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On the Levi condition for first order systems

with characteristics of constant multiplicity

WaicHiro MATSUMOTO

We consider the Cauchy problem in R} x R for a first order system:
P(t,z, D¢, Dy)u = Dyu — A(t, 2, Dy)u

L
(1) = Diu — ZA,-(t, 2)D;u — B(t,2)u = f(t,z),
i=1

u(to, z) = uo(2).

We consider the Levi condition on P(t,z, D;, D,) assuming the followings.

AssumpTION 0. ( Constant multiplicity of characteristics )

The equation on A : det( Al — Zle A;(t, =)&) = 0 has the real roots
Aj(t, 2, &) of constant muItiplicity m; on R} x R: x (Ré \O) (1<j<d
and E?zl m; =N ).

and

AssumpPTION 1. ( Real analyticity of coefficients )

All coefficients of P(t,z, D;, D,) are real analytic.

In [1], a normal form of systems in-( real ) meromorphic symbol class

Sar was given.



TugorEM 1. ( = Theorem 3.1 in [1] ) Let P(t,2,D;, D)

= Dy—A(t,z, D) be an N x N matrix with entries of partial differential op-
erators of order one. We suppose that P(t, =, D;, D,) satisfies Assumptions
0 and 1. Then, there exist {r; }1<j<d, {njr f1<j<a,1<h<r; (S mje =m;

) and an invertible matrix N(t,=,&) = Y 2o Ni(t, 2, €) in Spr such that
(2) N 'oPoN =@®icjca Dicrcr; @*(t, 2, Dy, 6),

Q*(t,2, Dy, €) = L, (D¢ — Ai(t,2,£)) — D*(t,2,¢),

Djk(ta‘caé) € Ma‘t(njk;sll\l(a))a Djk = Zng(t?z’f)’
i=0

Di* = T, llEll,  Di*(t,=,€) = 0 , (i>1),
bik(l), Ceeeen, bj"(n,-k)

where J, is the Jordan matrix of order q with zero eigenvalue.
Now, we state our result.

THEOREM. Let A(t,z,D,) be a N x N matrix with entries of partial dif
ferential operators of order one. We suppose Assumptions 0 and 1. The

following (a),(b) and (c) are equivalent.
(a) The Cauchy problem (1) for P(t,z, D;, D,) is well posed in C*.

(b) In the normal form of P(t,=, Dt,q in Spr in Theorem
1, the following relations hold:

(3) Order of ¥*(q) £ —(nji —q),

(1<j<d,1<k<r;,1<g<ny —1).

(c¢) The system P(t,=, Dy, D,) can be reduced to a first order hyperbolic
system with a diagonal principal part by a similar transformation in the

meromorphic formal symbol class Spy.



[1] ——, Normal form of systems of partial differential and pseudo-
differential operators in formal symbol classes and applications { to
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The lifespan of classical solutions

to nonlinear wave equations

Rentaro Agemi

In the present paper we study the lifespan of solutions to initial value problems

for nonlinear wave equations of the form
Olu(z,t) — Au(z,t) = Alu(z, )P, (z,t) € R" x[0,00),
u(z,0) = f(z), du(z,0) =g(z), =z € R",

where p and A are positive constants and n = 2,3.

(1.1)

F. John [6] has proved the following remarkable results in three space di-
mensions. The global classical solution to (1.1) exists for small initial data with
compact support provided p > po(3) = 1++/2, and the lifespan of classical solution
to (1.1) is finite provided 1< p < po(3), f =0, g > 0 (also see F. John [7], p.32).
Here po(n) stands for the positive root of the quadratic ¢(n,p) = 0 where

. _n—1, n+
(1.2) 4(n,p) = —5—p" - —;

p—1

and the lifespan of a solution « to (1.1) means the largest T such that u(2,t) €
C?*(R™ x [0,T)). He also proved in [6] that the lifespan T¢ of solutions to (1.1)
with f(z) = ep(z) and g(z) = ey(a) is equivalent to e™2 for p = 2. Recently H.
Lindblad [9] has refined this result by showing that the following limit exists for

1<p<po(3):

lim e~ ?(®-1/e¢@p)p
e—+0 &



R. T. Glassey [3] has proved in two space dimensions that the global solution to
(1.1) exists for small initial data with compact support provided p > po(2). R. T.
Glassey [4] proved that if 1 < p < po(2) then the lifespan of a solution to (1.1)
is finite. Moreover, J. Schaeffer [10] proved that the lifespan is finite for critical

values p = py(2) and po(3).

The main aim of this paper is to look for the upper and lower bounds for the

lifespan in two space dimensions.

THEOREM 1. Let u. be a C?- solution to (1.1) with initial data f(z) = ep(z) and
g(?:) = eyp(z), wheree > 0, p € C3(R?) and ¢ € C?(R?). Then there exist positive
constants €y and C depending only on p, A, and v such that the lifespan T, of

u satisfies the following inquality for 0 < € < gq:

L2ep(C 0 fr p=p(2)
fPITICN/Plog T > C for 2< p < po(2), p 3,

2 TH3og T.): > C for p=3.

THEOREM 2. Let u. be a C*- solution to (1.1) with initial data f(z) = 0 and
9(z) = eyp(z), where € > 0, ¥(z) > 0, # 0 and ¢ € C*(R®). Then there exists a
positive constant C depending only on p, A and v such that the lifespan T, of u,

has an upper bound:

T. < CePlp—1/a(2:p) for 1< p<po(2).

We give here some remarks. Firstly, H. Lindblad [9] has proved for p = 2 that
if [re®¥(z)de = 0 then glilé eT, exists and if [, ¢¥(z)dz # 0 then ili% a(e) 1T,
exists, where a(e) is defined by a(e)*e*log(a(e) + 1) = 0. His results are much
sharper than ours.  Secondly, making use of the method proving Theorem 1 or
the one in K. Kubota [8], we can prove simply the existence of global solutions in

R. T. Glassey [3] (see Appendix). Thirdly, we do not know the results of lower



bounds of T for 1 < p < 2. Finally the assumption of Theorem 2 does not require
that the support of initial data is compact.

When the supports of initial data is non compact and p > po(3), F. Asakura
[2] has proved in three space dimensions the following results. Let D f(z), D?g(z)
= O(Jz|™*"*) as |z|] — oo (|a| < 3,|B] < 2). Then the global solution to (1.1)
exists for small initial data provided & > 2/(p —1). Moreover, he also proved that
the lifespan of a solution to (1.1) is finife if 0< &k <2/(p—1)and initial data
satisfy

(1.3) F@)=0 and g(z) > e(1+]2))'".

The next aim of this paper is to show that, in two space dimensions, the lifes-
pan is finite under the same assumption above. For global existence of solutions,

see K. Kubota [8].

THEOREM 3. Let u. be a C2- solution to (1.1) with initial data satisfying (1.3).
Then there exists a positive constant C depending only on A,p and & such that

the lifespan T, of u. has an upper bound:

T. < CetF=710)"" for p>1 and 0<kK< —2—-1-
p-—

We state here the relations between the upper bounds of T, in Theorem 2 and

Theorem 3. Let 1 < p < po(2), then we have

1+1< 2
2 p p-1
because
2, 1 1 2
¢p) _ 1, 1__2 _,
plp=1) 2 p p-1

Therefore the upper bound in Theorem 2 (3) is better than one in Theorem 3 (2)
provided 1/2+1/p <k <2/(p—=1) (0 < & < 1/2+ 1/p), respectively.
In § 2, we define the norm to be used and formulate an a priori estimate

which plays an important role in the proof of the existence theorem. Making use



of a priori estimate, we prove Theorem 1, employing the iteration method in F.
John [6]. In §3, we prove a priori estimate mentioned above. Theorem 2 will
be proved in §4 by making use of the methods in F. John [6] and R. Agemi [1].
Theorem 3 will be also proved in §5 by the same method as in §4. In Appendix,
we give a simple proof of the global existence theorem for p > po(2).

