


Calendar of AMS Meetings and Conferences

This calendar lists all meetings which have been approved prior to
the date this issue of Notices was sent to the press. The summer
and annual meetings are joint meetings of the Mathematical Associ-
ation of America and the American Mathematical Society. The meet-
ing dates which fall rather far in the future are subject to change; this
is particularly true of meetings. to which no numbers have been as-
signed. Programs of the meetings will appear in the issues indicated
below. First and supplementary announcements of the meetings will
have appeared in eariier issues.

Abstracts of papers presented at a meeting of the Society are pub-
lished in the journal Abstracts of papers presented to the American

Mathematical Society in the issue corresponding to that of the Notices
which contains the program of the meeting. Abstracts should be sub-
mitted on special forms which are available in many departments of
mathematics and from the headquarters office of the Society. Ab-
stracts of papers to be presented at the meeting must be received
at the headquarters of the Society in Providence, Rhode Island, on
or before the deadline given below for the meeting. Note that the
deadline for abstracts for consideration for presentation at special
sessions is usually three weeks earlier than that specified below. For
additional information, consult the meeting announcements and the
list of organizers of special sessions.

Meetings
]
Abstract Program
Meeting # Date Place Deadline Issue
844 August 8-12, 1988t Providence, Rhode Island Expired July/August
(AMS Centennial Celebration)
845 *  QOctober 28-30, 1988 Lawrence, Kansas August 23 October
846 * November 12-13, 1988 Claremont, California August 23 October
847 * January 11-14, 1989 Phoenix, Arizona October 12 December

(95th Annua! Meeting)
April 15-16, 1989
May 19-20, 1989
October 21-22, 1989
October 27-28, 1989
January 17-20, 1990
(96th Annual Meeting)
January 16-19, 1991
(97th Annual Meeting)

Worcester, Massachusetts
Chicago, lllinois

Hoboken, New Jersey
Muncie, Indiana

Louisville, Kentucky

January 25,1989 March, 1989
March 1, 1989  April, 1989
August 30,1989 October, 1989
August 30,1989 October, 1989

San Francisco, California

* Please refer to pages 721 -722 for listing of special sessions
T Preregistration/Housing deadline is June 1

Conferences

.

May 29-June 3, 1988: Symposium on The Legacy of John
von Neumann, Hofstra University, Hempstead, New York

June 4-August 11, 1988: Joint Summer Research
Conferences in the Mathematical Sciences, Bowdoin
College, Brunswick, Maine

July 3-23, 1988: Summer Research Institute on Operator
Theory/Operator Algebras and Applications, University of
New Hampshire, Durham, New Hampshire

July 18-29, 1988: AMS-SIAM Summer Seminar on
Computational Solution of Nonlinear Systems Equations,
Colorado State University, Fort Collins, Colorado

August 6-7, 1988: AMS Short Course: Chaos and Fractals:
The mathematics behind the computer graphics

September 6-10, 1988: International Neural Network Society,
1988 Annual Meeting, Boston, Massachusetts (see news
item, page 269, February issue)

Deadlines
.
September Issue October Issue November Issue December issue
Classified Ads* Aug 1, 1988 Aug 31, 1988 Oct 3, 1988 Oct 31, 1988
New§ ltems Aug 5, 1988 Sept 6, 1988 Oct 7, 1988 Nov 4, 1988
Meeting Announcements** Jul 28, 1988 Aug 24, 1988 Sept 26, 1988 Oct 24, 1988

*: Please contact AMS Advertising Department for an Advertising Rate Card for display advertising deadlines.
For material to appear in the Mathematicai Sciences Meetings and Conferences section.
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Notices Schedule

With the increased frequency of the Notices and a more regular mailing schedule,
certain features that readers have associated with specific issues may now be appearing
in a different issue. The following are some of these items and the issues in which they
will appear under the new schedule.

o NSF Budget Request

A description of the NSF’s proposed budget request for the following fiscal year as it
relates to the mathematical sciences. April issue

® AMS-MAA Annual Survey, First Report

A report of the portion of the AMS-MAA Annual Survey which deals with faculty
salaries and presents a report on the statistical profile of new doctorates in the math-
ematical sciences. Included with this report is a listing of new doctorates and their
theses titles. November issue

® AMS-MAA Annual Survey, Second Report

The employment picture in the mathematical sciences is presented through an update
on the new doctorates and an analysis of faculty size and mobility. Information on
course enrollment, department size and number of graduate students and undergrad-
uate majors is also presented. April issue

@ Reciprocity Agreements

Listing of all foreign mathematical societies with which the AMS has a reciprocity
agreement. July /August issue

® Acknowledgement of Contributions

Listing of the AMS members who have made contributions to the Society in the past
year. July /August issue

e AMS Prizes

The announcement of the presentation of AMS Prizes at Annual and Summer Meetings
including biographical information about the recipients. Annual Meeting, February
issue; Summer Meeting, September issue

® Statistics on Women Mathematicians Compiled by the AMS

A report on the breakdown by sex of AMS members in the United States, AMS Invited
Speakers, AMS Officers, and AMS Editorial Boards, along with new doctorates awarded
to United States citizens. September issue

@ Call for Topics

Suggestions are invited for topics for various conferences which are organized by the
Society. February, April, and July /August issues

® Meeting Programs

Three announcements are normally given for each meeting held by the Society. The
first announcement contains information about invited speakers, special sessions, and
other highlights along with registration information. The second announcement up-
dates this information. The third announcement, or program, contains a complete
description of the scientific program and other events of interest. The issue containing
the first announcement for Joint Meetings (Annual and Summer) also contains the
preregistration and housing forms for those meetings as well as forms for the Employ-
ment Register. The first and second announcements for these meetings appear in the
two issues immediately preceding the program. For your ease in locating the Meetings
and Conferences section of each issue, the contents page for this section is marked by
a black bar which extends to the edge of the page. Programs of meetings and Math-
ematical Sciences Meetings and Conferences are also marked in this manner. Annual
Meeting Program, December issue; Summer Meeting Program, July /August issue

® Assistantships and Fellowships

The information on assistantships and fellowships that formerly appeared in the spe-
cial December issue will be presented in a publication separate from Notices. The new
December issue will be a regular Notices issue. Information on special fellowships,
instructorships, and postdoctoral positions will continue to appear in Notices since it
is of interest to the general mathematical community. October issue

¢ Bylaws of the American Mathematical Society

The bylaws of the Society are printed in their entirety in odd-numbered years. The
bylaws are accompanied by a listing of AMS Funds, Prizes, Officers, and Lecturers.
November issue, in alternate years

AMS publication order forms, membership application forms, and change of address

forms appear in the back of every issue for the convenience of Society members and
their associates.
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Referendum

The AMS referendum on issues in
federal support of mathematics has
been a resounding success. All mo-
tions passed, most by very large mar-
gins. After considerable discussion
last year over the wording of the
motions, the final formulation was
recognized as permitting a sounding
of members’ preference in this area.
The unprecedented extent of debate
in the Notices and at meetings led to
an unprecedented volume of voting
(more than twice as large as in an
election of officers) and the outcome
can be accepted without reservation
as Society policy.

In our view, there is no doubt
about a few immediate consequences.
In particular, the Society representa-
tives should now reorder their ap-
proach to the seeking of funding
for mathematics. Mathematics has
many actual and potential areas of
application. Correspondingly, there
are many agencies where we can seek
funding while avoiding SDI and de-
emphasizing military work. Follow-
ing the members’ wishes in this re-
gard will benefit both the profession
and society.

Chandler Davis
University of Toronto

Lucy Garnett
Baruch College

Linda Keen
Lehman College

Lee Mosher
Rutgers University
at Newark

Michael Shub
IBM Thomas J. Watson
Research Center

Jean Taylor
Rutgers University
at New Brunswick

William Thurston
Princeton University
(Received March 26, 1988)

Letters
to the Editor

Mathematics and the AMS

Based on my recent impressions I
doubt whether the American Mathe-
matical Society is still a mathemati-
cal society.

I attended the Atlanta meeting
and expected to meet many math-
ematicians there. Someone in your
journal wrote the meeting was very
enjoyable—perhaps he meant the
Peachtree center. I was eager to
talk mathematics with anyone (my
own research is on mathematical
crossroads) and was rebuffed with

Policy on Letters to the Editor
Letters submitted for publication in Notices
are reviewed by the Editorial Committee,
whose task is to determine which ones are
suitable for publication. The publication
schedule requires from two to four months
between receipt of the letter in Providence
and publication of the earliest issue of No-
tices in which it could appear.

Publication decisions are ultimately
made by majority vote of the Editorial Com-
mittee, with ample provision for prior dis-
cussion by committee members, by mail or
at meetings. Because of this discussion pe-
riod, some letters may require as much as
seven months before a final decision is made.
Letters which have been, or may be, pub-
lished elsewhere will be considered, but the
Managing Editor of Notices should be in-
formed of this fact when the letter is sub-
mitted.

The committee reserves the right to edit
letters.

Notices does not ordinarily publish com-
plaints about reviews of books or articles,
although rebuttals and correspondence con-
cerning reviews in Bulletin of the Ameri-
can Mathematical Society will be consid-
ered for publication.

Letters should be typed and in legible
form or they will be returned to the sender,
possibly resulting in a delay of publication.

Letters should be mailed to the Editor
of Notices, American Mathematical Soci-
ety, P.O. Box 6248, Providence, RI 02940,
and will be acknowledged on receipt.

expressions like “I don’t know,” “I
never heard of this before,” “Send
a preprint to me”—as if I was talk-
ing to clerks. Instead, those “mathe-
matical” people around were busy
with numerous conversations con-
cerning Star Wars, Women’s trou-
bles in mathematics, appointments
and promotions. None would like to
try posing or solving a mathematical
problem—with one exception. A no-
nonsense man from Naval Research
caught me after my talk and said ~
“If you proved that, then maybe you
can do the following problem...”;
and we found a quieter room, sat
and proved together a nice statement
on algebraic relations between some
analytic functions. It looks as if I
met only 1 (one) mathematician at
that crowded Atlanta meeting.

Another reason for my doubts is
the contents of the Notices. When 1
was entering the AMS, the Notices
were thoroughly mathematical: even
the topics related to general politics
were discussed in exact manner and
within the competence of mathemati-
cians. Recently I read in your jour-
nal that one does not need to know
physics to judge a very large engineer-
ing project (the author suggests that
it’s enough to be literate) and that
somebody is “right wing.” If a math-
ematical journal prints “right wing”
then no doubt the editor is on the
wrong wing. This change was grad-
uval and now I am fed up. Perhaps
you cannot withstand the bullying of
the “mathematical” politicians. So,
I have a suggestion. I remember a
discussion on whether one should re-
ceive the Bulletin as a part of the
AMS membership (I always enjoyed
the Bulletin)—now it’s the time to
discuss whether one should receive
the Notices as a part of the AMS
membership. I am tired of paying
for garbage.

R. Gurevit

University of Illinois

at Urbana-Champaign
(Received March 21, 1988)
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AMATHEMATICAL Celebrate

/S www  the AMS
Centennial!

Now you can have a remembrance of the
American Mathematical Society's 100th
anniversary for your own -- a beautiful
commemorative poster for your home,
office, or department.

This striking poster is a photographic
reproduction of the sculpture "Torus
with Cross-cap and Vector Field" by
Helaman Rolfe Pratt Ferguson of Brigham
Young University. The sculpture is a gift
from the Mathematical Association of
America to the American Mathematical
Society on the occasion of its Centennial.

. . AMERICAN MATHEMATICAL SOCIETY
The poster is printed on museum quality CENTENNIAL CELEBRATION -1888-1988
glossy paper. The sculpture is white and

photographed on a rich blue background. Torus with Cross-cap and Vector Field
To order, please specify POSTER/N

List $10 each, plus $2 shipping and handling
per order

To order your AMS anniversary remembrance, simply send a check or money order
for $10 each (plus $2 shipping and handling per order) to:

American Mathematical Society

Annex Station,

P. O. Box 1571

Providence, RI 02901-9930 USA

Send MasterCard or VISA orders to:
American Mathematical Society
P. O. Box 6248
Providence, RI 02940
or call 800-556-7774 to order by phone in the continental U.S.

For your convenience, an order form is available at the back of this issue.




LOWER BOUNDS IN

COMPUTATIONAL COMPLEXITY THEORY

Johan Hdastad

Suppose somebody gives you a 400-digit decimal number and asks you to
factor it. Suppose furthermore that you are given the friendly advice that this
number is the product of two primes, one with 212 digits and the other with
188 digits.

Faced with this formidable task you exclaim “I cannot do this in my
lifetime!”. This statement is correct in so far that even though mathematicians
have studied the problem of factorization for centuries, nobody has discovered
an algorithm which is efficient enough to factor a general 400-digit number in
reasonable time even on today’s fastest computers. This fact, however, does
not convince a mathematician that factoring cannot be done efficiently. To do
this one would have to prove that any factoring algorithm necessarily would
have to take a long time.

Given a computational problem we would like to prove lower bounds on
the time needed to solve this problem. Obtaining any kind of non-trivial
lower bound on the computational complexity of specific problems has proved
very difficult; the notorious P # NP? problem would be settled by a super
polynomial lower bound on the complexity of some function in the complexity
class NP. While we are still far from settling this question or proving any
good lower bounds for factoring some significant progress on lower bounds
has been obtained recently, and the purpose of this article is to describe these
results. Since the area has only been developed to a limited extent we will be
reasonably complete.

The computational problems we consider are those of computing functions
f:{0,1}* — {0,1}. We do not lose generality by this requirement since a
more general function can be represented as a collection of functions each
taking the value 0 or 1. We will call a problem of the above type a decision
problem or a language recognition problem, with the associated language being
{x]f(x) = 1}. Sometimes it will be convenient to think of f as a collection
(fn)22, where f,: {0, 1}" — {0, 1} is the restriction of f to strings of length n.
The length of a string x will be denoted by |x|.

We also need to make the notion of an algorithm precise. We will use
the model of a one-tape Turing machine (TM), introduced by Alan Turing
[18]. A one-tape TM consists of a finite control which is called the head and
an infinite tape divided into cells which serves as memory. At each point
in time the head is located at one cell and is in one of a finite number of
states. During each time step, the head reads the content of the cell where
it is located, writes a new content, enters a new state and moves either left
or right. Initially the input is given in the first n cells of the tape, while the
rest of the cells contain the symbol B (blank). At the end of the computation the

This article is the eighteenth in the
series of Special Articles published in
Notices. The author, Johan Hastad,
is Associate Professor of Computer
Science at the Royal Institute of Tech-
nology in Sweden. He received his
Ph.D. in mathematics from M.LT.
in 1986. His thesis, “Computational
Limitations of Small-Depth Circuits”,
received an ACM Distinguished Doc-
toral Award. His research interests
include Complexity Theory and the
design and analysis of algorithms.
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TM writes the output in a given square and then halts. We have the following
schematic picture of a TM:

1| a2 {eee| G foee|Qn | B | B [eee

T

Finite
control

The running time of a TM on input x is the number of time steps the TM
takes before it halts on input x. We say that the machine runs in time 7 (n)
if the running time on any input of size # is bounded by T'(n).

Let us start by giving a simple lower bound. Let {x|x = wwR} be the
palindrome language. Here w® is the reversal of the string w. For notation
let Q(g(n)) denote a function which grows at least as fast as cg(n) for some
positive constant c.

Theorem: The palindrome language requires (n?) time.

Sketch of Proof. Suppose n is divisible by 4 and look at how the machine
behaves on inputs of the form 40%b where |a| = || = 2. It is not hard to
see that to recognize the language correctly the head has to move Q(n) times
from the a-region to the b-region and back. Since the head moves at most one
square per time step this takes Q(n?) time. =

As is clear from the above sketch of the proof, the theorem does not rely on
the fact that the function in question is hard to compute but rather relies on
bounds for information transfer. The lower bound is for this reason heavily
oriented towards the given model, and one gets the fecling that we have not
proved anything really related to computing. Unfortunately the shocking state
of affairs is that the above theorem gives essentially the best lower bound
proved by combinatorial methods* for a language recognition problem.

To describe the progress that has been made we need the notion of a
circuit. A Boolean Circuit is a directed acyclic graph, which has its internal
nodes labeled A (and), v (or) or — (negation). It has one sink which we
will call the output node, and the sources are labeled with the variables x;,
1 =1,...,n. The nodes of the graph will often be referred to as gates and the
indegree of a node is called the fanin. We will in general not restrict the fanin
of A and Vv gates, while the — gates are restricted to fanin 1. By letting x;
take the value of the i’th coordinate the circuit computes in a natural way a
function {0, 1}" + {0, 1}. A function f is computed by a sequence (C,)2, of
circuits if C, computes f,.

The crucial parameter of a circuit will be its size (number of nodes) and
depth (length of the longest path from input to output). Thus the above circuit
has size 8 and depth 3.

It is not hard to prove that any function which can be computed by a TM
in time 7'(n) can also be computed of a family of circuits of size O(T?(n)).
Simply let the value of a node in the circuit correspond to the content of
a particular square at a particular time. In fact, using subtler observations,
T?(n) can be improved to T'(n)log T(n) [11].

In view of this fact, lower bounds on the running time of TMs follow if we
can prove lower bounds on the size of circuits. This is presently the common
approach since it seems easier to work with a circuit which is a static object

* It is possible to prove better lower bounds by diagonalization techniques. For instance for
function g defined as follows. On input / run the TM with encoding i, f(]i|) steps. If it halts and
accepts reject the input otherwise accept. This function cannot be computed in time f(n).
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than with a TM which is dynamic. However, the success in proving lower
bounds for general Boolean circuits has been very limited and the best lower
bound for any reasonably simple function is 37, a result obtained by Norbert
Blum [5].*

The difficulty in proving bounds on the size of general circuits led

researchers to study restricted circuit-models. The idea is that if we cannot
prove that a full powered computer cannot do something, let’s tie its hands
and feet together and see if we are more successful. The two models where
the most progress has been made are circuits of small depth and monotone
circuits (circuits which do not contain negations). We start by describing the
results obtained concerning circuits of small depth.
Small-Depth Circuits. In dealing with small-depth circuits we will assume that
the negations only appear as negated inputs. Using de Morgan’s laws it is easy
to see that this can be achieved by at most doubling the size of the circuit.
Consider for example the following circuit of depth 3:

@

M\
PR A

Observe that the circuit contains alternating levels of A and V. This will
always be the case since we can collapse two adjacent gates of the same type.
The first two results proving lower bounds for small-depth circuits were
by Ajtai [1] and Furst, Saxe and Sipser [7], independently. The techniques
of the second paper have since been refined and together with a method by
Razborov [13] has proved to be most successful at proving lower bounds for
small-depth circuits. We start by describing the approach of Furst, Saxe and
Sipser.
Definition: A restriction p is a mapping of the variables to the set {0, I, «}.
p(x;) = 0(1) means that we substitute the value 0(1) for x;
p(x;) = x means that x; remains a variable.

Given a function f, we will denote by f,[, the function of the variables
given the value * we get by making the substitutions prescribed by p. Given
a circuit C, computing f,, we can similarly convert it to a circuit Culp
which computes f,[,. The key to this technique of proving lower bounds for
small-depth circuits is the fact that for a suitably chosen restriction, C, [, s
considerably simpler than C,. In fact C,[, will be a circuit of about the same

* One can prove that functions which are exponential space complete require large circuits.
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size but of depth one less. The only known way to construct such a restriction
which does not set too many variables to constants is by using randomness.
Definition: A random restriction p € R, satisfies

p(x:) = 0(1) each with probability § —

p(x;) = = with probability p, independently for different x;.

Furst, Saxe and Sipser’s original analysis of how much p € R, simplifies

C, was substantially improved by Yao [19] and later Hastad [8] simplified and
improved Yao’s analysis. The essential part of Hastad’s proof is contained in
the following lemma.
Lemma: Let g be computed by a depth 2 circuit which is an A of V's where
each V has at most t inputs and let p be a random restriction from R,. Then
the probability that g[, cannot be computed by a depth 2 circuit which is an v
of N’s where each A has at most s — 1 inputs is bounded by (Spt)°.

Let us see how to use this lemma. Let f be computed by a small-depth
circuit C,. Since for suitable chosen parameters the probability of failure of
the lemma is exponentially small, it is possible to find a restriction such that
the lemma applies to all depth 2 subcircuits of C, simultaneously. Thus one
can interchange the two lowest layers of v and A. If the depth of C,, is at least
3 this gives two adjacent layers of the same type which can be collapsed and
the depth is decreased by 1. If the depth of C, is k then after applying k — 2
restrictions the circuit can be converted into a depth 2 circuit which is easy to
analyze.

This procedure enables one to prove lower bounds for any function which
even after applying restrictions cannot be computed by a small depth 2 circuit.
A prime example is the parity function, i.e. f(x) = Y/, x; (mod 2) which
after restrictions still remains a parity function (of fewer variables).
Theorem: A circuit of depth k which computes parity of n inputs requires size

1
> 2%"T for n > nk where ¢, = 107,
This lower bound is actually quite close to optimal since there is a family
1

C, of circuits of depth k computing parity where C, has size n2"*™".

Sipser [14] also studied how much more powerful depth k was compared
to depth k& — 1. Also these results were improved by Yao [19] and Hastad
[8][9]. The best known bounds are:

Theorem: For every k there is a family of functions g of n variables which can
be computed by circuits of depth k and size n but not any ¢ > Q requires circuits

of size 2en ™D = " for sufficiently large n when the depth is restricted to k — 1.

Let us now proceed to describe Razborov’s approach [13] to the problem
of proving lower bounds for small depth circuits. Razborov was interested in
allowing parity-gates (gates outputting the sum modulo 2 of the inputs) as
well as A-gates and V-gates. In particular, he wanted to prove lower bounds for
computing the majority function in this model. Here the majority function
is the function which takes the value 1 if at least half the inputs are 1 and
otherwise takes the value 0. Razborov made the circuit simpler by converting
large A’s (V’s) to small A’s (V’s). He did not do this by using restrictions and
instead of paying the price of giving values to some of the variables he allowed
the circuit to make errors on a small fraction of the inputs. He obtained the
following key lemma.

Lemma: If f can be computed by a depth k circuit containing n-gates, V-gates
and parity-gates, of size S, then there is a polynomial over GF(2) of degree I*
which agrees with f except for S2"~! inputs.

All that remains to prove lower bounds for a function is to prove that a
function is not close to any low degree polynomial. By doing this for a
function closely related to majority Razborov obtained the following theorem.
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Theorem: A circuit of depth k which contains A, V- and parity gates and

1
computes majority is of size > 2¢*+!

Smolensky [15] extended Razborov’s result and considered circuits which
contained gates which computed the sum modulo p of the inputs where p is
a prime.* Using a similar lemma but a different technique for the second step
he proved essentially the above lower bound for the size of circuits computing
the sum modulo m for any m # pi.

To summarize these results we introduce a partial order <.; on functions

where f <. g iff f can be computed by polynomial size circuits of constant
depth containing A, V- and gates computing g. In this partial order we know
that 0 <. parity <., majority while sum modulo p and sum modulo ¢ are
incomparable for different primes p and ¢. Additional information about this
partial order would be very interesting.
Connections to Relativized Complexity: An important tool in recursion theory
is to study relativized computation. This means that as a computational aid
the Turing machine is given the ability to ask a question “x € 4” for a specific
language A called the oracle language. These questions are answered correctly
in one time timestep. It is straightforward to define the usual complexity
classes relative to an oracle and a fair amount of work as been done to study
these classes.

As was first proved by Furst, Saxe and Sipser [7] and Sipser [14] lower

bounds for small-depth circuits can be used to construct oracles achieving new
separations. It is possible to construct an oracle B such that Ef # Ef 1 for
all i and PH® # PSPACE®. Here PSPACE is the set of languages recognizable
in polynomial space, PH is the polynomial time hierarchy [16] PH =, 3_;
where ), are languages recognizable by TMs which run in polynomial time
and have i alternations [6]. In particular }°, = NP. An oracle such that
P4 = PHA = PSPACE“ was known previously [4]. A selfcontained proof on
how to construct these oracles and some explanation of the implication of
these results are given in [9]. After this detour let us return to lower bounds
for circuits.
Monotone Circuits. Recall that a monotone circuit is a circuit which does not
contain negations. This restricts the functions which can be computed to be
monotone i.e. changing an input from 0 to 1 cannot change the function from
1to 0.

The basic technique for proving lower bounds on the size of monotone
circuits was introduced by Razborov [12] and Andreev [3].

Let Clique(n, k) denote the set of graphs on n nodes which contain as
a subgraph the complete graph on k vertices. This language is NP-complete
for suitable choice of k and hence a nonpolynomial lower bound for general
circuits computing this language would prove that NP # P. Alon and Boppana
[2] extended Razborov’s result to get the following.

2 . . .
Theorem: For k < (g )°Clique(n, k) requires monotone circuits of size

P 8logn
2 kz—S ]

Let us give a brief outline of the proof. The main idea is to construct a family
7 of functions with the following properties.

1) x; € 7 for all i.

2) For fi, f € F thereexists € 7, f3 < fiAfrand di(f3, fi A f2) < 6.

3) For f}, f, € F there exists 3€ 7, 3> fiV frand da(fs, 1V f2) < 6,.

* To make this a Boolean function define the value of the gate to be 0 iff the sum is 0
modulo p.
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Here the metric d; corresponds to the number of inputs from a set S; two
functions take different values at and J; and J; are two constants. Using these
properties it is easy to prove.

Lemma: If g is computed by a monotone circuit of size .S, then there exists
feF, withdi(g gAf) <S8 and d>(g, gV f) < Sbs.

The punchline of the proof is of course dealt by providing a family 7 such
that for f € 7 either d,(f Clique(n, k)) or d»(f, Clique(n, k)) is large.

It may seem as if restricting a circuit which computes a monotone function
to be monotone is not such a severe restriction. This is not correct since
Razborov [12] proved that there is a monotone function which has polynomial
size general circuits but requires superpolynomial size monotone circuits. The
gap was widened by Tardos [17] who gave a function which has polynomial
size circuits but requires exponential size monotone circuits.

Finally we mention a recent result by Karchmer and Wigderson [10]. Let
the problem of st-connectivity be: Given an undirected graph G and two
nodes s and ¢ in G. Is there a path between s and 1?

Theorem: If we restrict the fanin of each gate to be at most 2, st-connectivity
requires Q(log2 n) depth monotone circuits.

The idea of this proof is different from the other proofs for the reason
that it starts from the outputs and works towards the inputs. They prove that
there is a path which starts at the output and ends up at one input such that
the functions computed at the nodes along this path are in a technical sense
approximations of an sf-connectivity problem. This is obvious for the output
and is established by induction. To finish the proof one needs only to verify
that an input variable is not an approximation of an st-connectivity function
in the required sense.

In view of the results presented one can ask if we have made any progress
towards the original question; proving lower bounds for general circuits. If
one takes that question as “Will any of the above methods extend to the
general case”, then the answer probably has to be negative and probably some
new idea is required. Whether this idea will be inspired by the set of ideas
presented here remains to be seen. Even if this is not the case, I feel that the
presented results are very much interesting in their own right.
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The series of Special Articles was cre-
ated to provide a place for articles on
mathematical subjects of interest to
the general membership of the Soci-
ety. The Editorial Committee of the
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will be accessible to mathematicians in
all fields. The articles must be interest-
ing and mathematically sound. They
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approved) accepted or rejected on the
basis of the breadth of their appeal to
the general mathematical public.
Items for this series are solicited and,
if accepted, will be paid for at the rate
of $250 per page up to a maximum
of $750. Manuscripts to be consid-
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to Ronald L. Graham, Associate Edi-
tor for Special Articles, Notices of the
American Mathematical Society, Post
Office Box 6248, Providence, Rhode
Island 02940.
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WILLIAM H. JACO
NEW EXECUTIVE DIRECTOR
OF THE AMS

William H. Jaco has been appointed as the next Exec-
utive Director of the AMS. He will succeed William J.
LeVeque, who, after eleven years as Executive Director,
will retire on September 9, 1988.

Currently on leave from Oklahoma State University,
Jaco holds the position of Professorial Research Fellow
at the University of Melbourne in Australia. He has
served as Professor and Head of the Department of
Mathematics at Oklahoma State University since 1982.
Before that, he was at Rice University, where he began
as Assistant Professor in 1970 and advanced to the rank
of Professor in 1978.

Jaco has distinguished himself for his research in
topology, combinatorial group theory and differential ge-
ometry. He has published books in two AMS book series:
Lectures on Three-Manifolds in the CBMS Regional Con-
ference Series and Seifert Fibered Spaces in 3-Manifolds,
co-authored with Peter Shalen, in the Memoirs of the
AMS series.

Jaco was a member of the Institute for Advanced
Study in Princeton, New Jersey during 1971-1972, 1978-
1979, and the summers of 1973 and 1986. In 1984-1985,
he was a senior research fellow at the Mathematical
Sciences Research Institute in Berkeley, California. He
has held visiting appointments at Columbia University
(1976-1977) and Michigan State University (1982). Jaco
has presented a number of invited addresses at various
mathematical conferences in the U.S., Canada, Europe,
and Australia, including invited lectures for the Inter-
national Mathematical Union in Geneva, Switzerland in
1981. He presented a one-hour Invited Address before
the Society and has been an invited speaker at two AMS
sectional meetings.

His professional activities include membership in the
AMS, the Mathematical Association of America, the
Houston Philosophical Society, the National Council of
Teachers of Mathematics, and the Oklahoma Council
of Teachers of Mathematics. Jaco has served on the
AMS Committee to Select Hour Speakers and is cur-
rently chairman of the AMS Committee on Committees.
Jaco is also an editor of the AMS book series,

Contemporary Mathematics. His concern with the health
of the profession is reflected in his membership on the
Task Force for Collegiate Mathematics in the Year 2000
(MS2000) and on the Board on Mathematical Sciences,
both at the National Research Council.

William H. Jaco

Jaco looks forward to his new position with enthu-
siasm. “This is a very interesting time to be in such
a position,” he says. “The Society is moving into its
second century and the issues facing professional math-
ematicians today call for the active and comprehensive
involvement of the AMS.” He sees the Society function-
ing as a focal point for issues facing the mathematical
community. “The AMS can be a mechanism through
which mathematicians function collectively when indi-
vidual effort is not or cannot be effective.”
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The AMS is already cooperating with other pro-
fessional societies in providing government and public
representation for the mathematics community, he points
out. “The Society is taking a leadership role in seeking
more resources for mathematics, in emphasizing the need
for research mathematicians to be involved in issues con-
cerning mathematics education, and in improving the
flow of young talent into science and mathematics.” Jaco
states that he looks forward to being involved with such
issues at the national level.

In accepting his new position, Jaco recognizes the
value of the “hardworking and dedicated AMS staff,”
who have brought the Society to its present state of finan-
cial stability, efficiency, and effectiveness. “Bill LeVeque
deserves a great deal of credit for the Society’s current
position of strength,” he says. “The Society is in excellent
shape to meet the important challenges of the future and
stands at the center of several important directions for
the mathematical sciences.”

RESEARCH EXPERIENCES
FOR UNDERGRADUATES

NSF Program Stimulates Students’ Interest
in Mathematical Research

This article highlights an important new program at the National
Science Foundation. Entitled Research Experiences for Under-
graduates, the program gives undergraduates an opportunity
to participate in hands-on research in science and engineer-
ing. The two kinds of awards—Sites and Supplements—are
explained in the article. The deadline for Sites is October 10,
1988. Supplements require two to three months processing
time. The 1988 Site awards are listed in NSF News & Reports
in this issue of Notices. For more information, contact William
W. Adams, 202-357-3695.

The decline in recent years in the number of mathematics
doctorates has been a continuing source of concern
within the mathematical community. Many believe that
the root of the problem lies at the undergraduate level,
where students are rarely exposed to the excitement of
mathematical research when they are in the process of
choosing a field of study. In the laboratory sciences,
students can participate in research in a variety of ways,
and even simply observing the laboratory environment
can demonstrate how research is conducted in such fields.
But in mathematics, it is more difficult to convey the
nature of the research process, and the lack of technical
background can be a barrier.

Nonetheless, some mathematicians, with the help of a
program at the National Science Foundation (NSF), are
developing innovative ways of involving undergraduates
in research. The program, entitled Research Experiences
for Undergraduates (REU), is designed to immerse un-
dergraduates in active research in mathematics, science,
and engineering. Now in its second year, the REU
program is demonstrating that involving undergraduates
in mathematical research is not only possible but also
rewarding for both students and faculty.

Purpose of REU

The purpose of REU is to attract talented students into
research careers in mathematics, science, and engineering
by exposing them to the excitement of research early in
their college years. “We want to involve students in math-
ematical research by showing them it’s worthwhile and
enriching, as well as enjoyable,” says William W. Adams,
Program Director for Algebra and Number Theory and
REU Coordinator in the Division of Mathematical Sci-
ences (DMS). “We want to build a pool of students going
into science and get them interested in research at the
Ph.D. level.”

According to DMS Director Judith S. Sunley, REU
can show students what mathematics is all about.
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«Despite all evidence to the contrary, many students
still believe mathematics to be a dead subject and feel
they are chasing their tails to solve problems whose an-
swers are already known,” she says. “The REU program
can help us build a core of students who know that there
are still challenging questions for mathematicians to
solve and that mathematics is much more than using ex-
isting methods to solve the problems of other disciplines.
Inventing the ideas that answer questions in mathematics
or other areas of science and engineering is where the
real excitement of our field lies. That is precisely what
the REU program can help show undergraduates.”

The precursor of REU was the Undergraduate Re-
search Participation (URP) program, which began in the
early 1960s in the NSF’s education directorate. Though
seen as highly successful, URP was eliminated due to
budget cuts in the early 1980s. URP was revived as
REU at the urging of the National Science Board, the
policymaking arm of the NSF.

Because REU is considered a research program, the
NSF delegated responsibility for the program to the
research divisions. “We want to give the students hands-
on mathematical work,” says Adams. “They should be
given open-ended things to do.” While the work the
students do may not be at the leading edge of science,
it does give them a sense of the nature of scientific
research. “You can take a fairly narrow topic that may
not be frontier research, but it can be suitable for an
undergraduate to work on.” Some research questions can
be made accessible by reducing them to special cases. In
many of the REU projects, the computer can act as a
“laboratory,” providing a way for students to contribute
to the solution of a research problem. “Library research,
in which a student locates papers for the professor,
or preparation of an expository work on several extant
papers are not suitable activities for the program,” says
Adams.

The REU program can provide a very different at-
mosphere than the classroom. B. Frank Jones of Rice
University last year ran a 2-month- REU summer pro-
gram involving ten students. Jones noted that, unlike the
classroom situation, there was little sense of competition
among the students. “There was nothing to be compet-
itive about—no grades, no evaluation of performance.”
Nonetheless, he says, “these students were all very excited
with that we were doing and I could tell they worked
very hard.” Jones said he decided against giving course
credit for participation in the program because “that’s
not a research motivation. I am glad we didn’t.”

Two Kinds of REU Awards

REU makes two kinds of awards: Sites and Supplements.
REU Sites provide research experiences for a group
of students, usually over the summer. The Sites must

have well-coordinated activities for the students and
must emphasize group activity. An REU Supplement
allows an NSF-supported researcher to add one or two
undergraduates to his or her research grant. Within the
DMS, Adams handles the panel review of Site proposals,
while requests for Supplements are evaluated by the
program officer handling the individual’s research grant.

Adams has noticed some common shortcomings in
proposals for REU Sites. “Often the principal investi-
gators gave a reasonable description of the mathematics
involved, but gave no indication of what they were go-
ing to do with the students to give them a coherent
program.” Simply assigning problems and telling the
students to come for help if they need it does not pro-
vide enough structure. “There should be evidence of a
coherent program, dynamics between the professors and
students, and group interactions,” says Adams.

While the number of students involved in an REU
Site may vary (in 1988, the numbers will range from 4
to 12), the average is around 8. REU award costs, which
usually average about $4000 per student for the Sites, and
somewhat less for the Supplements, may include stipends
for students, salaries of involved faculty, relevant student
housing costs, indirect costs, and a modest allowance for
supplies. For full-time summer activity, the student
stipend must be at least $2000. The total amount of
indirect costs allowed for REU projects is limited to 25%
of the student stipends.

A major goal of the program is to involve students
who come from institutions where research programs are
limited, so those projects that include students outside the
host institution are encouraged. In addition, the NSF will
give special consideration to projects containing plans
for involving women, minority, and disabled students.

Last year, the REU program for all disciplines in the
NSF had a budget of $10 million. One hundred twenty-
eight REU Sites involved over 1200 students in 43 states
and the grants averaged $42,000. Approximately the same
number of students were supported by Supplements,
which averaged $4000-$8000. Within the DMS, the
$380,000 REU budget for last year supported 8 Sites
and 20-25 Supplements. The DMS-REU budget rose to
$500,000 for 1988.

Descriptions of Currently Supported REU Sites

In fiscal year 1987, the first year of the REU program,
the DMS had little time to publicize the program, and
consequently received few proposals (8 proposals were
funded out of 29 received). In fiscal 1988, despite a
substantially increased budget and considerably more
time for publicity, the DMS received almost the same
number of proposals as in 1987 (there were 2 continuing
grants, and 12 new grants were awarded out of 28
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proposals; 4 of those 12 were from individuals who had
run REU Sites the previous summer). The following
descriptions of REU Sites that took place in the summer
of 1987 may help to give others ideas of the possibilities
and benefits of this kind of activity. These Sites are
among those receiving grants for 1988.

University of Minnesota at Duluth

Every summer for the past ten years, Joseph A. Gallian
has run a program to involve undergraduates in math-
ematical research in graph theory and combinatorics.
Over the years, his program has attracted some of the
nation’s brightest undergraduates. Last year, with a Site
grant from REU, Gallian was able to expand his program
to include five students.

Because the research topics are fairly accessible, Gal-
lian does not require previous knowledge of graph theory
or combinatorics. Rather, he seeks students who exhibit
a combination of talent, creativity, persistence, and mo-
tivation. After choosing the students, he matches two
problems to each student according to their backgrounds
and abilities.

The organization of the six-week program is fairly
informal. There are no regular lectures, and a minimum
of background is provided—perhaps one paper that has
an open problem or a theorem that can be strengthened
or generalized. The students share three bedroom apart-
ments on campus, and Gallian often drops by to chat
with them.

In individual weekly meetings, the students describe
to Gallian what they have done. Frequently these meet-
ings take the form of “pep talks”—if a student is stuck,
Gallian offers ideas, hints, and references, and just gen-
erally bolsters confidence. “It’s common to make no
observable progress,” he says. “It’s easy for even bright
kids to get discouraged.” Sometimes the problems turn
out to be inappropriate—too easy or too hard, or some-
times they have already been solved. It is for these
reasons that Gallian finds two problems for each student.

Gallian always invites one or two former participants
who can help the students when they get stuck. David S.
Witte of Harvard University has returned to the program
every year from the start. “The people who come back
have done wonders for the program,” says Gallian. “It’s
a blend of personality and talent that suits the program.”
In addition, speakers are brought in to present general
interest, self-contained talks on a variety of topics. These
speakers generally spend a week in the program and
socialize with the students.

A central goal of the program is to have the students
write up their results for publication. At the end of
the program, each student gives Gallian a manuscript,
and he helps the students with the revisions, which
often take two to three years to complete. He says

that his follow-up is crucial, because students often
lack the motivation to finish their revisions once they
leave the program and the academic year begins. His
efforts have been very successful: more than 25 papers
written by undergraduates under his supervision have
been published.

In future years, Gallian hopes to be able to send
students to national conferences to present their papers.
“It’s a big thing for them,” he says. “It gives them
pride and enthusiasm.” Attending these meetings also
helps students feel they are part of the mathematical
community. “I didn’t go to a national meeting until after
I'd gotten my Ph.D.,” he remarked. “Students drop out
of mathematics too early. They make the choice to do
other things before they get a chance to see what a
mathematician does.”

One of the reasons the program is successful is
that Gallian targets outstanding students who are all
about equally talented. “It would be a disaster to mix
these students with less talented students,” he says.
“Homogeneity is more important than which group you
target.” In addition, the program has an informal and
supportive but nonetheless challenging atmosphere. “I
don’t consider it a competition. Everybody does as well
as they can,” says Gallian. “There’s mutual respect and
mutual support.”

University of Tennessee

Lawrence S. Husch at the University of Tennessee last
year ran an REU Site which differs from most of the
others in the diversity of the topics investigated and in
the number of faculty involved. From the fifty students
who applied to the program, thirteen were matched
with eleven faculty members based on the students’
and faculty members’ interests. The faculty then chose
problems that they felt were accessible to the students.

