto)
= :

BE. TENEHSERZEORITRE: & ¥EE MO, 1957 £0 Hans Lewy 12
&£ 5. R bBONEE LR WRERMGHERORRLEE. £ OMEEIC K-> TERBIC
BENTENR, ThOOHEOHFH S WM ERFEOERERIZET 5 Egorov FEP,
MBS e FEELE Uz, Beals-Fefferman 7 5 X DE . Bl 13 Hormader-
Weyl calculus 73 &, Wb W 3 BRMBTOFEOZ Ml iz, LHLENS, FE
R YER RO AT v #4412 B U T Nirenberg-Treves 185 2. 72 (¥) & D145t DR
BIE, 20 ]U4ER, RIBIRTH B ( RIS 1EFTE D& 13 Beals-Fefferman(’73), ZRKRIT
2 DA Lerner(’88) 12 & » TR, Fic. (9) &M LEHOFEIA L Hormander DA
- (’85) ILBEZA 5N T3 ), il Lerner(’92) {2, Z ® Nirenberg-Treves FRRIZDNT, #
ST HEPEBRREE L, ik, HARHE" ERKEA" %279 5 FEREM
SERZFRDO N DT, Nirenberg-Treves &f (¥) %Z#i/- LT H L? OEKRTIZREHTAI#E
WKRHLHWI EERUI, —H () &BeiRlc T RYCB 5 1 BOFEEEMSERR
Pi3, rik DB RIGEL AR 5 Hormander Lie brackets 4 (C.H), Z# . €IE. PO
HBEAE P* 1IC U TRO L HEHBFEMHKDKILT 5: VK C R compact, ICx > 0;

1) llulls < Cx(I1Pull + lull), v € C5°(K),6 =1/(r +1).

HZ, PHosxtd A E R ARG (1) 6\ PI3EH (V) & (C.H), 21T 2 BRI &
s, Egorov-Hormander(’75-'79) 12 & » CTHEFA E M- S5 HEEARERE T, FMK (1)
Do, PO L* Rk E PORBHAMERSICRT I EPTE 5, & (V) & (C.H),
ORI (1) 2B FHAER. HE - Ty HE IO 5BREAL ( microlocalization )
DERFIT & » TIEAFE P % Mizohata fEfi5% D, + it*|D,| Bi\ id Egorov fEfFR

(2) D; + it°(Dy, +t*28|Ds]) in Ry x R¥Y, 5,6 >0 8%, k>0 FFH

WIREI®EZEICKIDETINS, Egorov fEAE (2) IS LT H. §FFEK (1) 287
B3, BEENICKTETEE, &4 (C.H), & (¥) AT, BRI Mizohata /£
$&!ﬂ i3 Egorov fEAIRICRAB IV RRIDETH S, THil. Q) ICEWHTHHE %
B HEERROBSEZ D OBBICESRI B E, &4 (C.H),PEIET,. Z0LH%E
Egorov ﬁffﬁﬁ$&:ﬁﬁ'5@ﬁmﬁc‘:%@ &@fﬁ?ﬁ@ﬁ}’ﬁjﬁ@ﬁ ié CKRHTH »T20
HMETIE, FEHE (2) IKBW0 T, tk’é': fit)= / exp(—|o|™)do, £ >0 ICE ]I GE

EEREL. BT, L 5 HEBOWBROFL 2 bOBBICESBMILEEITOLTH
BonhlcERER~T,
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