After this work was completed, we were informed of a recent work of K.
Tsutaya [11] closely related to our Theorem 3. He also proved the global existence

mentioned before Theorem 3 by using different way from K. Kubota [§].
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Numerical Analysis and Simulation for the Motion of

a Surface by Its Mean Curvature

Yun-Gang CHEN

Department of Mathematics, Holkaido University

In the research fields of applied sciences like physics, engineering and biology, it is
importdnt to track the evolution (motion) of a surface, such as the interface between two
kind of materials or two different phases of a certain kind of material. The problem how
to track and compute the motion of a surface with a curvature-dependent speed is usually
a key point in the studies. Here, we introduce a class of difference schemes for computing
the evolution of a surface moved by its mean curvature, with the level surface approach
via viscosity solutions. The difference scheme is proved to be stable with respect to the
maximum norm, which follows from the maximum principle. The method also applies to

a generalized model, so-called generalized mean curvature flow equations (see [CGG1]).

§1. A stable difference scheme for the mean curvature flow equation.

We consider the Cauchy problem of the mean curvature flow equation

(E) uy =|Vu| div (%—Z—'), (t,z) € Q@ = (0,00) x RN
(IV) uw(0,z) =ug, «€RY.

Let u = wu(t,z) be a continuous viscosity solution of (E)-(IV) which takes a negative
constant for large |z|. If for each ¢t € (0,00) there is a bounded open set D(t) in RY
such that u(t,z) > 0 for z € D(t) and wu(t,z) < 0for z ¢ D(t), then the 0-level set
I'(t) = {z; u(t,z) = 0} of u(t,z) determines a closed surface which moves with a speed
V = (n—1)H at each point ¢ € I'(t) where H(t,z) is the mean curvature vector at
z € I'(t), provided that Vu 3 0 on I'(t). The global existence and uniqueness of the
viscosity solution to (E)-(IV) have been proved by Chen, Giga & Goto [CGG1] and Evans
& Spruck [ES]. And more important thing is that the level set I'(?) is uniquely determined
by its initial data I'(0) which is independent of the choice of its defining function uo,
provided that wo is bounded, continuous and ug > 0 for z € D(0), ug < 0 for = ¢ E(_Oj
and I'(0) = {z; uo(z) = 0}. Moreover, in [CGG1] these results are proved for a general
model (generalized mean curvature equations).

Here, we discuss the difference methods for computing u(t,z), the viscosity solution

of (E)~(IV). To overcome the difficulty of taking 0 value in the denominator which will



cause errors in computers and stop the computation, we introduce a parameter § > 0 and

consider the difference approximation of a modified equation

. ) Vu
(Eg) uy = |Vu|div ((IVUI" T 5)1/0), (t,2) € Q = (0,00) x RN

with the same initial value (IV). Here, ¢ > 1 is fixed. We can show that the viscosity
solution of (Eg) with (IV) tends to that of (E) when é§ — 0. Thus, it is reasonable to deal
with the computation of the solution of (Es) as an approximation of the solution of (E)
with the same initial value (IV), for a sufficiently small § > 0 (say, § = 107°?).

Now we introduce our difference scheme for (Es), and for simplicity we interpret the
scheme here for the case N = 2. Our difference equation for (Es) is given by

u;’,f 1 y? " "+9
o Z («g 07+ 6)1/6)
],k =0,£1,4+2,---; n=0,1,2,---;
ugk =wuo(zj,yr), Jk=0,%1,%2,---

(1)

Here, several notations have been introduced as below. Denoting by z and y the spatial

variables in R?, we use z; and yy for the spatial coordinates of the net points.

Notation:

7= At > 0: increment of the time variable ¢;

t, = n7t: nth time step;

hi, he: mesh sizes of z and y directions, respectively;
(2,yk) = (jh1, khe): net point in R%, j,k =0,%1,£2,---;
ujy: value of the difference solution approximate to u(ts, %, yr);

Dyuly = (u}’_{_%’k - u;.‘_%’k)/hl, Douly, = (u;.’”’k_{_%_ — u;.‘,k_%)/lzgz the approximations to
Ug(tn,j,yr) and uy(tn,z;,yr) by central difference approach, respectively;

9% = g(Dufy): discretization of [Vu| at (¢n,2;,yx), which is chosen positive definite for

{DF uf; @ =1,...,N}, where D" and D™ denote the standard forward and backward

differences, respectwely For 1nstance, we may take g7} = (3 Z (IDJr ul [+ Dy 1L]k|)2)1/9,

or gh = ax, {lD+ el | D7 ujk]}.

The notation u? denotes fu™*! 4 (1 —6)u™ for a fixed parameter 0 [0,1], and

the difference equation (1) is explicit for w1 if 9 =0, while implicitif 0 <0< 1

We can prove a sufficient condition for the L° stability of maximum principle type

for the difference scheme (1), as the following



Theorem 1. The difference scheme (1) is stable in the sense of |[u™||oo < |Ju’]|co if

either § =1 or 47(1/h?+1/h3) < 1/(1—0) when 0< 6 <1, where ||[u"]|eo = SUPIUJJJ
5k

It is sometimes convenient and economic to deal with a surface of rotation in a lower
dimension space. Here, to compute the motion of a surface with axisymmetry in R3, i.e.,

surfaces of rotation, we rewrite (E) into

v
(E;) up = |Vu[d1v<l\7u

l) +>up,  (t7,2) € Q = (0,00) x (0,00) x R

where r = /22 + y2 for (z,y,2) € R3, and the differential operators V and div are those
with respect to (r, z) € R
For this equation, our difference scheme is constructed as
“02_ —ull ey Z D, ( | D upt? > 4 AuTF? — umt?y
T ° ((g5)” + 6)M/° hi ’
k =O +1,42,--+; n=0,1,2,--- ;
+1 +6 +6 +6
ik D;ujy ) 1 u;l+1 K~ Uik

(2) Uy (O ( ;u
' —_— = E D; :
T (G507 +8)7

pq=1
n=07i17:{:2,"' ) ]=1,2’, 71:071727"';

’u',()!k Zu0($j7yk)7 k= 0,:&:1,:{:2, 3 J: 071721"'

i ]?,1 ’

where u7}, is the approximation of u(ts,7j, 2&), (7}, 2k) = (jh1, khe), and D1 and D3 denote

the difference operators for 9, and 0,. In this case, the stability condition is given by

Theorem 2.  The difference equation (2) is stable if either

T T 1
(9:':1 or 67;‘%—+4‘]—z-g<i—_——§ VV.beH 0<9<1

§2. A stable difference scheme for the generalized mean curvature flow equa-

tion.

With the above-mentioned methods, we can construct a stable difference scheme for

the so-called generalized mean curvature flow equation

Vu

|Vu|

(E) u = |Vu| div ( ) +vIVul, (4,2) € Q = (0,00) x RY

where v is a constant (see [CGG1]).