Husch says that one of the strengths of the six
week program was the way it successfully combined
the group and individual components. The students
were brought together three times each week to hear
faculty speak on their research areas. During the first five
weeks, Husch taught a course using An Introduction to
Dynamical Systems, by R. L. Devaney. “I think this book
is accessible to undergraduates and presents a topic they
might not see in their home institutions,” says Husch.
The book does not require a great deal of background,
and it has “a lot of pretty pictures.” The students were
divided into three teams to work on problems from the
text, and Husch felt this cooperative-competitive aspect
of the program was beneficial.

For the individual component of the program, the
students worked closely in ones and twos with the faculty
members. The students were required to meet with their
mentors three hours per week, and this time allotment
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was often exceeded. The topics investigated ranged from
discrete dynamics problems in the plane, to semigroup
rings, to control theory, to the Poisson renewal process.
Several students were involved in computational aspects
of the research. For example, one of the projects focused
on a mathematical model of three-species competition.
The student and his mentor used computer simulations to
examine whether certain combinations of mathematical
conditions would result in a stable equilibrium. The
simulations confirmed their intuition, and they were
eventually able to prove stability.

The faculty took weekend trips and had picnics and
other social events with the students. During the final
week, each student made an oral presentation on the
work he or she had completed. One of the highlights of
the program was a visit to the Mathematical Sciences
section of Oak Ridge National Laboratory. During the
visit, the leaders of the main mathematical research
groups presented talks on the type of research in which
they were involved, and the students were able to speak
with the mathematicians in each of the groups.

Conceding that the program took a great deal of time,
Husch is nonetheless enthusiastic. “It was fantastic,” he
said. “The students developed a fantastic rapport and
were a very close-knit group.” Husch feels the students
learned a great deal about the process of mathematical
research. “The students could see where mathematics is
going, they could see some of the fundamental ques-
tions,” he said. “They could see that mathematics is
fun and see mathematicians live, at work, enjoying
mathematics.”

University of Utah

Robert M. Brooks of the University of Utah ran a 7-week
REU Site program involving 5 faculty and 11 students
and focusing on the analysis of large data sets. Sev-
eral data sets arising from various branches of biology
were to be subjected to a variety of techniques: prin-
cipal component analysis, linear regression, groupings
by discriminant functions, and projection pursuit. The
students applied these techniques to the given data sets
to search for patterns and relations and to compare the
effectiveness of the techniques. The participants worked
singly and in groups, sometimes with close supervision
and sometimes with none. The program overlapped with
the Joint Mathematics Meetings which were held in Salt
Lake City in August 1987, so the students were able to
attend a number of the sessions at the meeting.

Hugo Rossi, one of the faculty members involved n
the project, says that they attempted to create “a working
environment rather than a learning environment.” “Sup-
pose you had a laboratory, with principal investigators,
postdocs, graduate students and so on. How is it run?

You don’t get everybody together and lecture to them.
You just give them things to do.”

Because of this approach, the students needed back-
ground only to the level of linear algebra. During the first
three weeks of the program, the students were given some
background lectures, but, as one student participant put
it, the lectures were more like “job training lectures”
than “classroom lectures.” This orientation phase, which
included problem seminars led by a graduate student
and time in the computer laboratory, made the various
tools available to the students. Rossi said that when the
students were given problems to work on, at first they
just “looked at each other and said, ‘What are we going
to do?” But the faculty gave them hints and pointed
them in certain directions, and soon the students were
able to get started working on the problems. Rossi noted
that it is very difficult to take such an approach in a
classroom setting.

Rossi says that one of the intentions was to involve
students who had talent and interest in mathematics but
were not majoring in mathematics. The program suc-
ceeded in attracting students from engineering, biology,
and physics, as well as mathematics and statistics. As
with most of the REU Site programs, the organizers sent
out advertisements to various institutions and contacted
colleagues who might be able to recommend students,
and they ended up with 25-30 applicants.

At the end of the program, the students were asked
to prepare reports on their projects. The success of
the program can be measured in part by the students’
enthusiastic comments. “I would say that this program
has been one of my greatest educational experiences
to date,” wrote one junior in electrical engineering.
“Through it I gained an increased appreciation for the
broad world of mathematics.” A junior in mathematics
said that he gained a more complete picture of the
field. “The broad picture shows how the different aspects
of math are intertwined ... This program was very
beneficial in increasing my enthusiasm for math and
graduate studies. The environment was much different
from that of a classroom.” Said one junior, “I was a
dual major in math and physics, but after the program I
plan to study mathematics in graduate school ... I was
pleased to see professors taking such an active role in
showing the wonder of mathematics to undergraduates
... this summer we have seen mathematicians who had
their own [research] to pursue set [it] aside in favor
of showing us some of the complexity and beauty of
mathematics.”

Allyn Jackson
Staff Writer
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Inside the AMS

Report of the Treasurer (1987)

Franklin P. Peterson

1. Introduction

The most publicized financial event of 1987 was
undoubtedly the stock market crash on October 19,
”black Monday”. Although the Society suffered from
the crash, the losses were largely offset by appreciation
which had occurred earlier during the year. Investment
income for the year amounted to $557,000 after
accounting for losses caused by the crash. This income
is about the same dollar amount as was earned
in 1986, but the rate of return was less as the
total investment base was larger. The Investment
Committee of the Board of Trustees has met with
the Society’s investment managers to discuss the risk
and rate of return of the Society’s portfolio, and the
Committee continues to meet regularly to review the
investment performance.

During the first five years of this decade (1980-
1984), the Society incurred losses totaling $2,548,000.
At December 31, 1984, the Society’s fund balances
(excluding endowments) had declined to $1,688,000,
or 17.7% of the Society’s total assets (excluding endow-
ments) of $9,555,000. At December 31, 1979, fund
balances were about 44% of total assets (excluding en-
dowments) of $6,891,000. Since 1984, the Society has
experienced two very good years of earnings, and at
the end of 1987, the Society’s fund balances (excluding
endowments) had increased to $7,088,000 or 42.3%
of total assets (excluding endowments). Included in
these fund balances is the Future Operations Fund.
The Long Range Planning Committee and the Board
of Trustees have recommended that the Society build
this fund to an amount equal to one year’s operating
budget. At December 31, 1987, the Future Operations
Fund was $3,748,000, about 32% of one year’s budget.

The recent improvement in the Society’s financial
health can be only partially attributed to cost cutting
and fiscal restraint. The Society’s finances are very
greatly affected by the general economy, library bud-
gets, and even foreign exchange rates. These and other
factors are very difficult to predict and the Society

often finds itself in the position of reacting to these
factors. The Future Operations Fund is an attempt
to prepare for the inevitable deterioration in these
environmental factors.

II. Summary Financial Statements

The Treasurer this year again presents to the mem-
bership summary financial statements of the Society.
A copy of the Treasurer’s Report, as submitted to the
Trustees and the Council, will be sent from the Provi-
dence Office to any member who requests it from the
Treasurer. The Treasurer will be happy to answer any
questions members may wish to put to him concerning
the financial affairs of the Society.

SUMMARY STATEMENT OF ACTIVITY
For the Year Ended December 31, 1987

(Thousands of dollars)

Revenue

Journals $ 8,456 63%
Books 1,235 9%
Dues 1,285 10%
Membership Activities 181 1%
Meetings 308 2%
Grants and Contracts 950 7%
Investment income 557 4%
Other 458 4%

Total revenue $13,430 100%

Expense

Journals $ 7,907 67%
Books 878 7%
Marketing 289 3%
Membership Records 300 3%
Membership Activities 210 2%
Meetings 451 4%
Grants and Contracts 1,098 9%
Other 625 5%
Total expense $11,758 100%
Excess of Revenues over Expenses $ 1,672
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SUMMARY BALANCE SHEET
December 31, 1987
(Thousands of dollars)

Assets
Cash and temporary investments $ 4,795
Other short-term investments 6
Receivables - members and others
(less allowance for doubtful accounts) 530
Prepaid expenses and deposits 619
Deferred prepublication costs 738
Inventory of completed books and
back volumes of journals 823
Property and equipment
(less accumulated depreciation) 5,262
Total operating assets 12,773
Investments 5,990
Total assets $18,763
Liabilities and fund balances
Accounts payable $ 521
Subscriptions, dues, and other
revenues received in advance 8,030
Other miscellaneous liabilities 1,106
Total liabilities 9,657
Operating fund balance 3,116
Total operating funds 12,773
Invested fund balances:
Endowment funds:
The Endowment Fund 100
Robert Henderson 548
Joseph Fels Ritt 23
Prize funds 169
Pooled Income Fund 5
Eliakim Hastings 3
Undistributed net gains on
investment transactions 1170
Funds other than endowments:
Future operations 3,748
Friends of Mathematics 124
Other 100
Total liabilities and fund balances $18,763

II1. Operations

I now turn to a discussion of the Society’s 1987
operations.

Journals. Journals provide the largest fraction of
the Society’s revenues and expenses. In the past, jour-
nals have operated at a net loss. Since 1985, journals
have operated in the black and provided a very signif-
icant portion of the Society’s 1986 surplus (the excess
of revenues over expenses in the summary financial

statements above). This improvement is the result of
a decrease in the rate of attrition in subscribers and
a variety of cost-cutting procedures implemented by
Society management.

Books. Included in this category are not only books
(monographs or collections of articles) but review
volumes and indexes to journals. Books, exclusive of
the latter, continue to be financially sound, and selling
prices of AMS books compare very favorably with
other mathematical books.

Review volumes and indexes are very costly to
produce, resulting in high prices. Each such planned
publication is scrutinized very carefully from both
scientific and financial perspectives, and prices are
set accordingly. In 1987, indexes and review volumes
broke even.

Dues, Membership Activities, and Membership
Records. The Society has about 490 institutional mem-
bers and 20,500 individual members. Of the latter,
about 6,000 pay no dues because they are student
nominees, emeritus members, or reviewers without
convertible currency. Individual member dues are
two-tiered to provide some relief to lower paid mem-
bers. Institutional dues are set, in part, by the number
of papers published by authors employed by the insti-
tution. Increases in dues for individual members are
set annually by a cost-of-living index.

Membership activities include such projects as the
Employment Register and the Professional Directory.
In total, the activities operate at a deficit, which is
considered to be supported by dues. Other costs which
can be considered to be covered by dues include the
cost of maintaining membership records, the deficits
of Abstracts, Bulletin, EIMS, and Notices, deficits from
meetings, and the AMS support of the Joint Policy
Board on Mathematics.

Meetings. Meetings are normally operated at a
deficit (1986 was an exception; the regular sum-
mer meeting was not held because the International
Congress of Mathematicians was held in the United
States). The 1987 deficit 15 comparable to that of
1985.

Grants and Contracts. The amount of money avail-
able from the federal government has declined sub-
stantially over the years. Currently, support is mainly
for travel and subsistence for participants in research
conferences, institutes, and seminars, plus the Soci-
ety’s cost in preparing and running these conferences.
The money received from government agencies is re-
imbursement only, with no profit to the AMS. The
Society also has contracts to perform services for other
nonprofit organizations, and this helps to recover some
fixed costs.
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Other Revenues and Expenses. The principal com-
ponents of other revenues and expenses are MathSci
(by far the single largest item), TEX related products,
and the AMS support of the Joint Policy Board on
Mathematics.

IV. Assets and Liabilities

So far, this report has dealt with sources of revenue
and applications of expense. Another aspect of the
Society’s finances is what it owns and owes, or its
assets and liabilities, which are reported above in the
Summary Balance Sheet. The Society maintains its
accounts in fund groups. The operating funds include
membership and publications activities; the invested
funds include both endowment funds (gifts and be-
quests whose principal is required to be invested in
perpetuity and whose income must be used for the pur-
pose stated by the donor) and quasi-endowment funds
(those funds set aside by the Board of Trustees for
designated purposes). Most of the quasi-endowment
funds have been designated for future operations.
The Society’s fiscal year coincides with the period
covered by subscriptions and dues. Since dues and
subscriptions are generally received in advance, the

Society reports a large balance of cash and temporary
investments on its fiscal year-end, December 31. This
amounted to about $5,000,000 for 1987. The recorded
liability for the revenues received in advance was about
$8,000,000 on the same date. The difference can be
thought of as having been invested in the Society’s
other assets. Effectively, the Society borrows from
its subscribers to finance current operations. This is
a common practice in the publishing industry and
allows the Society to maintain a very low amount of
bank debt.

The Society’s property, plant and equipment in-
cludes land, buildings and improvements, and office
furniture, equipment and software. The Society also
owns a small amount of transportation equipment.
The land, buildings, and improvements include the
Society’s headquarters building in Providence and
the Mathematical Reviews offices in Ann Arbor. The
appraised value of these facilities currently exceeds
$3,000,000. The largest part of the Society’s office
equipment is its investment in computer facilities.

At the beginning of 1987, the Society had an
outstanding mortgage note amounting to $1,268,000.
This was paid during 1987.

CeNTENNIAL (CELEBRATION

Mathematical Reviews moved from Providence

to Ann Arbor in 1965.
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Edited by Jon Barwise

Computers and Mathematics

As a mathematician, I have found
my professional life profoundly
influenced by computers. As a re-
searcher, I have seen my own in-
terests gradually shift from model
theory as inspired by pure math-
ematics to model theory as de-
veloped for the more concrete
needs of computational linguis-
tics and information processing.
As a writer, I have completely
switched over from writing math-
ematics papers in longhand and
having them typed, to using IATEX,
a version of Knuth’s mathematical
text processing system TEX. As a
correspondent, I discover that the
bulk of my mail is in the form
of electronic messages — known as
email. And as a teacher of mathe-
matical logic, I have worked with
a colleague, John Etchemendy, to
develop two computer programs,
Tarski’s World having to do with
the semantics of first-order logic,
and Turing’s World having to do
with Turing Machines. With this
courseware, I have seen a dramatic
change in our ability to teach ab-
stract material to beginners. I can
imagine a time when these sorts
of programs will completely alter
the way we teach logic.

As I survey mathematicians of
my acquaintance, I do not find the
impact computers have had on me
to be unusually large. If anything,
just the contrary. I find many who
are even more strongly affected
by the development of the com-
puter. In addition to the above,

today’s computers have brought
new areas of mathematics into ex-
istence, given us new tools for
doing mathematical experimenta-
tion, provided a tool for use in giv-
ing mathematical proofs (thereby
raising interesting issues as to just
what constitutes a proof), and
made obsolete many of the tra-
ditional topics we teach and the
ways we teach them.

Of course the influence has not
been all one way. Mathematicians
have played a central role in the
development of the computer and
computer science, from the time
of Turing and von Neumann to
the present day. Indeed, many of
today’s mathematicians find them-
selves in computer science depart-
ments. But as a whole, there is
a feeling that many of us are se-
riously under-informed about the
impact of computers on mathe-
matics.

There is one exception to this
rule. The impact of computers on
the writing of mathematics has
been extensively discussed in these
pages in recent years, in Richard
Palais’ excellent column “Math-
ematical Text Processing.” That
column has played an important
role in this transitional period,
as mathematicians attempted, in-
dividually and collectively, to find
their way through the maze of pos-
sibilities open to them, in terms of
computers and computer software
for producing mathematical text.
Palais’ column has ended, but the

commitment to keep abreast of
the issues has not. Rather, it has
expanded. With this issue, the No-
tices embarks on a new column,
one devoted to all aspects of the in-
teraction between computers and
mathematics.

At this stage in the game, the
column is very much in its in-
fancy. It will appear as often as is
dictated by the material on hand.
What appears in its pages will
depend on what mathematicians
contribute to the column. In the
medium run, we anticipate having
several short articles each month
along the following lines:

¢ Reviews of mathematical soft-
ware and hardware, both those
used in research and in teach-
ing. These could give a deeper
analysis than is ususal in such
reviews. For example, they
might go into the actual al-
gorithms used. Or they could
provide a comparative discus-
sion of what the programs do
and how they can aid the math-
ematician in particular.

¢ Expository articles about math-
ematical research topics in-
spired by computers, as with
the work on zero-knowledge in-
teractive proofs of knowledge.

e Articles telling how computers
are now being used in tradi-
tional branches of mathemat-
ics. This includes the role com-
puters now play in doing math-
ematics, from being a way to
run experiments, to being an
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aid in coming up with a proof,
as in the case of the Four Color
Theorem, but no doubt other
uses as well.

Opinion pieces used to give
ideas to software and hardware
developers, the NSF and other
funding agencies, and others
about the computational needs
and desires of the mathemati-
cal community, as these evolve.
Other sorts of articles about
computers and mathematics,
on special topics like the fol-
lowing;:

Many math departments are
setting up departmental com-
puting facilities. This involves
a host of decisions. How should
they be organized and paid
for? How much staff is re-
quired? What sorts of equip-
ment should be purchased?
How much? What space is re-
quired? It would be very useful
to learn how different kinds
of departments are answering
these questions.

Someone is already at work
on an article about email, that
is, electronic mail, aimed at
telling mathematicians how the
principal email networks work
and how they are used.

e Many mathematicians have
gained experience in the cre-
ation of new software for use
in teaching and research. As I
know, there are many pitfalls
to avoid. Do you do your own
programming? What system or
systems do you design your
software for? Who pays for the
development? Is it yet feasi-
able to write integrated text-
book/software packages for use
in math courses? It would be
useful to have some articles by
those with experience to help
others just starting out.

This is not meant to be an
exhaustive list, but rather, a sug-
gestive one. Above all, the column
will reflect the interests of those
mathematicians who contribute to
it. To help insure quality, all con-
tributions will be refereed.

The column can also serve as
a clearinghouse for information
about software that people develop
and are willing to share with other
mathematicians. We don’t want to
become a classified column, so this
would be restricted to shareware,
that is, software that the develop-
ers are willing to give away free. If
you have such software, send me
a description of 50 words or less.

Eventually this column should
be taken over and run by some-
one for whom it is a more natural
extension of their professional in-
terests, someone deeply involved
with the interface between com-
puters and mathematics. In the
meantime, 1 have agreed to try
to get the column going. However,
not much will appear without your
help. If you are willing to review
hardware or software, send me
a note telling me your areas of
competence and, in the case of
software, what computer systems
you have available. If you know of
hardware or software that should
be reviewed, try to get it sent to
me. Or if you want to submit a
short article or letter on some as-
pect of the relation between com-
puters and mathematics, let me
know. My address is:

Professor Jon Barwise

CSLI

Ventura Hall

Stanford University

Stanford, CA 94305

Perhaps more to the point, my
email address is:

Barwise@csli.stanford.edu.
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News and Announcements

William Hicks Pell
1914-1988

William Hicks Pell, retired head of
the Mathematical Sciences section of
the NSF, died on March 14, 1988, af-
ter a varied and distinguished career
in government, education, and in-
dustry. Born on October 15, 1914 in
Lewisport, Kentucky, Pell majored in
mathematics and physics at the Uni-
versity of Kentucky, earning his B.S.
in 1936 and his M.S. in 1938. Follow-
ing the advice of his teacher, Leon
Cohen, Pell did graduate work at the
University of Wisconsin, obtaining
his Ph.D. in 1943 for research in
thermal stresses of anisotropic thin
plates under the supervision of Ivan
Sokolnikoff.

As an aerodynamicist at Bell Air-
craft in Buffalo, New York, Pell
helped to develop the experimental
jet aircraft, including the first super-
sonic plane, the XS-1. He served on
the faculty of Brown University’s Di-
vision of Applied Mathematics from
1947 to 1955, except for a one-year
leave of absence (1952-1953) when
he served as professor and chairman
of the University of Kentucky’s De-
partment of Mathematics.

Pell was a visiting fellow at the
University of Maryland in 1955 and
1956, and chief of the mathematical
physics section at the National Bu-
reau of Standards (1956-1965). From
1965 until 1980 he was the head of
the mathematical sciences section at
the NSF, serving as the main liaison
between the mathematical commu-
nmty and the Federal government.

During his tenure at the NSF, the
number of NSF programs was in-
creased from three to seven. Also
during this time, proposals for new
university institutes were solicited
and reviewed, leading to the for-
mation of the Mathematical Sciences
Research Institute at Berkeley and
the Institute for Mathematics and
Applications at Minnesota. After his
retirement in 1980, Pell taught occa-
sionally at the University of Mary-
land.

Orrin Frink
1901-1988

Orrin Frink, a well-known mathema-
tician and educator, died on March
4, 1988, at the age of 86. Born in
Brooklyn, New York in 1901, Pro-
fessor Frink received three degrees
from Columbia University: an A.B.
in 1922, an M.A. in 1923 (Pulitzer
scholar), and a Ph.D. in 1926. He did
postgraduate work at the University
of Chicago.

Professor Frink began his aca-
demic career as an instructor of
mathematics at Princeton University
(1925-1926). He was a National Re-
search Council Fellow at the Univer-
sity of Chicago (1926-1927), before
he returned to teach again at Prince-
ton (1927-1928). Frink joined the
faculty of Pennsylvania University,
State College, in 1928. He became a
full professor in 1933 and served as
head of the department (1949-1960).
While at Pennsylvania State, he held
a concurrent position as the chief
engineer for the Special Projects

Laboratory at Wright Field Air Force
Base (1944-1945). He retired from
Pennsylvania State in 1967.

Professor Frink was twice a Ful-
bright Lecturer (1960-1961 and 1965-
1966) at University College, Dublin,
Ireland. A recipient of an NSF award
(1964-1965), he was also a mem-
ber of the American Mathematical
Society and the Mathematical Asso-
ciation of America.

Guggenheim Fellowships Awarded

The John Simon Guggenheim Memo-
rial Foundation has announced the
award of 262 fellowships in its sixty-
fourth annual competition. The new
Guggenheim Fellows were appointed
on the basis of unusually distin-
guished achivement in the past and
exceptional promise for future ac-
complishment. This year’s list of
awards includes eleven in the mathe-
matical sciences.

The names of these recipients,
their positions, institutional affilia-
tions, and their proposed studies are:
RicHARD CoOLE, Associate Professor
of Computer Science, Courant Insti-
tute of Mathematical Sciences, New
York University (The Design of Ef-
ficient Parallel Algorithms); DAvVID
PauL DoBkiN, Professor of Com-
puter Science, Princeton University
(Tools for the Visualization of Math-
ematical Surfaces); RICHARD DuRr-
RETT, Professor of Mathematics, Cor-
nell University (Particle Systems and
Nonlinear Partial Differential Equa-
tions); GERD FALTINGS, Professor of
Mathematics, Princeton University
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(Arithmetic Algebraic Geometry);
VictorR GUILLEMIN, Professor of
Mathematics, Massachusetts Institute
of Technology (Studies in the The-
ory of Group Representations and
in the Mathematics of Solid State
Physics); JOHN N. MATHER, Profes-
sor of Mathematics, Princeton Uni-
versity (Stability and Randomness
in Dynamical Systems); JAYADEV
Misra, David Bruton, Jr., Centennial
Professor in Computer Science, Uni-
versity of Texas at Austin (A Theory
of Program Structuring); DoNALD G.
SaARI, Professor of Mathematics and
Applied Mathematics, Northwestern
University (The Mathematics of Al-
location and Decision Procedures);
WILFRIED ScHMID, Dwight Parker
Robinson Professor of Mathemat-
ics, Harvard University (Studies in
Representation Theory); BARRY Si-
MoON, IBM Professor of Mathematics
and Theoretical Physics, California
Institute of Technology (Studies in
Mathematical Physics); JEFFREY D.
ULLMAN, Professor of Computer Sci-
ence, Stanford University (Efficient
Implementation of Knowledge-base
Systems).

Rollo Davidson Trust

Rollo Davidson Prizes have been
awarded to 1. Z. Rusza, of the Math-
ematical Institute of the Hungar-
ian Academy of Sciences, Budapest,
Hungary, and G. J. Székely, of the
Eotvos Lorand University, Mathe-
matical Institute, Department of Prob-
ability Theory, Budapest, Hungary
(joint award) and to P. H. Baxen-
dale, of the University of Florida,
Gainesville.

I. Z. Ruska and G. J. Székely
received the award for their contri-
butions to algebraic probability, es-
pecially the arithmetic of semigroups
of probabilistic objects. P. X. Bax-
endale was cited for his work on
stochastic flows of diffeomorphisms,
especially his study of their asymp-
tomatic behavior.

The first Rollo Davidson Prize
was awarded in 1976. Since then

News and Announcements

twenty prizes have been awarded.
The work of the Trust is supported
by royalties and individual dona-
tions. Correspondence relating to the
work of the Trust should be ad-
dressed to its Secretary, The Bursar,
Churchill College, Cambridge, CB3
ODS, England.

Mathematics Lectures
for High School Students

About 350 high school students at-
tended a special lecture series spon-
sored by the AMS and the Boston
Museum of Science. Held at the Mu-
seum on April 27 as part of Na-
tional Mathematics Awareness Week,
the program featured lectures by
Raoul Bott of Harvard University
and William P. Thurston of Prince-
ton University. Paul J. Sally, Jr., of
the University of Chicago was a prin-
cipal organizer of the program and
acted as introducer and moderator.

The Society is concerned with
the declining numbers of degrees in
mathematics and believes that an ac-
tive approach is necessary to reverse
this trend. The purpose of the pro-
gram was to stimulate the interest
of mathematically talented students
early on by putting high school stu-
dents into contact with two of the
world’s leading mathematicians. The
program was not intended as an ex-
ploration of the career possibilities
available in mathematics. Rather, it
sought to spark the students’ inter-
est in the subject by focusing on the
excitement and sense of discovery in
mathematics.

Bott drew the students in by pro-
claiming that there are two kinds of
mathematicians—the “dumb” kind
and the “smart” kind. Professing
himself to be in the former cate-
gory, he said that the “smart” ones
grasp everything immediately, but
the “dumb” ones always feel that
they never quite understand things
completely.

Bott led the students on an “ex-
cursion,” and to capture their inter-
est, he began with the real numbers, a

concept with which the students were
familiar. Then, using the practical
problem of finding the points of in-
tersection between a line and a circle,
he introduced them to the concept of
complex numbers. After discussing
complex arithmetic, he had the stu-
dents try to visualize the Riemann
surface characterized by x3 + y3 =1
and described the connection of this
equation to the 2-torus. He spoke
about the ideas of genus and Euler
characteristic and challenged the stu-
dents to consider the more general
question of the surfaces associated
with x" + y" = 1. After the talk,
many students spent the entire half
hour break asking Bott questions.

At the beginning of his talk,
Thurston claimed, like Bott, to be
the “dumb” kind of mathematician.
Thurston’s talk complemented Bott’s
by focusing on connections between
topology and geometry. He began
with two-dimensional surfaces and
the idea of deformations and went
on to describe to the students the way
that a 2-torus can be formed by iden-
tifying the sides of a rectangle. He
generalized this notion to the 3-torus
by vividly explaining to the students
how they could visualize a 3-torus
by imagining the auditorium to be
a cube with the faces identified in
the proper way. Thurston also spoke
on the connections between hyper-
bolic geometry and topology, and,
although the discussion might have
been somewhat mystifying, one thing
was clear: the students’ were led to
these beautiful and fascinating con-
cepts through imagination and ge-
ometric intuition and without any
formulas or rules to be memorized.

After lunch, Thurston and Sally
conducted a discussion session, at-
tended by about 100 students. The
discussion was informal and the stu-
dents asked questions and were en-
couraged to make conjectures about
the ideas presented. The program
generated considerable interest among
the students and the teachers and
may serve as a useful prototype for
future Society activities of this kind.
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News from the
institute for Mathematics
and Its Applications
University of Minnesota

The final preparations for the 1988-
1989 program on Nonlinear Waves
are under way. The program will be-
gin with a workshop, which will be
partly tutorial, on September 12-16
on Solitons in Physics and Math-
ematics. A follow-up workshop on
November 7-11 will concentrate on
Solitons in Nonlinear Optics and
Plasma Physics. The organizers for
the fall quarter are Alan Newell,
David Sattinger, Peter Olver, D. Kaup,
and Y. Kodama.

The winter quarter will deal with
topics of Hyperbolicity, Change of
Type and Wave Propagations in Non-
Newtonian Fluids, and Multiphase
Flows. The organizers Daniel Joseph,
Barbara Keyfitz, and David Schaef-
fer are planning to have three work-
shops. The first workshop in January
will focus on Two Phase Waves in
Fluidized Beds, Sedimentation, and
Granular Flows. The second work-
shop on Plasticity will take place on
February 6-10. The third workshop
on Ellipticity in Evolution Equations
will take place on March 6-10. Dur-
ing the spring, the activities will con-
centrate on multidimensional hyper-
bolic problems and computations.

The present academic year’s ac-
tivities are coming to an end with
a program on Coding Theory which
includes two workshops. The first
workshop on Coding Theory and
Applications, June 12-18, and the
second one on Design Theory and
Applications, June 19-25, are both
organized by Dijen Ray-Chaudhuri.
When this program is over, summer

|
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activities on Signal Processing are
going to begin and will continue for
six weeks. The first two weeks of
the program will be devoted to a
broad range of problems of current
interest, followed by periods of con-
centration on specific topics such as
Digital Filter and VLSI Implementa-
tion, Aerospace Applications, Radar
and Sonar Imaging. (For further de-
tails, see the News and Announce-
ments section of the January 1988
issue of Notices.)

The Fermat Prize for
Research in Mathematics

The Fermat Prize will reward the
research of mathematicians working
in the areas in which the contribu-
tions of Pierre de Fermat have been
significant: principles of variational
theory, the foundations of the calcu-
lus of probabilities and of analytic
geometry, and number theory. The
list, however, is not restrictive; the
spirit of the prize is rather to re-
ward the results of research that is
accessible to the greatest number of
professional mathematicians.

The amount of $10,000 (U.S.)
has been designated by MATRA-
Espace for the Fermat Prize, which
will be awarded every other year in
Toulouse. The first award will take
place in the spring of 1989.

Further information, such as the
rules of the contest and applica-
tion deadlines, will be available in
the fall of 1988 from Prix Fer-
mat de Recherce en Mathématiques,
J. B. Hinart-Urruty, Professeur de
Mathématiques, Université Paul
Sabatier, 118 route de Narbonne,
31062 Toulouse Cédex, France.

Queries

The following is a response to queries
that were received since the Febru-
ary issue of Notices was published.
As was reported in that issue, the
Queries Column will no longer ap-
pear in Notices, but responses to pre-
viously published queries may appear
from time to time in this section.

Queries Column: Responses

Although the Queries Column was
discontinued as of the February is-
sue, responses are still coming in,
and the following appear to merit
publication. The editors would like
to thank those who sent in the re-
sponses.

375. (vol. 34, p. 303, February
1987, Albert A. Mullin) Long-range
prediction of perihelia of Halley’s
Comet. Reply: The orbits of comets
are only approximately periodic, be
cause of perturbations by planets (es-
pecially Jupiter and Saturn) and be-
cause of the reaction of the comet
to material evaporating under solar
heating. (The Vega and Giotto probes
in 1986 showed that the evaporation
from Comet Halley produced spec-
tacular spurts of gas and dust.) In
1835 Comet Halley returned after
74.4 years, whereas in the sixth cen-
tury its period was 79.3 years. The
effects of gravitational perturbations
by the major planets can be predicted
to very high accuracy, but the effects
of evaporation can only be predicted
approximately. The average increase
of four days in Comet Halley’s pe-
riod on each return (after allowing
for the gravitational perturbations)
is attributed to evaporation. When
a comet is far enough away from
the sun for evaporation to cease,
its path can be predicted very accu-
rately. (Contributed by G. J. Tee)
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National Science Foundation

NSF-NATO Postdoctoral
Fellowships Awarded

The NSF has announced the award of
fifty-seven National Science Founda-
tion-North Atlantic Treaty (NATO)
Postdoctoral Fellowships in Science.
These fellowships are awarded to
young scientists and engineers for
full-time postgraduate study abroad
at institutions and laboratories in
NATO countries or in neighboring
countries that cooperate with NATO.
The seven recipients in the math-
ematical sciences are listed below
(institutions in parentheses are the
current institution; those outside the
parentheses are those at which the
fellowship will be held): ALEXAN-
DER S. AIKEN (Cornell University),
Oxford University, England; Kirk
E. BRATTKUS (Northwestern Univer-
sity), Ecole Normale Supérieure,
Paris, France; DAVID R. GRANT (Uni-
versity of Michigan), Cambridge Uni-
versity, England; SHARON L. PEDER-
SsEN (University of Pennsylvania),
Institut des Hautes Etudes Scien-
tifiques, Bures-Sur-Yvette, France;
Igor REDER (University of Okla-
homa), University of Paris, France;
JEFFREY E. STEIF (Stanford Univer-
sity), Stockholm University, Sweden;
JENNIFER WiDOM (Cornell Univer-
sity), Oxford University, England.

Graduate Fellowships Announced
Six hundred eighty-five outstanding

college and university students are
being offered fellowships for gradu-
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ate study in the natural and social
sciences, mathematics, and engineer-
ing, the NSF announced recently.
Nearly 5,150 students submitted ap-
plications in the nationwide compe-
tition for the NSF Graduate Fellow-
ships, which are awarded on the basis
of merit. As the first step toward an
approximate doubling of the number
of graduate fellowships planned by
the NSF over the next several years,
there are 108 more awards this year
than were conferred in 1987.

Panels of scientists, assembled by
the National Research Council of the
National Academy of Sciences, eval-
vated applications; final selections
were made by the NSF. In addition
to the fellowship awards offered, the
NSF awarded Honorable Mention to
1,613 applicants in recognition of
their potential for scientific and engi-
neering careers. Beginning next year,
the Foundation is extending to Hon-
orable Mention recipients the oppor-
tunity already available to Fellows
to obtain, on request, limited use of
a supercomputer by any one of the
five National Supercomputer Centers
supported by the NSF.

NSF Graduate Fellows may at-
tend any appropriate nonprofit U. S.
or foreign institution of higher ed-
ucation. Each fellowship is awarded
for three years of graduate study.
The fellowships may be used over a
five-year period to permit students to
incorporate teaching or research as-
sistantships into their education dur-
ing periods in which they are not
receiving their fellowship stipends.

The new Fellows come from all 50
states and the District of Columbia.
Of the 685 award offers, 245 were
made to women. By scientific disci-
pline, the distribution of awards was
as follows: 145 in engineering; 28
in mathematics; 17 in applications
of mathematics; 40 in computer sci-
ence; 59 in physics and astronomy;
54 in chemistry; 24 in earth sciences;
186 in the biological sciences, in-
cluding biochemistry; and 132 in the
social sciences and psychology. In
addition to the new NSF Graduate
Fellowship awards offered this year,
1,050 individuals who received fel-
lowship awards in previous years are
eligible to continue their study during
the 1988-1989 fellowship year.

The recipients in the mathemati-
cal and computer sciences are listed
below (institutions listed in paren-
theses are those awarding bache-
lor’s degrees; those listed outside the
parentheses are those at which grad-
uate study will be pursued): JEFFREY
DANIEL ADLER (Princeton Univer-
sity), University of Chicago; LAURA
MARIE ANDERSON (California Insti-
tute of Technology), Massachusetts
Institute of Technology; MATTHEW
AUBREY ANDO (Princeton Univer-
sity), Massachusetts Institute of Tech-
nology; ANN LOUISE ASKEW (Brown
University), Cornell University;
CHRISTOPHER NORIO AVERY (Har-
vard University), Stanford Univer-
sity; ErRic KENDALL BaBsoN (Cali-
fornia Institute of Technology), Mas-
sachusetts Institute of Technology;
DaNIEL WYETH BAIR (Pennsylvania
State University), California Insti-
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tute of Technology; ALEXANDER
ABRAHAM BALKE (University of Cal-
ifornia, San Diego), University of
California, Berkeley; ERIC DAVID
BeLsLEY (Yale University), Harvard
University; RANJIT SAHAI BHATNA-
caR {University of California, Berke-
ley), University of Pennsylvania;
JoHN BARRETT BoYLAND (Univer-
sity of California, Davis), University
of California, Berkeley; MATTHEW
ELy BRAND (University of Chicago),
Massachusetts Institute of Technol-
ogy: JEAN CaroL CARLETTA (Col-
gate University), Stanford Univer-
sity; EDWARD CHANG (Brown Uni-
versity), Stanford University; HARRY
ALaN CHomsky (Harvard Univer-
sity), Massachusetts Institute of Tech-
nology; CLINT WAYNE COAKLEY (Vir-
ginia Polytechnic Institute and State
University), Pennsylvania State Uni-
versity; DAWN MYFANWY COHEN
(Columbia University-Barnard Col-
lege), Rutgers University; CONSTAN-
TINE NIcHOLAS CosTEs (Harvard Uni-
versity), University of California,
Berkeley; MiICHAEL JOHN CULLEN
(Marquette University), University
of California, Los Angeles; GEOF-
FREY MARK Davis (Duke Univer-
sity), New York University; PETER
CHRIsTIAN DE Boor (Princeton Uni-
versity), Harvard University; SAMUEL
SEaN DooLey (Texas A&M Uni-
versity), University of California,
Berkeley.

Other recipients are BENJAMIN
JamEs Ford (University of Southern
Florida), University of Oregon; JILL
RENEE GAULDING (Massachusetts In-
stitute of Technology), Massachusetts
Institute of Technology; DONALD
FrrzraTrick GeDDIs (Stanford Uni-
versity), Stanford University; ROBERT
EMERsON GEORGE (Wittenburg Uni-
versity), Ohio State University;
STEPHEN M. GLim (Princeton Uni-
versity), Massachusetts Institute of
Technology; KENNETH ALEXANDER
GRrAVEs (Massachusetts Institute of
Technology), University of Califor-
nia, Berkeley; JoEL DAVID HAMKINS
(California Institute of Technology),
University of California, Berkeley;

T
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JoHN REID HAUSER, JR. (North Car-

olina State University), University of

Colorado, Boulder; PAUL JAMES HEF-

FERNAN (Duke University), Cornell

University; ALAN BRYANT HEIRICH

(University of Michigan), University

of California, San Diego; WALDEMAR

PETER HORWAT (Massachusetts In-

stitute of Technology), Massachusetts

Institute of Technology; WiLsoN C.

Hsien (Massachusetts Institute of

Technology), Massachusetts Institute

of Technology; RICHARD ALLEN HUFF
(University of California, Santa Bar-

bara), Carnegie-Mellon University;

ScoTT BRADLEY HUFFMAN (Carnegie-
Mellon University), Stanford Univer-

sity; NARCISCO BATACAN JARAMILLO

(University of Notre Dame), Stan-

ford University, JAMES SCcOTT JEN-

NINGs (Cornell University), Cornell

University; WILLIAM CARL JOCKUSCH
(Carleton College), Princeton Uni-

versity; JASON ANDREW JONES (Penn-

sylvania State University), Yale

University.

Other recipients include BRIAN
W. KaNAGA (Johns Hopkins Univer-
sity), Princeton University; DIKRAN
BERNARD KARAGUEUZIAN (Stanford
University), Princeton University;
KaMAL KHURI-MAKDISI (Yale Uni-
versity), Harvard University; RACHEL
ANN Kuske (University of Wiscon-
sin, Green Bay), Northwestern Uni-
versity; TIMOTHY JEROME LEE (Uni-
versity of California, Berkeley), Uni-
versity of California, Berkeley; JOHN
GARRETT LEO (Massachusetts Insti-
tute of Technology), Massachusetts
Institute of Technology; RICHARD
LAWRENCE LeEwis (University of Cen-
tral Florida), Carnegie-Mellon Uni-
versity; NANCY LEg LiM (University
of California, Berkeley), New York
University; SHERALYN LISTGARTEN
(University of Pennsylvania), Stan-
ford University; MICHAEL JAMES
McGRATH (University of California,
Berkeley), Harvard University; MARY
SArRA McPEeek (Harvard University),
Stanford  University;  SNINICHI
MocHizuki (Princeton University),
Princeton University; MARK DAvID
MoRAN (University of Wisconsin,

Madison), University of California,
Berkeley; DAT Duy NGUYEN (Mas-
sachusetts Institute of Technology),
Massachusetts Institute of Technol-
ogy; GARY HAYATO OGASAWARA (Uni-
versity of California, Berkeley), Stan-
ford University; DAVID ALAN OLSON
(Saint Olaf College), New York Uni-
versity; DAvID CLAUDIUS PARKER
(University of California, Berkeley),
University of California, Berkeley;
SaM CLYDE POINTER III (Duke Uni-
versity), Stanford University; RAVI
KuMAR RAMAKRISHNA (Cornell Uni-
versity),  Princeton  University;
MicHAEL REID (Harvard University),
University of California, Berkeley;
Marc B. REIDER (Case Western
University), University of Chicago;
DaNIeL NELs Ropp (Washington Uni-
versity), Stanford University; TopD
MICHAEL SANGER (Michigan Tech-
nological University), lowa State Uni-
versity; GREGORY MORRIS SAUNDERS
(Ohio State University), Carnegie-
Mellon University; WILLIAM JON
ScuMIDT (Bethel College), Univer-
sity of Illinois at Urbana-Champaign;
DANIEL PAUL SCHROEDER {Moorhead
State University), Harvard Univer-
sity; LEONARD JOSEPH SCHULMAN
(Massachusetts Institute of Technol-
ogy), University of California, Berke-
ley; STEPHEN ALAN SCHWAB (Univer-
sity of California, Berkeley), Carnegie-
Mellon University, JONATHAN ED-
WARD SHAPIRO (University of Cal-
ifornia, Berkeley), University of Cal-
ifornia, Berkeley; STEPHEN FREDER-
Ick SiEGEL (University of Chicago),
Oxford University, England; JAy
MARK SIPELSTEIN (Yale University),
Carnegie-Mellon University; KEVIN
HERBERT STROBEL (Whitman Col-
lege), Cornell University; ErRic LEIGH
STROMBERG (University of Washing-
ton), Harvard University.