The difference scheme for (E') is constructed by the following two parts:



(1) the first part of the scheme is constructed as that for (E) in the previous section;

(2) the second part of the scheme is constructed in the way of any kind of stable
difference scheme with monotonicity for the Hamilton-Jacobi equation wu, = »|Vul, such
as Lax-Friedrichs scheme, Godunov scheme, etc. (see, for example [CL]).

Then, we can show that the obtained difference scheme is stable if the value of
7/h? (i = 1,2) are taken sufficiently small ([CGH]).

§3. Remarks.

1. It is important to note that the stability conditions do not depend on 6 > 0 and
oz 1. ‘

2. If g} is not positive definite for {D* 7y}, then the difference solution may not
converge to the solution of (Es), nor to that of (E) when 6 — 0.

3. Osher and Sethian discussed some difference schemes, constructed in a different
way, with level surface approach ([OS], [S]). They computed several interesting examples
including the torus and dumbbells without discussing the fundamental theory such as
stability, etc. In [S], an example of unstable computation of a torus was presented with a
quite large At but no condition for the stability was given there.

4. In [OS] and [S], the axisymmetric surfaces are computed under the rectilinear
coordinates instead of the cylindrical coordinates.

With our stable difference schemes and level surface approach, we investigated motions
of several typical surfaces, including the shrink of a torus (surface of a doughnut) and the
break of a dumbbell. With this method we can track motions of a surface even after the
time when a singularity occurs.
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“REXOBHMEE
EHZHA (ZHIKI)

Let p be a prime number different from 2. Let A and B be
non-degenerate symmetric matrices of degree m and n (m > n > 1),
respectively, with entries in the ring Z, of p-adic integers. We then define.
a local density a,(B, A) by

e—+00

ap(B, A) = lim p LUK € Mo (Zy) /D" Mimn(Z,); X AX = Bmod 57},

where < n >= n(n + 1)/2 and Mn.(Z,) denotes the ring of (m,n)-
matrices with entries in Z,. Local densities are important invariants in
the arithmetic theory of quadratic forms. However it is difficult to express
it explicitly. To obtain precise information on local densities Kitaoka [K2]

introduced the following formal power series:

~
QB 4;7) = 3. ou(r’ B, )"
=

He obtained a precise result on Q(B, A4;z) in a special but important
case. On the other hand Bdcherer and Sato [BS] defined a certain formal
power series of several variables, and considered its rationality. In this
talk we define another type of formal power series of several variables,
and consider its rationality and denominator. That is, for the matrices
A and B stated above we define a formal power series P(B, A; 21, ..., Z,)
by

[e2]

P(B,A;jz1,..,z,) = Y,  ap(Bldiag(p™,....,p™)], A)z]...al",

7Y yeensT =0

where for an (m, n)-matrix C and an (m, m)-matrix D we write D[C] =

!C DC, and for square matrices A, ..., A, we often simply write diag(4;, ..., 4,) =
A, 0 0

0 "-. 0 |.Then we have
0 0 A,



Theorem ([K1]) Assume that B is a diagonal matriz. Then P(B, A; 4, ..

is a rational function of €1, ...,z, and its denominator is of the following
form:

I , 11 II (1——pﬁ(“"‘+"+"+1)m,-l...:cipmjl...mj7) [1(1—=z:),

B=1 =0 1£4<..<ig<njy,....jy 1=]

where mo(m, n, f) = min(n — B, m —n+B), and j, ..., j, run all integers
such that 1 < ) < ... < jy < n and j # ip.

For B = diag(by, ..., b,), we define a formal power series Q(B, A; 24, ..., T,)
by

o0

Q(B,A;zy,..,3,) = Y. op(diag(p™by, ..., p"b,), A2tz

1y Tn=0

which was introduced by Bdcherer and Sato [BS]. Then we have

Corollary. Let the notation and the assumptions be as above.
Then Q(B, A;z4,...,2,) is o rational function of zq,...,%, and its de-
nomainator is of the following form:

n n
II 1II 11 11 (1—-—pﬂ(‘m+"+7+1):c?l ---7"?,9"‘731 :1:32,7) [T(1—z?),
B=1 =0 1Si[<...<iﬁ$ﬂj1,..,j7 =1

where ji, .., 3y run all integers such that 1 < j; < ... < j, < n and
Ik F e '

References

[BS] S.Bocherer and F.Sato, Rationality of certain formal power series
related to local densities, Comment. Math. Univ. St. Paul. 36(1987),
53-86.

[K1] H.Katsurada, A certain formal power series of several variables
attached to local densities of quadra,tié forms I, preprint.

[K2] Y. Kitaoka, Local densities of quadratic forms and Fourier coef-
ficients of Eisenstein series, Nagoya Math. J. 103(1986), 149-160.

_48__

')mn)



6'ﬂ'7gV/2/’4; 57/2///175 g %‘cf/ t»&ze/:)'

S. Lipschutz

57;////9% J//;;//%za/ @ V/;; bz P 45 .
jz,mﬁv/&/ )22 oy WWZ
A s 5 s o<
7%/ e M/g/afgfhs /7/;; /4;7/7'%/)’/2147
Sp FFLF [ Fe= v . 15 =
)y e ok 25 o T - fyi/zg -
/%/ P S,



Enumerating Necklaces
by
CHRISTIAN SIEBENEICHER

It is well known that the n* exponent M(g,n) of the so called cyclotomic

identity
1 00 1 \Man)
1—qt (1.,—tn)

n=1
-may be interpreted as

e the number of irreducible polynomials of degree n over the finite field F,
with ¢ elements (C.F. Gauss ~1800)

e the number of primitive or aperiodic necklaces with n beads from a set A
with ¢ elements ( M.C. Moreau 1872)

o the dimension of the submodule of homogeneous elements of degree n in
the free Lie algebra with ¢ generators ( E. Witt 1937).

Gauss has an immediate combinatorial verification of the identity since on
the one hand the polynomials of degree n withi leading coefficient 1 may be
parametrized by their coeflicients and on the other hand every polynomial
may be factorized uniquely into irreducibles. But in the other two cases there
is an evident combinatorial interpretation only of the right hand side of the
identity and its left hand side enters via its logarithmic derivative. Hence a
formal proof of the cyclotomic identity in these cases results by taking its
logarithmic derivative and using Mobius inversion.

Recently N. Metropolis and G.—-C. Rota raised the question to privide a
direct combinatorial proof of this identity also for necklaces and also solved
it by providing a series of bijections which finally led to a bijection from
the set A™ to the set of all placements of primitive necklaces with n beads.
Other bijections have been supplied by A. Dress and me. But none of these
bijections is canonical.

Therefore it seemed interesting to try to find a context in which on the one
hand it becomes clear, why there is no canonical such bijection and which
provides on the other hand a scheme in which one can describe the different
choices made by the different authors. The general background of this scheme
consists of the simple observation that there are sets with equal cardinality
but for which there is no canonical bijection between them.



The affine space A and its associated vector space T'(A) of translations of
A provide a good example for this fact. Both sets have equal cardinality but
there is no canonical bijection between T'(A) and A. By choosing an arbitrary
base point a in A one obtains an associated bijection z +— a + z from T'(A)
onto A. But this bijection—depending on the choice of the base point a—is
not canonical. Turned the other way round: There is a canonical bijection
only if there is a somehow distinguished base point ¢ € A, e.g. the point 0
in the affine space k™. There is however a canonical bijection—independent
of any choice—on a higher level between the sets A x T'(A) and A x A. It
results by considering the operation of the group T(A) of translations on the
affin space A: The mapping (a,z) — (a,a + z) collects in a canonical way
all the non—canonical bijections T'(A) — A.

An elaboration on this fact provides a canonical bijection on a higher level
which provides a canonical parametrization of all bijections of the requested
type and and to single out the particular ones chosen by Metropolis and
Rota and those by the Dress and me.
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GKZ-decompositions for toric varieties

Hye Sook PARK ( Tohoku Univ. )

Let N be a free Z-module of rank r and M its dual. An r-dimensional algebraic
torus Ty & C* x --- x C* (r times) is defined by T := Homgz(M, C*), where C* is
the multiplicative group of non-zero complex numbers. A toric variety X is a normal
algebraic variety containing T as a Zariski open dense subset with an algebraic action of
Ty on X which is an extension of the group law of Ti. A toric variety X can be described
in terms of a certain collection A, which is called a fan, of conesin Ng := N ®zR. From
this fact, the properties of a toric variety have strong connection with the combinatorial
structure of the corresponding fan and the relations among the generators. For the
precise definitions of toric varieties, see [1] and [4].

Let = be a finite subset of primitive elements in N, such that = spans Nq := N ®zQ
over the field Q of rational numbers. Let Z be the Q-vector space with a basis {e |
¢ € B}, which is in one-to-one correspondence with Z. By sending ¢; to ¢ € E, we get a
surjective linear map Z — Nq. Let Z* := Homgq(Z, Q) be the dual space with the dual
basis {e} | £ € Z}. Then we have the dual injective linear map Mg :=M®zQ— Z*
which sends m € Mq to T¢ez(m, £)ef. The cokernel G := Z*/Mq of the injective map
is a Q-vector space of dimension #Z — r, where #= is the cardinality of Z. For each
¢ € E, we denote by g(§) € G® the image of e € Z*. Then by definition, the defining
relations among the elements in g(Z) := {g(¢) | £ € E} are |

> (m, E)g(€) =0 foral me Mq.

tex

More symmetrically, they can be written as a single equality

Y e®g(§)=0 in Ng®qGY,
te=

which we call the defining relation. We call the pair (GQ,g(E)) the Q-linear Gale
transform of (Nq, Z) (cf. [3] and [4]).

Definition A simplicial fan A for N is said to be admissible for (N, E) if

(i) A is quasi-projective,



(i) |A] =Tz Rxof and
(iii) A1) C {Rxo€ | £ € E}.

Let us denote by n(p) the primitive element of N contained in a one-dimensional
cone p € A(1). We also denote by E(A) the subset consisting of those elements in =
which are of the form n(p) for some p € A(1). Note that Z(A) # Z may happen.

Theorem 1 Let = be a finite subset of primitive elements in N such that = spans Ny
over R. Then there exists a simplicial and admissible fan A for N which is full, that is,
Z(A) = E. In the two-dimensional case, such a fan A is unique.

For any simplicial and admissible fan A, we define the cone CPL™(A) in Z§ :=
Z* ®@q R to be the set of all elements z = ez wfe? € Z§ satisfying the following:
There exists a map 7: |A| — R which is convex and piecewise linear with respect to A,
such that

zg2n(¢) forall €2  andthat oy =n(¢) forall £eE(A)

CPL~(A) contains the nontrivial vector subspace Mg. We denote by cpl(A) the image
of CPL~(A) in G := GQ ®q R. Then cpl(A) is a maximal-dimensional strongly convex

cone.

Suppose that A, is a complete simplicial fan for N. Then the corresponding toric
variety X := Tyemb(A,) is a compact one which has at worst quotient singularities.

For a simplicial fan A, we define the Chow ring A(A) as the Stanley-Reisner ring
SR(A) (cf. [6]) of A modulo the linear equivalence relation. Then A(A) is a finite
dimensional graded Q-algebra of the form A(A) = @i, A¥(A) and is generated by
AY(A) over A%(A) = Q, where A*(A) is its homogeneous part of degree £. Furthermore,
we see that for any 0 < k. < r, A¥(A) is generated over Q by the equivalence classes
v(0o) of the elements in SR(A) corresponding to the k-dimensional cones o € A(k).

If 2= {n(p) | p € A¢(1)}, then we see that (A*(Ag),{v(p) | p € Ao(1)}) becomes
the Q-linear Gale transform of (Ngq,{n(p) | 0 € Ao(1)}). By definition, the defining
relation is of the form

>, nlp)®v(p) =0

PEAG(1)
in NQ ®Q AI(AO).
The cone spanned by the linear equivalence classes of effective divisors on Xj is of the

form (A (A¢)R)>0 = X pene1) Rxov(p), while cpl(Ap) is equal to the cone spanned by



the linear equivalence classes of numerically effective divisors. The dual cone cpl(Ag)Y
is equal to the Mori cone N E(Xo) = ¥,epy(r—1) Rzov(7).

Gelfand, Zelevinskij, and Kapranov [2] obtained some decompositions of R¥ by us-
ing regular tridngulations‘ of integral polyt'opes corresponding to projective toric vari-
eties. We have generalized and reformulated their results in [5]. We get some infor-
mation on projective toric varieties when the corresponding fans are confined to have

one-dimensional cones within some fixed set {R>¢¢ | € € E}.

Theorem 2 (<t [5]) The collection
{ the faces of cpl(A) | A : simplicial and admissible }

forms a conver polyhedral cone decomposition of G with sﬂpport G0 = ez R>09(£).
We call it the Gelfand?Kapmnov-Zelevinskij decomposition (the GKZ-decomposition,
for short).

Furthermore, cpl(A) Ncpl(A') is a facet of both cpl(A) and cpl(A') if and only if one
fan is a star subdivision of the other, or two fans are the flops of each other.

Theorem 3 The set
C:=J{ cpl(A) | A : simplicial, admissible and full }
forms a convex polyhedral cone contained in Gyo.

If A is simplicial, by the definition of cpl(A) we have

cpl(d) = ) ( > Rzog(f)) :
a€A(r) \EEE\(E(A)Na)
By the property of the linear Gale transform, the set A C = is an R-basis for Ny if and
only if g(E\ A) := {g(§) | £ € E\ A} is an R-basis for G. Hence we see that every
GKZ-cone cpl(A) can be written as an intersection of cones which are generated by some

R-bases for G. Moreover, we get the converse correspondence as follows:

Proposition 4 For an R-basis @ C ¢(E) for G, we denote Cq = ¥ pyeq R>09(6),
which ts a mazximal dimensional cone, that is, dimCq = #= — r.

There exists a one-to-one correspondence between the set of simplicial and admissible
fans and the set of mazimal dimensional cones Ngeo Ca which are not separated by Cgq:
for any R-basis ¥ C g(Z) for G, where © runs through all the possible subsets of all the
R-bases Q C g(E) for G.



Let m be a non-simplicial, rational, and strongly convex polyhedral cone of dimension
r, whose proper faces are simplicial. Let A, be the fan consisting of all the faces of =.
Then the corresponding toric variety U, has one bad singularity at the point orb(w).
From the GKZ-decomposion, we can get all non-divisiorial subdivisions of 7 (cf. [5]).

A simplicial fan A with |A| = 7 is called a small simplicial subdivision of = if it

satisfies the following:
(i) Any proper face of 7 is contained in A.

(ii) dimo for any cone o € A is greater than r/2 whenever ¢ meets the interior int(r)
of . '

Proposition 5 (1) If 7 is 3-dimensional, then every non-divisorial subdivision A of =
is small and AP(A) = 0 for p= 2,3.