Other recipients include SuUsSAN
ToLMAN (University of Chicago),
Harvard University, JUDITH LYNNE
UnDERWOOD (Oberlin College), Mas-
sachusetts Institute of Technology;
KATHRYN Louise VAN STONE (Har-
vey Mudd College), Stanford Univer-
sity; ALEXANDER WANG (Massachu-
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setts Institute of Technology), Stan-
ford University; PAUL POWEN WANG
(Massachusetts Institute of Technol-
ogy), Massachusetts Institute of Tech-
nology; ANDREW JAMES WARD (Yale
University), Harvard University; Er-
LAN E. WHEELER II (Virginia Poly-
technic Institute and State Univer-
sity), Massachusetts Institute of Tech-
nology; FREDERICK J. WICKLIN (Guil-
ford College), Brown University;
ABRAHAM JOSHUA WYNER (Yale Uni-
versity), Stanford University; JULIA
SUE YANG (Massachusetts Institute
of Technology), Massachusetts Insti-
tute of Technology; JEREMY CHARLES
York (University of Illinois at
Urbana-Champaign), University of
Washington; CHRISTOPHER ALAN
ZIMMERMAN (Princeton University),
Stanford University.

Minority Graduate
Fellowships Awarded

The NSF has announced the award of
75 fellowships to minority students
of outstanding ability for graduate
study in the sciences, mathematics,
and engineering. Nearly 740 students
who are Native American, Black, Pa-
cific Islanders, or Hispanic submitted
applications in the nationwide com-
petition for these fellowships, which
are awarded on the basis of merit.

As the first step toward an ap-
proximate doubling of the number
of Minority Graduate Fellowships
planned by NSF over the next sev-
eral years, there are 20 more awards
this year than last year. Noting the
low participation rate of minorities
in science and technology, Dr. Bas-
sam Z. Shakhashiri, NSF Assistant
Director for Science and Engineer-
ing Education, said, “This action
stresses the importance of solving
the nation’s looming shortages of sci-
ence and technology personnel by
expanding opportunities for under-
represented minority groups.”

Each new fellowship provides a
stipend of $12,300 per year for full-
time graduate study. An annual cost-
of-education allowance of $6,000 is
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provided also by NSF in lieu of all
tuition and fees to the U. S. insti-
tution selected by each fellow. In
addition, the appropriate undergrad-
uate departments or colleges of each
awardee will be honored with $1,000
Incentives for Excellence Scholarship
Prizes in recognition of their efforts
to identify and to support the work
of these students. The prize goes to
one or two minority undergraduates
in the department to acknowledge
their scholastic excellence and to en-
courage further development of their
academic careers.

NSF Minority Graduate Fellows
may attend any appropriate nonprofit
U. S. or foreign institution of higher
education. Each fellowship supports
three years of graduate study. The fel-
lowships may be used over a five-year
period, so students can incorporate
teaching or research assistantships
into their education when they are
not receiving their fellowship sup-
port.

The 1988 recipients in the math-
ematical and computer sciences are
listed below (institutions listed in
parentheses are those awarding bach-
elor’s degrees; those listed outside the
parentheses are those at which grad-
uate study will be pursued): HERNAN
GusTAvo ABELEDO (Universidad Ar-
gentina, Buenos Aires), Rutgers Uni-
versity, JEROME EDWARD LENGYEL
(California Institute of Technology),
Cornell University, PATRICK DENIS
LincoLN (Massachusetts Institute of
Technology), University of Texas at
Austin; SHERRY ELISABETH MARCUS
(Cornell University), Harvard Uni-
versity; AMIN AMON-RA Saraam
(City University of New York, Queens
College), New York University.

Presidential Young
investigators Named

The NSF announced on March 31,
1988 the selection of 148 academic
scientists and engineers to receive
Presidential Young Investigator
Awards.

The awards, which fund research
by faculty members near the begin-
ning of their careers, are intended
to help colleges and universities at-
tract and retain outstanding young
Ph.D.’s who might otherwise pursue
nonteaching careers. Each young in-
vestigator can receive up to $100,000
per year for five years in a combina-
tion of federal and matching private
funds.

Initiated in 1983, the awards pro-
gram addresses growing faculty short-
ages in the highly competitive scien-
tific and engineering fields and helps
universities to improve their scien-
tific and engineering research and
training capabilities.

Of the 148 awards, more than
five-sixths will go to engineering and
the physical sciences. The awards
carry an annual base grant from NSF
of $25,000. To encourage university-
industry cooperation, NSF will pro-
vide up to $37,500 per year to match
industrial support on a dollar-for-
dollar basis, bringing the possible
total support to $100,000 per year.
Individual colleges and universities
provide academic-year salaries and
agree to assist the investigator in at-
tracting nonfederal support.

NSF received 1806 eligible nom-
inations for the 148 awards. Eligi-
bility criteria changed this year such
that nominees must have begun their
first post-Ph.D. tenure-track faculty
position after April 30, 1984. The
previous stipulation was number of
years since receipt of the Ph.D. de-
gree. The new investigators repre-
sent 59 academic institutions in 26
states. Two are located at predomi-
nantly undergraduate institutions; 21
are women.

The 1988 recipients of the PYI
awards in the mathematical sciences,
along with their institutional affilia-
tions and research interests, are:

PauL WiLLIAM BeEaME (Univer-
sity of Washington), Theoretical Com-
puter Science; HARI BERcovicl (Indi-
ana University at Bloomington), Op-
erator Theory; MARSHA J. BERGER
(New York University), Numerical
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Analysis; MLADEN BEsTvINA (Uni-
versity of California, Los Angeles),
Geometrically-oriented  Topology;
CHRISTOPHER S. BRETHERTON (Uni-
versity of Washington), Atmospheric
Science; WALTER CRAIG (Stanford
University), Mathematical Physics
and Continuum Mechanics; JAMES S.
FREUDENBERG (University of Michi-
gan, Ann Arbor), Control Theory; Jo
FRIEDMAN (Princeton University),
Theoretical Computer Science; AN-
DREW V. GOLDBERG (Stanford Uni-
versity), Algorithms and Computa-
tional Complexity; JOHN Z. IMBRIE
(Harvard University), Physics; GAIL
E. Kaiser (Columbia University),
Software; CHARLES KNEssL, (Uni-
versity of Illinois at Chicago), Ap-
piied Mathematics; JANOs KOLLAR
(University of Utah), Algebraic Ge-
ometry; CHRISTOPHER J. LAWRENCE
(University of Illinois at Urbana-
Champaign), Fluid Mechanics; CUR-
Tis T. MCMULLEN (Princeton Uni-
versity), Theory of Equations; JOHN
C. MitcHELL (Stanford University),
Foundations of Programming Lan-
guages; JosePH S. MiTcHELL (Cor-
nell University), Computational/ Ge-
ometry Optimization; KENNETH G.
PoweLL (University of Michigan at
Ann Arbor), Computational Fluid
Dynamics; KARL C. RUBIN (Ohio
State University), Algebraic Number
Theory; JALAL SHATAH (New York
University), Applied Mathematics;
CHRisTOPHER D. SOGGE (University
of Chicago), Mathematics; MASARU
Tomita (Carnegie Mellon Univer-
sity), Natural Language Processing;
JUSTIN D. TyGar (Carnegie Mellon
University), Computer Security; CUN-
HUI ZHANG (State University of New
York at Stony Brook), Statistics.

A brochure designed to acquaint
pbotential industry donors of match-
Ing funds with biographical data

and research interests of the new

awardees will be available soon af-
ter NSF. Copies may be obtained
" by sending a mailing label to PYI
Brochure, Division of Research Ca-
reer Development, Room 630, Na-

L . ]
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tional Science Foundation, Washing-
ton, D.C. 20550.

Presidential Young Investigators
Competition 1989

The NSF is now accepting nomina-
tions for one of its most prestigious
awards, the Presidential Young In-
vestigator (PYT) award. At the time
of this writing, the final program an-
nouncement was not available, but
it is anticipated that the competition
criteria and award size will be the
same as last year. The deadline for
nominations is October 1, 1988.

These awards provide coopera-
tive research support for the na-
tion’s most outstanding and promis-
ing young science and engineering
faculty. With the participation of the
industrial sector, the awards are de-
signed to improve the capability of
universities to respond to the de-
mand for highly qualified scientific
and engineering personnel for aca-
demic and industrial research. In ad-
dition, the awards are intended to
help universities attract and retain
outstanding young scientists and en-
gineers who might othewise pursue
nonteaching careers.

Some of the rules regarding eli-
gibility were revised in 1987. Below
is a description of some of the most
important features of the awards.

Award size. The awards provide
a base grant of $25,000 per year for
5 years. In addition, the NSF will
match, on a dollar-for-dollar basis,
donations of up to $37,500 from
industry or from nonprofit, private
foundations (excluding those associ-
ated with particular universities or
university systems). The donations
may be in the form of cash, grants,
research contracts, or permanent re-
search equipment. The equipment
must be of a type and quality nec-
essary to carry out the research pro-
grams of the awardee.

Eligibility. Eligible institutions
may nominate both current and pro-
spective members of their faculty
who are holding or have been of-

fered tenure track positions as of the
time of nomination. To be eligible,
nominees must have begun their first
post-Ph.D. tenure-track faculty po-
sition after April 30, 1985. Those
who have been offered such positions
must begin their appointment by Oc-
tober 1, 1989 to activate the award.
Nominees must be U.S. citizens or
permanent residents as of October 1,
1988.

Nature of activities supported. PY1
nominees must have a clearly demon-
strated ability to conduct a research
program, since the awards must be
used to fund research activities.
Awardees may conduct research in
any branch of science or engineer-
ing normally supported by the NSF.
They are expected to carry a normal
teaching load relative to non-PYI
faculty at the nominating institution.

Eligible institutions. Any U.S. in-
stitution that awards a baccalaureate,
master’s or doctoral degree in a field
supported by the NSF is eligible to
participate in this program.

For more information, contact:
Presidential Young Investigators
Awards, National Science Founda-
tion, 1800 G Street, NW, Washing-
ton, DC 20550; or call 202-357-9466,
and ask for the Program Director for
PYI awards.

Young Scholars Program
for High School Students

The NSF has announced 68 Young
Scholars awards to establish science,
mathematics, and engineering enrich-
ment projects for more that 2500
high-ability and high-potential sec-
ondary school students. The projects
will be held in 34 states, the District
of Columbia, and Puerto Rico.
Initiated this year with NSF fund-
ing of $3.7 million, the Young Schol-
ars Program is designed to excite
students about science careers by of-
fering them the opportunity to work
side by side with research scientists
in ongoing research projects or in
projects of their own design.
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Bassam Z. Shakhashiri, NSF As-
sistant Director for Science and Fn-
gineering Education, described the
new program as “a first step in the
NSF’s efforts to help talented young
men and women in America’s schools
learn more about the careers that
await them if they build on their
enthusiasm for science and mathe-
matics. There will be no cripppling
shortage of scientists and engineersin
the next decade if promising young
people see and act on the exciting
possiblities of work at the forefront
of knowledge.”

The program strongly emphasizes
student participation in the process
of scientific discovery, with projects
combining instruction and problem-
solving with exposure to the research
environment and research methods
through laboratory work and field
trips. Role modeling is an impor-
tant component of project activities,
and in several projects students will
“shadow” industry scientists at work.
Project directors will foster lasting
mentoring relationships between fac-
ulty and students. Some faculty will
serve as consultants to students plan-
ning projects for science fairs and
competitions.

The projects are aimed at students
entering grades 8-12, in order to cap-
ture their interest before they opt out
of science careers. Shakhashiri said
the goal of the program is to draw
students into the world of science as
early as possible. The Young Scholars
Program is comprised of residential
and commuter projects, conducted
during the summer or on weekends,
on the campuses of colleges, univer-
sities, and research organizations.

Awards are for one year with a
second year of support contingent
on NSF review of project activities
and the availability of funds. With
the exception of two large projects
budgeted for a total of over $312,000,
the average grant size is $41,000.
The sponsoring institutions also have
made a substantial commitment to
these projects as reflected in cost-
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sharing contributions totaling more
than $1.7 million.

Of the Young Scholars awards ac-
tivities funded in 1988, 30% are in
the life sciences, 16% are in engi-
neering, 10% are in mathematics and
computer science, 6% each in physics
and chemistry, 3% in the earth sci-
ences, and 29% are multidisciplinary
in focus. Among the fiscal year 1988
Young Scholars projects, the follow-
ing are in the areas of mathematics
and computer science.

e American Indian Science and
Engineering Society: Norbert S. Hill
received $51,708 to direct a 3-week
summer residential program in math-
ematics and computer science for 30
students in grades 8 and 9.

¢ Loyola University of Chicago:
Eric R. Hamilton of the Mathemati-
cal Sciences Department was granted
$34,626 to conduct a 6-week summer
commuter program in mathematics
and computer science for 16 high
school juniors and seniors.

e Northern Michigan University:
John O. Kiltinen of the Department
of Mathematics/Computer Science
has received $34,729 to run a 2-week
summer residential program in math-
ematics for 40 students in grades 11
and 12.

o Southeast Missouri State: Larry
A. Lucas of the Center for Sci-
ence and Mathematics Education was
awarded $22,848 to bring in 20 stu-
dents in grades 9-12 for a 3-week
summer residential program in math-
ematics and computer science.

e University of New Hampshire,
Durham: William E. Geeslin of the
Department of Mathematics was
granted $30,936 to run a 3-week
summer commuter program in math-
ematics and marine science, which
will involve 20 tenth-grade students.

¢ Research Foundation of SUNY
at Old Westbury: Jong Pil Lee of
the Mathematics Department was
awarded a $35,848 grant to involve
50 high school sophomores and ju-
niors in a 3-week academic year pro-
gram in mathematics.

e University of Texas, San Anto-
nio; Manuel Berriozabal of the De-
partment of Mathematics, Computer
Science, and Systems Design was
granted $183,513 for a multidisci-
plinary program in mathematics that
will involve 500 students in grades
7-12 in an 8-week summer commuter
program.

o University of Washington, Su-
perior: Frances Florey of the Mathe-
matics Department received $49,362
for a 6-week summer residential pro-
gram in mathematics for 16 high
school juniors and seniors.

Undergraduates Participate
in Research

The Division of Mathematical Sci-
ences has announced the 1988 awards
made in the Research Experiences
for Undergraduates (REU) program.
REU is designed to give students
hands-on experience in research in
science and engineering. (For more
information on the program, see
the article “Research Experiences for
Undergraduates,” in this issue of No-
tices.)

REU is designed to encourage
talented students to pursue careers in
research in science and engineering
by exposing them to the excitement
of research while the students are in
the process of making career choices.

The awards provide support for
programs to be conducted this sum-
mer for undergraduate students to
participate in mathematical research.
The programs vary in size from 4 to
12 students and generally last from
4 to 6 weeks. The following list gives
the names of the principal investiga-
tors, their institutions, and the area
of emphasis of each program.

e James H. Curry and William
E. Briggs, University of Colorado,
Boulder: Geometry of iteration and
parallel computation

e Charles N. Curtis and James A.
Morrow, University of Washington,
Seattle: Numerical partial differential
equations
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¢ Joseph A. Gallian, University of
Minnesota, Duluth: Graph theory

e John Greever, Harvey Mudd
College: Applied mathematics

e David L. Housman, Worcester
Polytechnic Institute: Discrete and
applied mathematics

o Lawrence Husch, University of
Tennessee: varied topics

¢ B. Frank Jones, Rice University:
Laplace operator on spheres

¢ Robert H. Lewis, Fordham Uni-
versity: Matrices for topology appli-
cations

o George E. Mitchell and James C.
Reber, Indiana University of Penn-
sylvania: Discrete chaotic dynamical
systems

e Donal B. O’Shea et al, Mount
Holyoke College: Algebraic geome-
try, partial differential equations, and
statistics

e Robert O. Robson and Paul
Cull, Oregon State University: Com-
putational exploration in number the-
ory, dynamics, etc.

e Fred B. Schultheis, Moravian
College: Reciprocity laws in algebraic
number theory

e Willie E. Taylor and B. Smith,
Texas Southern University: Differen-
tial and difference equations

e Richard M. Wilson and Fredrick
H. Shair, California Institute of Tech-
nology: Finite algebra and combina-
torics

The deadline to submit proposals
for 1989 REU grants is October 10,
1988. For more information, contact
William W. Adams, Program Direc-
tor, Research Experiences for Under-
graduates, Division of Mathematical
Sciences, National Science Founda-
tion, 1800 G Street, NW, Washing-

ton, DC 20550; telephone 202-357-
3695,

® . |
NSF News & Reports

National R and D Funds
at Eleven Year Low

The nation is expected to spend
$132 billion on research and develop-
ment (R & D) in 1988, according to
Science Resource Studies Highlights,
published by the NSF. This figure
represents a constant-dollar increase
of 3% over 1987, the lowest rate of
growth since 1977.*

Since 1980, most of the gain
in national R & D support is at-
tributable to major increases in fed-
eral defense spending. Accounting
for approximately half the nation’s
total R & D expenditures, the federal
government spends about 70% of its
R & D dollars on defense activi-
ties. Increases in DOD expenditures
account for 90% of the estimated
growth in federal R & D support
between 1980 and 1988.

The DOD is expected to continue
to shift its R & D emphasis from
research to development. In 1980,
development accounted for 83% of
the DOD’s R & D support; in 1988,
that figure 1s expected to rise to 92%.

The nation as a whole is expected
to spend $15 billion on basic re-
search in 1988, $27 billion on ap-
plied research, and $90 billion on
development (see chart). After ad-
justing for expected inflation, basic
research spending is expected to be

Billions of dollars

down slightly from 1987, applied re-
search spending to be unchanged,
and development spending to rise
4%.

The federal government continues
to support two-thirds of the nation’s
basic research, with more than half of
this support going to universities and
colleges. Industry provides an addi-
tional 20% of the support for basic
research. Basic and applied research
each will receive an estimated 14%
share of the federal R & D dollar
in 1988; in 1980, those percentages
were 16% and 23%, respectively.

For the past several years, growth
in support for basic and applied re-
search has been slower than for de-
velopment. Between 1982 and 1987,
basic research funding is estimated
to have increased at an inflation-
adjusted average annual rate of 5%;
the corresponding figures for applied
research and development are 4%
and 6%, respectively. The share of
R & D expenditures devoted to de-
velopment has increased from 64%
in 1982 to 68% in 1988, primar-
ily as a result of increased defense
development activities.

*The estimated 1987-1988 growth in real R&D
expenditures is based on an assumed 4-percent
change in the GNP implicit price deflator, as
estimated by the Office of Management and
Budget.
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News from Washington

BMS Activities

The Board on Mathematical Sci-
ences (BMS) was established in 1984
by the National Academy of Sci-
ences/National Research Council
(NAS/NRC) in response to the rec-
ommendations of the David Report.
The objective of the Board is to
maintain awareness of and active
concern for the health of the math-
ematical sciences and to serve as
the focal point in the NRC for is-
sues connected with the mathemati-
cal sciences. The Board is designed
to conduct studies for federal agen-
cies and to act as liaison with the
mathematical sciences communities.
Phillip Griffiths, Provost of Duke
University, is Chairman of the BMS,
Ronald Pyke of the University of
Washington is Chairman of the BMS
Committee on Applied and Theoret-
ical Statistics (CATS), and Lawrence
Cox is BMS Staff Director.

This year, the Board formed an
Executive Committee to handle the
increasing workload. Executive Com-
mittee members are Phillip Griffiths,
Ronald Pyke, Shmuel Winograd of
IBM Corporation, and Ronald Dou-
glas of SUNY Stony Brook. This
summer, the Board will expand from
12 to 15 members to incorporate ex-
pertise in operations research and
mathematical sciences applications
in the social and health sciences.

The BMS is involved in a wide
variety of projects, some of which
are described below.

MS2000. This project, cospon-
sored by the NRC’s Mathematical

Sciences Education Board (MSEB),
will conduct a comprehensive assess-
ment of all aspects of the collegiate
mathematical sciences, from the un-
dergraduate through professional lev-
els. MS2000 will gather statistics,
initiate discussion, and make rec-
ommendations for change. MS2000
held a Talent Review Workshop on
April 11. (For more information on
MS2000, see the article, “MS2000
Committee Selected,” Notices, April
1988, page 535.)

Science Week Symposium. Each
year during National Science and
Technology Week, BMS sponsors a
symposium at the National Academy
of Sciences. This year’s symposium,
held on April 28, also celebrated Na-
tional Mathematics Awareness Week.
The symposium, entitled “The Im-
pact of Mathematics: Nonlinear
Mathematics, Chaos and Fractals in
Science,” focused on recent mathe-
matical research in these areas and
applications to research in the sci-
ences and engineering. The exposi-
tory talks were aimed at a general
science and science policy audience
and were complemented by striking
visual displays.

CATS Activities. Two reports in
statistical science are now available:
“Statistical Models and Analysis in
Auditing,” and “Discriminant Anal-
ysis and Clustering.” Initiated at
the request of government agencies,
these two state-of-the-art survey re-
ports are of interest to the broad
mathematical sciences community as
well. CATS is also planning to pub-
lish the proceedings of last year’s

Science Week event, which focused
on statistical science and intends to
initiate projects in quality, produc-
tivity and standards for statistical
software.

Research Trends Report. This
state-of-the-art report presents an
overview of research trends and im-
portant areas of current research ac-
tivity in the mathematical sciences.
Written for a general mathematical
sciences audience, the report com-
prises 3 major sections on core math-
ematics, applied mathematics and
the statistical sciences and 8§ vignettes
on research areas with recent inter-
esting and promising developments.
Prepared at the request of federal
agencies, this report will be of inter-
est to mathematical scientists, other
scientists, university administrators,
and policymakers interested in the
state of mathematical sciences re-
search in the mid-1980s. The report
is expected to appear this summer.

Annual BMS Chairmen’s Collo-
quium. Each fall, the BMS sponsors
a meeting of chairmen of mathemat-
ical sciences departments in Wash-
ington, DC. The meeting is designed
to promote discussion on issues of
national importance, to inform the
chairmen about developments in sci-
ence policy, and to identify and seek
solutions to common problems. The
1988 meeting, to be held October
14-15, will focus on two themes: the
use of computers in the mathemati-
cal sciences, with emphasis on their
use in research and training; and op-
portunities afforded by new modes of
funding, such as centers and groups.
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National Security Agency panel.
This BMS panel provides peer review
for the NSA’s Mathematical Sciences
program, which funds research in
the areas of algebra, number theory,
discrete mathematics, combinatorics,
probability, and statistics. The panel,
chaired by Andrew Gleason of Har-
vard University, met in January and
made recommendations on the 86
proposals received by the program
this year. Because of the volume of
proposals, the panel’s membership
wiil be increased from 7 to 10.

Cross-disciplinary and Focused
Report Series. This series of NRC re-
ports will comprise reports of 2 types.
The cross-disciplinary reports will de-
scribe the ways in which the math-
ematical sciences have contributed
substantially to progress in other
fields of science, as well as cases in
which cross-disciplinary work stim-
ulated new research in the mathe-
matical sciences. The reports will be
intended for a wide audience: col-
leagues in other disciplines, policy
makers, funding agencies, as well as
mathematical scientists. The focused
reports will be written for mathe-
matical scientists and will document
important examples of collaboration
across major areas of the mathemat-
ical sciences. The BMS will convene
a group this summer to lay plans for
the reports.

Follow-up to the David Report.
The 1984 David Report documented
underfunding and other alarming
facts and trends affecting the in-
frastructure of the mathematical sci-
ences. This report had considerable
impact and resulted in, among other
things, the creation of the BMS and
a 90% increase in federal funding
support for mathematical sciences
research. Several groups have urged
that a second report be written to
document and assess improvements
and progress and to look towards
research opportunities which could
benefit science as a whole. The BMS
1S considered the most suitable group
10 undertake this second report.

News from Washington

AFOSR panel. This panel recently
completed a report evaluating the
Mathematical and Information Sci-
ences program at the Air Force Office
of Scientific Research and recom-
mending arcas of increased empha-
sis. Reports like this represent one
of the services BMS provides to the
federal agencies. A similar report was
written for the Office of Naval Re-
search one year ago.

Television program on Ramanujan.
With the MSEB, the BMS sponsored
on March 14 a special preview show-
ing at the National Academy of Sci-
ences of the Nova Public Televsion
program entitled, “The Man Who
Loved Numbers,” based on the life of
the Indian mathematician Srinivasa
Ramanujan. Several important digni-
taries, including the Science Advisor
to the President and the Ambassador
of India, were present.

In addition to Staff Director Cox,
the BMS staff includes Seymour Selig,
Robert Smythe, William Rosen, and
MS2000 project director Bernard
Madison. New projects and the need
for new staff in 1988 are antici-
pated. The BMS staff can be reached
at: Board on Mathematical Sciences,
National Academy of Sciences, Room
NAS312, 2101 Constitution Avenue,
Washington, DC 20418; telephone
202-334-2421.

Fulbright Teacher
Exchange Program

The United States Information
Agency has announced details for
the 1989-1990 Fulbright Teacher Ex-
change Program. The Teacher Ex-
change Program will involve a one-
to-one exchange of teachers at the
elementary, secondary and postsec-
ondary levels with suitable teach-
ers overseas. The 1989-1990 overseas
exchange programs will involve Ar-
gentina, Australia, Belgium/Luxem-
bourg, Brazil, Canada, Colombia,
Chile, Cyprus, Denmark, the Fed-
eral Republic of Germany, Finland,
France, Hungary, Iceland, Mexico,
The Netherlands, Norway, Panama,

the Philippines, Senegal, South Afri-
ca, Switzerland, and the United King-
dom. The number of exchange po-
sitions available and the eligibility
requirements vary by country. The
program will also provide opportu-
nities for teachers to participate in
summer seminars, which will range
from three to eight weeks in length.
During the summer of 1989, semi-
nars will be held in Italy and The
Netherlands.

Applications will be available in
the summer of 1988. (Programs are
announced a year in advance and are
subject to change.) Completed ap-
plications must be received by USIA
postmarked by October 15, 1988. For
further information, write to the Ful-
bright Teacher Exchange Program,
E/ASX, United States Information
Agency, 301 Fourth Street, S. W,,
Washington, D.C. 20547. Telephone:
202-485-2555.

— United States Information
Agency News Release

Model Agreements
for Cooperative Research

The Government-University-Industry
Research Roundtable has published
“Simplified and Standardized Model
Agreements for University-Industry
Cooperative Research.” The purpose
of this document is to streamline the
negotiation process and decrease the
time and effort required to reach an
agreement between the two parties.
The document provides two model
agreements containing appropriate
legal language concerning various as-
pects of such agreements—reports,
costs, publicity, publications, insur-
ance, etc. The Research Roundtable
1s sponsored by the National Academy
of Sciences, the National Academy
of Engineering, and the Institute of
Medicine. Copies of this publica-
tion are available from: Government-
University-Industry Research Round-
table, National Academy of Sciences,
2101 Constitution Avenue, N.W.
(NAS342), Washington, DC 20418;
telephone 202-334-3486.
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Mathematics Symposium at the
National Academy of Sciences

Mathematics and other branches of
science are meeting at their frontiers
as scientists find that increasingly so-
phisticated mathematics is necessary
to solve complex and difficult scien-
tific questions. This was the message
of a symposium held April 25 dur-
ing the 125th annual meeting of the
National Academy of Sciences. The
symposium, entitled “Mathematics
in the Sciences,” was part of “100
Years of American Mathematics,” a
year-long series of events that grew
out of the AMS Centennial.

Moderator and organizer Felix
Browder of Rutgers University said
that, because the purpose of the sym-
posium was to highlight the role of
mathematics in other sciences, distin-
guished practitioners from other dis-
ciplines were invited to speak on the
use of mathematics in their fields of
research. The symposium was well-
attended and drew an audience of
several hundred, most of them reg-
istrants of the NAS meeting. The
lectures were nontechnical and open
to the public.

The focus of the talks was not
simply on mathematics as a tool,
but on the surprising effectiveness
of mathematics and on the interplay
between mathematics and other sci-
ences. Using examples from various
topics such as string theory and quan-
tum electrodynamics, David Gross,
Professor of Physics of Princeton
University, spoke on “Physics and
Mathematics at the Frontier.” Gross
decried the “increased abstraction
and rigor” of the Bourbaki school,
which he feels made mathematical
papers inaccessible to those in other
fields and was in part responsible for
a separation between mathematics
and physics. However, he said that in

News from Washington

the last ten years, the two fields have
begun to reconnect as recent results
in string theory have pushed ahead
to the frontiers of mathematical re-
search. He remarked that “string the-
ory may bring a fundamental gener-
alization of geometry.”

Leo P. Kadanoff, Professor of
Physics at the University of Chicago,
provided an illuminating and accessi-
ble description of the onset of chaos
in his lecture, “Snatching Chaos from
Order.” Using a simple population
model, he described how period dou-
bling and chaos can come about.
Going on to other examples, such as
acoustic feedback and convection, he
explained how these cases are sim-
ilar to the insect model in certain
respects and that those systems that
become chaotic as a result of period
doubling have in common certain
“universal” features. While fully de-
veloped chaos and chaos in systems
ruled by more complicated equations
are not well understood, it is the uni-
versal properties that scientists are
searching for.

Complementing Kadanoff’s lec-
ture was a witty and incisive talk
by Robert M. May, Professor of
Zoology at Princeton University. In
his talk, entitled “Mathematics in
Ecology and Evolutionary Biology:
The Dynamics of Surprise,” May de-
scribed the effects of chaos on pop-
ulation growth and the spread of
epidemics. He pointed out that in
this area, one’s perspective is crucial:
his talk showed how a deterministic
approach can give the appearance of
unpredictability, but he could just as
easily have given a talk on how, for
example, unpredictable influences in
evolution can produce the illusion
of a smoothly varying deterministic
system. These two lectures on chaos
showed not only that mathematics is
the crucial key to understanding such

systems, but also that there are many
profound questions that need to be
answered and that the theory is far
from complete.

The ability of mathematics to
organize complex, changing systems
was also exemplified by the talk en-
titled “Economic Equilibrium: What
It Is and How to Compute It,” pre-
sented by Herbert E. Scarf, Profes-
sor of Economics at Yale University.
Scarf explained the various forces
that come into play in the general
equilibrium model of an economy
and demonstrated how mathematical
fixed point theorems can prove the
existence of prices that satisfy the
simultaneous equations and inequal-
ities of the model.

Benoit Mandelbrot wrapped up
the symposium with a lecture enti-
tled, “Fractals: the Mathematics, the
Physics, and the Art.” Mandelbrot,
an IBM Fellow and Adjunct Pro-
fessor of Mathematical Sciences at
Yale University, illustrated his talk
with striking examples of fractal
art and described how fractals have
been an important force in physics.
For example, fractals have allowed
researchers to calculate how much
space is needed in order to insure that
the path traced by the Brownian mo-
tion of a particle in the plane should
have no self-intersections. Also, he
described how fractals have reduced
certain problems in the understand-
ing of percolation to their essential
geometric characteristics.

The symposium showed mathe-
matics as a powerful and dynamic
tool that changes and grows in re-
sponse to other sciences and to its
own inner workings. Though, as May
put it, “mathematics as an art is an
acquired taste,” it seemed that all the
speakers had learned to appreciate
both its beauty and its efficacy.
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Congress and the NSF Budget
Allyn Jackson

The last meeting of the Advisory Committee for
the Mathematical Sciences for the National Science
Foundation (NSF) was held March 24-25. In addition
to continuing discussions initiated at its November
meeting, the committe¢ was presented with an expla-
nation by some key NSF officials of the Foundation’s
yearly budget process. The purpose was to inform
the committee of this important but often mystifying
process.

As the officials’ interesting and cogent elucidation
may be of interest to the general mathematical com-
munity, a summary of their remarks is reproduced
here. The officials who spoke were: James Hays, Senior
Science Adviser; Joseph L. Kull, Director of the Divi-
sion of Budget; John H. Moore, Deputy Director of the
Foundation; Richard S. Nicholson, Assistant Director
for Mathematical and Physical Sciences; and Joel M.
Widder, Legislative Specialist. The meeting took place
March 24-25 at NSF headquarters in Washington, DC.

Long Range Planning

The process of building the NSF budget is based on
the NSF’s long-range plan, which sets priorities for
the Foundation for the next five years. Each division
in the NSF formulates its own long-range plan and
submits it to the directorate in which it resides. The
Division of Mathematical Sciences (DMS) is housed
in the Mathematical and Physical Sciences (MPS)
Directorate, which also includes physics, astronomy,
materials research, and chemistry. The division di-
rectors work with the directorate head to develop a
long-range plan for the directorate as a whole.
Nicholson pointed out that this planning process
is really a balancing act: the needs of disciplines that
are facility-intensive (such as astronomy and physics)
must be balanced with those that are individual-
intensive (such as mathematics); issues of infrastruc-
ture and support for graduate students and postdoc-

toral associates must be balanced with support of
senior investigators; and modes of support—Ilarge cen-
ters, groups, and individuals—must also be balanced.
Nicholson voiced his support for the Mathematical
Sciences Research Groups, which the committee has
enthusiastically endorsed and for which the DMS is
slated to receive new funds in 1989. Nicholson said
that the groups provide flexibility in mathematical
sciences research grants, which he acknowledged to be
“pitifully small.”

While special plans—such as the Computational
Science and Engineering initiative, which has its roots
in the DMS—are useful in the long-range plan, Nichol-
son pointed out that if every NSF division has two or
three initiatives, then NSF Director Erich Bloch “has
a hundred things to explain to Congress.” This is why
the Foundation’s long-range plan is organized around
three basic themes that are important but also simple
to explain: centers and groups, disciplinary research
and facilities, and education and human resources.

Role of the National Science Board

Each June the National Science Board meets to de-
velop a budget plan for the fiscal year 16 months away.
(The Board serves in an advisory capacity to set pol-
icy for the NSF and includes representatives from all
areas of science and engineering. The Board presently
has no members in the mathematical sciences, but
one of the members, William F. Miller, a computer
scientist and President and Chief Executive Officer of
SRI International, is an AMS member.) According to
Hays, the emphasis at this meeting is on the plan—the
Board sets the budget priorities by looking at themes
and strategies rather than dollar amounts. At the meet-
ing, there are various presentations by NSF officials
and discussions about new directions the Foundation
is considering.

Kull explained that, days after the Board’s meeting,
the NSF issues a “budget call,” which provides techni-
cal and policy guidance based on the priorities set by
the Board. With the assistance of its budget analyst,
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each directorate uses the budget call to prepare its own
budget. By the end of July, the directorates’ budgets
are sent to the Board’s Executive Committee, which
discusses how the budgets relate to the priorities set at
the June meeting. The budgets are also presented to
various Board committees for review. Kull said that
this process allows the budget to receive the attention
of high-level officials over a considerable amount of
time.

The Office of Management and Budget

By September 1, the NSF must submit its budget to the
Office of Management and Budget (OMB). The OMB
oversees nearly every aspect of every federal agency’s
activities in order to prevent duplication of effort and
to insure that various programs do not run at cross
purposes. In addition to formulating the spending
blueprint that the Administration sends to Congress
each year, the OMB writes legislative regulations,
drafts legislation, collects information, and works
with the agencies on their proposed budgets. With the
growth of the Office’s influence since Ronald Reagan
took office in 1981, some have criticized the OMB,
saying that it exercises excessive control over federal
agencies in order to shape policy according to the
Administration’s priorities.

However, Kull says that, while some OMB officials
may attend some of the NSF’s advisory committee
meetings or meetings of the National Science Board,
the OMB “stays clear of our planning process” and that
the NSF has “an excellent working relationship” with
the OMB. After the OMB receives the NSF’s proposed
budget, it meets with the heads of each directorate.
Kull called these meetings “fairly informal” and said
they are mostly used to discuss any increases and new
programs.

It is clear that the OMB believes the NSF is doing
a good job: in 1987, the OMB supported the NSF’s
proposal to double its budget in five years, beginning
with an increase of 16.5% for 1988. However, Congress
did not follow that plan in its allocation to the
NSF for fiscal 1988 and gave the Foundation only
a disappointing 6.5% increase. Despite the setback,
Kull and the other NSF officials remained steadfastly
optimistic about the overall plan. Kull said that 12%
average compounded yearly increases are “locked in”
on the OMB computer until 1993. Although such
assurances may seem ephemeral, he told the committee
not to take them lightly, stating that no other federal
agency has had this kind of support from the President
and the OMB. Of course, with a new Administration
in place at the beginning of 1989, it is unclear how
these plans will fare in coming years. However, this

support has already had positive effects: Moore said
that the budget request for 1989 went smoothly in
part because of OMB support.

Between September and January, the OMB assem-
bles a package containing the President’s request for
spending for the entire federal government. This pack-
age is usually submitted to Congress in late January
or early February. However, this year the submission
for fiscal 1989 was delayed until late February because
of Congress’s arduous, 3-month delay in passing this
year’s spending bill.

The 1989 Budget

Widder described the budget approval process for the
fiscal year 1989, a year which in some respects is
anomolous. Last fall, when Congress and the Admin-
istration were unable to agree on the 1988 budget,
they called a reconciliation meeting in November, a
month after the fiscal year had begun. At the meeting,
Congress and the White House not only agreed on a
plan for fiscal 1988, but also formulated broad outlines
for the 1989 budget. These outlines specify increases
for various budget categories as well as the revenue
to be assessed. When Congress passed this reconcili-
ation plan into law, it avoided the Gramm-Rudman
automatic spending cuts.

After Congress finally passed the fiscal 1988 spend-
ing bill in February, the Administration submitted its
request for fiscal 1989. In the request, the NSF budget
appears in the “nondefense discretionary programs”
category. Widder explained that, because the outlines
agreed upon last November have set a ceiling on each
budget category, any increase for any program within a
category siphons money off another program. Congress
has generally been less enthusiastic about increased
defense spending than the President and has often
shifted funds in the President’s request from defense
to non-defense categories. However, the reconciliation
bill will prevent such shifts in the fiscal 1989 budget.

The 1989 request calls for $3.3 billion increase in
nondefense discretionary programs, and $3.1 billion of
that increase is to go into science and space programs
at such agencies as the National Aeronautics and Space
Administration, the Department of Energy, and the
NSF. Widder expressed some skepticism that Congress
would allow such an overwhelming proportion of
the increase to go to science and space programs,
rather than to domestic programs, especially in an
election year. Saying the Congress will look to the
scientific community for priorities, Widder pointed
out that the tight budget situation means that the
NSF is competing against such large projects as the
space station, mapping the human genome, and the
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superconducting supercollider. “The NSF is small
science compared to those programs,” he said. “What
are the priorities of the scientific community?”

17 Categories and 13 Committees

Congress divides the budget request into 17 “func-
tions,” such as energy, defense, agriculture, health,
justice, etc. (The NSF budget comes under Function
250, entitled General Science, Space, and Technol-
ogy.) However, there are only 13 Congressional ap-
propriations subcommittees to which the functions
are distributed, so the mix of various components of
the budget functions make for some strange bedfel-
lows. For example, the NSF falls under the “Housing
and Urban Development and Independent Agencies”
subcommittees of the House and Senate Appropria-
tions Committees. (In the House, the subcommittee is
chaired by Edward P. Boland, Democrat from Mas-
sachusetts, and in the Senate, by William Proxmire,
Democrat from Wisconsin.) As a result, the NSF each
year competes for increases against quite unrelated
agencies or programs under the purview of these two
subcommittees: the Veterans Administration, Housing
and Urban Development, the Environmental Protec-
tion Agency, and others.