(2) If 7 is even-dimensional and if it-has a small subdivision A, then cpl(A) is isolated
in the GKZ-decomposition. In particular, if © is 4-dimensional, then such a subdivision
A is unique and AP(A) =0 for p=2,3,4.
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Arithmetically Buchsbaur Subscheres

HH B (RBRHE)

Noetherian local rings (or graded rings) ® category O H ¢, Cohen-
HacaulayZ W 5 HEH B RO OBRELRHBMAI AN TE, TOR L Onodulel 3¢
U T local cohomology#H O MM UHERM VLD EEIRPLEIRVST 3 A Td 3 M,
ZTOHRBIE L LT, BuchshaunBI RUIRK S h T &% 72 ([81),

Definition & Proposition Let A be a Noetherian local ring with maximal

ideal m and M be a finitely generated A-module with dim M=d. Then M is
called a Buchsbaum A-module if the following equivalent conditions are
satisfied:

a) I.(M/qM)-e(q;M) is constant for any parameter ideal q for M.

b) m Ker(H/(xvyovosXio )l —2 S H/ (4o uuxi-)D=0 (i=1,...,d)
for any system of parameters x:,...,Xxs for M.

Furthermore if A is a homomorphic image of some regular local ring S,
then ¢) is-also equivalent to a) ‘and/or b).

c) i(7t “(RTa(M)) is isomorphic to A/m-vector space in D'(S),

where 7 : D'(A) —— D"(S).

¥ fov Buchsbaum module &+ E® ¢) 5 bbh 3 & 5 KKquasi-Buchsbhaun Hl
BQH;(M):O(i<d) THHMR, ZOBEBVER-ED IRV, 22T, HIEBWVTT,
r-Buchsbaum &V 3 O 2 E#H L. spectral sequence K &3 RBUM T %17 - o
¥ f-. f% . Fiorentini-Vogel-Hoad it & » Ty (k,r)-Buchshaun & ¥ 5 Ei ik
ik &hTtw 3 (21,081,



Definition Under the above notations, M is called r-Buchsbaum if the
following conditions are satisfied:
For any system of parameters Xx;;...,xqs for M, M/ (x.,,...,Xs)M is quasi-

Buchsbaum :for s<r.
T 5 & ROBERMLEON D,
Theorem([41). r-Buchsbaum & spectral sequence THRE P T & 3,

[47 W T, spectral sequence W X B3 MM F OIS & LT Segre
Product 2o W T ® BuchshaumPk 2 ZEB LM, [BIEBVWTZOHEO XY —HMN
REMZ2PFHL. BEBRLLUAD, [IJIOFE2HEIVCEERZEFIEROLD

(DA

Theorerm([6]) Let R and S are graded rings over a field k. Let M be a
Cohen-Macaulay graded R-module with dim M=m>1 and N be a Buchsbaunm
graded S-module with dim N=n and depth N>1. Then MEN(=® cczH.®N.) is
Buchsbaum if the following conditions 1)-4) are satisfied:

1) a(N)=nin{e;M.#0).

2) a(M)=nin{e;N.#0}.

3) H;R(M)d+e:0 or H;s(N)d=0 for d and e(<n).

4) M.=0 or H;S(N)d+n_e+; for d and e(<n).
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(Q,p) 2MEZMEF2E &, £ € LP(Qpu) (0 < p < co) it Hilbert 2 L2(Q, )
LoBEEAR My 251&R¥; D(My) = {€ € L(Q,p); F€ € L2(Q, w)}, (Mp)(w) =
fw)(w),w € Q€ € D(My). &> —->0EE i, Hilbert Zf Loz vses MEAZRMBRT
Schatten ® Cp, 1 F 7 VT %,

Ihsid, ¥EME von Neumann 8 M £ ZD b v —2 7 LT, ROB T — g
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B aDEHEERD |
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MEREE o i LTI H LP 2/ LP(M;p0) 2EH Lo HIHOHE o 2B
ATHEERBMB OB TE, P L—20DEE&ICd Segal, Dixmier 0 E L EERE I
%, Connes-Hilsum . ¥ AR-#H. £, Terp ZoWFhick K L b Haagerup
DbDOIEERETH B, LP(M;po) 13 LPM,7) Rtk THOROBEETH 5, Hl L
. BAMZEM LP(Q,pu) oW A Banach BB 2> SIEBFEAROMBI L.
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Moishezon Fourfolds
Homeomorphic to P& or Q%

Ixku NAKAMURA

In my talk I reported some partial solutions to the following conjectures.

CONJECTURE MP, (MQ,). Any Moishezon complex manifold homeomorphic to Pg
(resp. Q%) is isomorphic to Pg (resp. Qg).

Conjecture MP,, has been settled by Hirzebruch-Kodaira [1] and Yau [6] when the man-
ifold under consideration is projective or Kahlerian.

Recently Kollar [2] and the author [3] solved (MP3) in the affirmative, each supplement-
ing the other. Peternell [5] also asserts (MP3).

THEOREM [2][3]. Any Moishezon threefold homeomorphic to P (resp. QY) is isomor-
phic to P, (resp. Q%,).
THEOREM. Let X be a Moishezon manifold homeomorphic to Pg, and L a line bundle

on X with L™ = 1. Assume h°(X,0x(L)) > n+ 1. If a complete intersection of general
(n — 1)-members of |L| is nonempty outside Bs |L|, then X is isomorphic to Pg.

THEOREM. Let X be a Moishezon 4-fold, and L a line bundle on X. Assume that
Pic X = ZL, ¢;(X) = de;(L) (d > 5) and h%(X,0x(L)) > 5. Then X is isomorphic to
P4,

THEOREM. Let X be a Moishezon 4-fold homeomorphic to P§, and L a line bundle on
X with L* = 1. Assume h°(X,0x(L)) > 3. Then X is isomorphic to P§,.

THEOREM. Let X be a Moishezon 4-fold homeomorphic to Q*, and L a line bundle on X
with L* = 2. Assume that h°(X,L) > 5. Then X ~ Q*.

COROLLARY. Any global deformation of P&, (resp. Q*) is isomorphic to P, (resp. Q*).
g » C _ C

THEOREM. Let X be a Moishezon 3-fold and L a line bundle on X with L® > 1. Assume
that h'(X,0x) =0, c1(X) = 3c1(L), h°(X,L) > 2, and dim Bs |L| < 1. Then X ~ Q® or
P(F(a,b,0) (a>b>n>0,a+b=3n+2), where F(a,b,0) := Op1(a)® Op:(b) ® Op:.
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Applications and Extensions of Fomin’s
Generalization of the Robinson-Schensted
Correspondence to Differential Posets

Tom Roby
3 February 19912

The Robinson-Schensted (R-S) correspondence and its many variations lie at the com-
binatorial heart of many facts from representation theory and symmetric function theory.
They provide concrete bijective proofs of results that were often originally obtained in
much more algebraic or abstract ways. Most of these results can be viewed as counting
Hasse walks in certain partlally ordered sets. Stanley was able to derive many enumera-
tive results on the class of differential posets (of which Young’s lattice is a member) using
a highly algebraic approach which converted certain enumerative problems to (solvable)
partial differential equations. Fomin (independently) defined essentially the same class of
graphs and constructed a generalization of the R-S correspondence to differential posets.
We show how Fomin’s construction can be used to unify many of the R-S variants, in-
cluding Knuth’s generalization to semi-standard tableaux, the skew algorithms of Sagan
and Stanley, the oscillating algorithms of Sundaram, and the oscillating Knuth algorithm
of Gessel. It allows one to view all these variants as natural constructions.