While the subcommittees are cognizant of the
importance of the NSF and the value of scientific
research, the peculiar mixture of programs in these
subcommittees often compels the members to attach
higher priorities elsewhere. Indeed, it was noted that it
is not these subcommittees that need to be informed
of the value of the NSF, but rather the other members
of Congress.

Widder said that, while NSF employees are specif-
ically prohibited from lobbying Congress on behalf
of their agency, it is entirely appropriate for them to
furnish information about the NSF to those in the
scientific community who wish to educate Congress
about the role of the Foundation and the importance
of scientific research to the nation.

A Mutual Education Process

The committee appeared to find the explanations
thoughtful and informative and questioned the of-
ficials closely on several points. On behalf of the
committee, Chairman Alan C. Newell thanked them
for taking a bold approach in seeking a doubling of
the NSF budget and thanked Nicholson in particular
for sustaining strong support of mathematics this year,
when the budget increase for the Foundation was far
less than was hoped. All agreed that the mathematical

community, and the scientific community more gen-
erally, would benefit from a greater understanding of
the issues discussed.

The budget process may seem at times like a need-
lessly intricate and arbitrary system, but it provides
for a measure of checks and balances that allow the
government to compare the priorities of the disparate
needs that compete for funds. One NSF official noted
that increases in funding for mathematics and for
science in general must be viewed in the context of
all the other budgetary needs that the Administration,
the OMB, and Congress must consider. The budget
deliberation is a mutual education process: in order
to make its expectations and justifications realistic,
the mathematical community must be prepared not
only to educate policymakers about the importance of
supporting mathematics, but also to learn about the
way the budget system works.

Mathematical Sciences in the FY89 Budget!
Frank Gilfeather

Overview and Trends

The trend, begun in the mid 1980s, of significantly
increased federal support for the mathematical sci-
ences seems to have continued into 1989. During
this period, initially there were broad based increases
in all agency programs, however in recent years sig-
nificant increases have been most prominent at the
National Science Foundation (NSF) and at the De-
fense Advanced Research Projects Agency (DARPA).
The overall increase in constant dollars since 1982
is about 74 percent and is equally shared between
NSF and the Department of Defense (DOD) agencies.
The relative growth rate in program budgets is a mat-
ter of community interest and is somewhat uneven
especially in the DOD agencies. In addition, there
appears to be a shift in emphasis between programs,
support levels, and support elements. The trend of
primary importance in federal mathematics funding
is the emergence of various center and large project
support mechanismes.

The major impact on basic research budgets in the
mathematical sciences continues to be the dynamics
of the current effort to double the overall NSF budget.
How this is done will significantly affect mathematics
because of the dominance of NSF in federal math-
ematics funding (over 50 percent). Mathematics has

! This report was prepared for the Joint Policy Board for Math-
ematics and as part of the AA4A4S Report XIII: Research and
Development, FY 1989, April 1988.
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fared extremely well when compared to the other divi-
sions in the Mathematics and Physical Sciences (MPS)
Directorate at NSF, however the extent to which MPS
will participate in general NSF enhancements is un-
certain. In addition, the direct support level of any
division at NSF, while important, does not fully reflect
how a discipline participates in the new resources at
NSF, since major portions of the new resources are
designated for cross-directorate activities.

In addition to participating in the general in-
creased support levels for basic research over the last
few vears, the significant enhancement of mathemat-
ics budgets in the 1980s attests to the impact of the
1984 National Research Council (NRC) report, Re-
newing U.S. Mathematics: Critical Resources for the
Future. The National Science Board in 1984 passed
a resolution “that a concerted effort should be made
by all funding agencies to increase support for the
mathematical sciences for several years until a proper
level of sustaining support has been achieved.” Subse-
quent acknowledgment of this report includes reports
to the DOD University Forum and language in the
1986 University Research Initiative (URI) legislation
urging redressing of the funding issue raised in the
NRC report.

Key recommendations of this important report
were for increases in graduate student and post-
doctoral support levels and significant enhancement
of computational support. Considerable increases in
these areas are now seen in several agency programs.
However another recommendation concerned the un-
usually low number of investigators supported and the
relatively low support level of supported investigators.
The report’s conclusion that only about one third
of active research mathematicians receive any federal
support for their research remains unchanged. The
report was concerned about the effect this low support
level will have on the nation’s scientific and technical
strength and its manpower levels into the next century.

Distribution of Federal Support

Although the NSF is the only federal agency respon-
sible for support across the entire spectrum of the
mathematical sciences, other federal agencies play a
significant role in support of basic research in the
mathematical sciences. Research is also funded by
the DOD, the Department of Energy (DOE) and the
National Security Agency (NSA). Some agencies have
no extramural programs of support for mathemati-
cal sciences. Details of support by these agencies are
difficult to obtain and must be estimated.

The role of NSF in support of academic basic re-
search for the mathematical sciences is unique and of

critical importance. NSF continues to provide about
80 percent of the support in core mathematics and
an overall total of over 50 percent. The mission
agencies, e.g., DOD and DOE have focused their sup-
port primarily on applied mathematics, statistics, and
computer science. The NSA has focused its support
in certain areas of algebra, discrete mathematics and
statistics.

The evolution of the mathematical sciences budgets
by major organizations is given in the following
table. It is important to note that in those agencies
where mathematics and computer sciences are jointly
funded, an estimate was made as to the split between
university-based mathematics and computer science
budgets.

Within agencies certain trends are observed. The
1989 figures show that several DOD agencies are
just regaining their 1986 and 1987 budget levels.
We note that factors such as URI and Strategic
Defense Initiative (SDI) make accurate assessment of
program levels almost impossible to determine. For
example, some agencies used 1987 URI money to fund
multi-year programs entirely while others funded one
year increments of multi-year programs. Moreover,
the nature of some newly supported projects are
considerably different from existing core programs,
thus resulting in the displacement of investigators and
projects.

The portion of DOD’s research and development
funding for research efforts that most directly advance
science or strengthen the technology base is divided
into two categories: basic research (6.1 funding) and
exploratory development (6.2 funding). DOD support
research in the mathematical sciences is accomplished
primarily through the following arms of the various
departments:

e The Army Research Office (ARO)

e The Office of Naval Research (ONR)

e The Air Force Ofhce of Scientific Research
(AFOSR)

e The Defense Advanced Research Projects Agency
(DARPA).

In addition, DOD supports a substantial amount
of 6.1 and 6.2 research intramurally at various
DOD laboratories. Some of these laboratories provide
funding support for applied mathematics, statistics,
and computer science. This work is highly mission
oriented, with only a small percent of the funding
going to university-based research. The first three
agencies (ARO, ONR, AFOSR) are much alike in
their basic method of operation. However, DARPA
differs in that it is not attached to any one department
and does little of its own contract administration.
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Federal Agency Support in the Mathematical Sciences
(millions of dollars)

Current! Budget?
FY1982 FY1983 FY1984 FY1985 FY1986 FY1987 FY1988 FY1988
Dept. of Defense
AFOSR 6.70 7.30 10.20 11.82 13.30 15.30 14.30 15.48
ARO 6.00 6.50 6.80 7.50 8.40 9.70 10.60 10.60
ONR 10.60 12.70 11.90 11.98 12.81 11.30 10.70 10.70
DARPA - - - 1.00 5.50 9.20 12.00 15.00
Total DOD 23.30 26.50 28.90 32.30 40.01 45.50 47.60 51.78
Dept. of Energy 2.30 2.80 2.90 3.50 3.94 4.30 5.20 5.80
NSA3 - - - - - 1.40 2.10 2.50
Other Agencies
(estimates) 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.00
Total non-NSF 27.60 31.30 33.80 37.80 45.95 52.20 55.90 61.08
NSF
DMS 31.20 34.10 41.20 47.50 51.74 59.42 63.67 67.97
Other 3.00 3.00 4.00 5.00 5.50 5.00 5.00 5.00
Total NSF 34.20 37.10 45.20 52.50 57.24 64.42 68.67 72.97
Total 61.80 68.40 79.00 90.30 103.19 116.62 124.57 134.05

!These figures are subject to change and include amounts for URI and SDI.

2The DOD figures include estimates for URI and SDI budgets.

3Prior to 1987 the National Security Agency program was included with other agencies.

Agency Programs

Each agency provides support for a variety of programs
including institutes, individual and group awards,
equipment awards, and special programs. In addition,
all agencies participate in a variety of special pro-
grams often administered at a cross discipline level,
for example, equipment awards, special fellowship
awards including women and minority fellowships,
and small institution awards. Agency programs are
also involved in cooperative funding arrangements
with other disciplines and other agency programs.
These include industrial, university, and laboratory
cooperative programs.

The mathematical sciences agencies have expe-
rienced condiserable number of major personnel
changes in the last few years. In addition to a new
director at NSF’s Division of Mathematical Sciences
(DMS) in 1988, there was a new director in mathemat-
ics at ONR last year and a new director has just been
chosen at AFOSR. Also, in addition to the usual rota-
tor program positions, there are several key secondary
and permanent program positions in transition.

A. National Science Foundation (NSF)

Within NSF’s DMS, the FY 1989 budget request
will permit the development of a new activity to be
called Mathematical Sciences Research Groups. The
groups are expected to provide a mechanism for con-
tinued emphasis on support for graduate students and
postdoctoral researchers while providing new oppor-
tunities for researchers to develop projects requiring
the concerted efforts of a group of individuals on a
problem or related problems. Other activities of note
include participation in a number of new interdis-
ciplinary efforts, the emphasis being on interaction
between mathematics and the biological sciences and
on cosmology.

Continuing support at about current levels will be
provided to the base of individual research awards,
to the existing program of special projects (including
postdoctoral research fellowships, equipment, con-
ferences and workshops, and institutes), and to the
activities related to undergraduate education. It should
be noted that the overall program in DMS (current
and new activities) should lead to some modest in-
creases in the total number of researchers and students
supported.
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In 1987 a new program in computational math-
ematics was begun. It is proving popular and will
continue to be an integral part of the NSF program in
mathematical science. This program is slated to reach
its steady-state level in 1989. The support for ‘the
two NSF mathematics institutes, Mathematical Sci-
ences Research Institute at Berkeley and the Institute
for Mathematics Applications at Minnesota will be
essentially level. About 60 percent of the researchers
supported at these institutes are postdoctoral and
young researchers. There will be continued emphasis
placed on the support for young investigators.

B. Air Force Office of Scientific Research (AFOSR)

The AFOSR mathematical sciences programs in 1988
emphasized nonlinear sciences (nonlinear dynamics,
nonlinear wave propagation, etc.). In FY 89, roughly
ten percent of the overall budget will once again
be set aside for initiative topics. Those topics will
include an increased emphasis on inverse scattering,
parallel computing methods for optimization, and re-
search in theoretical fluid dynamics and mathematical
control theory to study issues in the active control
of fluid flows and combustion processes. The bulk
of the budget in mathematical sciences continues to
support research in areas of traditional interest to
the Air Force, including mathematical control theory
{(especially control of systems governed by partial dif-
ferential equations), computational mathematics and
numerical analysis, probability and statistics, applied
analysis and mathematics of physical, chemical, and
biological systems, optimization, and discrete mathe-
matics.

C. Army Research Office (ARO)

The Army’s mathematical sciences research program
has the following program areas: applied analysis,
physical mathematics, numerical analysis and scientific
computing, probability and statistics, and system and
control theory. The ARO budget comprises three
funding divisions with 3/5 in core funds and 1/5
in each of SDI and URI center funds. The trends
in this program are for growth in nonlinear analysis.
The ARO center at Cornell University is involved in
many of the above topics and including aspects of
computational geometry and symbolic computation.

D. Office of Naval Research (ONR)

The Navy’s mathematical sciences program continues
to face uncertainty over eventual levels of funding.
The Mathematical Sciences Division at ONR is cur-
rently organized into the following seven program

areas: boundary value and inverse problems, calcu-
lus of variations, numerical analysis, probability and
statistics, signal analysis, discrete mathematics, and
operations research. In addition, ONR handles re-
search and development work at the Naval Research
Laboratory, Naval Air Systems Command, Naval Sea
Systems Command and the Naval Electronic Systems
Command. In the past, the order of magnitude of
funds for each of these was about $1 million except
for Naval Research Laboratory funds which have been
somewhat larger.

E. Department of Energy (DOE)

The Applied Mathematical Sciences subprogram in
the DOE Office of Energy Research has two distinct
roles. Mathematical sciences research has as its ob-
jective fundamental knowledge in the mathematical
and computing sciences aimed at understanding and
manipulating mathematical models of the complex
physical processes involved in DOE research and de-
velopment programs. The Energy Science Advanced
Computation activity is aimed at providing state of
the art supercomputing resources to ER funded re-
searchers.

The Mathematical Sciences research program funds
basic research at national laboratories and universities
in three major categories: analytical and numerical
mathematics, computational statistics and informa-
tion analysis techniques, and advanced computing
concepts for parallel architectures and languages. Ap-
proximately one half the funding goes to Mathematics
departments and the other half goes to Computer
Sciences departments. By institution, approximately
one half goes to the DOE national laboratories and
one half to universities. It should be noted that most
of the national laboratories are directed affiliated with
nearby university departments: e. g., the Mathematics
Departments at Lawrence Berkeley Laboratory and
the University of California at Berkeley, the Applied
Mathematics Division at Ames Laboratory and the
Mathematics Department at Iowa State University.
All the DOE national laboratories provide support for
graduate students and postdoctoral fellows in mathe-
matics and computer science.

Areas of mathematical research supported include
applied analysis, computational mathematics, linear
algebra, nonlinear dynamics, algebraic geometry in
applied computer graphics and in supersymmetric
string theory, systems of ordinary and partial differen-
tial equations pertaining to physical processes in en-
ergy production systems, computational statistics, and
many areas of computer science, such as numerical
analysis, functional languages, parallel architectures
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and algorithms, and evaluation of performance of
parallel architecture computing systems.

F. Defense Advanced Research
Project Agency (DARPA)

A new mathematics program emerged at DARPA
in the mid 1980s and has now become the second
largest DOD supporter of research in the mathematical
sciences. The thrust of this new program is in the
areas of dynamical systems, harmonic analysis, data
compression, neural connections, and computational
algorithms. This program contains several large URI
programs and in addition it has emerged as a major
funding source for several other large research projects.
The impressive growth and the direction of this
program are largely the responsibility of its dynamic
director.

G. National Security Agency (NSA)

The NSA currently has a modest program ($1.4
million) for support in basic, unclassified external

mathematical sciences research. Areas of interest in
the NSA program include: algebra, number theory,
discrete mathematics, statistics and probability. The
NSA has announced plans to steadily enhance this ef-
fort in future years. Reflected in their support program
and of considerable concern to NSA and others, is the
continuing decline of U.S. Ph.D. graduates in math-
ematical sciences and the continuing high percentage
of non-U.S. Ph.D. students at our lending institutions.

H. Other Agencies

Several collateral agencies such as the National Aero-
nautics and Space Administration and the National
Institutes of Health have modest mathematics sciences
programs. The National Bureau of Standards as well as
the numerous national laboratories attached to other
agencies provide considerable in-house mathematics,
statistics, and computer research programs.

(CeENTENNIAL CELEBRATION |

At the first stated meeting on December 29, 1888,
the participants discussed a problem
proposed by E. L. Stabler concerning

“the equation of the curve in space constituted

by the seam of a baseball cover”. |
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THE AMS TgX LIBRARY

Your single source for TEX products
0 AMS-TgX

The AMS macro software that simplifies the typesetting of complex mathematics. AMS-TEX

supports the use of AMS font sets (below). Available for IBM microcomputers and for Macintosh
Plus, SE and II.

O AMS Font Package

AMSFonts (Euler Fraktur, AMS Extra Symbols including Blackboard Bold, Cyrillic Lightface
and Bold) are designed for use with AMS-TEX. Available Resolutions: 118, 180, .240, and 300
dpi. For use with screen previewers and with drivers for dot matrix and laser printers. When
ordering the AMSFonts, please specify resolution or type of printer. This infor.ma.tion is necessary
to process your order. (IBM distribution in standard PK format, Macintosh in Teztures format)

O MathSciTgX
This macro package is designed to format online search output from the database MathSci on
DIALOG. MathSciTEX is included at no charge with orders for AMS-TEX and AMSFonts.

O The Joy of TgX

The Joy of TEX is the user-friendly guide to the AMS-TEX macro package and details many

features of this extremely useful text-processing package. 1986, 290 pages, ISBN 0-8218-2999-8,
Softcover

Prices:

AMS-TEX: List $25, AMS Member Price $23

AMS-TEX with Joy of TEX: List $50, AMS Member Price $45
*AMS-TEX with AMSFonts and MathSciTEX: List $55, AMS Member Price $50

AMSFonts: List $35, AMS Member Price $32

AMS-TEX with AMSFonts, MathSciTEX and Joy of TgX: List $80, AMS Member Price $72
*Joy of TEX: List $33, AMS Inst Member Price $30, AMS Indiv Member Price $26

*Included at no charge upon request if your order totals $250 or more.

Also available from the AMS Library of TEX Products

The following commercial software may be ordered from the AMS Library — your single source
for TEX materials. Call or write for prices.

TEX for IBM PC and Compatibles Printer Drivers for PCTEX
U PCTEX (Personal TgX, Inc.) with the PCTEX Manual Epson, Okidata, IBM Graphics,
by M. D. Spivak, INTEX macros and IATEX User’s Guide Proprinter, Toshiba, HP LaserJet,.
0 pcMF-METAFONT software for PCTEX, QMS Lasergrafix, Talaris, PostScript, Apple
with manual and METAFONTbook LaserWriter, Imagen, Cordata.
TEX for Macintosh Plus, SE and II Screen Previewers for IBM and
U Teztures (Kellerman & Smith) with built-in screen previewer, Compatibles
ImageWriter /LaserWriter driver and picture embedding O Preview (ArborText)
capability, and The TgXbook by D. Knuth O0 MAXView (Aurion)

O IATEX macros and IATEX User’s Guide

HOW TO ORDER: Call the TEX Library at (401) 272-9500, or (800) 556-7774 in the continental U.S. to
order with VISA or MasterCard. Or write to: TEX Library, American Mathematical Society, P. O. Box 6248,
Providence, RI 02940. Please add shipping and handling (see below).

Prepayment required; Software/Books are sent via UPS Second Day Air to U.S. addresses, first class mail to Canada, and
air delivery elsewhere, Add shipping and handling for Software/Books: $6 per order in the U.S. and Canada; $25 per order
for air delivery outside the U.S. and Canada. Prices subject to change.



1988 AMS Elections

Council Nominations
Vice-Presidents and Members-at-Large

One vice-president and five members-at-large of the Council
will be elected by the Society in a contested election in the
fall of 1988.

The vice-president will serve for a term of two years effec-
tive January 1, 1989. The Council has nominated one can-
didate for the position, namely:

Sun-Yung Alice Chang

The Council plans to name a second candidate.

The five members-at-large will serve for a term of three
years. The Council nominated seven candidates. They are:

Jonathan L. Alperin George R. Sell

Fan R. K. Chung William Yslas Velez

Lawrence J. Corwin Robert J. Zimmer

Hugo Rossi

The Council plans to name additional candidates for
member-at-large to bring their number to at least ten.

The deadline for petitions proposing additional nominu-
tions is July 6. Such proposals will not reach the Council for
action by mail ballot until after that date.

President’s Candidates
Nominating Committee 1989 and 1990

Four members of the Nominating Committee are to be elected
in the fall of 1988. Continuing members are:

Roger C. Alperin Jane P. Gilman

Ronald A. DeVore Leonard L. Scott

President G. D. Mostow has named six of the eight can-
didates for the other four places. They are:

John B. Garnett Andy Roy Magid

Victor Klee James D. Stasheff

Ray A. Kunze Alan D. Weinstein

If nominations by petition have not appeared bringing
the total number of candidates to at least eight, it will be
brought up to eight by the President.

Everett Pitcher, Secretary
Bethlehem, Pennsylvania

Nominations by Petition
Vice-President or Member-at-Large

Nominations by petition for the positions of vice-president
and member-at-large of the Council, in the manner described
in the rules and procedures, are acceptable.

Petitions are presented to the Council, which, according
to Section 2 of Article VII of the bylaws, makes the nomi-

nations. The Council of 23 January 1979 stated the intent
of the Council of nominating all persons on whose behalf
there were valid petitions. The Council of 20 January 1987
established a policy that, beginning with the interval 1987-
1996, the Council intends to approve no more than two nom-
inations by petition of the same individual in any ten year
period.

Prior to presentation to the Council, petitions in aid of a
candidate for the position of vice-president or of member-
at-large of the Council must have at least 50 valid signatures
and must conform to several rules and operational consider-
ations, which are described below.

The Nominating Committee for 1989

Four new members will be elected in a preferential ballot.
The name of a candidate for member of the Nominating
Committee may be placed on the ballot by petition. The can-
didate’s assent and petitions bearing at least 100 valid signa-
tures are required for a name to be placed on the ballot. In
addition, several other rules and operational considerations,
described below, should be followed.

Rules and Procedures

Use separate copies of the form for each candidate for vice-president,
member-at-large, or member of the Nominating Committee.

1. To be considered, petitions must be addressed to Everett Pitcher,
Secretary, P.O. Box 6248, Providence, Rhode iIsland 02940, and must arrive
by July 6, 1988.

2. The name of the candidate must be given as it appears in the
Combined Membership List. If the name does not appear in the list, as in the
case of a new member or by error, it must be as it appears in the mailing
lists, for example on the mailing label of the Notices. If the name does not
identify the candidate uniquely, append the member code, which may be
obtained from the candidate’s mailing label or the Providence office.

3. The petition for a single candidate may consist of several sheets each
bearing the statement of the petition, including the name of the position,
and signatures. The name of the candidate must be exactly the same on all
sheets.

4. On the next page is a sample form for petitions. Copies may be
obtained from the Secretary; however, petitioners may make and use
photocopies or reasonable facsimiles.

5. A signature is valid when it is clearly that of the member whose name
and address is given in the left-hand column.

6. The signature may be in the style chosen by the signer. However, the
printed name and address will be checked against the Combined Membership
List and the mailing lists. No attempt will be made to match variants of
names with the form of name in the CML. A name neither in the CML nor on
the mailing lists is not that of a member. (Example: The name Everett Pitcher
is that of a member. The name E. Pitcher appears not to be. Note that the
mailing label of the Notices can be peeled off and affixed to the petition as a
convenient way of presenting the printed name correctly.)

7. When a petition meeting these various requirements appears, the
Secretary will ask the candidate whether he is willing to have his name
on the ballot. Petitioners can facilitate the procedure by accompanying the
petitions with a signed statement from the candidate giving his consent.
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NOMINATION PETITION FOR 1988 ELECTION

The undersigned members of the American Mathematical Society propose the name of

as a candidate for the position of (check one):

[J Vice-President
[1 Member-at-Large of the Council
[1 Member of the Nominating Committee

of the American Mathematical Society for a term beginning January 1, 1989.

Name and Address (printed or typed, or Notices mailing label)

Signature

Signature

Signature

Signature

Signature

Signature
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Beginning with the Atlanta banquet which launched the year-
long “100 Years of American Mathematics” celebration (and
at which the Master of Ceremonies welcomed *“300,000
pounds of mathematicians”), and closing in October with
the National Research Council’s Report to the Nation on
the current state of mathematical education in this country,
a series of ten events has been scheduled to commemorate
the first Centennial of the American Mathematical Society.
Of these ten events, the crowning jewel will be the AMS Cen-
tennial Celebration, August 8 — 12, in Providence, Rhode Is-
land. While we encourage participation in all the “100 Years”
events, we emphasize in particular the Celebration in Prov-
idence. So, let’s meet at the Centennial!

The AMS Centennial harks back to the founding of the
Society in November, 1888, after Thomas Scott Fiske, to-
gether with two other classmates, circulated an invitation to
all interested parties to an organizational meeting at
Columbia College. The three persons responding to the in-
vitation included J. H. Van Amringe, Fiske’s dissertation
mentor. A constitution was adopted in December of that
year. Van Amringe was elected President and Fiske, Secre-
tary. Later, Fiske became the Society’s seventh President.

Since Fiske was on the faculty at Columbia, it was nat-
ural that all Society functions emanated from this address,
including publication of the Bulletin and the Transactions.
The first issue of the Bulletin appeared in October 1891, and
historical accounts through the years attest to its immense
influence on the dissemination of mathematical ideas.

Originally organized under the name of the New York
Mathematical Society, the organization had, by 1894, at-
tained a national character, and its name was changed in
that year to reflect this status. However, ties to Columbia
were so strong that it was not until 1951 that the Society
moved to Providence. The main reason for moving was that
four individuals who were influential in Society affairs were
at Brown University: Jacob D. Tamarkin and Otto E. Neuge-
bauer, editors of Mathematical Reviews, an increasingly im-
portant Society publication; R. G. D. Richardson, secretary
of the Society; and Raymond Claire Archibald, AMS librar-
ian. The membership, which had started with six in 1888,
grew to 210 in 1894 through Fiske’s personal campaign, to
2,127 at the end of 1937, and to 22,337 in 1988.

Since the average life span of homo sapiens is such that
not many attain one hundred years in longevity, a century
is plainly a long time. Yet, in terms of the persons and
events that exert a great influence on our lives, reflection
may convince us that the one hundred years is well within
our experiential appreciation. To bring this into sharper fo-
cus, we may note that many of us of a certain vintage cut
our teeth on Integral and Differential Calculus by Osgood
(AMS President 1905 - 1906), Introduction to Higher Algebra
by Bocher (1909-1910), A Treatise on the Differential Ge-
ometry of Curves and Surfaces by Eisenhart (1931-1932), as
well as books on the theory of equations and Galois fields by
Dickson (1917-1918), on projective coordinates by Morley
(1919-1920), on the calculus of variations by Bliss (1921 -

Let’s Meet at the Centennial!

1922), on tensors and spinors by Veblen (1923 -1924), and
on topology by Lefschetz (1935-1936) and by R. L. Moore
(1937-1938). All of these works exemplify the profound
influence exerted in relatively recent times on students and
mathematicians by some of the people who served the Soci-
ety as President during its first fifty years.

Today, as one of the world’s largest and most presti-
gious mathematical organizations, the AMS has an impor-
tant responsiblity to bring together all segments of the larger
mathematical community. For example, while the majority
of AMS members are American, the Society’s large num-
ber of foreign members reflects the fact that mathematicians
form a worldwide community. Reciprocity agreements with
foreign mathematical societies have strengthened these in-
ternational ties. The AMS is also concerned with increasing
the number of women and minorities in mathematics. To-
gether with other mathematical organizations, the AMS has
assembled joint committees on women in the mathematical
sciences, and on opportunities in mathematics for disadvan-
taged groups. Several women have held leadership positions
in the Society. At the turn of the century, Charlotte Angas
Scott of Bryn Mawr College was on the first AMS Council
in 1894 and served as AMS Vice President in 1905. More
recent was the Presidency of Julia Robinson in 1983 - 1984.
In addition, Mary Ellen Rudin of University of Wisconsin
at Madison, Cathleen Morawetz of the Courant Institute of
Mathematical Sciences, Mary Gray of American University,
and Karen Uhlenbeck of the University of Texas at Austin
have served as Vice Presidents, Council members, Trustees,
or have given major papers at national meetings.

The Centennial Celebration will feature a special sympo-
sium titled “Mathematics Into the Twenty-First Century.”
This program will cover the principal areas of active mathe-
matical research and will feature a number of stellar young
researchers who will be in the vanguard of mathematical
leadership in the next quarter century. In addition, the AMS-
MAA Joint Invited Addresses will be presented by three
renowned mathematicians whose work has profoundly in-
fluenced research in the United States and the world.

The Centennial program will begin with keynote speaker
Edward E. David, Jr., Chairman of the committee that pro-
duced the influential David Report, who will speak on where
mathematicians stand as a scientific community.

Lest the program look like all serious business, we men-
tion the gala Opening Reception at the State House on the
evening of August 8 and the traditional New England clam-
bake. The Society will hold open house at its offices Tues-
day - Thursday, 1:00 p.m.-3:00 p.m. Tours of Providence
and Newport will be available, and special exhibits will be
displayed at Brown University. All in all, it bears repeating:
Let’s meet at the Centennial! The magic numbers are 8.8.88.

Centennial Public Information Committee: John W. Ad-
dison, Jr., Yousef Alavi (Chair), William G. Chinn, Ronald
R. Coiffman, Ronald Graham, Peter J. Hilton, Don R. Lick,
Jean J. Pedersen, and Clifford Taubes.
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Supplement to Announcement

Centennial Celebration,
Providence, RI,
August 8-12, 1988

Please refer to the Preliminary Announcement for this
meeting which appears on pages 559-599 of the April
1988 issue of Notices. The Table of Contents and
Important Deadlines for the preliminary announcement
are reproduced below for convenience.

Symposium on Mathematics into the
Twenty-First Century

PErs! Diaconis will be introduced by Gian Carlo Rota.
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AMS Short Course

Lecture #5 was inadvertantly omitted from the Timetable.
Lecture #5 is The Mandelbrot set, BoDIL BRANNER, from
11:15 a.m. to 12:30 p.m. on Sunday, August 7.

Activities of Other Organizations

Panelists for the Association for Women in Mathematics
panel discussion on Centennial reflections on women
in American mathematics at 8:00 p.m. on Tuesday,
August 9, include MABEL S. BARNES, Professor Emeritus,
Occidental College; Jupy GREEN, Rutgers University,
Camden; JEANNE LADUKE, DePaul University; VIVIENNE
MALONE-MAYES, Baylor University; and OLGA TAUSSKY-
Tobbp, California Institute of Technology.

Message Center

The telephone number for the Message Center is 401-
331-9358.

IMPORTANT DEADLINES
AMS Abstracts

Of contributed papers Expired
Centennial Preregistration and Housing June 1
MAA Minicourse Preregistration June 1
Motions for AMS Business Meeting July 12
Clambake cancellations (50% refund) until July 25
MAA and [IME Banquets (50% refund) until July 25

Preregistration cancellations (50% refund) until August 4
Airport transfer cancellations (50% refund)  after August 4

Changes to residence hall packages after August 4
Housing cancellations (90% refund) until August 4
Housing cancellation penalty (10% plus one

night) after August 4
Tours (50% refund) until August 4
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Child Care

The following are additional child care facilities in the
area.

Child Care Center Inc., 345 Blackstone Boulevard,
Providence, 401-272-3959. Ages: 2 months to 6 years.

YMCA Parent/Child Center, 438 Hope Street, Prov-
idence, 401-521-0155. Ages: 3 to 12 years.

JCC of RI Preschool, 401 Elmgrove Avenue, Provi-
dence, 401-861-8800. Ages: 3 months to 6 years.

Providence Central YMCA, 160 Broad Street, Prov-
idence, 401-456-0100. Ages: 1-1/2 to 6 years, approxi-
mately $60 per week

Federal Hill House Day Care Center, 9 Courtland
Street, Providence, 401-421-4722. Ages: 3 to 12, sliding
scale fees.

Smith Hill Day Care, 25 Danforth Street, Providence,
401-831-1720. Ages 2 to 6 years, approximately $2 per
hour.

Tours

Participants interested in attending the Tour of Historic
Providence or Living History Tour of Newport should
be sure to indicate their preferred day and/or time in
the margin of the Preregistration/Housing Form next to
items #16-#19 or on a separate sheet of paper.

MATHEMATICAL INTUITIONISM:
INTRODUCTION TO PROOF THEORY
A. G. Dragalin

(Translations of Mathematical Monographs, Volume 67)

In the area of mathematical logic, a great deal of attention

is now being devoted to the study of nonclassical logics.
Nonclassical logics are used in the theory of computations,
in information theory, and for the description of systems

of heuristic programming. Intuitionistic logic is a particularly
important nonclassical logic. The aim of this book is to
present the most important methods of proof theory in
intuitionistic logic and to acquaint the reader with the principal
axiomatic theories based on intuitionistic logic. The exposition,
accessible to a wide audience, requires only an introductory
course in classical mathematical logic.

1980 Mathematics Subject Classification: 03
ISBN 0-8218-4520-9, LC 87-32766

ISSN 0065-9282

224 pages (hardcover), March 1988
Individual member $45, List price $75,
Institutional member $60

To order, please specify MMONO/67 NA

Shipping/Handling: 1st book $2, each additional $1, maximum $25; by air, 1st book $5, each additional $3, maximum $100
Prepayment required. Order from American Mathematical Society, P.O. Box 1571, Annex Station
Providence, Rl 02901-9930, or call toll free 800-556-7774 to charge with Visa or MasterCard
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Invited Speakers and
Special Sessions

Invited Speakers
at AMS Meetings

The individuals listed below have accepted invitations
to address the Society at the times and places in-
dicated. For some meetings, the list of speakers is
incomplete.

AMS Centennial Celebration
Providence, August 1988
Michael Aschbacher Victor G. Kac

Raoul H. Bott Peter D. Lax
(AMS-MAA) (AMS-MAA)

Luis A. Caffarelli Saunders Mac Lane

Persi Diaconis (AMS-MAA)

Charles L. Fefferman
Michael H. Freedman
Harvey M. Friedman
Benedict H. Gross
Joseph Harris

Andrew Majda
Charles S. Peskin
Dennis P. Sullivan
Robert E. Tarjan
William P. Thurston
Roger E. Howe Karen K. Uhlenbeck
Vaughan F. R. Jones Edward Witten

Lawrence, October 1988
Bjorn Dahlberg Peter Scott
Steven E. Herder Sidney M. Webster

Claremont, November 1988
William Jacob Francis Bonahon
Robert Brooks

Phoenix, January 1989
John B. Conway Peter Landweber
Percy Alec Deift Steve Smale

David Fried (AMS-MAA)
R. L. Graham Luc Tartar
(AMS-MAA)

Organizers and Topics
of Special Sessions

The list below contains all the information about
Special Sessions at meetings of the Society available

at the time this issue of Notices went to the printer.
The section below entitled Information for Organizers
describes the timetable for announcing the existence
of Special Sessions.

August 1988 AMS Centennial Celebration
in Providence
There will be no Special Sessions.

October 1988 Meeting in Lawrence
Central Section
Associate Secretary: Andy Roy Magid
Deadline for organizers: Expired
Deadline for consideration: August 2, 1988

Andrew Acker, Partial differential equations-Geometric
equations

John K. Beem and Phillip E. Parker, Geometry and
mathematical physics

Ralph Byers, Numerical linear algebra

Bruce Crauder and Sheldon Katz, Algebraic geometry

Tyrone Duncan, Control theory

William Fleissner, Applications of set theory

James Foran, Real analysis

Steven E. Hurder and Noberto Salinas, Operatory
theory and applications to geometry

Daniel Katz and Jeffery Lang, Commutative algebra

Jill Pipher and Gregory Vechota, Potential theory and
partial differential equations in nonsmooth domains

Peter Scott, 3-manifolds

November 1988 Meeting in Claremont
Far Western Section
Associate Secretary: Lance W, Small
Deadline for organizers: Expired
Deadline for consideration: August 2, 1988
Francis Bonahon and David Gabai, Low dimensional
geometry
Robert Brooks and S. -Y. Cheng, The spectrum of the
Laplacian
William Jacob and Adrian Wadsworth, Division alge-
bras
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January 1989 Meeting in Phoenix
Associate Secretary: Lance W, Small
Deadline for organizers: Expired
Deadline for consideration: September 21, 1988
Melvyn S. Berger, Mathematics of nonlinear science
John B. Conway, Harry Gonshor, and Martin Kruskal,
Surreal numbers
Percy Deift, Integrable systems
David Fisenbud and Craig Huneke, Commutative
algebra and algebraic geometry
Larry C. Grove, Computational group theory
William A. Harris, Singular perturbation theory
Victor C. Katz and Florence Fasanelli, History of
Mathematics
Albert Mardin and Burton Rodin, Computational
aspects of complex analysis
Sidney Port, Stochastic processes
Marc A. Rieftell,: Operator algebras and geometry
Hal L. Smith, Mathematics in population biology

April 1989 Meeting in Worcester
Eastern Section
Associate Secretary: W. Wistar Comfort
Deadline for organizers: July 15, 1989
Deadline for consideration: February 8, 1989

May 1989 Meeting in Chicago
Central Section
Associate Secretary: Andy Roy Magid
Deadline for organizers: August 15, 1989
Deadline for consideration: February 8, 1989
Jeffery Bergen, Noncommutative ring theory
Jonathan Cohen, Numerical methods in harmonic
analysis

October 1989 Meeting in Hoboken
Eastern Section
Associate Secretary: W. Wistar Comfort
Deadline for organizers: January 15, 1989
Deadline for consideration: August 9, 1989

October 1989 Meeting in Muncie
Central Section
Associate Secretary: Andy Roy Magid
Deadline for organizers: January 15, 1989
Deadline for consideration: August 9, 1989

Information for Organizers

Special Sessions at Annual and Summer Meetings are held
under the supervision of the Program Committee for Na-
tional Meetings. They are administered by the Associate
Secretary in charge of that meeting with staff assistance
from the Meetings and Editorial Departments in the Society
office in Providence.

According to the “Rules for Special Sessions” of the
Society, Special Sessions are selected by the Program Com-
mittee from a list of proposed Special Sessions in essentially
the same manner as Invited Speakers are selected. The
number of Special Sessions at a Summer or Annual Meeting
is limited. The algorithm that determines the number of
Special Sessions allowed at a given meeting, while simple, is
not repeated here, but may be found in “Rules for Special
Sessions” which can be found on page 614 in the April 1988
issue of Notices.

Each Invited Speaker is invited to generate a Special
Session, either by personally organizing one or by having a
Special Session organized by others. Proposals to organize
a Special Session are sometimes requested either by the
Program Committee or by the Associate Secretary. Other
proposals to organize a Special Session may be submitted
to the Associate Secretary in charge of that meeting (who is
an ex-officio member of the committee and whose address
may be found below). These proposals must be in the
hands of the Program Committee well in advance of the
meeting and, in any case, at least nine (9) months prior
to the meeting at which the Special Session is to be held
in order that the committee may consider all the proposals
for Special Sessions simultaneously. Proposals that are sent
to the Providence office of the Society, to the Notices, or
directed to anyone other than the Associate Secretary will
have to be forwarded and may not be received in time to be
considered for acceptance.

It should be noticed that Special Sessions must be
announced in the Notices in such a timely fashion that
any member of the Society who so wishes may submit an
abstract for consideration for presentation in the Special
Session before the deadline for such consideration. This
deadline is usually three (3) weeks before the Deadline for
Abstracts for the meeting in question.

Special Sessions are very effective at Sectional Meetings
and can usually be accommodated. They are selected by the
Committee to Select Hour Speakers for the Section. The
processing of proposals for Special Sessions for Sectional
Meetings is handled by the Associate Secretary for the
Section, who then forwards the proposals to the Committee
to Select which makes the final selection of the proposals.
Each Invited Speaker at a Sectional Meeting is invited to
organize a Special Session. Just as for national meetings,
no Special Session at a Sectional Meeting may be approved
so late that its announcement appears past the deadline
after which members can no longer send abstracts for
consideration for presentation in that Special Session.

The Society reserves the right of first refusal for the
publication of proceedings of any Special Session. These
proceedings appear in the book series Contemporary Math-
ematics.

More precise details concerning proposals for and orga-
nizing of Special Sessions may be found in the “Rules for
Special Sessions” or may be obtained from any Associate
Secretary.
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Send Proposals for Special Sessions to the
Associate Secretaries
The programs of sectional meetings are arranged by the Associate
Secretary for the section in question:

Far Western Section (Pacific and Mountain)

Lance W. Small, Associate Secretary
Department of Mathematics
University of California, San Diego
La Jolla, CA 92093

(Telephone 619 -534-3590)

Central Section

Andy Roy Magid, Associate Secretary

Department of Mathematics

University of Oklahoma

601 Elm PHSC 423

Norman, OK 73019

{Telephone 405-325-2052)

Eastern Section

W. Wistar Comfort, Associate Secretary

Department of Mathematics

Wesleyan University

Middietown, CT 06457

(Telephone 203-347-9411)

Southeastern Section

Frank T. Birtel, Associate Secretary

Department of Mathematics

Tulane University

New Orleans, LA 70118

(Telephone 504 -865-5646)

As a general rule, members who anticipate organizing Special
Sessions at AMS meetings are advised to seek approval at least
nine months prior to the scheduled date of the meeting. No Special
Sessions can be approved too late to provide adequate advance
notice to members who wish to participate.

Information for Speakers

A great many of the papers presented in Special Sessions
at meetings of the Society are invited papers, but any
member of the Society who wishes to do so may submit
an abstract for consideration for presentation in a Special
Session, provided it is received in Providence prior to
the special early deadline announced above and in the
announcements of the meeting at which the Special Session
has been scheduled. Contributors should know that there
is a limitation in size of a single special session, so that
it is sometimes true that all places are filled by invitation.
Papers not accepted for a Special Session are considered as
ten-minute contributed papers.

Abstracts of papers submitied for consideration for pre-
sentation at a Special Session must be received by the
Providence office (Editorial Department, American Mathe-
matical Society, P. O. Box 6248, Providence, RI 02940) by
the special deadline for Special Sessions, which is usually
three weeks earlier than the deadline for contributed papers
for the same meeting. The Council has decreed that no
paper, whether invited or contributed, may be listed in the
program of a meeting of the Society unless an abstract of the
paper has been received in Providence prior to the deadline.

ASYMPTOTIC BEHAVIOR OF DISSIPATIVE
SYSTEMS
Jack K. Hale

(Mathematical Surveys and Monographs, Volume 25}

This book is directed at researchers in nonlinear ordinary
and partial differential equations and at those who apply
these topics to other fields of science. About one third of the
book focuses on the existence and properties of the flow on
the globai attractor for a discrete or continuous dynamical
system. The author presents a detailed discussion of abstract
properties and examples of asymptotically smooth maps and
semigroups. He also covers some of the continuity properties
of the giobal attractor under perturbation, its capacity and

Hausdorff dimension, and the stability of the flow on the
giobal attractor under perturbation. The remainder of the
book deals with particular equations occurring in applications
and especially emphasizes delay equations, reaction-diffusion
equations, and the damped wave equations. In each of the
examples presented, the author shows how to verify the
existence of a global attractor, and, for several examples, he
discusses some properties of the flow on the global attractor.

1980 Mathematics Subject Classifications: 34, 35, 58
ISBN 0-8218-1527-X, LC 87-33495

ISSN 0076-5376

200 pages (hardcover), March 1988

individual member $32, List price $54,

Institutional member $43

To order, please specify SURV/25 NA

Shipping/Handling: 1st book $2, each additional $1, maximum $25; by air, 1st book $5, each additional $3, maximum $100
Prepayment required. Order from American Mathematical Society, P.O. Box 1571, Annex Station
Providence, RI 02901-9930, or call toll free 800-556-7774 to charge with Visa or MasterCard
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Mathematical Sciences
Meetings and Conferences

THIS SECTION contains announcements of meetings and conferences of interest to
some segment of the mathematical public, including ad hoc, local, or regional meetings,
and meetings or symposia devoted to specialized topics, as well as announcements
of regularly scheduied meetings of national or international mathematical organizations.
{Information on meetings of the Society, and on meetings sponsored by the Society, will
be found inside the front cover.)

AN ANNOUNCEMENT will be published in Notices if it contains a call for papers,
and specifies the place, date, subject (when applicable), and the speakers; a second
full announcement will be published only if there are changes or necessary additional
information. Once an announcement has appeared, the event will be briefly noted in each
issue until it has been held and a reference will be given in parentheses to the month,
year, and page of the issue in which the complete information appeared. Asterisks *
mark those announcements containing new or revised information.

IN GENERAL, announcements of meetings and conferences held in North America carry
only date, title of meeting, place of meeting, names of speakers (or sometimes a general
statement on the program), deadlines for abstracts or contributed papers, and source
of further information. Meetings held outside the North American area may carry more
detailed information. In any case, if there is any application deadline with respect to
participation in the meeting, this fact should be noted. All communications on meetings
and conferences in the mathematical sciences should be sent to the Editor of Notices,
care of the American Mathematical Society in Providence.

DEADLINES for entries in this section are listed on the inside front cover of each issue. In
order to allow participants to arrange their travel plans, organizers of meetings are urged
to submit information for these listings early enough to allow them to appear in more than
one issue of Notices prior to the meeting in question. To achieve this, listings shouid be
received in Providence SIX MONTHS prior to the scheduled date of the meeting.

1987-1988.
Differential

Academic Year Devoted to
Geometry, University of

January-July 1988. Symposium on Rep-
resentation Theory and Group Theory,

North Carolina, Chapel Hill, North Car-
olina. (November 1987, p. 1137)
1987-1988. Academic Year Devoted to
Several Complex Variables, Mittag-Leffler
Institute, Djursholm, Sweden. (January
1987, p. 131)

1988-1989. Academic Year Devoted to
Operator Algebras, Mittag-Leffler Insti-
tute, Djursholm, Sweden. (February 1988,
p. 307)

September 14, 1987-June 25, 1988. Pro-
gram on Applied Combinatorics, Institute
for Mathematics and its Applications,
University of Minnesota, Minneapolis,
Minnesota. (April 1987, p. 548)

Manchester, England. (April 1987, p. 548)
March 6-December 24, 1988. Math-
ematisches Forschungsinstitut Oberwol-
fach (Weekly Conferences), Federal Re-
public of Germany. (March 1988, pp.
457-458)

April  17-December 24, 1988.
Mathematisches Forschungsinstitut Ober-
wolfach (Weekly Conferences), Federal
Republic of Germany. (October 1987,
p. 995)

*October 1988-August 1989. Symposium

on Singularity Theory and Its Applica-
tions, University of Warwick, Coventry,
United Kingdom.

OrGANizERS: D. Mond, J. Montaldi,
M. Roberts, 1. Stewart.

ConNrERENCE Topics: Real Singularity
Theory; Multiple Points of Mappings;
Nonisolated Singularities; Bifurcation
Theory; Hamiltonian Systems; Local
Differential Geometry.

INFORMATION: E. Shiels, Mathemat-
ics Institute, University of Warwick,
Coventry CV47AL, United Kingdom,

January 1-December 23, 1989. Math-
ematisches Forschungsinstitut Oberwol-
fach (Weekly Conferences), Federal Re-
public of Germany. (April 1988, p. 629)

May 1988

30-June 3. Canadian Applied Math-
ematics Society Conference on Contin-
uum Mechanics and its Applications, Si-
mon Fraser University, British Colum-
bia, Canada. (Note changes from October
1987, p. 998)

30-June 3. International Conference on
Numerical Mathematics, Kent Ridge, Re-
public of Singapore. (April 1987, p. 553)
30-June 3. Sixth International Con-
ference on the Theory and Applications
of Graphs, Western Michigan Univer-
sity, Kalamazoo, Michigan. (June 1987,
p. 685)

30-June 3. Theorie des Nombres, Mar-
seille, France. (January 1988, p. 158)
30-June 4. Conference on Hyperplane
Sections and Related Topics, L’Aquila,
Italy. (January 1988, p. 158)

31-June 2. Thirteenth Annual Sum-
mer Institute of Applied Statistics, Provo,
Utah. (April 1988, p. 632)

31-June 3. Conference on Reaction-
Diffusion Equations, Heriot-Watt Univer-
sity, Edinburgh, United Kingdom. (Feb-
ruary 1988, p. 309)

31-June 3. National Computer Exposi-
tion/National Computer Conference, Los
Angeles, California. (April 1988, p. 632)

June 1988

1-3. Quality and Productivity Research
Conference, Xerox Training Center, Lees-
burg, Virginia. (April 1988, p. 632)

1-4. Algebraic Logic and Universal Al-
gebra in Computer Science, Iowa State
University, Ames, Iowa. (February 1988,
p. 309)
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{-4.  Kingston Research Conference:
Thirty Years of Modern Optimal Control,
University of Rhode Island, Kingston,
Rhode Island. (March 1988, p. 460)
4-August 11.  Joint Summer Research
Conferences in the Mathematical Sci-
ences, Bowdoin College, Brunswick,
Maine. (January 1988, p. 158)

INFORMATION: C. Kohanski, Ameri-
can Mathematical Society, Post Office
Box 6248, Providence, Rhode Island
02940.

5-7. Canadian Mathematical Society
Summer Meeting, Regina, Saskatchewan.
(April 1988, p. 632)

5-8. Statistical Society of Canada’s
Annual Meeting, University of Victo-
ria, Victoria, British Columbia, Canada.
(November 1987, p. 1139)

5-9. IEEE Computer Society Conference
on Computer Vision and Pattern Recog-
nition, University of Michigan Cam-
pus, Ann Arbor, Michigan. (March 1988,
p. 461)

5-11. Applications of Operator Alge-
bras to Knot Theory and Mathematical
Physics, United States Naval Academy,
Annapolis, Maryland. (April 1988, p. 633)
5-12. Third International Symposium on
Differential Geometry, Peniscola, Spain.
(October 1987, p. 998)

6-8. Fourth Annual ACM Symposium
on Computational Geometry, University
of Illinois, Urbana-Champaign, Illinois.
(February 1988, p. 310)

6-10. The Second International Confer-
ence on Vector and Parallel Computing
Issues in Applied Research and Develop-
ment, Tromse, Norway. (January 1988,
p. 158)

6-10. Fractals and the Microcomputer,
Salisbury State College, Salisbury, Mary-
land. (February 1988, p. 310)

6-10. Algorithmique, Marseille, France.
(March 1988, p. 461)

6~10. NSF-CBMS Regional Research
Conference in the Mathematical Sciences:
Arrangements of Hyperplanes, Flagstaff,
Arizona. (March 1988, p. 461)

6-10. Conference in Honor of Jacques-
Louis Lions, Paris, France. (March 1988,
D. 461)

6~10. NSF-CBMS Conference on Appli-
cations of Operator Algebras to Knot The-
ory and Mathematical Physics, United

.}
Meetings and Conferences

States Naval Academy, Annapolis, Mary-
land. (April 1988, p. 633)
6-10. Twelfth Nordic Conference on
Mathematical Statistics, Turku, Finland.
(April 1988, p. 633)
6-16. Twelfth International Conference
on Operator Theory, Bucharest, Romania.
(February 1988, p. 310)
6-24. SMS-NATO ASI: Methods in
Field and Superstring Theories, Univer- «
sité de Montréal, Montréal, Canada. (Jan-
vary 1988, p. 158)
7-10. Twenty-Sixth Annual Meeting of
the Association for Computational Lin-
guistics, Buffalo, New York. (March 1988,
p. 461)
8-10. Eighth International Conference
On Analysis and Optimization of Systems,
Antibes, France. (March 1988, p. 461)
11-14. International Conference on Al-
most Everywhere Convergence in Prob-
ability and Ergodic Theory, Columbus,
Ohio. (October 1987, p. 998)
12-15. Symposium on Chaotic Dynami-
cal Systems, Conference Center “Woud-
schoten” (near Utrecht), The Nether-
lands. (March 1988, p. 461)
12-18. Workshop on Coding Theory and
Applications, Institute for Mathematics
and its Applications, University of Min-
nesota, Minneapolis, Minnesota. (August
1987, p. 814)
13-14. Third International Workshop of
the Bellman Continuum, Sophia Antipo-
lis, France. (April 1988, p. 633)
13-16. Fourth SIAM Conference on Dis-
crete Mathematics, Cathedral Hill Hotel,
San Francisco, California. (April 1988,
p. 633)
13-17. Nonlinear Hyperbolic Problems
Conference, Talence, France. (October
1987, p. 999)
13-17. Program Design and Data Ab-
straction, Salisbury State College, Salis-
bury, Maryland. (February 1988, p. 310)
13-17. Gordon Conference on Theoret-
ical Biology and Biomathematics, Tilton
Academy, Tilton, New Hampshire. (Feb-
ruary 1988, p. 310)
13-17. Empirical Processes, Theory and
Applications, University of Iowa, Iowa
City, Iowa. (April 1988, p. 633)

*13-17. Mathematical Modeling Work-
shop, University of Maine, Orono, Maine.

*

SponsoRrs: The Conferences and Insti-
tutes Division, University of Maine,

and The Northeast Section of the
Mathematical Association of Amer-
ica.

INFORMATION: C. W. Dodge, Math-
ematics Department, University of
Maine, Orono, Maine 04469, 207-
581-3908.

13-18. Meeting on Functional Analysis,
El Escorial, Spain. (April 1988, p. 633)

13-24. Summer School on Computers,
Bréau-sans-Nappe, France.

CoNFERENCE THEMES: Task Level Ro-
bot Planning; Control of Rigid Robots;
Visual Perception and Robotics.
ProGrRaM: The summer classes, to
be held in Bréau-san-Nappe, are de-
signed for researchers and engineers.
Approximately 30 participants will
comment on the advances in par-
ticular fields and compare their ex-
periences. Instruction is available in
English and French and includes small
group workshops.

INVITED SPEAKERS: T. Lozano-Pérez,
MIT; B. Espiau, IRISA; O. Faugeras,
INRIA.

INFORMATION: Secrétariat des Ecoles
d’Eté, EDF 1 , Avenue du Général
de Gaulle, 92140 Clamart, France.
Telephone: (1) 47 65 43 06.

13-August 26, 1988. Gordon Research
Conferences: The Frontiers of Science
(Weekly Conferences), New Hampshire
and Rhode Island. (April 1988, p. 633)

14-17. Structure in Complexity Theory,
Third Annual Conference, Georgetown
University, Washington, District of Co-
lumbia. (March 1988, p. 461)

15-17. The Seventh Pacific Coast Re-
source Modeling Conference, Ensenada,
Mexico. (January 1988, p. 159)

15-17. National Educational Computing
Conference (NECC °’88), Dallas, Texas.
(March 1988, p. 461)

15-17. Western Regional Meeting of the
Biometric Society (WNAR) and the Insti-
tute of Mathematical Statistics, Honolulu,
Hawaii. (April 1988, p. 633)

16-18. Northeast Conference on Gen-
eral Topology and Applications, Wesleyan
University, Middletown, Connecticut.

ProGraM: The conference honors
Melvin Henriksen and marks his sixti-
eth birthday. There will be sessions for
25-minute contributed papers. The
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deadline for consideration is June 1,
1988.

INvITED HOUR SPEAKERS: A. Dow, J.
Isbell, R. D. Mauldin, J. V. Mill, W.
Pfeffer, A. Stone.

INFORMATION: R. M. Shortt, Depart-
ment of Mathematics, Wesleyan Uni-
versity, Middletown, Connecticut
06457.

*16-18. Fifth Annual Western Workshop
in Geometric Topology, Colorado College,
Colorado Springs, Colorado.

ProGRrRaM: J. Hempel will be the prin-
cipal speaker with other participants
giving presentations.

INForRMATION: J. Henderson, Depart-
ment of Mathematics, Colorado Col-

lege, Colorado Springs, Colorado
80903.
16-21, Geometry of Solutions to PDE,

Cortona, Italy. (March 1988, p. 462)
16-22. Mathematical Methods in
Computer-Aided Design, Oslo, Norway.
(February 1988, p. 310)

16-23. Annual Seminar Canadian Math-
ematical Society-Banach Spaces and Ge-
ometry of Convex Bodies, Banff, Alberta,
Canada. (January 1988, p. 159)

18-24, AMS-IMS-SIAM Summer Re-
search Conference on Spatial Statistics
and Imaging, Brunswick, Maine. (April
1988, p. 634)

19-24. SRCOS-ASA Summer Research
Conference, Holiday Island, Arkansas.
(April 1988, p. 634)

19-24. 1988 IEEE International Sympo-
sium on Information Theory, Kobe, Japan.
(October 1987, p. 999)

19-25. Workshop on Design Theory and
Applications, Institute for Mathematics
and its Applications, University of Min-
nesota, Minneapolis, Minnesota. (August
1987, p. 814)

*19-July 2. Summer School and Work-
shop on Paths, Flows and VLSI-Layout,
Rheinische Friedrich-Wilhelms-Universi-
tat Bonn, West Germany.

ORrGanizers: B. Korte, L. Lovasz, A.
Schrijver.

INFORMATION: Applications should be
sent to H. J. Promel, Research Insti-
tute of Discrete Mathematics, Univer-
sity of Bonn, Nassestrasse 2, D-5300
Bonn 1, West Germany.

. |
Meetings and Conferences

20. Stability and Chaos in Neural Net-
work Learning, Oregon State University,
Corvallis, Oregon. (March 1988, p. 462)
20. Regional Conference on Empirical

Processes: Theory and Applications, [owa
City, Iowa. (April 1988, p. 634)

20-24. Fifth International Conference on
Boundary and Interior Layers: Computa-
tional and Asymptotic Methods, Shang-
hai, China. (June 1987, p. 685)

20-24. International Algebra Conference,
Lisbon, Portugal. (February 1987, p. 364)
20-24. Conference on Matrix Spectral
Inequalities, The Johns Hopkins Uni-
versity, Baltimore, Maryland. (February
1988, p. 310)

20-24. The Numerical Solution of IVPs
for ODEs, Toronto, Canada. (April 1988,
p. 634)

*20-24. SIGPLAN ’88: Conference on
Programming Language Design and Im-
plementation, Colony Square Hotel, At-
lanta, Georgia.

INFORMATION: D. Wise, Conference
Chair, Indiana University, 101 Lind-
ley Hall, Bloomington, Indiana 47405,
812-335-9770.

20-25. Geofirey J. Butler Memorial Con-
ference on Differential Equations and Pop-
ulation Biology, University of Alberta,
Edmonton, Alberta, Canada. (January
1988, p. 159)

20-July 8. Summer School: Data Process-
ing Operating and Management, Nice,
France. (March 1988, p. 462)

25-30. International Conference on Bio-

mathematics, Xian, China. {October 1987,

p. 999)

26-July 1. Weak Convergence Methods
for Nonlinear Partial Differential Equa-
tions, Loyola University, Chicago, Illi-
nois. (April 1988, p. 634)

27-30. Conference on Stochastic Pro-
cesses and Their Use on PC, Debrecen,
Hungary. (March 1988, p. 462)

27-July 1. Geometrie Algebrique, In-
formatique and Complexite, Marseille,
France. (March 1988, p. 462)

27-July 1. Seventeenth Conference on
Stochastic Processes and Their Applica-
tions, Rome, Italy. (April 1988, p. 634)
27-July 2. Seventeenth International Col-
loquium on Group Theoretical Methods
in Physics, Ste-Adele, Quebec, Canada.
{February 1988, p. 310)

*29-July 2.

*27-July 8. Summer School on Numerical

Analysis, Bréau-sans-Nappe, France.

CoNFERENCE THEMES: Finite Element
Methods Applied to Electromagnetic
Field Problems; Mathematical Models
of Hysteresis; Variational Models and
Mixed Methods in Electromagnetism.
ProGrAM: The summer classes, to
be held in Bréau-sans-Nappe, are de-
signed for researchers and engineers,
Approximately 30 participants will
comment on the advances in par-
ticular fields and compare their ex-
periences. Instruction is available in
English and French and includes small
group workshops.

INvITED SPEAKERS: C. Emson, Ruther-
ford Appleton Laboratory; I. D. May-
ergoyz, University of Maryland; A.
Bossavit, EDF.

INFORMATION: Secrétariat des Ecoles
d’Eté: EDF 1, Avenue du Général
de Gaulle, 92140 Clamart, France.
Telephone: (1) 47 65 43 06.

27-July 15. Microprogram on the Struc-
ture of Banach Spaces, Mathematical Sci-
ences Research Institute, Berkeley, Cali-
fornia. (June 1987, p. 685)

27-July 29. Summer Seminars for School
Teachers: The Great Theorems of Mathe-
matics, Ohio State University, Columbus,
Ohio. (April 1988, p. 634)

27-August 5. Summer Program on Sig-
nal Processing, Institute for Mathematics
and Its Applications, University of Min-
neapolis, Minnesota. (April 1988, p. 634)
Third Analysis Conference
in Cork on Operator Theory and Oper-
ator Algebras, University College, Cork,
Ireland.

PrRINCIPAL SPEAKERS: I. D. Berg, L.
Brown, J. Cuntz, and Z. Slodkowski.
INFORMATION: R. E. Harte and G. J.
Murphy, Department of Mathemat-
ics, University College, Cork, Ireland.

July 1988

3-23. Summer Research Institute on
Operator Theory/Operator Algebras and
Applications, University of New Hamp-
shire, Durham, New Hampshire. (Jan-
uary 1988, p. 159)

INFORMATION: J. Balletto, American
Mathematical Society, Post Office Box
6248, Providence, Rhode Island 02940.
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4-8. Infinite Dimensional Lie Algebras
and Groups, Marseille, France. (Novem-
ber 1987, p. 1139)

x4-8. Third International Workshop on
Statistical Modeling, Vienna, Austria.

INFORMATION: R. Hatzinger, Biostatis-
tik, Psychiatrische Univ., Wahringer
Gurtel 18-20, A-1090 Vienna, Austria.

5-8. Tenth Dundee Conference on the
Theory of Ordinary and Partial Differen-
tial Equations, Dundee, Scotland. (Octo-
ber 1987, p. 999)

5-8. Third Annual Symposium on Logic
in Computer Science, University of Ed-
inburgh, Edinburgh, Scotland. (March
1988, p. 462)
5-8. IMA Conference on Applications
of Matrix Theory, Bradford, England.
(April 1988, p. 635)
*6-8. Workshop on the Role of Mathe-

maticians in Education Reform, Chicago,
Iinois. (April 1988, p. 635)

INForMATION: K. Poyner Brown, De-
partment of Mathematics, MC 249,
University of Illinois at Chicago, Box
4348, Chicago, Illinois 60680, 312-
996-2439.

6-16. Automorphic Forms, Shimura Va-
rieties and L-Functions, University of
Michigan, Ann Arbor, Michigan. (March
1988, p. 462)

10-16. Representation Theory and Group
Theory, Manchester, England. (February
1987, p. 364)

11-13. IMA Conference on Inverse Prob-
lems and Imaging Associated with Pattern
Recognition, Strathclyde, Scotland. (April
1988, p. 635)

11-15. Theorie de L'Homotopie, Mar-
seille, France. (March 1988, p. 462)
11-15. SIAM Annual Meeting, Hyatt
Regency Hotel, Minneapolis, Minnesota.
(April 1988, p. 635)

11-16. Twenty-third International Con-
ference of Actuaries, Helsinki, Finland.
(April 1988, p. 635)

}3—15. Ohio Section Short Course: Us-
Ing Computer Algebra Systems to Teach
Calculus, Denison University, Granville,
Ohio. (April 1988, p. 635)

}3-15. IMA Conference on Mathemat-
!cal Structures for Software Engineer-
Ing, Manchester, England. (April 1988,
p. 635)

]
Meetings and Conferences

13-20. Edinburgh Mathematical Soci-
ety’s 1988 Saint Andrews Colloquium, St.
Andrews, Fife, Scotland. (February 1987,
p. 364)

17-27. Ninth Congress of the Interna-
tional Association of Mathematical Phys-
ics, Swansea, Wales. (February 1987,
p. 364)

18-22. Twelfth IMACS World Congress
on Scientific Computation, Paris, France.
(February 1987, p. 364)

18-23. International Biometric Con-
ference, Namur, Belgium. (April 198§,
p. 635)

18-29. Second Workshop on Stochas-
tic Analysis, Silivri (Istanbul), Turkey.
(April 1988, p. 635)

18-29. AMS-SIAM Summer Seminar
on Computational Solution of Nonlinear
Systems Equations, Colorado State Uni-
versity, Fort Collins, Colorado. (January
1988, p. 159)

INFORMATION: B. Verducci, Ameri-
can Mathematical Society, Post Ofhice
Box 6248, Providence, Rhode Island
02940.

20-31. Ninth Latin American School of
Mathematics, Santiago, Chile. (Novem-
ber 1987, p. 1140)

22-28. Twelfth IMACS World Congress
on Scientific Computation, Paris, France.
(April 1988, p. 635)

*24-30. International Conference on Rad-

icals — Theory and Applications, Sendai,

Japan. (Note change, October 1987, p. 999)
*24-August 5.

Constructive Methods in
Computing Science, Marktoberdorf, Ger-
many.

INFORMATION: F. Bauer, Institut fur
Informatik, Technische Universitat PF
20 2420, 8000 Munchen 2, Germany.

25-28. First International Conference on
Optimal Design and Analysis of Experi-
ments, Neuchatel, Switzerland. (February
1988, p. 311)

*25-28. Third KIT Mathematics Work-

shop, Taejon, Korea.

ProGrAM: The program will consist
of a series of lectures by the invited
speakers, and some one-hour talks in
algebra and topology. The number of
participants is limited to 100.

INVITED SPEAKERS: M. Nagata, Ky-
oto University; G. Lachaud, CIRM

France; R. Stern, University of Utah;
J. Levine, Brandeis University.

CaLL FOR PaPERs: Papers are so-
licited in all areas of algebra and
topology. A small amount of financial
support will be available to the lim-
ited number of talkers. The deadline
for submission of papers is May 31,
1988.

INFORMATION: Y. Y. Oh, Director,
Mathematics Research Center, Korea
Institute of Technology, Kusongdong,
Taejon, 302-338, Korea.

25-29. Third International Conference
on Fibonacci Numbers and Their Appli-
cations, Pisa, Italy. (April 1988, p. 635)
25-30. Third International Congress on
Computational and Applied Mathematics,
University of Leuven, Belgium. (August
1987, p. 814)

25-30. International Symposium on En-
gineering Mathematics, Beijing, China.
(April 1988, p. 635)

27-August 3. Sixth International Con-
gress on Mathematical Education, Bu-
dapest, Hungary. (March 1988, p. 463)
31-August 6. Nonstandard Analysis,
University of Massachusetts, Ambherst,
Massachusetts, and Smith College, North-
ampton, Massachusetts. (January 1988,
p. 159)

August 1988

1-5. Fifteenth Annual Conference and
Exhibition on Computer Graphics and
Interactive Techniques (SIGGRAPH °88),
Georgia World Congress Center, Atlanta,
Georgia. (October 1987, p. 999)

1-5. Thirty-eighth Gordon Research Con-
ference on Statistics in Chemistry and
Chemical Engineering, New Hampton,
New Hampshire. (April 1988, p. 636)

*1-6. Group Actions and Invariant The-

ory, McGill University, Montreal, Que-
bec, Canada.

SPEAKERS: A. Bialynicki-Birula, D.
Luna, H. Kraft, J. Carrel, M. Putcha,
G. Schwarz, T. Petrie, 1. Dolgachev,
L. Renner.

INFORMATION: Group Actions, P. Rus-
sell, McGill University, Department
of Mathematics and Statistics, 805
Sherbrooke West, Montreal, Quebec,
Canada H3A 2K6. Telephone: 514-
398-3835.
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1-7. International Symposium on Num-
ber Theory and Analysis, Tsing Hua
University, Beijing, People’s Republic of
China. (February 1988, p. 311)

1-9. Eighteenth International Congress
of the History of Science, Hamburg (Au-
gust 1-5) and Munich (August 6-9), Fed-
eral Republic of Germany. (March 1988,
p. 463)

*1-12. Conference on Computational Tools
of Numerical Approximation and Con-
trol, Montana State University, Bozeman,
Montana.

ConNFeERENCE THEME: This conference
is designed to bring together control
theorists and numerical analysts to
explore the rapidly expanding numer-
ical needs of the problems arising in
control.

SpeakERs: C. Byrnes, Arizona State
University; W. Gautschi, Purdue Uni-
versity; C. Martin, Texas Tech Uni-
versity; F. Stenger, University of Utah.
INFORMATION: K. Bowers or J. Lund,
Department of Mathematical Sciences,
Montana State University, Bozeman,
Montana 59717.

4-11. Algebraic Logic Conference, Bu-
dapest, Hungary. (October 1987, p. 999)

5-8. Second Boston Workshop for Math-
ematics Faculty, Wellesley College,
Wellesley, Massachusetts. (January 1988,
p. 159)

6-7. AMS Short Course on Chaos and
Fractals: The Mathematics Behind the
Computer Graphics, Providence, Rhode
Island.

INFORMATION: M. Foulkes, Ameri-
can Mathematical Society, Post Office
Box 6248, Providence, Rhode Island
02940. (April 1988, p. 597)

8-12. AMS Centennial Celebration, Prov-
idence, Rhode Island. (April 1987, p. 553)

INFORMATION: For further details, see
the Meetings section of the April 1988
Notices.

8-12. Fifth Marcel Grossman Meeting,
Perth, Western Australia. (April 1988,
p. 636)
8-13. Spaces of Self-Homotopy Equiv-
alences, Centre de recherches mathema-
tiques, Université de Montréal, Montréal,
Québec. (February 1988, p. 311)

*8-14. Conference on Algebraic Logic,
Budapest, Hungary.

|
Meetings and Conferences

ORrRGANIZERS: The Janos Bolyai Math-
ematical Society and the Association
for Symbolic Logic.
PrOGRAM: Cylindric-, polyadic-, rela-
tion algebras; Boolean algebras with
" operators; modal algebras; theories of
relations and their computer science
aspects, and anything related to the
new Tarski-Givant book. Calculi of re-
lations, other algebraizations of logic
and universal algebraic (e.g., via dis-
criminator varieties) or categorical ap-
proaches to algebraic logic.
INVITED SPEAKERS: W. J. Blok, W.
Craig, S. Givant, L. Henkin, G. Mc-
Nulty, J. D. Monk, D. Pigozzi.
INFORMATION: 1. Nemeti, Department
of Mathematics, Iowa State Univer-
sity, 400 Carver Hall, Ames, lowa
50011, 515-294-8134, 294-8184 (of-
fices); 515-292-0726 (home). (Note
changes from February 1988, p. 311)

9-12. International Symposium in Real
Analysis, University of Ulster, Coleraine,
Northern Ireland. (February 1987, p. 364)
9-12. Henstock Real Analysis Sympo-
sium, University of Ulster, Coleraine,
Northern Ireland. (March 1988, p. 463)
9-13. First International Symposium on
Algebraic Structures and Number Theory,
Hong Kong. (November 1987, p. 1140)
12-14. International Conference on Math-
ematical Modelling in Sciences and Tech-
nology, Madras, India. (Note date change,
October 1987, p. 999)

13-17. Kaehler Geometry and Several
Complex Variables, Eastern University,
Charleston, Illinois. (April 1988, p. 636)
13-17. NSF-CBMS Regional Confer-
ence: Rigidity in Several Complex Vari-
ables, Eastern Illinois University, Charles-
ton, Illinois.

%

INvITED SPEAKER: Y-T. Siu, Harvard
University.

INFORMATION: P. Coulton, Depart-
ment of Mathematics, Eastern Illinois
University, Charleston, Illinois 61920.

14-18. Institute of Mathematical Statis-
tics Annual Meeting, Fort Collins, Col-
orado. (October 1987, p. 999)

14-27. Harmonic Analysis on Reduc-
tive Groups, Bowdoin College, Bruns-
wick, Maine. (This conference has been
postponed. For further details, see the
announcement for July 30-August 12,

Es

1989, in this section of Mathematical
Sciences Meetings and Conferences)
15-19. New Directions in Dynamical
Systems, Brown University, Providence,
Rhode Island. (October 1987, p. 999)
15-19. International Symposium on Ap-
proximation, Optimization and Comput-
ing, University of Regina, Saskatchewan,
Canada. (February 1988, p. 312)

15-19. Advances in the Theory of Frechet
Spaces, Istanbul, Turkey.

INFORMATION: T. Terzioglu, Mathe-
matics Department, Middle East Tech-
nical University, Ankara, Turkey.

15-20. Universal Algebra, Karlovy Vary,
Czechoslovakia. (March 1988, p. 463)
16-19. Institute of Mathematical Statis-
tics Symposium on Probability and its
Applications, Colorado State University,
Fort Collins, Colorado. (October 1987,
p. 999)

16-September 9. Summer School on
Dynamical Systems, International Centre
for Theoretical Physics, Trieste (Italy).
{(April 1988, p. 636)

17-24. Functional Analysis/Optimisation,
Australian National University, Canberra.
{April 1988, p. 636)

19-24. Georgia Topology Conference,
University of Georgia, Athens, Georgia.
(February 1988, p. 312)

20-26. Groups, Pusan, Republic of Ko-
rea. (June 1987, p. 686)

21-25. Crypto 88 Conference, Santa Bar-
bara, California. February 1988, p. 312)
21-27. Seventeenth International Con-
gress of Theoretical and Applied Mechan-
ics, Grenoble, France. (January 1987,
p. 135)

21-27. International Conference on Gen-
eral Algebra, Krems/Donau, Austria.
(November 1987, p. 1140)
21-September 7. Eighteenth Ecole d’ete
de Calcul des Probabilities, Saint-Flour,
Cantal. (March 1988, p. 463)

22-25. 1988 Joint Statistical Meetings,
New Orleans, Louisiana. (June 1987,
p. 686)

22--25. Fifth International Conference on
the New Quality Philosophy in Statistical
Research and Statistical Education (Satel-
lite Conference), New Orleans, Louisiana.
(March 1988, p. 464)

22-26. Conference on Categorical Topol-
ogy and its Relations to Algebra, Analysis
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and Combinatorics, Prague, Czechoslo-
vakia. {(October 1987, p. 1000)

22-26. International Conference on Op-
erator Theory: Advances and Applications,
University of Calgary, Alberta, Canada.
(November 1987, p. 1140)

22-26. 20th Nordic Congress of Mathe-
maticians, Trondheim, Norway. (Novem-
ber 1987, p. 1140)

22-26. Conference in Differential Geom-
etry In Honor of M. Perdigio Do Carmo,
Rio de Janeiro, Brazil. (March 1988,
p. 464)

22--27. Conference on Numerical Meth-
ods and Applications, Sofia, Bulgaria.
(March 1988, p. 464)

22-September 16. Summer School: Jor-
dan Algebras and Jordan Triples: Geome-
try and Analysis, Poitiers, France. (March
1988, p. 464)

23-30. 1988 Association for Symbolic
Logic European Summer Meeting, Padova,
Italy. (January 1988, p. 160)

27-31. First Islamic Countries Confer-
ence on Statistical Sciences, Lahore, Pak-
istan. (March 1988, p. 464)

28~31. European Conference for Math-
ematics in Industry, Glasgow, Scotland.
(March 1988, p. 464)

29-September 1. Fourteenth Interna-
tional Conference on Very Large Databases,
Hyatt Regency Hotel, Long Beach, Cali-
fornia. (March 1988, p. 464)
29-September 2. ICO Topical Meeting
on Optical Computing, Orsay, France.
(October 1987, p. 1000)

29-September 2. Orbit Method in Repre-
sentation Theory, Copenhagen, Denmark.
(Gctober 1987, p. 1000)

29-September 2. Workshop on Sym-
pblectic Topology, Mathematical Sciences
Research Institute, Berkeley, California.
(February 1988, p. 321)

29-September 2. COMPSTAT ’88 Eighth
Symposium on Computational Statistics,
Copenhagen, Denmark. (March 1988,
p. 464)

29-September 2. Harmonic Analysis
in Lie Groups, Copenhagen, Denmark.
(April 1988, p. 637)

25-September 2. International Confer-
ence on Mathematical Statistics, Olsztyn,
Poland. (April 1988, p. 637)
29-September 2. Thirteenth Interna-
tional Symposium on Mathematical Pro-
gramming, Tokyo, Japan. (April 1988,
p. 637)

Meetings and Conferences

30-September 2. Ninth Annual Meeting
of the International Society of Clinical
Biostatistics, Innsbruck, Austria. (April
1988, p. 637)

September 1988

6-10. International Neural Network So-
ciety 1988 Annual Meeting, Boston, Mas-
sachusetts. (February 1988, p. 312)
12-16. Theorie des Nombres, Marseille,
France. (March 1988, p. 464)

12-16. Eurographics ’88: Research, Prac-
tice and Experience, Nice, France. (March
1988, p. 464)

13-16.  Workshop on Arboreal Group
Theory, Mathematical Sciences Research
Institute, Berkeley, California. (January
1988, p. 160)

13-23. Heyting Summer School and Con-
ference on Mathematical Logic, Chaika
near Varna, Bulgaria. (February 1988,
p. 312)

14-16. Fifth IMA International Con-
ference on Control Theory, Strathclyde,
Scotland. (April 1988, p. 637)

14-17.  Meeting of Topology, Centro
Congressi  Cocumella, Sorrento (Na-
ples), Italy. (March 1988, p. 464)

18-24. DMYV-Jahrestagung 1988, Re-
gensburg, Federal Republic of Germany.
(March 1988, p. 464)

19-23. Sixth International Colloquium
on Differential Geometry, Universidad
de Santiago de Compostela, Santiago
de Compostela, Spain. (February 1988,
p. 312)

19-23. Histoire de la Relativite Generale,
Marseille, France. (March 1988, p. 464)

*23-25. Fall Foliage Combinatorial Group

Theory Conference, Shaker Village, New
Hampshire.

INVITED SPEAKERS: B. Bogley, Tufts;
D. Collins, Queen Mary College-Uni-
versity of London; M. Dyer, Univer-
sity of Oregon; W. Metzler, University
of Frankfurt.

INFORMATION: M. P. Latiolais, De-
partment of Mathematics and Com-
puter Science, Dartmouth College,
Hanover, New Hampshire 03755.
(This conference is being held in con-
junction with the Fall Foliage Topol-
ogy Seminar.)

*24-25. Last Fall Foliage Topology Sem-
inar, Shaker Village, New Hampshire.

INvITED SPEAKERS: C. Frohman,
SUNY-Albany; P. Groerss, Wellesley;
S. Szczepanski, Rutgers; T. Tucker,
Hamilton.

INFORMATION: M. P. Latiolais, De-
partment of Mathematics and Com-
puter Science, Dartmouth College,
Hanover, New Hampshire 03755.

25-30. International Symposium in Honor
of René Thom, Paris, France. (February
1988, p. 312)

26-30. Computational Intelligence 88,
University of Milano, Milano, Italy.
(March 1988, p. 465)

26~October 1. Fifth International Confer-
ence on Complex Analysis, Halle, German
Democratic Republic. (October 1987,
p. 1000)

30-October 1. Sixteenth Annual Math-
ematics and Statistics Conference, Miami
University, Oxford, Ohio. (April 1988,
p. 637)

October 1988

*3-5. Knowledge-Based Robot Control,
Bonas, France.

INFORMATION: G. Saridis, Rensselaer
Polytechnic Institute, Troy, New York
12181.

4-6. Colloque Ergoia 88 Ergonomie et
Intelligence Artificelle, Biarritz, France.
(April 1988, p. 637)
9-13. International Conference on Com-
puter Languages, Castle Premier, Miami
Beach, Florida. (March 1988, p. 465)
10-12. IEEE Workshop on Visual Lan-
guages, University of Pennsylvania, Pitts-
burgh, Pennsylvania. (March 1988, p. 465)
*10-14. Workshop on Mathematical Pro-
gramming, Catholic University of Rio De
Janeiro, Brazil.

ORGANIZERS: Catholic University of
Rio De Janeiro, Brazil, and the Math-
ematical Programming Society.
INFORMATION: C. C. Ribeiro, Catholic
University of Rio De Janeiro, De-
partment of Electrical Engineering,
Gavea-Caixa Postal 38063, Rio De
Janeiro 22452, Brazil. Telephone: (55)
(21) 529-9334/529-9336/529-9246/-
529-9397.

*12-14. Sensor-Based Robots: Algorithms
and Architectures, Bonas, France.
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INFORMATION: C. Lee, School of Elec-
trical Engineering, Purdue University,
West Lafayette, Indiana 47907.

*21-22. Tenth Midwest Probability Collo-

quium, Northwestern University, Evanston,

Illinois.

InviTED SPEAKERS: D. Burkholder,
University of Illinois; L. Gray, Uni-
versity of Minnesota; S. Lalley, Pur-
due University.

INFORMATION: M. Pinsky, Depart-
ment of Mathematics, Northwestern
University, Evanston, Illinois 60208,
312-491-5519.

*28-29. Seventeenth Midwest Differential
Equations Conference, Iowa State Uni-
versity, Ames, lowa.

ProGrAM: The focus will be on Sys-
tems, Control, and Differential Equa-
tions. Six sessions of contributed talks
are planned.

INVITED SPEAKERS: T. Banks, Brown
University; J. Burns, VPI; C. Byrnes,
Arizona State; S. Gibbons, UCLA;
H. Hermes, University of Colorado,
Boulder; M. Pinsky, Northwestern.
INFORMATION: G. Seifert, R. K. Miller,
J. Murdock, W. Kliemann, Iowa State
University, Department of Mathe-
matics, 400 Carver Hall, Ames, Iowa
50011, 515-294-1752.

28-30. Central Sectional Meeting, Law-
rence, Kansas.

INFORMATION: J. Balletto, American
Mathematical Society, Post Office Box
6248, Providence, Rhode Island 02940.