Besides Young’s lattice, the other interesting example of a differential poset is the
Fibonacci lattice. We use Fomin’s methods to construct a R-S type bijection and prove
some of its properties. In particular, we are able to give an equivalent insertion algorithm
and an analogue of the Greene-Kleitman-Fomin correspondence for turning a permutation
into a poset.

Sequentially differential posets are a more general class of posets which include the
differential posets as a special case. There are many more interesting examples of sequen-
tially differential posets, but the enumeration of their Hasse walks is more complicated.
By generalizing Fomin’s construction, we are able to give bijective proofs of Stanley’s
results and derive some new results as well.

Following Fomin, we define the notion of a growth, i.e., a map between finite partially
ordered sets which preserves the relations “covers or is equal to”. In particular, tableaux
represent a certain kind of “one-dimensional” growth in Young’s lattice. Fomin’s basic
technique was to extend these growths to “two-dimensional” growths defined on all the
vertices of a Convex subset of Z2. The existence and uniqueness of these extensions
allows one to see Schensted’s correspondence in a more general way, and make it easier
to construct variants and extentions.

We give one example, which shows how this approach gives a nice pictorial way of



viewing a recent Schensted variant constructed by Sagan and Stanley.

Let PS, denot the set of partial permutations on n, i.e., the biwords obtainable by
taking a subset of the terms in a permutation. A tableaux of shape A/p is called partial
if its elements are distinct (but not necessarily the numbers 1,2,...,n). Let PT(\/u)
denote the set of all partial tableaux of shape A/p.

The basic result of [SS] follows. In the following, “&” denotes “disjoint union”. Also,
recall the notation # and # for the top and bottom lines of a biword.

Theorem 1.1 Let n be a fixed positive integer and o a fixed partition (not necessarily
of n). Then there is a map

(m,T,U) «— (P,Q)

defined below which is a bijection between = € PS, with T,U € PT(a/p) such that
TWT=7WU = {1,2,...,n}, on the one hand, and P,Q € ST()\/a) such that A/a I n,
on the other.

Example 1.2 This is the same example Sagan and Stanley give in their paper [SS, p. 165],
but we reinterpret it using Fomin’s approach. Let n =5, a = (2,2,1), 7 = zll g g, In

the picture below, P is the right edge, @ the upper edge, T' the left edge, and U the lower
edge. The partial permutation is represented by X’s, as usual.

291 321 322 32211 4221 42211

o1 BTI[ 32i| 32| 42| 4071

X

11 211 311 321 421} 4211

X

211 211 311 321 3211 3211

X

orl[2TT[ 211 221 22| 2211

91 21 5 22 59 901
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THE LIE AFFINE FOLIATIONS ON 4-MANIFOLDS
by S. Matsumoto (A joint work with N.Tsuchiya)

§1. Definition of Lie afline foliation; G; Lie group, X; C“-mfd on which
G acts, M;mfd. _
Suppose 3D; M — X, a submersion and 3¢; 71 (M) — G s.t.

(Equivalence Condition) D(yz) = ¢(y)D(z) for v € m (M), = € M.

DEFINITION. 1. D induces a foliation F on M. F is called a (G, X)-foliation,
D the developing submersion and ¢ the holonomy homomorphism

Our main concern: G = X = Aff (R); Lie gr. of ori. pre. affine transfor-
mations of R, the action of G on X is the left translation.

DEFINITION. 2. In this case F is called a Lie affine foliation.

§2. Another way to introduce Lie affine foliation. Left invariant 1-forms of
Aff, (R) are generated by w and 7 satisfying
(Fundamental Relation) dw = w A n never vanishes, d = 0.

They are pulled back to M by D and projected down to M by the equivariance
condition. (Also denoted by w and 7.)

"ProrosiTioN. 3. Conversely given 1-forms w and n on M satisfying the fun-
damental relation, then they yield a Lie afline foliation.

§3. Examples. Usual way to construct a Lie affine foliation is as follows.
N: mfd, wq; closed 1-form on N, f N — N, diffeo. s.t. f*wg = exp(A)wo

(A #0).

Form M, a mapping torus of f. i.e.
M =N xR/ ~, where (z,t +1) ~ (2, f(2)).
M is an N-bundle over S*. Define 1-forms w and 7 on M by
w = exp(At)wp and 7 = —Adt.

Then they satisfy the fundamental ralation and give an affine foliation F.
REMARK. 4. Notice that any leaf of ¥ is contained in the fiber of M — St
Hence it can never be dense in M.

§4. Theresult. Heafliger constructed an all-leaves-dense Lie affine foliation
on a closed 5-manifold. On the contrary we have the following.

THEOREM. 5. In dim < 4, all the Lie afline foliations are constructed as in §3
In fact they can be classified in terms of solvable Lie groups.

Typeset by ApS-TgX
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3. Xi(n), Y;(n),i=1,---,d1,j =1,--- ,dy 88, i n CHATER
BaE T, £32. U ={Jm; 0 <m < n} LEL. UP —Xo(n) 2 U »
5 Xi(m), m =0,---,n, i =1,-+- dy 2DFVIEEETS. U} — Yo(n)
bEBICERSNS. [25 2 BN TRAELET2H, X(n) 0 Ik X 38
REFHZ2X(n) £T5. FREE , 2058%E (X)) = X(n) — X1(n),
(X (n)|I) = [le(X(n)D)[|* LEX.

F#% 1 ( Granger MOBHREM ) FEOone {0,---,N} L,
e(X(n)|U5 ™) = e(X(n)|[Ug ™ — Yo(n - 1)) (1)
O, UN o5& T Y 5 X ~® Granger OE%TOBHEBEBEN TV &
w9,
E# 2 ( Granger ROBHMBFHEEYE ) FEO ne{0,---,N} L,
(X (n)|U5 ™1, Y (n)) = e(X(n)|U5 1) (2)

OB, UN 06 & TY »5 X ~0 Granger ® & < 0B BT FH R &S 73
WEWn S,

M§(Z) % {Z;(m);1<j<d0<m<n} PoERSNZABLEM LT 3.
M2(X), Mp(Y) bEBcERS NS, UTF, U =MMNZ),n=0,---,N &%
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5. Pyr(z) Purx) & M3(Z), M3 (X) ~0H¥ L3 28, KM;0-5 ¥ ¥ a s
vEBEX» S, £EOne{0,--- , N} & LT

X(n) =Parpx) X (n) + vx(n), (3)
Z(n) =PM3(Z)Z(n) + vz(n) (4)

/5.
3. REF ik
%9, Granger OB TORAERERICH LIROEEBKILT 5.

EE1 Y5 X ’\@}%@?@‘%ﬁﬁ%ﬁ”& WHETSEHER, 55 dy x dy 7
FloM {An,k); 0<k<n< N} dyxdy 7510 {B(n,k); 0<k<n< N}
BEELT, #F&0n=0,---,N il |

Y(n) =Y A(n, k)X (k) + S B(n, k)v*(k) (5)
: k=0 k=0

OWic, —BIERTE52ETH5. CCT, B(n,n),n=0,---,N REHT,
(F(n);0<n < N) i, MY(X) %% 3, T80, 258 (I)g, ® dy KT *
TALIARTHB.

ne{0,-- N} exL,

Vix(n) =Bvix(n)'vix(n), (6)
Vizx(n) =Bvyzx(n)'vizx(n), (7)
Viz(n) =Evyz(n) vy z(n) (8)

EBL. Vix(n), Vizx(n), Viz(n) BT eh, vix(n), viz,x(n), viz(n) O
SEATINTES 5.