31-November 18. Workshop in Math-
ematical Ecology, Trieste, Italy. (March
1988, p. 465)

November 1988

4-5. Southeast Differential Equations
Conference, Athens, Georgia. (March 1988,
p. 465)

12-13. 846th Meeting of the AMS,
Claremont, California.

INFORMATION: J. Balletto, American
Mathematical Society, Post Office Box
6248, Providence, Rhode Island 02940.

13-17.  French-Israeli Conference on
Combinatorics and Algorithms, Israel.
(February 1988, p. 313)

Meetings and Conferences

18-19. Quantitative Approaches to Di-
abetes, Sydney, Australia. (April 1988,
p. 638)

20-25. Eighth Annual Conference: To-
wards a Whole Decade for Scientific and
Technological Cooperation for Interna-
tional Development, Jamaica, West In-
dies. (March 1988, p. 465)
21-December 16. College on Global
Geometric and Topological Methods in
Analysis, Trieste, Italy. (March 1988,
p. 465)

December 1988

6-8. First International Conference on
Matter Elements Analysis, Guangzhou,
Guangdong, People’s Republic of China.
(October 1987, p. 1000)

*12-15. International Conference on Com-
puter Vision, Tarpon Springs, Florida.
(Note date change, March 1988, p. 465)

*12-17. International Course on Com-
putational Geometry, Dipartimento di
Matematica, Universita, Catania, Italy.

Purpose: This course is designed to
give a survey on the current state of
research in computational techniques
and complexity results in real alge-
braic and analytic geometry, and to
demonstrate relevant applications of
these topics. It will consist of short
cycles of lectures (approximately 30
hours) and a panel discussion.
INVITED SPEAKERS: M. F. Coste-Roy,
Rennes; J. Davenport, Bath; J. Heintz,
Buenos Aires; F. Preparata, Urbana;
T. Recio, Santander; M. Sharir, New
York.

ORrcGaNIzERs: A. Conte, A. Ferro, T.
Mora.

INFORMATION: T. Mora, Dipartimento
di Matematica, Universita Via L. B.
Alberti, 4 16132 Genova, Italy. Tele-
phone: (010) 515141.

13~-15. IMA/SIAM International Con-
ference on Mathematics of Signal Pro-
cessing, Warwick, England. (April 1988,
p. 638)

*27-31. Holiday Symposium on Fermat’s
Last Theorem, New Mexico State Uni-
versity, Las Cruces, New Mexico.

PrOGRAM: This symposium will fo-
cus on Fermat’s Last Theorem and
will consist of ten lectures, two each
day. by J. Tate, of Harvard Univer-
sity. There will be additional sessions

*2-5.

organized by J. Selfridge of Northern
Illinois University, as well as sessions
for contributed papers, research ideas,
and discussion. Some support may be
available for a limited number of par-
ticipants.

INFORMATION: R. J. Wisner, Depart-
ment of Mathematical Sciences, New
Mexico State University, Box 30001,
Las Cruces, New Mexico 88003-0001,
505-646-3901.

January 1989

International Colloquium in Ring
Theory, Bar-Ilan University, Ramat-Gan,
Israel.

CoNFERENCE Torics: Division Rings;
Pl-rings; Group Rings; Noetherian
Rings; Rings of Differential Opera-
tors.

INVITED SPEAKERS: M. Artin; P. M.
Cohn; E. Formanek; A. F. Goldie; N.
Jacobson; D. Passman; L. Small; D.
Saltman; T. Stafford.

InForRMATION: Conference Secretary,
Research Institute for Mathematical
Sciences, Bar-Ilan University, 52100
Ramat-Gan, Israel.

4-6. American Statistical Association
Winter Conference: Statistics in Soci-
ety, San Diego, California. (March 1988,
p. 465)
6~-12. Nonlinear Wave Equations, George
Mason University, Fairfax, Virginia. (April
1988, p. 638)

*8-10. Symposium in Honor of the Seven-
tieth Birthday of Ted Harris, Los Angeles,
California.

INVITED SPEAKERS: P. Baxendale: R.
Durrett; D. Griffeath; R. Holley; H.
Kesten; H. Kunita; Y. le Jan; T.
Liggett; C. Newman; P. Ney; F. Spitzer;
S. Varadhan.

INFORMATION: J. Watkins, Depart-
ment of Mathematics, University of
Southern California, 1042 West 36th
Place, DRB 306, Los Angeles, Cali-
fornia 90089-1113.

8-11. First Caribbean Conference on
Fluid Dynamics, Saint Augustine, Trini-
dad, West Indies. (June 1987, p. 686)
9-13. Sixth Texas International Sympo-
sium on Approximation Theory, College
Station, Texas. (April 1988, p. 638)
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9-14. K-Theory and Dynamics, Uni-
versity of Florida, Gainesville, Florida.
(April 1988, p. 638)

11-i4. Joint Mathematics Meetings,
Phoenix, Arizona. (April 1987, p. 553)

INFORMATION: H. Daly, American
Mathematical Society, Meetings De-
partment, Post Office Box 6248, Prov-
idence, Rhode Island 02940.

*15-20. American Association for the
Advancement of Science Annual Meeting,
San Francisco, California.

INFORMATION: AAAS, 1333 H Street,
Northwest, Washington, District of
Columbia 20005, 202-326-6640.

23-27. Workshop on Algorithms, Word
Problems, and Classification in Combina-
torial Group Theory, Mathematical Sci-
ences Research Institute, Berkeley, Cali-
fornia. (February 1988, p. 313)

February 1989

*21-23. Seventeenth Annual Computer
Science Conference, Commonwealth Con-
vention Center, Louisville, Kentucky.

CALL For PAPERS: Submissions relat-
ing to the conference focus, Emerg-
ing Computer Trends of the 1990s,
should be mailed by September 1,
1988 to J. D. McGregor, Department
of Computer Studies, Murray State
University, Murray, Kentucky 42071.
INFORMATION: Conference Depart-
ment A, Association for Computing
Machinery, 11 West 42nd Street, New
York, New York 10036.

March 1989

16-22. ENAR Spring Meeting, Lexing-
ton, Kentucky. (March 1988, p. 465)

April 1989

3-6. IEEE International Conference on
Control and Applications, Jerusalem, Is-
rael. (April 1988, p. 638)
10~13. IEEE Artificial Neural Networks
Conference, Sheraton International Con-
ference Center, Reston, Virginia. (Note
date change, March 1988, p. 465)
*15-16. Eastern Section Meeting, Col-
lege of the Holy Cross, Worcester, Mas-
sachusetts.

Meetings and Conferences

INFORMATION: J. Balletto, American
Mathematical Society, Post Office Box
6248, Providence, Rhode Island 02940.

*15-17.

*28-June 10.

*29-June 1.

May 1989

8-10. Forty-Third Annual Quality Con-
gress, Toronto, Canada. (March 1988,
p. 465)

8~12. Workshop on Arithmetic Groups
and Buildings, Mathematical Sciences
Research Institute, Berkeley, California.
(March 1988, p. 465)

1989 New Zealand Mathemat-
ics Collogquium, Palmerston North, New
Zealand.

INFORMATION: Colloquium Secretary,
Department of Mathematics and Statis-
tics, Massey University, Palmerston
North, New Zealand.

19-20. Central Section Meeting, Loyola
University, Chicago, Illinois.

INFORMATION: J. Balletto, American
Mathematical Society, Post Office Box
6248, Providence, Rhode Island 02940.

23-27. International Conference on Com-
puting and Information, Toronto, On-
tario, Canada. (April 1988, p. 638)
AMS-SIAM Summer Sem-
inar on the Mathematics of Random Me-
dia, Virginia Polytechnic Institute and
State University, Blacksburg, Virginia.

CHAIRMEN: W. Kohler, Virginia Poly-
technic Institute and State University
and B. White, Exxon Research and
Engineering Company.
INFORMATION: B. Verducci, Ameri-
can Mathematical Society, Post Office
Box 6248, Providence, Rhode Island
02940.

Third International Confer-
ence in Mathematics: Fractional Calculus
and Its Applications, Nihon University,
Tokyo, Japan.

InForMATION: K. Nishimoto, Math-
ematics Department, College of En-
gineering, Nihon University, Tamura-
cho, Koriyama, Japan 963.

June 1989

5-16. Workshop on the Geometry of
Hamiltonian Systems, Mathematical Sci-
ences Research Institute, Berkeley, Cali-
fornia. (April 1988, p. 638)

July 1989

3-7. Computational Ordinary Differen-
tial Equations, London, England. (April
1988, p. 638)

10-12. International Conference on Com-
putational Techniques and Applications,
Griffith University, Brisbane. (April 1988,
p. 639)

*10-21. Microprogram on Noncommu-
tative Rings, Mathematical Sciences Re-
search Institute, Berkeley, California.
(Note date change, June 1987, p. 686)
30-August 4. Sixteenth Annual Confer-
ence and Exhibition on Computer Graph-
ics and Interactive Techniques (SIG-
GRAPH ’89), Hynes Auditorium, Boston,
Massachusetts. (March 1988, p. 466)
30-August 12. Harmonic Analysis on Re-
ductive Groups, Bowdoin College, Bruns-
wick, Maine. (January 1988, p. 160)

August 1989

1-9. Eighteenth International Congress
of the History of Science, Hamburg, 1-
5; Munich,- 6-9, Federal Republic of
Germany. (April 1988, p. 639)
6-10. 1989 Joint Statistical Meetings,
Washington, District of Columbia. (March
1988, p. 466)

*13-19. Fourth Conference on Differen-
tial Equations and Applications, Rousse,
Bulgaria.

ProGrAM: The program will include
plenary lectures (45 minutes) by lead-
ing scientists, and scientific reports
(20-30 minutes). The reports of the
participants in the conference will be
published in the Proceedings of the
conference.

INFORMATION: For further informa-
tion concerning expenses, hotel ac-
commodation, and the list of in-
vited speakers, write to the Orga-
nizing Committee CDE-IV, Technical
University, Komsomolska Street N8,
7017 Rousse, Bulgaria.

20~September 6. Nineteenth Ecole d’ete
de Calcul des Probabilities, Saint-Flour,
Cantal. (March 1988, p. 466)
28-September 1. IFIP 89: Eleventh
World Computer Conference, San Fran-
cisco, California. (April 1988, p. 639)
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29-September 6. Forty-seventh Session
of the International Statistical Institute,
Paris, France. (April 1988, p. 639)

September 1989

16—October 20. Sixth World Congress
on Medical Information, Beijing, China.
(April 1988, p. 639)

*25-29. Third International Conference
on the Theory of Groups and Related
Topics, Australian National University,
Canberra. (Note date change, April 1988,
p. 639)

October 1989

*21-22. Eastern Section Meeting, Stevens
Institute of Technology, Hoboken, New
Jersey.

INFORMATION: J. Balletto, American
Mathematical Society, Post Office Box

6248, Providence, Rhode Island 02940.

.|
Meetings and Conferences

*27-28. Central Section Meeting, Ball
State University, Muncie, Indiana.

INFORMATION: J. Balletto, American
Mathematical Society, Post Office Box

16248, Providence, Rhode Island 02940.

January 1990

17-20. Joint Mathematics Meetings,
Louisville, Kentucky. (April 1987, p. 553)

INFORMATION: H. Daly, American
Mathematical Society, Meetings De-
partment, Post Office Box 6248, Prov-
idence, Rhode Island 02940.

May 1990

25-31. Tenth International Conference
on Pattern Recognition, Resorts Hotel,
Atlantic City, New Jersey. (March 1988,
p. 466)

August 1990

6-9. 1990 Joint Statistical Meetings,
Anaheim, California. (March 1988, p. 466)

January 1991

16-19. 97th Annual Meeting, San Fran-
cisco, California.

INFORMATION: H. Daly, American
Mathematical Society, Post Office Box
6248, Providence, Rhode Island 02940,

August 1991

*17-21. American Sociological Associa-
tion Annual Meeting, Cleveland, Ohio.

INFORMATION: American Sociological
Association, 1722 N Street, North-
west, Washington, District of Colum-
bia 20036, 202-833-3410.

19-22. 1991 Joint Statistical Meetings,
Atlanta, Georgia. (March 1988, p. 466)

ENTENNIAL (CELEBRATION

In 1951 the Society sold its library of 14,000 items
to the University of Georgia for $66,000,

which was put into endowment.

AMERICAN MATHEMATICAL SOCIETY ¢ PROVIDENCE ¢« AUGUST 8-12, 1988
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New AMS Publications

REVIEWS IN PARTIAL DIFFERENTIAL
EQUATIONS, 1980-86

Comprising a significant portion of present-day research

in analysis, the area of partial differential equations
encompasses a broad spectrum of topics, from classical
work in linear second-order equations to more recent work
in a general nonlinear setting. in addition, the subject has
deep and fundamental ties to a wide variety of scientific
areas outside mathematics. This important reference work
makes the vast subject of partial differential-equations much
more accessible both to specialists working in this area and
to those interested in related areas of mathematics and its
applications.

These five volumes contain the more than 19,200 reviews
that appeared in Mathematical Reviews from 1980 through
1986 and have primary or a secondary classification in Partial
Differential Equations (classification number 35). Relevant
cross-references are provided with each review. The fifth
volume of this set contains author and key indexes which
make it very easy to locate items written by a specific
author or to get information about collections or conference
proceedings dealing with partial differential equations.

Contents

Volume 1
Introduction by Murray H. Protter
Partial differential equations
General theory
Qualiitative properties of solutions
Representations of solutions
Generalized solutions
Equations and systems with constant coefficients
General first-order equations and systems
General higher-order equations and systems
Hypoelliptic equations and systems

Volume 2 v
Elliptic equations and systems
Parabolic equations and systems
Volume 3
Hyperbolic equations and systems
Equations and systems of mixed or composite type
Overdetermined systems

Spectral theory and eigenvalue problems
Special equations and problems

Volume 4
Special equations and problems 32Q20 through 35Q99
Miscellaneous topics
Pseudodifferential operators

Volume 5
Author and Key indexes

1980 Mathematics Subject Classifications: 35Q20; 35M05, 35J65
ISBN 0-8218-0103-1, LC 88-6681

4040 pages (softcover), May 1988

Individual member $177, List price $295,

Institutional member $236

To order, please specify REVPDE/86N

FIXED POINT THEORY AND
ITS APPLICATIONS
R. F. Brown, Editor

{(Contemporary Mathematics, Volume 72)

Fixed point theory touches on many areas of mathematics,
such as general topology, algebraic topology, nonlinear
functional analysis, and ordinary and partial differential
equations and serves as a useful tool in applied mathematics.
This book represents the proceedings of an informal
three-day seminar held during the International Congress

of Mathematicians in Berkeley in 1986. Bringing together
topologists and analysts concerned with the study of fixed
points of continuous functions, the seminar provided a forum
for presentation of recent developments in several different
areas.

The topics covered include both topological fixed point
theory from both the algebraic and geometric viewpoints, the
fixed point theory of nonlinear operators on normed linear
spaces and its applications, and the study of solutions of
ordinary and partial differential equations by fixed point theory
methods. Because the papers range from broad expositions
to specialized research papers, the book provides readers
with a good overview of the subject as well as a more detailed
look at some specialized recent advances.

Contents

V. Akis, Quasi-retractions and the fixed point property
J. Baillon, Nonexpansive mapping and hyperconvex spaces

Use the order form in the back of this issue or call 800-556-7774 to use VISA or MasterCard.
Shipping and handiing charges will be added.
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J. Baillon and N. Rallis, Not too many fixed points

M. Berger, Axisymmetric vortex motions with swirl

R. Brown, Nielsen fixed point theory and parametrized
differential equations

P. Fitzpatrick and J. Pejsachowicz, The fundamental group of
the space of linear Fredholm operators and the global analysis
of semilinear equations

D. Goncalves, Braid groups and Wecken pairs

D. Gottlieb, A de Moivre-like formula for fixed point theory

M. Grossinho, Some existence results of nonselfadjoint
problems at resonance

R. Guenther and J. Lee, Topological transversality and
differential equations

C. Hagopian, Fixed points of tree-like continua

G. Isac, Fixed point theory, coincidence equations on convex
cones and complementarity problem

B. Jiang, A characterization of fixed point classes

A. Kartsatos and M. Parrott, Using fixed point theory to find
the weak solution of an abstract functional differential equation
M. Kelly, Fixed points through homotopies

P. Omari, G. Villari, and F. Zanolin, A survey of recent
applications of fixed point theory to the Lienard equation

J. Pak, On the fibered Jiang spaces

S. Park, Fixed point theorems on compact convex sets in
topological vector spaces

J. Pejsachowicz, K-theoretic methods in bifurcation theory

C. Prieto, Fix-theory of diagrams

S. Reich, Fixed point theory in the Hilbert ball

B. Rhoades, Contractive definitions and continuity

R. Sine, Remarks on a paper of Horn

F. Wille, On Ljusternik-Schnirelmann theory and degree theory

1980 Mathematics Subject Classifications: 46, 53, 58; 57, 55
ISBN 0-8218-5080-6, LC 88-10926

ISSN 0271-4132

280 pages (softcover), June 1988

Individual member $17, List price $28,

Institutional member $22

To order, please specify CONM/72N

!

MATHEMATICS AND GENE”RAL RELATIVITY

James A. Isenberg, Editor
(Contemporary Mathematics, Volume 71)

This volume contains the proceedings of the AMS-IMS-SIAM
Joint Summer Research Conference in General Relativity,
held in June 1986 at the University of California, Santa Cruz.

General relativity is one of the most successful alliances of
mathematics and physics. it provides us with a theory of
gravity which agrees with all experimentation and observation
to date. In addition, there is a great deal of physical
evidence for a number of interesting effects predicted by

the theory of gravity—biack holes, cosmological expansion,
gravitational waves, and gravitational lenses. The enabling
tool is the language of differential geometry. Throughout its
70-year history, general relativity has significantly stimulated
pseudo-Riemannian as well as Riemannian geometry and has
also motivated important work in compiex geometry, topology,
and the study of both elliptic and hyperbolic systems of partial
differential equations.

This collection explores some of the directions in which
mathematical general relativity has proceeded in recent years.
Among the topics discussed are:

» The possibility of finding a quasi-locatl expression for energy

o Aspects of the global structure of solutions to Einstein’'s
equations

e The stability of globally complete asymptotically fiat
spacetime solutions of Einstein’s equations

¢ The relation between stability and the well-posedness of
theories involving relativistic fluids

e The utility of Ashtekar's "New Variables” formulation of
quantum as well as classical Einstein theory

e The quantum factor ordering problem

¢ The nature of the diffeomorphism group on Lorentz
manifolds

¢ The global properties of Ricci flow on surfaces

The main feature characterizing most of the contributions
is a concentration on questions with serious mathematical
content.

Contents
Roger Penrose, Aspects of quasi-local angular momentum
D. Christodoulou and S. T. Yau, Some remarks on the
quasi-local mass
William T. Shaw, Quasi-local mass for “large " spheres
Rafael D. Sorkin, Conserved quantities as action variations
Abhay Ashtekar, A 3 + 1 formulation of Einstein self-duality
Lee Smolin, Quantum gravity in the self-dual representation
Ted Jacobson, Superspace in the self-dual representation of
quantum gravity
Charles P. Boyer, Self-dual and anti-self-dual Hermitian metrics
on compact complex surfaces
F. J. Flaherty, /nstantons on the quaternionic Siegel space
Robert M. Wald, Gauge theories for fields of spin-one and
spin-two
S. Klainerman, Einstein geometry and hyperbolic equations
R. J. Knill and A. P. Whitman, The well-posedness of Rosen’s
field equations
Victor Szczyrba, Dynamics of quadratic Lagrangians in gravity:
Fairchild’s theory

Use the order form in the back of this issue or call 800-556-7774 to use VISA or MasterCard.
Shipping and handling charges will be added.
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william A. Hiscock and Lee Lindblom, Stability in dissipative
relativistic fluid theories

Jerrold E. Marsden, The Hamiltonian formulation of classical
field theory

Richard S. Hamilton, The Ricci flow on surfaces

pemir N. Kupeli, Curvature and compact spacelike surfaces in
4-dimensional spacetimes

Richard Schoen, Spacetime singularities from high matter
densities (abstract)

Marek Kossowski, Metric singularity phenomena in
pseudo-Riemannian geometry

Karel V. Kuchat, Covariant quantization of dynamical systems
with constraints

John L. Friedman and Donald M. Witt, Problems on
diffeomorphism arising from quantum gravity

Philip B. Yasskin, /nitial value decomposition of the spacetime
diffeomorphism group

P. D. D’Eath and J. J. Halliwell, /nclusion of fermions in the
wave function of the universe

Michael E. Peskin, Gauge symmetries of string field theory
(abstract)

William T. Shaw, Twistors and strings

1980 Mathematics Subject Classifications: 83, 35, 53, 32
ISBN 0-8218-5079-2, LC 88-9685

ISSN 0271-4132

384 pages (softcover), May 1988

Individual member $21, List price $35,

Institutional member $28

To order, please specify CONM/71N

INDEX THEORY OF ELLIPTIC OPERATORS,
FOLIATIONS, AND OPERATOR ALGEBRAS
Jerome Kaminker, Kenneth C. Millett,

and Claude Schochet, Editors
(Contemporary Mathematics, Volume 70)

Combining analysis, geometry, and topology, this volume
provides an introduction to current ideas involving the
application of K-theory of operator algebras to index theory
and geometry. In particular, the articles follow two main
themes: the use of operator algebras to reflect properties

of geometric objects and the application of index theory in
settings where the relevant elliptic operators are invertible
modulo a C*-algebra other than that of the compact operators.

The papers in this collection are the proceedings of the special
sessions held at two AMS meetings: the Annual meeting in
New Orleans in January 1986, and the Central Section meeting
in April 1986. Jonathan Rosenberg’s exposition suppiies the
best available introduction to Kasparov’s K K-theory and

its applications to representation theory and geometry. A
striking application of these ideas are found in Thierry Fack’s

paper, which provides a complete and detailed proof of the
Novikov Conjecture for fundamental groups of manifolds of
non-positive curvature. Some of the papers involve Connes’
foliation algebra and its K-theory, while others examine
C*-algebras associated to groups and group actions on
spaces.

Contents
John Cantwell and Lawrence Conlon, The theory of levels
Ronald G. Douglas, Steven Hurder, and Jerome Kaminker,
Toeplitz operators and the eta invariant: the case of S’
Thierry Fack, Sur la Conjecture de Novikov
Jeff Fox and Peter Haskell, A new proof of the K-amenability
of SU(1,1)
James L. Heitsch, Some interesting group actions
Conner Lazarov, A relation between index and exotic classes
Ib Madsen and Jonathan Rosenberg, The Universal Coefficient
Theorem for equivariant K-theory of real and complex
C*-algebras
N. Christopher Phillips, Equivariant K-theory for proper actions
and C*-algebras
N. Christopher Phillips, Equivariant K-theory for proper actions
Il: some cases in which finite dimensional bundles suffice
John Roe, Operator algebras and index theory on non-compact
manifolds
Jonathan Rosenberg, K-theory of group C*-algebras, foliation
algebras and crossed products
Xiaolu Wang, Non-commutative CW-complexes

1980 Mathematics Subject Classifications: 46, 53, 58; 57, 55
ISBN 0-8218-5077-6, LC 87-33653

ISSN 0271-4132

336 pages (softcover), May 1988

Individual member $19, List price $32,

Institutional member $26

To order, please specify CONM/70N

FACTORIZATIONS OF b"+1,
b=2,3,5,6,7,10,11,12 UP TO HIGH
POWERS, second edition

John Brillhart, D. H. Lehmer, J. L. Selfridge,
Bryant Tuckerman, and S. S. Wagstaff, Jr.

(Contemporary Mathematics, Volume 22, Second Edition)

This book is a revised and updated edition of a work that
originally appeared in 1983. it gives a historical account of the
various methods and machines that have been used to factor,
and prove prime, the numbers b" + 1. It is a revised version
of an extension of a rare 1925 work by Cunningham and
brings together results going back to the seventeenth century.
The factorizations and the very large primes of special form
are useful in group theory, number theory, discrete Fourier
transforms, random number generators, and cryptography.

Use the order form in the back of this issue or call 800-556-7774 to use VISA or MasterCard.
Shipping and handiing charges will be added.
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The present edition contains more than 2000 large primes
which have never been published before.

The book contains complete factorizations of b" & 1 for the
given values of b and for all n < 100, and for many n > 100.
Included is an extensive and valuable introduction which
describes the developments in computing technoiogy and

in methods of factoring and primality testing which have
occurred since 1925. An update to the introduction is included
in this edition and discusses the major advances that have
been made in the five years since the first edition appeared.
The introduction also discusses the muitiplicative structure
of b™ + 1 and explains the relation between the two kinds of
algebraic factorizations of these numbers.

1980 Mathematics Subject Classification: 11
ISBN 0-8218-5078-4, LC 83-12316

ISSN 0271-4132

320 pages (softcover), June 1988
Individual member $19, List price $31,
Institutional member $25

To order, please specify CONM/22N

ZEROS OF BERNOULLI, GENERALIZED
BERNOULLI, AND EULER POLYNOMIALS

Karl Dilcher
(Memoirs of the AMS, Number 386)

The three classes of polynomials studied in this book have
important applications in the theory of finite differences,
number theory, and classical analysis. The most significant
contribution of this book is a proof that the Bernoulli and
Euler polynomials and the generalized Bernouili polynomiat
associated with certain quadratic characters have no zeros
inside a parabolic region if the degree is sufficiently large. The
author also finds zero-free regions for individual polynomials
and for the partial sums for the sine and the cosine. The
proofs are based on results on the maximum modulus of the
zeros of polynomials related to those under investigation.
Finally, the author studies the distribution of real zeros of
generalized Bernoulli and Euler polynomials. The results

are simifar to known results about the classical Bernouili
polynomials. The book assumes a background at the ievel of
an undergraduate education in mathematics and, in particular,
requires knowledge of basic complex analysis.

Contents
Preliminaries
Maximum modulus of zeros
Zero-free strips
Parabolic zero-free regions

Real zeros

1980 Mathematics Subject Classifications: 11, 30
ISBN 0-8218-2449-X, LC 88-6356

ISSN 0065-9266

104 pages (softcover), April 1988

Individual member $8, List price $13,
Institutional member $10

To order, please specify MEMO/386N

NONLINEAR COMMUTATORS IN
INTERPOLATION THEORY

Nigel J. Kalton
(Memoirs of the AMS, Number 385)

This book is directed at research mathematicians and
graduate students in the areas of functional analysis,
Banach spaces, interpolation theory, and Hardy spaces.
Recently Jawerth, Rochberg, and Weiss have studied certain
nonlinear maps which arise from interpolation theory and
satisfy commutator relationships with interpolated linear
operators. The study of these nonlinear maps is a quite
new idea which seems capable of further devetopment. In
this work, the author studies the behavior of such maps on
rearrangement-invariant Banach function spaces and proves a
very general commutator result. He shows that, when applied
to the Hilbert transform, this theorem yields the Ceretelli-Davis
theorem on the distribution of functions in the Hardy Space
Hy.

Contents
Centralizers and symmetric centralizers
Lattice twisted squares and commutators
A preliminary commutator theorem
The symmetric Hardy class
Some remarks on Hardy spaces
Final remarks

1980 Mathematics Subject Classifications: 46, 42, 30
ISBN 0-8218-2448-1, LC 88-6240

ISSN 0065-9266

96 pages (softcover), April 1988

Individual member $8, List price $13,

Institutional member $10

To order, please specify MEMO/385N

Use the order form in the back of this issue or call 800-556-7774 to use VISA or MasterCard.
Shipping and handiing charges will be added.
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NINETEEN PAPERS ON ALGEBRAIC
SEMIGROUPS

A. Ya. Aizenshtat, A. E. Evseev, N. E. Podran,
. S. Ponizovskii, B. M. Shain (Boris M.
schein), E. G. Shutov, and Yu. M. Vazhenin

(American Mathematical Society Translations, Series 2,
Volume 139)

This volume contains papers selected by leading specialists
in algebraic semigroups in the U.S., the United Kingdom,
and Australia. Many of the papers strongly influenced the
development of algebraic semigroups, but most were virtually
unavailable outside the U.S8.S.R. Written by some of the most
prominent Soviet researchers in the field, the papers have a
particular emphasis on semigroups of transformations. Boris
Schein of the University of Arkansas is the translator.

Contents
A. Ya. Aizenshtat, Homomorphisms of semigroups of
endomorphisms of ordered sets
A. Ya. Aizenshtat, On ideals of semigroups of endomorphisms
A. Ya. Aizenshtat, Subgroups of semigroups of endomorphisms
of ordered sets
A. Ya. Aizenshtat, Regular semigroups of endomorphisms of
ordered sets
A. Ya. Aizenshtat, Certain semigroups of endomorphisms that
determine the order in a set
A. E. Evseev, A survey of studies in partial groupoids
A. E. Evseev and N. E. Podran, Semigroups of transformations
of a finite set generated by idempotents with given projection
characteristics
A. E. Evseev and N. E. Podran, Semigroups of transformations
generated by idempotents with given defect
I. S. Ponizovskii, Transitive representations by transformations
of semigroups of a certain class
B. M. Shain (Schein), Embedding semigroups in generalized
groups
B. M. Shain (Schein), Certain classes of semigroups of binary
relations
B. M. Shain (Schein), Certain comitants of semigroups of
binary relations
B. M. Shain (Schein), The idempotent semigroup is determined
by its pseudogroup of local automorphisms
B. M. Shain (Schein), Semigroups for which every transitive
representation by functions is a representation by invertible
functions
B. M. Shain (Schein), /nverse semigroups that do not admit
isomorphic representations by partial transformations of their
proper subsets
E. G. Shutov, Homomorphisms of the semigroups of all partial
transformations

E G. Shutov, On a certain semigroup of 1-1 transformations
E. G. Shutov, /mbedding of semigroups
Yu. M. Vazhenin, /nverse codes

1980 Mathematics Subject Classifications: 20; 94, 04, 05, 06, 08 and
others

ISBN 0-8218-3115-1, LC 88-10352

ISSN 0065-9290

224 pages (hardcover), June 1988

Individual member $41, List price $69,

Institutional member $55

To order, please specify TRANS2/139N

UNIFORM LIMIT THEOREMS FOR SUMS OF
INDEPENDENT RANDOM VARIABLES
I. V. Arak and A. Yu. Zaitsev, Editors

(Proceedings of the Steklov Institute, Volume 174)

Among the diverse constructions studied in modern probability
theory, the scheme for summation of independent random
variabies occupies a special place. in the study of even this
comparatively simple scheme it is possible to become familiar
with the fundamental regularities characterizing the cumulative
influence of a large number of random factors. Further, this
abstract model is useful in many important practical situations.

This book is devoted to the study of distributions of sums
of independent random variables with minimal restrictions
imposed on their distributions. The authors assume either
that the distributions of the terms are concentrated on some
finite intervai to within a smail mass, or that all the terms
have the same, but arbitrary, distribution (or other conditions
not connected with moment restrictions are introduced).
Surprisingly, very substantive resuits are possible even under
such a general statement of the problems.

Contents
Preliminary facts
Concentration functions
Methods for estimating the uniform distance

Approximation of binomial distributions in the sense of the
distance in variation

Some estimates of the uniform distance
Estimates of the Lévy and Lévy-Prokhorov metrics

Approximation of n-fold convolutions of distributions in the
uniform metric

Lower estimates

(Continued)

Use the order form in the back of this issue or call 800-556-7774 to use VISA or MasterCard.
Shipping and handling charges will be added.
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1980 Mathematics Subject Classifications: 60; 41
ISBN 0-8218-3118-6, LC 88-10443

ISSN 0081-5438

230 pages (softcover), May 1988

Individual member $61, List price $101,
Institutional member $81

To order, please specify STEKLO/174N

SOCIETE MATHEMATIQUE DE FRANCE, ASTERISQUE

The AMS distributes Astérisque only in the U.S., Canada, and Mexico.

Orders from other countries should be sent to the SMF, B.P. 126-05,
75226 Paris Cedex 05, France, or to OFFILIB, 48 rue Gay-Lussac,

75240 Paris Cedex 05, France. Individual members of either AMS or .

SMF are entitled to the member price. (ISSN 0303-1179)

SEMINAIRE BOURBAKI, VOLUME 1986/87,

EXPOSES 669-685
(Astérisque, Number 152-153)

Comme les précédents volumes de ce séminaire, celui-ci
contient des exposés de synthése dur des sujets d’actualité:
trois de Théorie des groupes, trois de Géométrie algébrique,
deux d’'Analyse, deux de Probabilités, deux de Logique, deux
de Physigque mathématique, un d’Analyse sur les variétés,
un d’Analyse numérique et un de Théorie des systémes
dynamiques.

On y fait, entre autres, le point sur le “clair de lune”, sur les
Groupes quantiques, sur certains aspects de la théorie des
cordes, sur le colt en calcul de I'algorithme de Newton, sur
le principe d’incertitude, sur la théorie de la classification, sur
la variété des courbes projectives planes nodales et sur le
probléme de Schottky.

1980 Mathematics Subject Classifications: 35, 47, 81, 30, 26, 14,
22, 11, 32, 58, 02, 90, 51, 55, 10, 17

344 pages (softcover), 1988

Individual member $27, List price $38

To order, please specify AST/152/153N

ANALYSE HARMONIQUE ET ANALYSE
PSEUDO-DIFFERENTIELLE DU CONE DE
LUMIERE

A. Unterberger
(Astérisque, Number 156)

Le cone de lumiére solide C est un espace symétrique,

et le tube complexe au-dessus de C est un espace
hermitien symétrique. A ce titre, il existe sur C une analyse
pseudo-différentielle intrinséque, qui est I'objet de ce travail.

Les domaines abordés sont les équations aux dérivées
partielles, la théorie de la quantification et la mécanique
quantique relativiste.

1980 Mathematics Subject Classifications: 35, 58, 81
204 pages (softcover), 1988

Individual member $17, List price $24

To order, please specify AST/156N

AMS-MAA JOINT LECTURE
SERIES VIDEOTAPES

Through the joint sponsorship of the American Mathematical
Society and the Mathematical Association of America,
videotaped AMS-MAA joint lectures are now available.

These videotapes, each approximately one hour long,

are available in VHS format. The videotaped lectures help
preserve a portrait of today’s distinguished mathematicians
while capturing the interest and enthusiasm of the speakers
as they present material in their fields of expertise. The
lectures are expository and should be useful in courses,
seminars, and general assemblies for students who have an
upper level undergraduate mathematics background.

Videotapes

THE EUROPEAN MATHEMATICIANS’ MIGRATION
TO AMERICA
Lipman Bers

In this poignant, perceptive, and witty videotaped lecture,
Lipman Bers tells the fascinating story of the European
mathematicians who migrated to the U.S. prior to and
during World War |I. For these mathematicians, being able
to come to the U.S. not only saved their professional

lives, but in some cases, their lives. Bers chronicles this
extraordinary migration which approximately doubled the
number of active mathematicians in the U.S. As one of these
immigrants himself, he draws on personal experience and
the recollections of others to describe the anti-Semitism that
many of these scholars met as well as the "kindness, grace,
and real friendship” that greeted them. Bers’s perspective on
the science of mathematics and insight into the culture of the
mathematical community combine to produce a touching and
powerful story.

1980 Mathematics Subject Classification: 01
VHS format, approx. one hour, May 1988
Price $59

To order, piease specify VIDBERS/N

Use the order form in the back of this issue or call 800-556-7774 to use VISA or MasterCard.
Shipping and handling charges will be added.
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New AMS Pub

lications

HOW COMPUTERS HAVE CHANGED THE WAY | TEACH
John G. Kemeny

John G. Kemeny has taught mathematics for four decades.
His extensive experience, his sincere concern for students,
and his commitment to effective teaching are evident in this
thoughtful and perceptive videotaped lecture. One of the
developers of the BASIC computer language, Kemeny has,
in the last twenty years, explored ways in which computers
can be utilized in the mathematics classroom to increase
understanding and to stimulate the students’ interest. Arguing
that computers are essential to teaching mathematics,
Kemeny discusses not only how to use computers in the
classroom, but also which mathematica! topics should be
taught in the age of computers. He explains his philosophy
of using computers to teach mathematics and illustrates this
philosophy with a number of concrete examples.

1980 Mathematics Subject Classification: 00
VHS format, approx. one hour, May 1988
Price $59

To order, please specify VIDKEMENY/N

OSCAR ZARISKI AND HIS WORK
David Mumford

In this insightful videotaped lecture, David Mumford provides
a fascinating look at Oscar Zariski, the man and the
mathematician. A deep respect, admiration, and affection
come through in this portrait of Zariski, who was Mumford's
thesis adviser, colleague, and friend. Mumford sketches
Zariski's life, from his birth in Russia, to his doctoral training in
ltaly, to his move to the United States in 1927, and chronicles
the various influences on Zariski’'s mathematical directions.
Then, presenting references to original papers, Mumford
uses Zariski's work on the Riemann-Roch theorem to give

a flavor of the field of mathematics as Zariski practiced

it. Finally, Mumford touches on Zariski's most brilliant
achievements. The lecture accurately describes Zariski as a
man passionately devoted to mathematics and as one of the
most powerful mathematical figures of our time.

1980 Mathematics Subject Classification: 01
VHS format, approx. one hour, May 1988
Price $59

To order, please specify VIDMUMFORD/N

Use the order form in the back of this issue or ca

Shipping and handling charges will be added.

il 800-556-7774 to use VISA or MasterCard.

THEORY AND APPLICATIONS OF

VARIABLES. XI
S. M. Nikol'skii, Editor

(Proceedings of the Steklov Institute, Volume 173)

This collection focuses on various probiems in the theory
of differentiable functions and its applications to partial
differential equations. Among the topics covered are:

e imbedding, extension, and approximation theorems;

defined on subsets of Euclidean space;

e new inequalities for differentiable functions of several
variables;

o fractional difference operators;

e coercive properties of degenerate elliptic equations and
difference equations.

DIFFERENTIABLE FUNCTIONS OF SEVERAL

e traces for spaces of smooth functions of several variables

¢ new sufficient conditions for muitipliers of Fourier integralis;

1980 Mathematics Subject Classifications:
26, 30, 33, 35, 39, 41, 42,

46, 47, 15 and others

ISBN 0-8218-3117-8

ISSN 0081-5438

290 pages (softcover), March 1988
Iindividual member $70, List price $116,
Institutional member $93

To order, please specify STEKLO/173NA

SHEMA 7,
NS

TPHTOZ MH
w

VLIZI3

Shipping/Handling: 1st book $2. each
add’l $1. $25 max. By air, 1st book $5.
each add'i $3, $100 max. Prepayment
required. Order from AMS, P.O. Box
1571, Annex Station, Providence, R
02901-9930. or call 800-556-7774 to use
VISA or MasterCard.
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AMS
WAREHOUSE
SALE

Selected books from AMS warehouse overstock.

TO

70% Discount

Discount applies only to the books on the following pages. DIRECT SALES ONLY. NOT AVAILABLE TO
BOOKSTORES OR AGENTS. Orders must be sent on the special Warehouse Sale form (or facsimile). For
telephone orders, please specify Warehouse Sale to ensure proper discount.

List SALE

Code Price PRICE
CBMS Regional Conference Series in Mathematics
Lecture notes on nilpotent groups, by G. Baumslag, 1971, 73 pp. (ISBN 0-8218-
1651-9) CBMS/2NW 12 4
Twisted honeycombs, by H. S. M. Coxeter, 1970, 47 pp. (ISBN 0-8218-1653-5) CBMS/4NW 11
Recent advances in homotopy theory, by G. W. Whitehead, 1970, 82 pp. (ISBN
0-8218-1654-3) CBMS/5NW 12 4
Lectures on the edge-of-the-wedge theorem, by W. Rudin, 1971, 30 pp. (ISBN
0-8218-1655-1) CBMS/6NW 11 3
Holomorphic vector fields on compact Kihler manifolds, by Y. Matsushima, 1971,
38 pp. (ISBN 0-8218-1656-X) CBMS/7TNW 11 3
Notes from a ring theory conference, by I. N. Herstein, 1971, 38 pp. (ISBN
0-8218-1658-6) CBMS/9NW 11 3
Transference methods in analysis, by R. R. Coifman and G. Weiss, 1977, 59 pp.
(ISBN 0-8218-1681-0) CBMS/31NW 15 5
Colloquium Publications
Coeflicient regions for schlicht functions, by A. C. Schaeffer and D. C. Spencer,
with a chapter on The region of values of the derivative of a schlicht function, by
A. Grad, 1950, 311 pp. (ISBN 0-8218-1035-9) COLL/35NW 26 8
Structure and representations of Jordan algebras, by N. Jacobson, 1968, 455 pp.
(ISBN 0-8218-1039-1) COLL/39NW 42 13

Contemporary Mathematics

Proceedings of the conference on integration, topology, and geometry in linear
spaces, edited by William H. Graves, 1980, 269 pp. (ISBN 0-8218-5002-4) CONM/2NW 21 6



Problems of elastic stability and vibrations, edited by Vadim Komkov, 1981, 137
pp. (ISBN 0-8218-5005-9)

Rational constructions of modules for simple Lie algebras, by George B. Seligman,
1981, 185 pp. (ISBN 0-8218-5008-3)

Umbral calculus and Hopf algebras, edited by Robert Morris, 1982, 84 pp. (ISBN
0-8218-5003-2)

Papers in algebra, analysis and statistics, edited by Rudolf Lidl, 1982, 400 pp.
(ISBN 0-8218-5009-1)

Lectures in Applied Mathematics

Perturbation of spectra in Hilbert space, by K. O. Friedrichs, 1965, 178 pp. (ISBN
0-8218-1103-7)

Mathematical problems in the geophysical sciences. 1. Geophysical fluid dynam-
ics, edited by W. H. Reid, 1971, 383 pp. (ISBN 0-8218-1113-4)

Mathematical problems in the geophysical sciences. 2. Inverse problems, dynamo
theory, and tides, edited by W. H. Reid, 1971, 370 pp. (ISBN 0-8218-1114-2)

Algebraic and geometric methods in linear systems theory, edited by Christopher
I. Byrnes and Clyde F. Martin, 1980, 327 pp. (ISBN 0-8218-1118-5)

Lectures on Mathematics in the Life Sciences

Some mathematical questions in biology. V, edited by J. D. Cowan. Discusses
topics in cellular and developmental biology, and in qualitative mathematical
analysis in biology. 1974, 141 pp. (ISBN 0-8218-1156-8)

Some mathematical questions in biology. VI, edited by Simon A. Levin. Covers
topics in evolutionary biology, the development of pattern, and color perception.
1974, 232 pp. (ISBN 0-8218-1157-6)

Some mathematical questions in biology. VII, edited by Simon A. Levin. Covers
problems in ecology, evolutionary biology, and neurobiology. 1976, 182 pp.
{ISBN 0-8218-1158-4)

Some mathematical questions in biology. VIII, edited by Simon A. Levin. Re-
flects three main themes: mathematical models in immunology, developmental
biology, and problems in biomechanics. 1977, 186 pp. (ISBN 0-8218-1159-2)

Some mathematical questions in biology. IX, edited by Simon A. Levin. Spans the
areas of catastrophe theory, diffusion reaction systems, visual information pro-
cessing, developmental biology, and sequential compartment formation. 1978,
244 pp. (ISBN 0-8218-1160-6)

Some mathematical questions in biology. X, edited by Simon A. Levin. Cov-
ers material in these general areas: stochastic models in biology, evolutionary
biology, immune systems, and musical perception. 1979, 179 pp. (ISBN 0-
8218-1161-4)

ATranslations of Mathematical Monographs

Expansions in eigenfunctions of selfadjoint operators, by Ju. M. Berezanskii; trans-
lated by R. Bolstein, J. M. Danskin, J. Rovnyak, L. Shulman, 1968, 809 pp.
(ISBN 0-8218-1567-9)

Theory and applications of Volterra operators in Hilbert space, by I. C. Gohberg
and M. G. Krein;translated by A. Feinstein, 1970,430 pp. (ISBN 0-8218-1574-1)

Code

CONM/4NW
CONM/5NW

CONM/6NW

CONM/INW

LAM/3NW

LAM/13NW
LAM/14NW

LAM/18NW

LLSCI/6NW

LLSCI/7NW

LLSCI/8NW

LLSCI/9NW

LLSCI/10NW

LLSCI/1INW

List
Price

12

15

12

27

53

50

35

23

38

29

27

28

21

MMONO/17NW 74

MMONO/24NW 71

SALE
PRICE

16

15

11

11

22

21



Dynamics of nonholonomic systems, by Ju. I. Neimark and N. A. Fufaev; trans-
lated by J. B. Barbour, 1972, 518 pp. (ISBN 0-8218-1583-0)

Theory of convex programming, by E. G. Gol'§tein; translated by K. Makowski;
translation edited by R. T. Rockafellar, 1972, 57 pp. (ISBN 0-8218-1586-5)

Foundations of a structural theory of set addition, by G. A. Freiman; translated
by B. Volkmann, 1973, 108 pp. (ISBN 0-8218-1587-3)

Introduction to the theory of entire functions of several variables, by L. I. Ronkin;
transiated by Israel Program for Scientific Translations, 1974, 273 pp. (ISBN
0-8218-1594-6)

Projection-iterative methods for solution of operator equations, by N. S. Kurpel’;
translated by Israel Program for Scientific Translations; translation edited by
R. G. Douglas, 1976, 196 pp. (ISBN 0-8218-1596-2)

Stochastic approximation and recursive estimation, by M. B. Nevel’son and R. Z.
Has'minskii; translated by Israel Program for Scientific Translations; translation
edited by B. Silver, 1976, 244 pp. (ISBN 0-8218-1597-0)

Proceedings of Symposia in Applied Mathematics

Wave motion and vibration theory, edited by A. E. Heins, 1954, 169 pp. (ISBN
0-8218-1305-6)

Applied probability, edited by L. A. MacColl, 1957, 104 pp. (ISBN 0-8218-1307-
2)

Mathematical problems in the biological sciences, edited by R. Bellman, 1962,
250 pp. (ISBN 0-8218-1314-5)

The influence of computing on mathematical research and education, edited by
J. P. LaSalle, 1974, 205 pp. (ISBN 0-8218-1326-9)

Proceedings of Symposia in Pure Mathematics

Applications of categorical algebra, edited by A. Heller, 1970, 231 pp. (ISBN
0-8218-1417-6)
Combinatorics, edited by T. S. Motzkin, 1971, 255 pp. (ISBN 0-8218-1419-2)

1969 Number theory institute, edited by D. J. Lewis, 1971, 451 pp. (ISBN 0-
8218-1420-6)

Algebraic topology, edited by A. Liulevicius, 1971, 294 pp. (ISBN 0-8218-1422-
2)

Partial differential equations, edited by D. C. Spencer, 1973; reprinted 1977, 506
pp. (ISBN 0-8218-1423-0)

SIAM-AMS Proceedings

Numerical solution of field problems in continuum physics, edited by G. Birkhoff
and R. S. Varga, 1970, 280 pp. (ISBN 0-8218-1321-8)

Mathematical aspects of statistical mechanics, edited by J. C. T. Pool, 1972, 90
pp. (ISBN 0-8218-1324-2)

Stochastic differential equations, edited by J. B. Keller and H. P. McKean, 1973,
210 pp. (ISBN 0-8218-1325-0)

Mathematical aspects of chemical and biochemical problems and quantum chem-
istry, edited by D. S. Cohen, 1974, 160 pp. (ISBN 0-8218-1328-5)

Asymptotic methods and singular perturbations, edited by R. E. O’Malley, Jr.,
1976, 154 pp. (ISBN 0-8218-1330-7)

Code

MMONO/33NW
MMONO/36NW

MMONO/37NW

MMONO/44NW

MMONO/46NW

MMONO/47NW

PSAPM/5NW
PSAPM/7TNW

PSAPM/14NW

PSAPM/20NW

PSPUM/17NW
PSPUM/19NW

PSPUM/20NW
PSPUM/22NW

PSPUM/23NW

SIAMS/2NW
SIAMS/5NW
SIAMS/6NW
SIAMS/8NW

SIAMS/10NW

List
Price

100

27

40

65

48

61

27

24

26

42

36
47

48

43

49

30

25

43

36

33

SALE
PRICE

30

12

20

14

18

13

11
14

14

13

15

13

11

10



Computational fluid dynamics, edited by Herbert B, Keller, 1978, 177 pp. (ISBN
0-8218-1331-5)

Proceedings of the Steklov Institute of Mathematics

Approximation of functions in the mean (1967), edited by S. B. Ste¢kin, 1969,
139 pp. (ISBN 0-8218-1888-0)

Theory and applications of differentiable functions of several variables. ITI (1969),
edited by S. M. Nikol'skii, 1971, 295 pp. (ISBN 0-8218-3005-8)

Equations in a free semigroup (1971), by Ju. I. Hmelevskii, 1976, 272 pp. (ISBN
0-8218-3007-4)

Theoretical problems of mathematical statistics (1970), edited by Ju. V. Linnik,
1971, 320 pp. (ISBN 0-8218-3011-2)

Mathematical questions in the theory of wave diffraction and propagation (1971),
edited by V. M. Babi¢, 1974, 168 pp. (ISBN 0-8218-3015-5)

Theory and applications of differentiable functions of several variables. IV (1972),
edited by S.M. Nikol'skii, 1974, 403 pp. (ISBN 0-8218-3017-1)

Selected problems of weighted approximation and spectral analysis (1974), by
N. K. Nikol'skii, 1976, 276 pp. (ISBN 0-8218-3020-1)

Regular Dirichlet-Voronoi partitions for the second triclinic group (1973), by M. L.
Stogrin, 1975, 116 pp. (ISBN 0-8218-3023-6)

Boundary value problems of mathematical physics. IX (1975), edited by O. A.
Ladyzhenskaya, 1977, 179 pp. (ISBN 0-8218-3027-9)

Collection of articles. II (1972). Dedicated to Academician I. M. Vinogradov on
the eightieth anniversary of his birth, edited by S. M. Nikol'skii, 1974, 303 pp.
(ISBN 0-8218-3028-7)

Selected Tables in Mathematical Statistics

Five sets of tables. Tables of the cumulative non-central chi-square distribution, by
G. E. Hayman, Z. Govindarajulu, and F. C. Leone; Tables of the exact sampling
distribution of the two-sample Kolmogorov-Smirnov criterion D,,, (m < n), by
P.J. Kim and R. I. Jennrich; Critical values and probability levels for the Wilcoxon
rank sum test and the Wilcoxon signed rank test, by F. Wilcoxon, S. K. Katti, and
R. A. Wilcox; The null distribution of the first three product-moment statistics
for exponential half-gamma, and normal scores, by P. A. W. Lewis and A. S.
Goodman; Tables to facilitate the use of orthogonal polynomials for two types of
error structures, by K. B. Stewart, 1970; reprinted with revisions 1973, 403 pp.
(ISBN 0-8218-1901-1)

Four sets of tables.Probability integral of the doubly non-central ¢-distribution with
degrees of freedom n and non-centrality parameters 6 and A, by W. G. Bulgren;
Doubly non-central F distribution-Tables and applications, by M. L. Tiku; Tables
of expected sample size for curtailed fixed sample size tests of a Bernoulli param-
eter, by C. R. Blyth and D. Hutchinson; Zonal polynomials of order 1 through
12, by A. M. Parkhurst and A. T. James, 1974, 388 pp. (ISBN 0-8218-1902-X)

Dirichlet distribution-Type 1, by M. Sobel, V. R. R. Uppuluri, and K. Frankowski,
1977, 310 pp. (ISBN 0-8218-1904-6)

The distribution of the size of the maximum cluster of points on a line, by Norman
D. Neff and Joseph I. Naus, 1980, 207 pp. (ISBN 0-8218-1906-2)

List
Code Price

SIAMS/1INW 30

STEKLO/88NW 46

STEKLO/105NW 50

STEKLO/107NW 100

STEKLO/111NW 61

STEKLO/115NW 67

STEKLO/117NW 88

STEKLO/120NW 74

STEKLO/123NW 43

STEKLO/127NW 47

STEKLO/128NW 74

TABLES/INW 27

TABLES/2NW 33

TABLES/4NW 33

TABLES/6NW 21

SALE
PRICE

14

15

30

18

20

26

22

13

14

22

10

10



AMS Warehouse Sale Order Form

Discount applies only to the books on the previous pages. DIRECT SALES ONLY. NOT AVAILABLE TO
BOOKSTORES OR AGENTS. Orders must be sent on the special Warehouse Sale form (or facsimile). For
telephone orders, please specify Warehouse Sale to ensure proper discount.

ORDER SALE
QTY CODE PRICE

CBMS,2
CBMS/4
CBMS/5
CBMS/6
CBMS/7
CBMS/9
CBMS/31
CONM/2
CONM/4
CONM/5
CONM/6
CONM/9
COLL/35
COLL/39
LLSCI/6
LLSCI/7
LLSCI/8
LLSCI/9
LLSCI/10
LLSCI/11
LAM/3
LAM/13
LAM/14
LAM/18
MMONO/ 17
MMONO/24
MMONO/33
MMONO/36
MMONO)/37
MMONO/44
MMONO)/ 46
MMONO/47

TUTTTEEETTEETET T

$4

O N0 0O — -1 WO h W hOANWVWWWREW

—_
N

15
11
22
21
30

12
20
14
18

ITEM ORDER
TOTAL QTY CODE

PSAPM/5
PSAPM/7
PSAPM/14
PSAPM/20
PSPUM/17
PSPUM/19
PSPUM/20
PSPUM/22
PSPUM/23
SIAMS/2
SIAMS/5
SIAMS/6
SIAMS/8
SIAMS/10
SIAMS/11
STEKLO/88
STEKLO/105
STEKLO/107
STEKLO/111
STEKLO/115
STEKLO/117
STEKLO/120
STEKLO/123
STEKLO/127
STEKLO/128
TABLES/1
TABLES,2
TABLES/4
TABLES/6

T HTTTTEETTTT T

Total for books
Add shipping and handling
Total

Offer expires June 30, 1988.

All orders must be prepaid.

SALE
PRICE

$8
7
8
13
11
14
14
13
15
9
8
13
11
10
9
14
15
30
18
20
26
22
13
14
22
8
10
10
6

ITEM
TOTAL

Expiration date

Charge by phone in the continental U.S. 800-556-7774
[] Check enclosed []VISA [ MasterCard Card number

Signature

Shipping and Handling: Surface $2 first book, $1 each additional, $25 maximum.
Air $5 first book, $3 each additional, $100 maximum.

Send VISA and MasterCard orders to:

American Mathematical Society
P.O. Box 6248
Providence, RI 02940

Send other orders with remittance to:

American Mathematical Society
Annex Station, P.O. Box 1571
Providence, RI 02901-9930

Use your peel-off Notices label, or print name and address:

Ordered by:

Mail to
(if different):




AMS Reports and Communications

Recent Appointments

Committee members’ terms of
office on standing committees
expire on December 31 of the
year given in parentheses fol-
lowing their names, unless oth-
erwise specified.

President G. D. Mostow has ap-
pointed Alice T. Schafer (1990) to
the Committee on Human Rights
of Mathematicians and as chair-
man. Continuing members of the
committee are Michael I. Brin
{1990), Bettye Anne Case (1989),
Patrick X. Gallagher (1989), Her-
man R. Gluck (1989), Leon A.
Henkin (1988), Neil I. Koblitz
(1988), and Joel L. Lebowitz (1990).

Linda Keen (1989) has been
appointed chairman of the Com-
mittee on Professional Ethics by
President G. D. Mostow. Contin-
ving members of the commmittee
are C. Edmund Burgess (1990),
Frank L. Gilfeather (1990), Paul
R. Halmos (1988), and Anneli Lax
(1988).

Paul J. Cohen has been ap-
pointed to the Committee to Select
the Winner of the Bocher Prize for
1989 by President G. D. Mostow.
Continuing members of the com-
mittee are Richard B. Melrose,
chairman, and Louis Nirenberg.

Report of Past Meetings

Special Symposium on
American Mathematics
Entering its Second Century

A Special Symposium on Ameri-
can Mathematics Entering its Sec-
ond Century was held on Saturday
February 13, and Sunday Febru-
ary 14, 1988 in the John B. Hynes
Convention Center as part of the
annual meeting of the American
Association for the Advancement
of Science. The symposium was
sponsored by the American Math-
ematical Society as part of the
celebration of its Centennial year.

The members of the Organiz-
ing Committee were Hyman Bass,
Columbia University (Chairman);
Raoul Bott, Harvard Universtity;
Ronald L. Graham, AT&T Bell
Laboratories; Robion C. Kirby,
University of California, Berkeley;
George Daniel Mostow, Yale Uni-
versity, Lynn Arthr Steen, St. Olaf
College; and Dennis P. Sullivan,
City University of New York.

145 persons registered for the
symposium of which 82 were mem-
bers of AMS.

The symposium featured four
areas of important mathematical
research and activity. The sessions
and their speakers were:

Mathematical Modeling, George
Carrier, Harvard University, Pre-

sider. Speakers included David -

Mumford, Harvard University;
Charles Peskin, Courant Institute
of Mathematical Sciences; and
George Carrier.

Groups, Symmetry and Ran-
domness, George Daniel Mostow,
Yale University, Presider. Speak-
ers were Persi Diaconis, Harvard
University; and George Daniel
Mostow.

Spaces of Dimensions Two,
Three and Four: Finding Them
and Telling Them Apart, John
Morgan, Harvard University and
Columbia University, Presider.
The speakers included David Allen
Hoffman, University of Massachu-
setts at Amherst; William P.
Thurston, Princeton University;
Robion C. Kirby; and John Mor-
gan.

Mathematics and the Physi-
cal Sciences, James G. Glimm,
Courant Institute of Mathematical
Sciences, Presider. Speakers fea-
tured Daniel G. Quillen, Oxford
University; James A. Yorke, Uni-
versity of Maryland; and James
Glimm.

In addition to the symposium,
mathematics was featured on the
AAAS program through a plenary
address by Raoul H. Bott, Harvard
University. Professor Bott spoke
on Mathematics and Physics: An
uneasy but preordained collabo-
ration on Sunday, February 14,
1988.

A reception in celebration of
the AMS Centennial was hosted on
Saturday, February 13, by the sym-
posium co-chairmen Hyman Bass
and George Daniel Mostow. Ap-
proximately 150 mathematicians,
AAAS members, and representa-
tives of the scientific press at-
tended.
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Miscellaneous

Personal Items

Phyllis Lefton has been appointed
Professor of Mathematics and
Computer Science at Manhattan-
ville College, Purchase, New York.

Qiao Li has been appointed
Professor of Mathematics at the
University of Science and Tech-
nology of China.

Qaiser Mustaq, Assistant Pro-
fessor at the Quaid-i-Azam Uni-
versity, Islamabad, Pakistan, has
recently been decorated with a
gold Medal of Honour from the
American Institute of Biographies
for his work in Group Theory and
LA-Semigroup Theory.

Harold J. Raveché, Dean of
Science and Professor of Chem-
istry at Rensselaer Polytechnic In-
stitute, has been elected the sixth

president of the Stevens Institute
of Technology.

Deaths

Lynn M. Bateman, of the Univer-
sity of Colorado at Denver, died
on February 17, 1988, at the age
of 37. She was a member of the
Society for one year.

John D. Baum, Professor Emer-
itus of Oberlin College, died on
November 17, 1987, at the age
of 68. He was a member of the
Society for 37 years.

Orrin Frink, of Pennsylvania
State University, died on March
4, 1988, at the age of 86. He
was a member of the Society for
64 years. (See the News and An-
nouncements section of this issue
of Notices.)

Edwin Harold Hadlock, Pro-
fessor Emeritus of Mathematics at
the University of Florida, died on
January 28, 1988, at the age of 86.
He was a member of the Society
for 60 years.

Voris V. Latshaw, of Lehigh
University, died on April 2, 1988,
at the age of 84. He was a member
of the Society for 57 years.

Bert Mendelson, Professor of
Computer Science at Smith Col-
lege, died on January 2, 1988, at
the age of 61. He was a member
of the Society for 34 years.

William H. Pell, retired head of
the Mathematical Sciences section
at the National Science Founda-
tion, died on March 14, 1988, at
the age of 73. He was a member of
the Society for 50 years. (See the
News and Announcements section
of this issue of Notices.)

such as matrices and coordinate systems,
and may lead to an extension of the
entire apparatus of linear algebra to
“signed” modules. The authors also
present the symbolic method for the
invariant theory of symmetric and of
skew-symmetric tensors. In both cases,
the invariants are obtained from the
symbolic representation by applying
what the authors call the umbral
operator. This operator can be used to
systematically develop anticommutative
analogs of concepts of algebraic geometry,
and such results may ultimately turn
out to be the main byproduct of this
investigation.

INVARIANT THEORY
AND SUPERALGEBRAS
Frank Grosshans,

Gian-Carlo Rota, and
Joel A. Stein

This book brings the reader to the
frontiers of research in some topics in
superalgebras and symbolic method

in invariant theory. Superalgebras are
algebras containing positively-signed and
negatively-signed variables. One of the
book’s major results is an extension of the
standard basis theorem to superalgebras.
This extension requires a rethinking of
some basic concepts of linear algebra,

While it will be of special interest to
mathematicians and physicists doing

Shipping and handling charges will be added.

Use the order form in the back of this issue or call 800-556-7774 10 use VISA or MasterCard.

research in superalgebras, invariant
theory, straightening algorithms, Young
bitableaux, and Grassmann’s calculus
of extension, the book starts from
basic principles and should therefore be
accessible to those who have completed
the standard graduate level courses in
algebra and/or combinatorics.

Contents: The superalgebra super [A);
Laplace pairings; The standard basis
theorem; Invariant theory; Examples.

1980 Mathematics Subject Classifications:
15, 16, 20

ISBN 0-8218-0719-6, LC 87-21146
ISSN 0160-7642

104 pages (softcover), October 1987

List price $16, all individuals $10

To order, please specify CBMS/69 NA
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Visiting Mathematicians

The list of visiting mathematicians includes both foreign mathematicians visiting in the United States and Canada, and
Americans visiting abroad. Note that there are two separate lists.

Name and Home Country

American Mathematicians Visiting Abroad

Host Institution

Field of Special Interest

Period of Visit

Brockwell, Peter J. (U.S.A.) University of Melbourne, Stochastic Processes and Time 1/88- 1/89
Australia Series Analysis
Hano, Jun-ich (U.S.A.) Kyushu University, Japan Differential Geometry 1/88- 5/89
Leonard, Henry S., Jr. UMIST, England Finite Group Theory 8/87- 8/88
(U.S.A)
Levi, Mark (U.S.A)) E.T.H., Switzerland Differential Equations, Dynamical 8/88 - 8/89
Systems
Rota, Gian-Carlo (U.S.A.) University of Cagliari, Italy Combinatorics, Probability, Logic 3/89
Shult, Ernest (U.S.A)) Albert-Ludwigs-Universitat, West Geometry and Groups 8/88 - 8/89
Germany
Smith, Eric P. (U.S.A)) University of Kent, United Statistics 3/89- 8/89
Kingdom
Visiting Foreign Mathematicians
Ang, Dang Dinh (Korea) Univesity of Utah Inverse Problems and Applied 9/88 - 12/88
Functional Analysis
Assem, Magdy (Egypt) Purdue University Harmonic Analysis on p-adic 8/88- 5/90
Groups
Baas, Nils A. (Norway) Massachusetts Institute of Lie Groups, Differential 8/88 - 6/89
Technology Geometry, Harmonic Analysis
Balasko, Yves (Switzerland) Cornell University Mathematical Economics 9/88 - 12/88
Bourguignon, Jean-Pierre Ohio State University Differential Geometry 4/89 - 7/89
(France)
Bouzar, Nadjib (Algeria) University of Toronto Ergodic Theory 9/88 - 8/89
Bridges, Douglas S. New Mexico State University Computability Theory, 7/88 - 12/88
(England) Complexity Theory
Bruning, Jochen (West Massachusetts Institute of Differential Geometry 8/88 - 6/89
Germany) Technology
Burn, Robert P. (United Carleton University Geometry 1/89 - 3/89
Kingdom)
Chen, Yao-song (China) Kansas State University Computational Fluid Dynamics 6/88 - 8/88
Cho, Yeol Je (Korea) St. Louis University Linear 2-normed Spaces 12/87 - 12/88
Choi, Q-Heung (Korea) University of Connecticut Differential Equations 1/88 - 1/89
Choi, Tacksun Jung (Korea) University of Connecticut Differential Equations 1/88 - 1/89
Christophersen, Jan Massachusetts Institute of Algebraic Geometry, Commutative 9/88 - 8/89
(Norway) Technology Algebra
Daccach, Janey (Brazil) Purdue University Algebraic Topology 9/88-11/89
Daniel, Klaus (Switzerland) Virginia Polytechnic Institute and Statistics 5/88 - 7/88
State University
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Visiting Mathematicians

Name and Home Country

Host Institution

Deng, Dayi (China)
Ferenczi, Miklos (Hungary)
Féldes, Antonia (Hungary)
Forti, C. B. (Italy)
Forti, G. L. (Italy)
Furstenberg, Hillel (Israel)
Gronau, Detlef (Austria)
He, Sheng-Wu (People’s
Republic of China)
Hibi, Takayuki (Japan)

Hoidn, Nicolai (Switzerland)

Horst, Camilla (West
Germany)

Horst, Ernst (West
Germany)

Hou, Zixin (People’s
Republic of China)

Janssen, Peter A.E.M. (The
Netherlands)

Jureckova, Jana
(Czechoslovakia)

Kan, Charh-Huen (Republic
of Singapore)

Kérchy, Laszlé (Hungary)

Landstad, Magnus (Norway)

Ling, Hsiao (China)

Lubotzky, Alexander (Israel)

Michaux, Bertrand (France)

Min, K. C. (Korea)

Mori, Shigefumi (Japan)

Nigam, A. K. (India)

Preston, Gordon (Australia)

Rakotoson, Jean Michel
(France)

Saint-Raymond, Xavier
(France)

Shen, Jie (France)

Sherry, T. N. (Ireland)

Streomme, Stein Arild
(Norway)

Szpiro, Lucien (France)

Tomei, Carlos (Brazil)

van Lint, J. H. (The
Netherlands)

Waldstatter, Roland (West
Germany)

Wefelmeyer, W. (West
Germany)

University of Colorado
Carleton University
Indiana University
University of Waterloo
University of Waterloo
Yale University
University of Waterloo
Purdue University

Massachusetts Institute of
Technology

University of Toronto

Indiana University

Indiana University

Massachusetts Institute of
Technology
California Institute of Technology

Carleton University
University of Toronto

Indiana University
University of Trondheim
Indiana University

Yale University

Indiana University
Carleton University
University of Utah
Carleton University
Northern Illinois University
Indiana University

Purdue University

Indiana University

University of Western Ontario
Brigham Young University

Columbia University

Yale University
California Institute of Technology

Cornell University

Johns Hopkins University

Field of Special Interest

Celestial Mechanics
Probability/Algebra

Statistics

Functional Equations
Functional Equations

Number Theory, Ergodic Theory
Partial Differential Equations
Probability

Combinatorics, Algebra

Ergodic Theory
Algebraic Geometry

Partial Differential Equations

Lie Groups, Differential
Geometry, Harmonic Analysis

Nonlinear Water Waves, Ocean
Dynamics

Statistics

Ergodic Theory

Functional Analysis

Operator Algebras

Partial Differential Equations

Number Theory, Group
Representation, Computer
Science

Numerical Analysis

Categorical Topology

Algebraic Geometry

Statistics

Semigroups

Applied Mathematics

Partial Differential Equations

Applied Mathematics
Theoretical Physics
Algebraic Geometry

Commutative Algebra, Algebraic
Geometry

Differential Equations, Scattering

Combinatorics

Mathematical Biology

Asymptotic Theory in Statistical
Inference

Period of Visit

1/88 - 1/89
9/88 - 11/88
8/88 - 5/89
9/88 - 10/88
9/88 - 10/88
9/88 - 12/88

10/88
9/88 - 2/89
9/88 - 7/89
9/88 - 8/89
8/88 - 5/89
8/88 - 5/89
9/88 - 8/89
5/88 - 7/88
7/88 - 8/88
1/89 - 5/89
8/88 - 5/89
6/88 - 7/88
8/88 - 5/89
9/88 - 5/89
8/88 - 5/89
1/88 - 2/89
9/88 - 12/88
4/88 - 7/88
2/88 - 7/88
8/88 - 5/89
8/88 - 5/90
8/88 - 5/89
7/88 - 8/88
9/88 - 12/88
9/88 - 12/88
1/89 - 5/89
9/88 - 5/89
9/88 - 6/89
10/87 - 9/88
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Visiting Mathematicians

Name and Home Country Host Institution Field of Special Interest Period of Visit
You, Cheng-Ye (People’s Carleton University Topology 7/88 - 9/88
Republic of China)
You, Yuncheng (People’s Purdue University Control Theory 8/88 - 12/89
Republic of China)
Zhang, Shangyou (People’s Purdue University Numerical Analysis 8/88 - 12/89
Republic of China)
3 AMERICAN
MATHEMATICAL
SOCIETY
— 1888 - 1988

o

100 YEARS OF AMERICAN MATHEMATICS

-

Y !
Come Celebrate with Us!

American Mathematical Society

Providence, Rhode Island

AMS CENTENNIAL
1888-1988
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New Members of the AMS

ORDINARY MEMBERS

Kathleen T Alligood
George Mason University
Fairfax, Virginia

V I Arnol’d

Steklov Institute of Mathematics
Moscow, US S R

Nalini Chakravarti
University of Cochin
Cochin, India

Diane Kim Chantala
Golden, Colorado

Marcus Sanford Cohen
New Mexico State University
Las Cruces, New Mexico

Robert David Friedman
Columbia University
New York, New York

David E Fu
Lawrence, Kansas

George Giordano
Ryerson Polytechnic Institute
Toronto, Ontario Canada

Yong Geng Gu
Academia Sinica

Stephen M Hohs
San Jose, California

Ramachandran V Iyer
Pullman, Washington

R M Kadobyans’kii
Lvovskii Polytechnic Institute
L'vov, USSR

Tomasz Kapitaniak
Technical University of Lodz
Lodz, Poland

Gordon Ernest Keller
Charlottesville, Virginia

Christopher K King
Cornell University
Ithaca, New York

Beijing, People’s Republic of China

Mokhtar Kirane
Inst Per le Appl del Calcolo
Rome, Italy

David J Klepacki
Lafayette, Indiana

Hans A Koch
University of Texas at Austin
Austin, Texas

Yanping Lin
Washington State University
Pullman, Washington

Miladen Martinis
Zagreb, Yugoslavia

David R Masson
University of Toronto
Toronto, Ontario Canada

James E McClure
University of Kentucky
Lexington, Kentucky

Olaf P Neumann
Brown University
Providence, Rhode Island

Gheorghe Opris
Cluj-Napoca, Romania

Stephen C Perencevich
Buffalo, New York

Bernard Poulin
Quebec, Quebec Canada

Julian Revalski
Sofia, Bulgaria

Suk Seo
Aurora, Colorado

G A Skorobogatov
Leningrad, U S S R

Michael A Smith
San Francisco, California

Roman Svirsky
University of Tennessee
Knoxville, Tennessee

William Todd Timmons
Lubbock, Texas

Viadimir Tulovsky
Latham, New York

Bela Vizvari
Budapest, Hungary

N L Vulchanov
School of Mechanical & Electrical
Engineering
Gabrovo, Bulgaria

Ji-Chun Wang
Wuhan Industrial University
Wuhan, People’s Republic of China

Timothy A Wittig
Mississippi State University
Mississippi State, Mississippi

Yutaka Yasuda
Tokyo, Japan

Raiko Zaikov
Sofia, Bulgaria

RECIPROCITY MEMBERS

Asociacion Matemdtica Espariola
Jose E Gale

Deutsche Mathematiker-Vereinigung e. V.
R Schulze-Pillot

Malaysian Mathematical Society
Boon-Hau Ong

Mathematical Society of Japan
Yoshihiro Mizuta
Ikutaro Okada
Hideki Sawada

Nigerian Mathematical Society
Anthony N Eke

Société Mathématique de France
Jean-Claude Sikorav

Sociedad Colombiana de Matemdticas
Oswaldo Lezama

Southeast Asian Mathematical Society
Chandra C Aphimaetee

Unknown Society
Jooha Minn
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New Members of the AMS

NOMINEE MEMBERS

Calvin College
Bradley Paui Evans

Carleton University
Barbara Halina Szyszkowicz

City College, City University of New York
Sigen Chen

Claremont Graduate School
Cherlyn L Converse
Wenzhang Huang
Roslinah Mohamad

Columbia University
Mariane R Blanco
Richard Alan Wentworth

Columbus College
Kevin W Aker
Lisa Kelly
Tulu M Tanrikorur

Dartmouth College
Leigh L Atkinson

Florida Atlantic University
Joseph S Israel
Jin-Mei J Lai

Florida State University
Yuanan Diao
Eric Elliot Edelstein
Allan Craig Mauldin
Shankar Subramaniam

Georgetown University
William E Forsythe IV

Georgia Institute of Technology

Jahan S Ghotb

Arnaud E Jacquin

Glenn E James

William B Kelly

Alan B Lowther

Greg M Watson

Pamela S Webb

Hunter College, City University of New
York
Amelia Fay Nissenbaurn

Indiana University at South Bend
Dougias J Bender
Janet Barna Hall

ITowa State University
Chenxi Xu

Louisiana State University, Baton Rouge
Thomas H Awtry
Bernardo M Corripio
Courtenay Breese Lake
Van T Ma
Takahisa Miyata
Philip Quartararo IIl
Kanthimathi Sathasivan
Laura G Sullivan

Peter Charles von Rosenberg

Loyola University of Chicago
Jeffrey A Ferguson
Linda M Sellie

Marquette University
Anne K Antonippillai
Ondine Harris
Zhi-Xiong He

Marshall University
Gamal E Hassan
Fazal Masih

Massachusetts Institute of Technology
Thomas Oldham Andrews
Yong-Chuan Chen
Lenore J Cowen
Chang-Zhu Dou
Carolyn M Haibt
Michael J Hawrylyoz
David S Herscovici
Yi Hu
Renganathan G lIyer
Naichung Conan Leung
Qingyuan Lu
Monique R Moura
Jan Pedersen
Satish C Reddy
Neil J Ross
Isaac Alain Saias
John M Sanderson
Aditya Shastri
Einar Steingrimsson
Pu Sun
Evangelos Tabakis
Bo-Yan Yang
Jian Zhang
Ying Zhao
Peter S H Zhuang

McMaster University
Genevieve Boulet
Mohammad Shafique
Paul A Stephenson
Toan At Tran

New York University, Courant Institute of
Mathematical Sciences
Manuela D’Onofrio
Chyunjia Albert Fannjiang
Seamus Moran
Almilio F Silva-Pantalezo

Northern Michigan University
David L Carlson
Michelle Marie Fende
Kevin Lee Johnson
Sarah Anne Theule

Northwest Missouri State University
Rebecca Jo Amos

Ohio State University, Columbus
Grzegorz Banaszak
Wajuech Gajda

Jeong-Jin Kim
Ying-Tyng Tony Leou
Lu Lu

Nohi N Reyes

Qing Zhang

Portland State University
D Kipp Johnson
Erik A Miller

Providence College
Stephen W Schultz

Queen’s University
S Jeffrey Boyd
Tianbao Hao
Epaminondas N Kechagias
Sanjeev Malhotra

Rhodes College
D R Hart

Rutgers University, New Brunswick
Xiaoyun Lu

State University of New York at Stony
Brook
James W Anderson
Bizhong Hu
Zhongmin Shen
Guoliang Yu
Jinguo Yu

San Francisco State University
Samir Haouala

South Dakota State University
Daniel John Schaal

Southwest Texas State University
William W Barnhill
Cynthia A Haufler
James A Hoffman

St Louis University
Teresa A Riley

St Olaf College
Steven Paul Kaliszewski
Elyn K Rykken

Stetson University
Judson P Stryker

Stockton State College
Wayne D Smith

Tennessee Technological University
Ali H Noureddine
Maria John Pantazopoulou
Umaru A Saleh

Texas A & M University
Miguel Angel Arcones
Linda K Brewer
Jacqueline M Burns
Anita Carol Burris
Brian P Cupps
Thomas D Hendricks
Craig Maclntyre
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New Members of the AMS

Hunter H Marshall
Robert James Sparks

Trinity College
Timothy V Craine

Tulane University
Wing Kwong Chui
Gabriella Segalla
Guoxing Soon
G Rhys Williams
Han Zhang

Universidad Nacional Autonoma de
Mexico
Beatriz Irma Rumbos

Universidad de Costa Rica
Juan Boza-Cordero
William Castillo
Javier Trejos

University of California, Los Angeles
Chunhouh Chen
Jian-Shen Chen
Daniel L King
Monica A McArthur

University of Chicago
Scott A Taddiken

University of Dayton
Dianne Steeie Glickfield

University of Hawaii
Shih-Hsun Liu
John F Mackey
Edward J Reiser
Kevin T Yoshida

University of Hlinois at Chicago
William Bultman
Wei Cao
Hua Feng
Chih-Ru Hsiao
Jing-Dong Mei
Shisheng Xie
Kecheng Zhou

University of Illinois at Urbana-
Champaign
Gennady Bachman
Wan-Ling Chang
Zhu-Xin Hu
Jan E Hutson
Judy Ann Newhauser
Annette M Schneider
Janet Hurst Spoonamore
Joseph M Strus
Robert Ellis Thurman 111
Tang Sheng Tsu
Lou J Wei

University of Maryland, College Park
Wenyu Wang

University of Massachusetts, Amherst
Wayne F Rossman

University of Michigan, Dearborn
John F Riordan

University of North Carolina at Charlotte
M Theresa Gauthier
M Ellen Harris
Catherine D Kimmel
Kristin Jo Rillema

University of Notre Dame
Kathryn Enochs Herzog
Lee Fong Low

University of Pennsylvania
Charles James Bollitto
Louise M Coleman
Christine M Escher
Richard Channing Garfield
Zhiren Jin
Eyal Markman
Anders C Rahbek

University of Southern California
Wolfgang Bohner
Regine Csipke
Mark Graham
Changling Huang
Frank M Jastrzembski
Michael Jochner
Henry Lee
King-Hau Calvin Lo
Chaolin Mao
Michel Medioni
Sassan Mohseni
Min Park
Gregory T Quenell
John P Rice
Yongwen Yang

University of Tennessee, Knoxville
Elias Camouzis
Mark E Clark
Kim F Crump
Phillip E Krantz
David L McLain
Michael D Nestor
Mark Pilgrim Widener
Mary F Williamson
Huanyu Zhao

University of Texas at San Antonio
David E Aguilar

University of Washington
Nick Birrer
Joseph Cumming

Michael Economakis
Ping Gao

Brenda Kilbourne
Filip Konstantinovic
Vincent L Moulton
Maijian Qian

Eric L Stromberg
Keith A Stutler

M Vancliff

Chong Guang Xu

University of Waterloo
Frank M D’Ippolito
Mark E Fels
A Bruce Gamble
Kam Wun Leung
Ian R Murrary

University of Windsor
Igbal Husain
Fotini Labropulu

University of Wisconsin, Madison
Geum S Son

University of the West Indies
Joel M Crichlow
Bhu Dev Sharma

Virginia Polytechnic Institute & State
University
Patrick James Koepsell
Marek Rakowski

Western Kentucky University
Corlis E Finley

Yale University
Michael Benedicks
Hay Yeung Cheung
Evelyn M Crowley
Al Ecder
Patrick J Ennis
Kyle Lance Kashima
R Surendra Kumar
Daniel L Paradis
Maria Cristina Pereyra
Aidan Schofield
Robert P Sherman
Byron L Walden
Lesley A Ward

York University
Ritu Kaushal
Lian P1
Elen Stergiopoulov
C Costas Tselepis

Youngstown State University
Kriss A Schueller
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Classified Advertisements

o
SUGGESTED USES for classified advertising are books or lecture notes for sale, books being
sought, positions available, exchange or rental of houses, and typing services.

THE 1988 RATE IS $.85 per word with a minimum of $42.50. The same ad in 6 consecutive
issues is $4.00 per word. The same ad in 10 consecutive issues is $7.00 per word. Type
will be set solid uniess centering and spacing are requested. A centered line of any length
or the equivalent in white space is $10.00 (one-time charge). A word is defined as a group
of characters with space at each end. Prepayment is required of individuals but not of
institutions. For an additional $10.00 charge, announcements can be placed anonymously.
correspondence will be forwarded.

DEADLINES are listed on the inside front cover.

U. S. LAWS PROHIBIT discrimination in employment on the basis of color, age, sex, race,
religion or national origin. "Positions Available” advertisements from institutions outside the
U. S. cannot be published unless they are accompanied by a statement that the institution
does not discriminate on these grounds whether or not it is subject to U. S. laws. Details and
specific wording may be found following the Classified Advertisements in the January and
July/August issues of the Notices.