TE=FHTH Wix(n), Wiz,x(n), Wiz(n) %

Vix(n) =Wyx(n)Wix(n), (9)
Viz,x(n) =Wiz,x(n)'W,z,x(n), (10)
Viz(n) =Wiz(n)' W, z(n) (11)

EWBEIITEB.

Z D, Granger OBRKRTO BRI REFR, BENBHFERBEGORIESL &2
B%. DT, "Granger OBWKTO” 2EI8d 5.

FE2 Y2oX ~oRRERABTVWSHETSEMER, RO (1), (2), (3)
DENLBRILTHIETHB. AL, —fic (I)g &, d REOBERITHEET.
(1) Wiz, x(n) 'vpx(n), n=0,--- , N 25, 30, £58ITF] (I)s, © dy KT
*7A4 L/ AXTHB.
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(2) Wax(n) 'vizx(n), n=10,---,N #, ¥ 0, £H8IT5 (I, ® dy KT
T4 b/ 4AXTH 5B,
(3)

oo () oo

2 1 0, HEABITH (D(gsray) @ (1 +ds) KEHT4 b/ 4XTH 5.
FHEI3 X 25 Y ~ORMUBHEEMEST VLEFSEMER,

V+Z,‘3j(n)=01 i:dly"' ,d1+d21 .7=17 7d11 n=0,---,N. (13)

wer) = (G10) ot 0

LB, 22T, Cyyij=1,2 1 d; xd; OFF5TH % (Crpa =0).
EFE4 XD2oY ~0BRENBRREBESZVWLELSEMER,

», 0, £HB (g OF 74 24X RLBBEIETHB.

EH 2, FH 4o, BRIIMOBAKREG, BRENENEREFKOREN
HEETh 5.

4. MEHRRE

BRI 1(1965-1987), Hif II (1965-1990) O PUEH 7~y D~ % —¥ 7 35 1, GNP
EoF L. MRS S, 2HBOBEOF -y BRE(S) 2BV BPEFTEEOE
HE s s, I TR, =x—-%754, GNP VW EFRFRREEE
¥Bb, HEII TR GNP <2 -4754 cBREERE2EZF oMW,

goi, HHI tamARMCEMNBIRRRBEGFEFEEL, HE I TREEL
W,

2 R

th B #15 (1992), BIFERTI O RET WH K- B Ok & O H-, BERFERE
REHR2 5.

W E g R (1988), KM,0-35 v ¥ 2 ~ v 5N & B F#Hiat, Hokkaido Univ. Tech.
Repo. Ser. No.9, 58-64.

Okabe, Y. and Nakano, Y. (1991), The theory of KM;0-Langevin equations:
and its applications to data analysis (I) : Stationary Analysis , Hokkaido
Mathematical Journal, 20, 45-90.
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1 9zEE — FEERT EIM 0-Langevin FER

BHAE ( BREHKFE)

lo REOSZEE 1 DGaussBEX(L) X, BERH
t .
(1) X (t) =J F(t,u)0(u)dB(u), t20,

[
itk > T, BERZVBENBEINAB ([1]). heE&bBTHKAIZ. BEIto-Volterrahf
E:0 ;
(2) X(t) =J

T
K(t,u)X(u)du+ J J(t,u)o(u)dsB(u)

0 Y

EREST 5, RERAKOBSLRERR D, HE, DiRuniquekETEE b TREVITH E,
DX, DLV BELVWVHEEZSD, BB, innovation B(t) % {X(u);ust} OEZET
BicEsTE3¢93¢E, (5K

L G®BE) = (T) 0 (), (T0) ()= F(t,u)¢wdu

BED A, (IR
¢ —-' R
(2) g(t)B(t) = (TJ (I-TK)X) (t)

EEART CEEEERT S L. Volterra&Ffﬁinduceﬁ“%?ﬁﬁ}%”‘a?ﬁ@@ﬁﬁ]‘; .
—2 DRI, U-T)EREENE T LI 5o

EC, (D o@BUWIHK NZRE LT, ERIto-VolterraTIERX (2) ZHEIL L fo o
Z0HO—FREBHIE. BERAPSHRBRPE> TRV, FoFEQ) -1 REST.
KdDresolvent RERDBLEFILRFBEINZ I LBDLh 3 :
R(t,u) +K(t,u) = f:R(t,s)K(s,u)ds=f:K(t,s)R(s,u)ds

3

3 i F(t,u) =J(t,u) - f: R(t,s)J(s,u)ds, O<u<t.
MEORAL DFHEI.

(4) F(t,u) ~ (t=u)*/r(0+l) as utt (0.>-1/2)

ZRELS I, 0)=(t-0)%/ (a+l) &EHhB)-2%. EEREAEH — fractional Brownik
KR~ TERETBILTH %o

(5) ax(t) =dt[K(t,t)X(t) + 'S%K(t,u)X(u)du] +0(t)dB(t)
0

EEfH. HABBEH(It-sNZ S OEHBECHELTE. B ZFHRIC L3

KM 0-Langevin AR ROBRIBBMEI A TWBE 3 T 0BEE. olt)=0, K(t, t)==-B(t), K(t,u)=
Y (t,u), 2 UCEEZEEK S (t)=r' (t)+r(t)B(t)- J, Wt w)r(u)du % A5 ([5], [6],
ROl ASh TV 3ERIEH).

20 EFTo0DFHELSIEDH L Io éz)iﬁ&i\ PR RS H RN
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X(DDHAE (L) EH-f& &, (B3 K)ERES 3 FMEGHTE . ()H
SEpNBEIFREN |
(6) (tA?F(t,u)F(s,u)cz(u)du=r(tls)

e

EEHERDL2LD bREPILHEWRHETS 5 ([4], [5]).

Wica=p(EDEH) DBFE&——pREHHXT() (G077 OFBRTEL LB, (2p
+1)IRFTN §#-§% & DLévy Brown EH) B, () » S Ehn 21 y2BE. MO-BEF I 0k > B4
LTS T ([2]).

3o HAaVHBIEHLCHRUALVT-vIE, « BEBHOEA, 1L, —bEhicas ROMS
DERWT. LXOBG)OROFBRER L THETH 50 MEOPE LT, dRTN 4%
&> fractional Brown & B, (x)(Z OkABBEE [y (, v)= (x +iv)’ - 1x-y(')/2 ) 2]
0 B (0<¥<2), BRTE FAFNBAEL (S, (6)) & K BMcKean D ERAD S AT 2 & T A DML 928
BA (M (1) RS 5. CNOOBERRRBE (3110 L > THNTRE Sho

FArOFLOVERIZ, £=(+d)/2-1 a%vwxﬁhmﬁﬂwmﬁﬁﬁét\@%ﬂ%$w
DHEBRBRIT B ENI T &, COBBROFEMIE, HEEZHL 20

19925F 2 AdbiEERFEHERELE DI, FRRBPELZESALA TV AL WAFE - H LWkt
b SRHOEELHLBR~NE G, '

Z%E Xk
[1]T.Hida and M. Hitsuda, -Gaussian processes, Kinokuniya(1976).
[2]1P.Levy, Processus stochastiques et mouvement brownien, Gauthier-Villars(1948;
Second edition 1965),

[31H.Muraoka, A fractional Brownian motion and the canonical representations
of its coefficient processes(to appear in Soochow J. of Math.).

[4]A.Noda, Lévy s Brownian motion and stochastic variational equation,
Gaussian Random Fields ed. by X.It0 and T.Hida, World Scientific(1991),
309-319.

[5]A.Noda, Some double Markov Gaussian processes, EMER KFHLE —BHE
Vol. 6(1992), 25-35.

[61FE#RHF. Langevin SRR LR REMBEHT. BF 4 3 5(1991),322-346.
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i#H & H Global Existence of the Discrete Boltzmann Equatmn
in a Thin Infinite Tube for Small Initial Data
1992%2H21H (£)

EEASEEBHEN  LHE
1 REOBE CBEREROEESIShTVS ([2]) MEVENOR LY v v HE
&R WHE RS B ER SR

Q’%i'fi-ci -Vu; =Qi(u)+L;(u)
EEMNRTFS/NE2OHECH LT, BHAEBRZEZERT I EECOHEHROENE S
5. BEREGH . BHBEFH. v o C— 1l 3 BANRELER ([3]) Lik.
Bony ([1]) v, ¥IHEOKRE %5128

6-(u") = sup esssup {/ lu?l d?z; 7 trace type p—plane}
iEJ(T) T

kU, BEXET 2R zF T 28

.mﬂun=mg/ wiu;(P)& P
: i#j JIIN(0,T)

N;,H(T) :/ u,-(P)d"P
n(o, 1)
EEHRT B ULOEFMD S &, FikfiR b~ THEES L. #Filid 2,

2% K

1. Bony J.M., Probléme de Cauchy et diffusion ¢ données pelites pour les modéles discrets de la
cinétique des gez, Actes des journées E.D.P. Saint-Jean-de-Monts (1990).

2. Yamazaki M., Ezistence globale pour les modéles discrets de I’équation de Bollzmann dans un tube
mince infini, Série I, C.R.Acad.Sci.Paris £.313 (1991).

3. Ezistence globale pour les modéles discreis de I’équation de Bolizmenn dans un tube mince infini en
dimension 1 d’espace, J.Fac.Sci, Univ.Tokyo 39 (1992).
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EEHSROBEREF L EBOTERNER
FEE KU (RHREWREDNR, BEWARERKE)

G 2+ 1EBLOBIRTFHEnHOREZEA 2.0 BRI RAEE
Za %ﬂ%,‘.ﬁ\.k%“flfﬁtﬁ'?/9A7A2{$§T7<i7?%§u%¥)@&:fﬁ T 50
{1,2,-,254+1} © 2s+ 1 BOBOBBREAGRRKRICBRD b —F 2 v} [T] T
b5LT 5. BREBLBVWEDOR FRRBOWEORN FIRET 2. BEFHn
RtickoRudy, EL4OBOR TG L& biREL TV, % node
. 2 M DHIEEH%%E oriented arc KBS B NIE, BREMOBBAGR 1
SOFBYT 57, b—F AV MokoTRENSE, b—F 2 v+ [T] i} 2r+1
f®dnode{1,2, -+, 2r+1} 25720 i~j=1,2,---,r(mod 2r+1) D & & i 1F
JEDEOSDET B, BT [I,] DE4 Dnode i rfDfhd node kDL .
BoOrfdnode XHFWEWI &L B, WE, BRIt IKBIEE O
WTH N,(t) 2N, 5 v 5 A~y b N (E) = (Ni(t), Na(t), -+, Nawyr(t))
22K %o .

N@)=f RakELss v 257 abd 2w+l HOMFEEDE LA &,
ThoOMBAGRERT b—F A ¥ b2 [T AR TH 2BEOHE H.(5)
EECo CRRPD[T]HLEETHEINERTH B0 6, =1 — 222

n(n-—l)
&L.ﬂ%{N()U~QLﬂmt}iDE&éﬂ% o-RE & s
{6-tH (N (1)), Fe,t =1,2,-- JReAF - ER B,
COMEREFVEOEDOEMAOFERRICIDELEINBZ EEL SN B,
d

%1‘{ = Cll‘i(z Limy — Z -'L'i+j)

et —~

7 J
CDREFs+1IHOREE:R 2, flAs=20D58&
L=P+BEB+PFP+P+P5

Iy = PP P+ PoPsPps + P3Py Py + PyPs Py + Ps P P
13:P1P3P3P4P5

E B,

_I:‘E@E(ﬁﬁf_{‘ NVOBELEROD=VF v — B ORERBIEIEL TW 3,
JEREER BAFEREHEEFVOMAIZAKSZISHZOBEEM»AN
7?.”9717.:%0
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PL— X&) A ADRRIE

FHEARS

We aim to give a unified treatment of trace and norm maps in field theory, induction
and tensor induction in representation theory, and additive and multiplicative transfers in
group cohomology.

We fix a finite group G. We consider a fanction S which assigns to each finite G-set X
a commutative ring S(X) and to each G-map f: X — Y three kinds of maps f*: S(Y) —
S(X), fo: 8(X) — S8(Y), fx: S(X) = S(Y), which may be called a restriction, trace, norm
map, respectively. They should satisfy certain axioms. We call such S a TNR-functor.

Green and Dress introduced a Mackey functor as a machinery to deal with trace maps.
A TNR-functor is a Mackey functor with norm maps.

For example, let R be a commutative ring with G-action. Then a TNR-functor R is
defined as follows. For each subgroup H of G, R takes the G-set G/H to the ring RE of
H-invarint elements. For a natural G-map f: G/K - G/H with K < H < G, the maps
f*, T, i are the inclusioil, the trace, the norm in the usual sense, respectively.

We have the following results.

(i) Let S be a TNR-functor and f: X — Y a G-map. Then S(X) is integral over the
subring f*(S(Y)).

(ii) Let R be a commutative ring with G-action. We can define a TNR-functor R,
which is dual to the above R in a certain sense. When G acts on R trivially, the value of
R at the one point G-set is isomorphic to the Witi-Burnside ring We(R) defined by Dress

and Siebeneicher.
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Mean Curvature Functions of Codimension-one Foliations.

GEN-ICHI OSHIKIRI

Let F be a transversely oriented codimension-one foliation of a closed connected manifold
M. If we choose a Riemannian metric g on M, then we have a smooth function H(z) on.
M. Here H(z) is the mean curvature function at = of the leaf L, of F through z with
respect to the unit vector field N orthogonal to F and its direction coincides with the given
transverse orientation. We call H(z) the mean curvature function of F with respect to g.
We say F is tenseif we can find a Riemannain metric g so that the mean curvature function
H(z) is constant on each leaf of F. Recently, Walczak studied the following question for
some foliations:

QUESTION. Which smooth function on M can be written as a mean curvature function
with respect to some Riemannian metric on M ?

We call such a smooth function on M admissible. In this talk, we give an answer to this
question:

THEOREM 1. A smooth function f on M is admissible if and only if there is an oriented
volume form dV on M so0 that

(i) [y 1V =0, and

(i) fpfdV >0 for any (+)-fed D.

Here (+)-fcd D means a compact saturated domain with boundary where transverse
orientation of F is outward everywkere. We also use (-)-fcd with inward orientation on the
boundary. Using Theorem 1, we can give a topological characterization of tense foliations:

THEOREM 2. Let (M, F) be a transversely oriented codimension-one foliation of a con-
nected, closed, and oriented manifold M. Then F is tense if and only if each connected
component of M — C(F) does not contain (+)-fcd and (-)-fcd simultaneously. Here C(F')
is the union of all "thick” compact leaves of F.

College of General Education
Tohoku University, Sendai
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