SITUATIONS WANTED ADVERTISEMENTS from involuntarily unempioyed mathematicians
are accepted under certain conditions for free publication. Call toll-free 800-556-7774 and
speak to Paula Montella for further information.

to do so.

SEND AD AND CHECK TO: Advertising Department, AMS, P.O. Box 6248, Providence,
Rhode Island 02940. Individuals are requested to pay in advance, institutions are not required

POSITIONS AVAILABLE

THE UNIVERSITY OF
BRITISH COLUMBIA
Department of Mathematics

The Mathematics Department will spon-
sor NSERC University Research Fellows
for terms beginning July 1, 1989. Can-
didates should have demonstrated high
potentiai for research. in the past, suc-
cessful candidates for NSERC University
Research Fellowships have had at least
one year of Post-Doctoral experience.
Under NSERC regulations, candidates
must be Canadian citizens or perma-
nent residents of Canada. Subject to
the availability of funds, the fellowships
are for three years and renewable for
an additional two years. A University
Research Fellow receives the salary of
an Assistant Professor with compara-
ble qualifications but teaches, at most,
one course. Applications including C.V.,
list of publications and three letters of
recommendation should be sent to:

Dr. David Boyd, Head

Department of Mathematics

The University of British Columbia

Vancouver, B.C. V6T 1Y4
before August 30, 1988

In accordance with Canadian immi-

gration requirements, this advertisement
is directed to Canadian citizens and
permanent residents.

Several tenure-track positions at all lev-
els will be available beginning September
1988. Applicants showing significant re-
search accomplishments or exceptional
research promise, as well as evidence
of good teaching ability, are invited to
apply. Initial tenure-track appointment is
for four years. There is no restriction as
to field. In addition to a curriculum vitae,
candidates should send a summary of
research plans, available preprints or re-
prints, and have at least three reference
letters sent to:
Samuel! Gitler, Chairman
Mathematics Department
University of Rochester
Rochester, New York 14627
An equal opportunity/affirmative ac-
tion empioyer.

POSITION OPEN

Math Instructor (tenure track) to teach
in a comprehensive community college
math program which includes devel-
opmental, technical, transfer courses
through D.E. and computer related cours-
es. Master's required. Preference given
to those with previous coliege teaching
experience and ability to teach program-
ming languages. $18,106.00-$41,264.00
on a 2-semester salary. Begins August
18, 1988. Contact V.P. Academic Ser-
vices, Lincoin Land Community College,
Springfield, IL 62794-9256. EOE/AA.

COMPUTER SCIENCE: Applications are
invited for a tenure track position at the
assistant professor level starting in the
1988-89 academic year. The deadline for
the applicant is July 1, 1988 or until the
appointment is filled. Candidates must
have a Ph.D., and a commitment to
computer science education and demon-
strated research ability in computer sci-
ence. The staff member will teach un-
dergraduate and graduate courses, and
develop an appropriate area of research.
The University offers the B.S. degree in
Computer Science within the School of
Arts & Science and a B.S.E. degree in the
School of Engineering & Architecture.
The candidate will play an active role
in the development of both programs.
Send resume and three references to:
Dr. Mario Casarella, Search Committee
Chairman, Computer Science Program,
201 Pangborn Hall, The Catholic Univer-
sity of America, Washington, D.C. 20064,
An Equal Opportunity/Affirmative Action
Employer.

NORTHERN MICHIGAN UNIVERSITY
MATHEMATICS AND COMPUTER
SCIENCE DEPARTMENT

The Mathematics and Computer Sci-
ence Department invites applications for
both temporary and tenure-track posi-
tions at the rank of Assistant Professor.
All specialties welcome—mathematics,
mathematics education, statistics, and
computer science.

Northern is primarily an undergrad-
uate institution and a commitment to
teaching is an essential requirement for
the positions. Scholarship and profes-
sional activity are both encouraged and
supported.

Persons interested in a temporary
position are also encouraged to apply.
Applicants should send a resume, tran-
scripts, and three letters of recommen-
dation to Dr. Terrance Seethoff, Head:;
Mathematics and Computer Science De-
partment; Northern Michigan University;
Marquette, Ml 49855-5340. Applications
will be accepted until the position is
filled.

NMU is an equal opportunity, affirma-
tive action employer.
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POSITIONS AVAILABLE

UNIVERSITY OF CRETE, GREECE
DEPARTMENT OF MATHEMATICS

Permanent positions at the following lev-
els and areas will be filled within 1988:
At the Professor (1%!) level: one posi-
tion in Algebra or Geometry and one in
Partial Differential Equations. At the As-
sistant Professor (39) level: one position
in Analysis and one in Applied Mathe-
matics or Statistics. At the instructor (4™
level): one position in Algebra or Ge-
ometry. (Foundations and Topology are
included in either Analysis or Algebra-
Geometry). Greek citizenship is required
by law for permanent positions. Visit-
ing positions are also usually available
every semester at all levels and areas
of mathematics. For more information
write to Prof. Susanna Papadopoulou,
Chairperson, Mathematics Department,
University of Crete, Iraklion, Greece, en-
closing vita and representative research
work.

University of Wisconsin-Superior, Math-
ematical Sciences, Superior, WI 54880

Two positions, one or possibly both
tenure track, in Mathematics beginning
September 1988. A tenure track posi-
tion requires a Ph.D. in a Mathematical
Science. A Masters degree will be con-
sidered for one position, but Ph.D. pre-
ferred. Excellence in teaching and con-
tinuing scholarly activity is expected. All
areas considered but preference given to
areas of analysis, operations research or
applied statistics. A Computer Science
Option is offered within the department.
Computer experience is desirable. Rank
and salary are negotiable/competitive.
Send resume, transcripts, and 3 let-
ters of recommendation to: Dr. Ronald
Roubal, Division of Sciences and Mathe-
matics, University of Wisconsin-Superior,
Superior, WI 54880. Applications will be
considered until the positions are filled.
AA/EO Employer.

VICTORIA UNIVERSITY OF
WELLINGTON
LECTURESHIP IN MATHEMATICS

Applications are invited for a lecture-
ship in the Department of Mathematics
available from 1 October 1988.

Expertise in combinatronics or alge-
bra is particularly sought, but applica-
tions in all areas of pure mathematics
will be treated on merit. The appointee
will be expected to engage in research,
and teach at all levels.

Enquiries to Professor R. Goldblatt,
Chairperson, Department of Mathemat-
ics, tel. (04)721-000.

The salary scale for lecturers is
$NZ32,000-$NZ38,500 per annum.

Conditions of appointment and method
of application avaiiable from the Admin-
istrative Assistant (Appointments), Victo-
ria University of Wellington, PO Box 600,
Wellington, New Zealand, with whom
applications close on 31 July 1988.

ONSIDER ODYSSEY’S UNIQUE
BENEFITS PROGRAM

How did Odyssey Research. grow to be a‘leader in
he advanced research and development of secure

assistance.

rience), attractive health benefits, plus relocation

If optimum growth opportunities for your family
and your career interests you, ORA has several
openings for the positions listed below. Qualified
individuals are urged to forward their resumes wi

“computer systems, software and hardware verifica-

; tion systems, and computational linguistics in just

.. a few short years? :

- Fresh air, sunshine and plenty of water—

|-~y combined with exciting, challenging research '
projects: :
It's provéd to be an environment that fets out
present staff of over 70 bright, creative profession- ... properties of computer systems.
als in mathematics, logic, computer science and - Computer Scientists Advanced degree in com-
technical management accomplish their best work. . puter science or mathematics with 3 or more years
Sound a bit too bucolic? Odyssey's headguarters  significant programming experience.

Qin the magnificent Finger Lakes wine-growing and ' System Development Advanced degree in !ogxc
;resr)rt area of New York also provides the intellec-  with experience in formal verification of hardware
tual and cultural stimulus of a major ivy league and compilers, functional programming and formal
ﬁumvers!ty community ‘ antics for to-to-bottom verification project.

Besides the unique challenges and opportunities, ical Managers Experience in successfully
Odyssey also offers the more traditional benefits— (r;;a;ré?gg;?enfoﬂware research rd/o prototype
competitive salaries: (commensurate with expe- : :

salary history to: Evelyn Platek, Dir. of Human
Resources, Odyssey Research Assoc.; Inc., 301A
Dates Drive, tthaca, NY 14850-1313.

Researchers Advanced degree in mathematics or
computer science with 3 or more years experience in
real time computing, formal verification and/or dis-
tributed operating systems to verify fime-dependent
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Department of Mathematics
University of Aiberta

Applications are invited for the position
of Research Associate or Postdoctoral
Fellow for one year. The appointment
may be extended if funding is avail-
able. The successful candidate will be
expected to participate in the Applied
Mathematics Institute. Requirements are
a Ph.D. in Applied Mathematics or Com-
puter Science. Candidates with active
research interest in scientific comput-
ing and fluid dynamics are particularly
encouraged to apply. Salary will be
commensurate with qualifications and
experience, and will be within the range
of $30,000-$35,000 per annum.

Send vitae and arrange for three
letters of reference to be sent to: Pro-
fessor L. Erbe, Chairman, Department
of Mathematics, University of Alberta,
Edmonton, Canada, T6G 2G1. The Uni-
versity of Alberta is committed to the
principle of equity in employment, but in
accordance with Canadian Immigration
requirements, priority will be given to
Canadian citizens and permanent resi-
dents. Closing date for applications is
August 1, 1988 or when position is
filled. Please refer to File AMD2C when
responding to this advertisement.

The Department of Mathematics is ac-
tively seeking applications in the area
of computational mathematics and nu-
merical analysis. We anticipate making
several tenure-track appointments at the
assistant professor level or above be-
ginning in the fall of 1989. A Ph.D. is
required. Applications will be reviewed
as they are received and will be accepted
until the positions are filled. A formal let-
ter of application expressing interest, a
resume, and the names, addresses, and
telephone numbers of three references
should be sent to Chairman, Numerical
Analysis Search Committee, Department
of Mathematics, Virginia Tech, Blacks-
burg, VA 24061-0123. Virginia Tech is
an Equal Opportunity/Affirmative Action
Employer.

Applications and nominations are invited
for the position of Head of the Depart-
ment of Mathematics and Astronomy at
the University of Manitoba. The Depart-
ment consists of 27 mathematicians and
two astronomers and offers undergrad-
uate programs in both mathematics and
astronomy, and graduate programs in
mathematics. The term of a Head in the
Faculty of Science is normally five years.

The academic appointment will be at
a rank and with a salary consistent with
qualifications and experience.

The successful candidate will be able
to provide effective leadership to a de-
partment that is strong in both teaching
and research.

Applications should be received by
September 15, 1988, and the appoint-
ment will take effect July 1, 1989.

Responses from both women and
men are encouraged. In accordance with
Canadian immigration requirements, this
advertisement is directed to Canadian
citizens and permanent residents.

C. C. Bigelow, Dean
Faculty of Science
250 Machray Hall
University of Manitoba
Winnipeg, R3T 2N2

KNOX COLLEGE
DEPARTMENT OF MATHEMATICS
AND COMPUTER SCIENCE
GALESBURG, IL 61401

Tenure track position at the assistant
professor level beginning Sept. 88. Can-
didates must have a Ph.D. in Mathe-
matics and a commitment to excellence
in teaching and continued scholarly de-
velopment. Ability to teach computer
science at the introductory level is desir-
able. Preferred fields are analysis, topol-
ogy, or geometry. Salary is competitive.
Teaching load is two courses per term
for each of three terms. Send letter of
application, resume, graduate transcript,
and three letters of recommendation to
Dennis M. Schneider, Chair.

Knox is an EO/AA employer and
encourages applications from women
and minority candidates.

Texas Christian University
Department of Mathematics

Lecturer in mathematics: one-year ap-
pointment for Academic Year 1988-
89. Duties: to teach 3 introductory-
level mathematics courses per semester.
Ph.D. in mathematics required; previous
college-level teaching experience desir-
able. Send letter of application, resume,
and names of 3 references to: Victor A.
Belfi, Chairman, Department of Mathe-
matics, P.O. Box 32903, Ft. Worth, TX
76129. Deadline for applications is June
15, 1988. TCU is an AA/EOE. -

University of Wisconsin-Parkside

Visiting assistant professor of mathemat-
ics for Fall 1988. One-year appointment
with the possibility of renewal. Ph.D.
in mathematics and evidence of good
teaching and research ability required.
Affirmative consideration will be given to
women and minority candidates. Send
vita and three letters of reference to
N. Wielenberg, Chairman Mathematics
Recruitment, University of Wisconsin-
Parkside, Box No. 2000, Kenosha, Wis-
consin 53141. Applications accepted un-
tit position is filled.

AMERICAN UNIVERSITY

A tenure track position is available at
the rank of Assistant Professor begin-
ning in Fali, 1988 in the Department of
Mathematics and Statistics.

Qualifications: A Ph.D in Mathematics
Education; evidence of teaching, schoi-
arship and University service.

Responsibilities: Graduate teaching,
advising, curriculum development, schol-
arship and University service.

Salary competitive, commensurate with
qualifications and experience. Send cur-
riculum vitae and three letters of rec-
ommendation to Austin Barron, Chair,
Department of Mathematics and Statis-
tics, The American University, Washing-
ton, DC, 20016. An EEO/AA University;
minority and women candidates are en-
couraged to apply.
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PUBLICATIONS

ANNOUNCEMENTS

University of Puerto Rico
HUMACAO UNIVERSITY COLLEGE
DEPARTMENT OF MATHEMATICS

Humacao, Puerto Rico 00661

The Department of Mathematics of the
Humacao University College has two
tenure track positions available at the
Assistant Professor level. One of the
positions requires a Ph.D. in Mathemat-
ics with a strong background in statis-
tics or applied Mathematics. A Ph.D. in
Mathematics with significant experience
teaching Computer Science courses or
a Ph.D. in Computer Science is required
for the other position. EOE/AA.

FOR SALE

PASCAL-SC: Compilers for personal
computers, documentation, software.
FBSoftware, 5101 Odana Road, Madi-
son, Wisconsin 53711. (608) 273-3702.

MATH SCI PRESS, 53 Jordan Rd,
Brookiine, MA 02146, (617)738-0307.
SPECIAL SALE: INTERDISCIPLINARY
MATHEMATICS, Vols. 1-9, 11-16, 18,
19. LIE GROUPS: 1-3, 6-8, 10, 11. SYS-
TEMS AND CONTROL: 1, 2. $10 plus
postage for each volume.

Just appeared:

Z. Frolik (ed): General Topology and its
Relations. . ., Proc. of the Sixth Prague
Topol. Symp. 1986, 736 pp., DM 108.-
or $66.-

K. G. Murty: Linear complementarity,
linear and nonlinear programming, 680
pp., DM 148.- or $89.-

Order directly from: Heldermann Ver-
lag, Nassauische Str. 26, D-1000 Berlin-
West 31.

CALL FOR PAPERS

PRIZE ($1,000) for PHILOSOPHIA
MATHEMATICA (circulating in some 50
nations since 1964) on such topics as:
1. Ethics and Mathematics (in particu-
lar, Morais of Knowledge in general); 2.
Sociology or Social Theory of Mathemat-
ics; 3. The Topological vs the Algebraic;
4. Others, related to the study on the
Nature of Mathematics (definitely not
via Logic alone). For details, write to:
[Prof.] J. Fang, ODU (Phil), Norfolk, VA
23529-0083.

SERVICES

TECHNICAL TYPING AND EDITING.
Books, manuscripts, journal articles, the-
ses, etc. Extensive experience and ex-
pert knowledge in the preparation of
scientific manuscripts for publication in
mathematics, physics, and engineering.
Macintosh Plus computer. $5.00 per
page. Laser printing: $1.00 per page.
ARC Enterprises, P.O. Box 416, Hud-
son, MA 01749. (617)568-0598.

all the Schools in the University.

UNIVERSITY OF WAIKATO

Hamilton, New Zealand

CHAIR OF MATHEMATICS

The University of Waikato invites applications from suitably qualified persons for the established Chair in the Department of
Mathematics, which becomes available following the resignation of Professor R. J. Hosking. Applicants should have expertise
in one or more fields of Pure Mathematics, Applied Mathematics, or Statistics.

The Department of Mathematics has the equivalent of 14 fuli-time academic staff members, with research interests covering /
a wide range of disciplines. It is one of the two main Departments in the new School of Computing and Mathematical Sciences,
which offers a four-year, professions-oriented first degree. The Department has approximately 2,000 course enrolments at
undergraduate and graduate levels, its work encompassing both service and mainstream components in the various degrees of

The appointee will be expected to provide academic and professional leadership, exert a strong influence on the development
of teaching programmes, stimulate research activity in the Department, and strengthen links between the University and the
) community. The appointee may be required to serve as Chairperson of Department or Dean from time to time.

Essential requirements are advanced academic qualifications with a strong research record, and extensive teaching experience.
The range of salaries for professors in New Zealand Universities is NZ$68,000—NZ$85,000 per annum.

Information on the conditions of appointment and details of the method of application are available from the Secretary
General, Association of Commonwealth Universities {Appts), 36 Gordon Square, London WC1H OPF, or from the Registrar,
University of Waikato, Private Bag, Hamilton, New Zealand. The Reference is A88/5. Applications close on 30 June 1988.

Equality of employment opportunity is University policy.
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AT NSA,

MATHEMATICS ADDS UP
TO A LOT MORE!

The National Security Agency is a Department of Defense agency responsible for
producing foreign intelligence information. We also safeguard our government’s vital
communications, and set the standards for computer security throughout the federal
government. Because our mission is critical, we support you with the best and latest
technology available. You'll find literally acres of computers—as well as extensive library
facilities—to aid you in your math development. NSA offers diverse opportunities in all of
our math programs. . . full time positions, sabbaticals, summer programs, cooperative
education or grants.

—Research, apply and create advanced concepts from Galois
theory and combinatorics to probability theory and astrodynamics. Focus on pure math, or
Hranch out. Training available for continued career development. Must have Bachelor,s
Degree, Master,s or Ph.D. with a 3.0 GPA or better to qualify.

—Math sabbaticals run from 9 to 24 months. Mathematical achievement is
2 main criterion for selection. NSA will supplement mathematicians’ university stipends to
at least equal their monthly salary. Mathematicians are given the opportunity to interact
with mathematicians both within and outside the agency. NSA offers a challenging
environment. Application deadline is early August.

—Summer positions offer mathematicians the opportunity to
do real math in an exciting environment including math workshops. Programs run for

at least twelve weeks. Must be a junior or senior in college or in graduate school with a
3.0 GPA or better. Application deadline is mid-November.

(ISR XTI 0 W —Co-op programs available for sophomores through
graduate students who want a “real-world” education. NSA's co-op program gives you an

unbeatable advantage. Applicants must have a 3.0 GPA or better to qualify. Two six-month
tours or three or four semester tours are available.

—NSA awards grants for research in cryptology and related areas.

All applicants must undergo a complete background investigation as well as
psychological testing, polygraph exam and personnel interview. Allow six to eight months
for processing all applications.

To find out more about any one of our programs, or to apply, please send us a letter of
interest, resume, or SF-171 form.

NSA. The opportunities are no secret.

National Security Agency
Fex Attn: M322 (BDA)
il Ft. Meade, MD 20755-6000

%!”1]@
i

An equal opportunity employer.
U.S. citizenship required for applicant and immediate family members.

PROCEEDINGS OF THE
INTERNATIONAL
CONGRESS OF
MATHEMATICIANS 1986
AUGUST 3-11, 1986
BERKELEY, CA USA

The tradition of the International
Congress of Mathematicians began in
Zurich, Switzerland in 1897. Since
then, the Congress has been held every
four years, except during the first and
second world wars. In a time when
increasing specialization has divided
mathematics into many subfields, ICM
serves an important role. Its purpose is
to foster personal relationships between
mathematicians from different countries
and to present a survey of the current
state of mathermatical research. In
addition, the Congress has provided the
occasion for awarding the prestigious
Fields Medals and Nevanlinna Prize.

In August 1986, more than 3500
mathematicians gathered in Berkeley,
California for the nineteenth ICM. These
proceedings, printed in two volumes,
represent a complete account of the
activities of the Berkeley Congress.
Volume 1 contains the official record

of the ICM, the list of members,
presentations made on the work of the
Fields medalists and the Nevanlinna
Prize winner, and the 15 one- hour
plenary session addresses. More than
140 45-minute invited lectures were
given, and these have been grouped
into 19 mathematical sections which

are listed below. Those addresses fromn
sections 1-8 appear in Volume 1, with
the remaining 11 sections in Volume 2.
More than 400 short communications
were presented at ICM, and the names of
the communicators and the titles of their
papers appear in the proceedings.

1980 Mathematics Subject Classification: 00

ISBN 0-8218-0110-4, LC 87-24109

1850 pages (2 volumes), January 1988

List price $195, Institutional member $156,
Individual member $117

To order, please specify PICM/86NA

Shipping/Handling: 1st book $2, each
add’l $1, $25 max. By air, 1st book $5,
each add’l $3, $100 max.

Prepayment required. Order from AMS,
P.0. Box 1571, Annex Station, Providence,
Rt 02901-9930, or call 800-556-7774 to use
VISA or MasterCard.
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Ernest E. Brickell,
Sandia National
Laboratories,
Albuquerque, NM

Editorial Board:
Selim G. Akl,

Queen’s University, Canada
Thomas A. Berson
Anagram Laboratories,
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Thomas Beth
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Subscription Information:
Journal of Cryptology
ISSN 0933-2790

Title No. 145

Vol. 1, 1988 (3 issues) $86.00
including postage/
handling.

NOTE: TACR rate avail-
able. Please enquire.
Subscriptions are entered
with prepayment only and
filled as issues are

published. 6/87

An exciting forum for certain
applications of number theory,

algebra, and logic...

Journal of

RYPTOLOGY

The Journal of the International Association for Cryptologic Research

The dramatic increase in cryptologic research in the past decade has created a de-
mand for an international journal devoted entirely to this vital field. Responding
to this demand, Springer-Verlag, in cooperation with the International Associa-
tion for Cryptologic Research, has begun publication of the Journal of
Cryptology.

Journal of Cryptology provides an international forum for original results in
cryptography and cryptanalysis, including information theoretic and complexity
theoretic perspectives, as well as implementation, application, and standards
1ssues.

Ilustrative topics include = public key and conventional algorithms and their im-
plementations = cryptanalytic attacks * pseudorandom sequences * computational
number theory = cryptographic protocols ® untraceability * privacy = authentica-

Sandia National Laboratortes,

tion * key management.

Journal of Cryptology publishes full-length technical and survey articles, as
well as short notes. All papers submitted for publication are subject to thorough
technical review as part of the evaluation process.

The first issue of Journal of Cryptology was published in April. Here are some

articles appearing in Volume 1:

a8 D.R. Stinson: Some Construc-
tions and Bounds for Authen-
tication Codes

8 P Beauchemin, G. Brassard,
C. Crepeau, C. Goutier,
C. Pomerance: The Generation
of Random Numbers that
Are Probably Prime

® M. Tompa, H. Woll: How to
Share a Secret with Cheaters

8 P Beauchemin, G. Brassard: A
Generalization of Hellman’s
Extension to Shannon’s Ap-
proach to Cryptography

® D. Chaum: The Dining Cryp-
tographers Problem: Uncondi-
tional Sender and Recipient
Untraceability

® G.J. Simmons: A Cartesian
Product Construction for Un-
conditionally Secure Authen-
tication Codes that Permit
Arbitration

® D R. Stinson: A Construction
for Authentication/Secrecy
Codes from Certain Com-
binatorial Designs

® B. Kalisky, Jr., R. Rivest, A. Sher-
man: Is the Data Encryption
Standard a Group? (Results of
Cycling Experiments on DES)

& U. Feige, A. Fiat, A. Shamir:
Zero Knowledge Proofs of
Identity

® K.S. McCurley: A Key Distribu-
tion System Equivalent to
Factoring

Don’t miss a single issue of this fascinating new journal. Subscribe or requesta
free sample issue now from M. Matozzo, Springer-Verlag New York, Inc.,

175 Fifth Avenue, New York, NY 10010

New York
London Paris

Berlin

SPRINGER-VERLAG

Heidelberg
Tokyo

Vienna

S895




Real Reductive

Groups I
Nolan R. Wallach

The representation theory of real
reductive groups — in its present form
the creation of Harish-Chandra — is
certainly one of the most beautiful,
demanding, useful, and active parts of
mathematics. In this book, the author
has succeeded in presenting an
introduction to this highly technical
field that allows the reader to get a
“feel” of the subject that goes beyond a
line-by-line understanding of every
proof.

February 1988, 433 pp., $59.95
Casebound/ISBN 0-12-732960-9

Interpolation of

Operators

Colin Bennett and
Robert C. Sharpley

Interpolation theory is presented in this
book from its classical roots, beginning
with Banach function spaces and
equimeasurable rearrangements of
functions providing a thorough
introduction to the theory of rearrange-
ment-invariant Banach function spaces.
The authors clearly show how the
theory can be generalized to accomo-
date more recent and powerful applica-
tions. Lebesque, Lorentz, Zygmund,
and Orlicz spaces receive detailed
treatment, as do the classical interpola-
tion theorems and their applications in
harmonic analysis. The Peetre K-
functional is determined for smooth-
ness spaces (Besov and Sobolev
spaces), and for spaces with an analytic
character, such as BMO and Hardy
spaces. This text includes a wide range
of techniques and applications and will
serve as an introduction and useful
reference to the modern theory of
interpolation of operators.

February 1988, 488 pp. $69.95 Casebound/
ISBN 0-12-088730-4

ACADEMIC PRESS

San Diego New York

42068

Harcourt Brace Jovanovich, Publishers
San Diego, CA 92101-4311

Boston

Beilinson’s Conjec-
tures on Special

Values of L-Functions

Edited by
M. Rapoport, P. Schneider,
and N. Schappacher

This volume contains detailed
expositions of most of the talks given at
the Oberwolfach conference on
Beilinson’s seminal article “Higher
Regulators and Values of L-Functions.”
Its introductory chapter sets up the
conceptual framework of the conjec-
tures and states them in precise form.
Theories and results that are readily
accessible in the literature are quoted,
while others, including Déligne-
cohomology, Adams operations, Chern
classes, and Riemann-Roch in higher
K-theory, are developed in detail. In
three special cases, results are pre-
sented with fully worked out proofs.
The book provides a thorough
introduction to a central topic in
arithmetic algebraic geometry. It leads
right up to important open problems in
this particularly active and fascinating
area of research.

March 1988, 381 pp. $37.50 Casebound/
ISBN 0-12-581120-9

Huygens’ Principle
and Hyperbolic

Equations

Paul Giinther

For the first time in book form, the
author presents the results obtained by
several mathematicians towards the
solution of Hadamard’s problem
concerning the validity of Huygens’
principle for hyperbolic differential
equations. This problem is important in
both mathematics and physics. All
current classes of Huygens’ operators
are thoroughly treated. As a main
result, it is shown in full detail that in
four-dimensional empty space-time
Huygens’ principle is valid for the
scalar, self-adjoint wave equation or for
Maxwell’s equations if and only if the
space-time has a plane-wave metric.

May 1988, 907 pp. $69.00 Casebound/
ISBN 0-12-307330-8

Ring Theory
Louis Rowen

A broad picture of the theory of rings,
including many new results, is
presented in this two volume work.
Building on a solid undergraduate
foundation, the first volume goes
through the general structure theory of
rings and modules. It explores these
topics in somewhat greater depth than
standard algebra texts and emphasizes
the construction of examples and
counterexamples. The second volume
focuses on specific classes of rings —
rings with homological dimension,
polynomial identity rings, finite dimen-
sional division algebras, group rings,
and enveloping algebras — and
highlights the most important advances
in these topics over the past twenty
years.

Volume I - April 1988, 542 pp. $89.50
Casebound/ISBN 0-12-599841-4
Volume T - May 1988, 476 pp. $84.00
Casebound/ISBN 0-12-599842-2

Analytic Properties
of Automorphic

L-Functions

Stephen Gelbart and
Freydoon Shahidi

This volume puts into perspective
recent work on the analytic properties
of the automorphic L-functions
attached to reductive algebraic groups.
Whereas Borel’s earlier survey on this
subject (Bol) was devoted mainly to
related classification and parametriza-
tion problems in representation theory,
the present work is exclusively
concemed with the analytic properties
of these L-functions. In particular,
attention is focused on recent attacks on
the general conjecture of Langlands de-
scribing the functional equation and
meromorphic properties of these L-
functions.

July 1988, 144 pp. $14.95 Casebound/
ISBN 0-12-279175-4

Credit card orders call toll free 1-800-321-5068.

London

Sydney

From Missouri, Hawaii, or Alaska 1-314-528-8110.
Prices are in U.S. Dollars and are subject to change.

Tokyo Toronto




B

Announcing...A New Series

DESIGN SCIENCE COLLECTION

Series Editor: Arthur L. Loeb, Harvard University
Design Science: A neodisciplinary science dealing with articulation of images, their storage, communication, and

retrieval aspects appealing to a diverse scholarly audience ranging from mathematicians, bioscientists, engineers,

to artists and architects.

Birkhduser Boston invites institutional and individual continuation orders for the

DESIGN SCIENCE COLLECTION.

For: - artists - mathematicians - chemists -
architects - biologists - crystallographers -
educators - students

SHAPING SPACE

A Polyhedral Approach

edited by Marjorie Senechal, Dept. of
Mathematics, Smith College and George Fleck,
Dept. of Chemistry, Smith College

This richly iflustrated interdisciplinary guide
focuses on the surprisingly diverse world of
polyhedra. Geometry comes alive as a remarkable
range of geometric ideas is explored and its cen-
trality in our culture is persuasively demonstrated.

The book provides recipes (for both novice and
expert) for building models of polyhedral forms.
Then many facets of polyhedra are explored
(including theory, history, and a study of the cre-
ative process.) Later chapters examine polyhe-
dron theory and applications of polyhedra in
science and engineering.

“Senechal and Fleck have produced a_fascinat-
ing volume. Polyhedra are presented at all
levels, to provide material to excite the uniniti-
ated and to intrigue the expert, whether from
the arts or sciences—any age from nine

to ninety.” —Roger Penrose, U. of Oxford

“There is a goldmine of information here_for
students (and their teachers) interested in
expanding their views of geometry, architecture,
molecular science, history, biology, art, and how
scientists think about their thinking.”
—Ann Nevin, Ph.D., Educational Psychologist,
U. of Vermont

Contents:

The First Steps: 1. A Visit to the Polyhedron
Kingdom, M. Senechal 2. Five Recipes for Making
Polyhedra, M. Walter, ). Pedersen, M. Wenninger,
D. Schattschneider, A. Loeb  Lectures from
the Shaping Space Conference: 3. Regular
and Semiregular Polyhedra, /. Coxeter 4. Mile-
stones in the History of Polyhedra, /. Malkevitch
5. Polyhedra and Crystal Structures, C. Chich

6. Polyhedra: Surfaces or Solids? 4. Loed 7. Spatial
Perception and Creativity, /. Baracs 8. Why Study
Polyhedra? /. Pedersen Roles of Polyhedra
in Science: 9. Form, Function and Functioning,
G. Fleck 10. Polyhedral Molecular Geometries,

L Hargittai and M. Hargittai Theory of
Polyhedra: 11. Introduction to Polyhedron
Theory, M. Senechal 12. Combinatorial Proto-
tiles, £, Schulte 13. Duality of Polyhedra,

B. Griinbaum and G. Shepard 14. Polyhedral
Analogues of the Platonic Solids, /. Wills

15. Uniform Polyhedra from Diophantine Equa-
tions, B. Monson 16. Torus Decompositions of
Regular Polytopes in 4-Space, T Banchoff

17. Convex Polyhedra, Dirichlet Tessellations,
and Spider Webs, £ Ash, E. Bolker, H. Crapo,
W. Whiteley 18. Unsolved Problems, / Reay,
M. Bayer, W. Whiteley, E Gritzmann,

D. Schattschneider Further Steps: 19. Poly-
hedra in the Curriculum? M. Senechal and G.
Fleck Resources: Architecture. Art.
Geometry. Instructional and Recreational Mate-
rials. Science. Symmetry. Glossary. Index.
Dec.. 1987/304 pages/0-8176-3351-0/$49.95
188 line and 174 halftone illustrations

A Pro Scientia Viva Title

ON AESTHETICS IN SCIENCE

edited by Judith Wechsler

Prominent scholars—Cyril Stanley Smith, Philip
Morrison, Arthur 1. Miller, Seymour A. Papert,
Howard E. Gruber, and G. Vickers—debate the role
that aesthetic considerations play in the scientific
process.

Jan. 1988/194 pages/0-8176-3379-0/
$19.50/illus.

A Pro Scientia Viva Title

A FULLER EXPLANATION

The Synergetic Geometry of
R. Buckminster Fuller
by Amy Edmondson
“R. Buckminster Fuller's two volumes, SYNER-
GETICS and SYNERGETICS 2, require deciphering
to be understandable. This volume is such a
deciphering. It is designed for the reader who has
only minimal mathematical background. ..
Edmondson does a_fine job.”

—Science Books & Films
Dec. 1986/330 pages/0-8176-3338-3/
$37.50/illus.
A Pro Scientia Viva Title

Available at your locai scientific bookstore or order directly from the publisher:
Birkhduser Boston, Inc., c/o Springer-Verlag Distribution Center, PO. Box 2485, Secaucus, N] 07096-2491




WHY SETTLE FOR THIS?...

EXVEdE &
o X —tY

Quality work gets a quality response—when
the work looks high-quality. What better
reason to try PCTREX®—the best-selling

full implementation of Prof. D. Knuth’s
revolutionary TEX formatting/typesetting
program.

PCTEX offers professional typesetting
capabilities & advantages to PC users. In
a word, it gives you ‘control’. Control—of
format, type, symbols, quality—for complex
mathematical & engineering material,
statistical tables or straight matter. You
get camera/publisher-ready manuscripts
to be proud of, quick & simple.

So whether you’re writing the next
starshot manual, a thesis on relativity or the
great American novel, when a professional
presentation is your priority, don’t settle for
less than PCTEX.

From Personal TEX, Inc.,
starting at $249; VISA/MC welcome.
Satisfaction guaranteed.
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TRY THIS:

PERSONAL

»

INC

To order or for information, cail:
415/388-8853

or write: Personal TEX, Inc.
12 Madrona Averiue
Mill Valley, CA 94941 USA

Distributed in 14 countries;
distributor inquiries welcome.
PCTEX is a registered TM of Personal TEX, Inc.

TEX is an American Mathematical Socie%TM.
Manufactucers’ product names are their TMs.

PCTEX FORMATTING/TYPESETTING SYSTEM:

FINE TYPESET QUALITY from dot matrix or laser printers,
or phototypesetters.

A COMPLETE PRODUCT. Includes ® our specially writ-
ten PCTEX Manuai that lets-you use TEX immediately @ custom
‘macro package’ formats for letters, manuals, technical doc-
uments, etc. e the LaTEX document preparation system (with
user's manual) macro package for article, book, report prepara-
tion ® AMS-TEX, developed by the American Mathematical So-
ciety for professional mathematical typesetting.

OUTPUT DEVICE DRIVERS for e Epson FX, LQ
e Toshiba e Cordata LP-300 Series @ HP LaserJet Series
e Apple LaserWriter ® APS-5 phototypesetter @ Linotronic e
Compugraphic ® Screen preview, with EGA or Hercuies card.

REQUIRES: IBM PC/XT, AT or compatibie, DOS 2.0 or higher
& 512K RAM; hard disk for printer drivers & fonts.

(Also availabie: Printer drivers; interfaces to Bitstream Fontware;
Metafont, to design-your-own-type, PC Paintbrush, PC Palette,
FancyFont & Fontrix. Complete packages, including laser printer,
printer driver, PCTEX, and screen previewer from $2850. Site
licenses and volume discounts available.)

This ad is typeset & composed using: PCTEX, Bitstream fonts & laser printer. Logotype & black backgrounds done photographically.



A Gourmet Guide to Typesetting
with the AMS -TgX macro package

The Joy of TgX is the user-friendly user’s
guide for AMS-TEX, an extension of TEX,
Donald Knuth’s revolutionary program for
typesetting technical material. AmS-TEX
was designed to simplify the input of math-
ematical material in particular, and to for-
mat the output according to any of various
preset style specifications.

There are two primary features of the
TEX system: it is a computer system for
typesetting technical text, especially text
containing a great deal of mathematics;
and it is a system for producing beautiful
text, comparable to the work of the finest
printers.

Most importantly, TEX’s capabilities are
not available only to TgXperts. While
mathematicians and experienced technical
typists will find that TEX allows them to
specify mathematical formulas with great

M. D. SPIVAK

accuracy and still have control over the fin-
ished product, even novice technical typists
will find the manual easy to use in helping
them produce beautiful technical TEXt.

This book is designed as a user’s guide
to the AMS-TEX macro package and details
many features of this extremely useful text
processing package. Parts 1 and 2, entitled
“Starters” and “Main Courses,” teach the
reader how to typeset most normally en-
countered text and mathematics. “Sauces
and Pickles,” the third section, treats more
exotic problems and includes a 60-page dic-
tionary of special TEXniques.

Exercises sprinkled generously through
each chapter encourage the reader to sit
down at a terminal and learn through ex-
perimentation. Appendixes list summaries
of frequently used and more esoteric sym-
bols as well as answers to the exercises.

ISBN 0-8218-2999-8, LC 85-7506
290 pages (softcover), 1986

& AMS Indiv. Memb. $26, AMS Inst.
Z  Memb. $30, List price $33

To order specify JOYT/NA

>
w Shipping/Handling: 1st book $2, each
add’l $1, max. $25; by air, 1st book
$5, each add’l $3, max. $100

PREPAYMENT REQUIRED. Order from
American Mathematical Society
PO Box 1571
Annex Station
Providence, RI 02901-9930

or call 800-556-7774 to use VISA or MasterCard.

Prices subject to change.




s Cumulative Index
w8 to Mathematics of
s Computation

% 1970-84

MY NOW AVAILABLE -

AN Author and Subject Indexes in One Volume

AAAR This index is a sequel to the Cumulative Index to Mathematics of Computation
UNSARA 1943-1969. It is a compilation by author and subject of all material appearing in
aAAL Mathematics of Computation during the years 1970-1984 (volumes 24-43).

gf'\f,\:f\:n:f‘\ The author index gives full bibliographic information on all of the items,
AN including classification numbers. The Mathematical Reviews number and reviewer
fnﬂr\:"‘in name have also been provided when available. The subject index is changed from the
AAA 1943-1969 subject index and now includes title, language, and MR number (when

a available) as well as author name. The codes found in the previous index are retained.

AQAA  ISBN 0-8218-0093-0, ISSN 0025-5718

AA LY 503 pages, September 1987

AR, List: $52, Inst. AMS mem. $42, Indiv. AMS mem. $31
ARARA To order, please specify MCOMIN/2 NA

Shipping/Handling: 1st book $2, each add’l $1,
$25 max. By air, 1st book $5, each add’l $3,
$100 max. Prepayment required. Order from
AMS, P.O. Box 1571, Annex Station,
Providence, RI 02901-9930, or call 800-556-7774
to use VISA or MasterCard.
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% NOW AVAILABLE

AUTHOR AND SUBJECT INDEXES

This comprehensive 12-volume set contains both author and subject listings for all of
the reviews that appeared in Mathematical Reviews during the years 1980 to 1984.
Containing approximately 9,600 pages, it is an important addition to any mathematics

library.

With this set of indexes at hand, readers can:

access fully, by both author and subject area, the mathematical literature of the
past five years

discover listings for approximately 200,000 papers, books, and conference proceed-
ings—all the items reviewed in Mathematical Reviews during these years

obtain information about approximately 8,000 additional items that were not re-
viewed individually, but which are fully classified and cross-referenced in these
indexes

find complete bibliographic information for each article under any author associ-
ated with the article, and cross-references for the names of editors, translators,
and other persons associated with an item

access, via a key index, all those publications that do not have named authors or
editors

locate, under each subject index heading, all items having this classification as
either a primary or a secondary classification

ISBN 0-8218-0105-08, LC 42-4221

9,600 pages, 1986

List $1875, Inst. mem. $1500

To order, please specify MREVIN/80/84 NA

PREPAYMENT REQUIRED. Order from

American Mathematical Society, Annex Station, P.O. Box 1571, Providence, RI 02901-9930

Telephone: (401) 272-9500 or (800) 556-7774

OF MATHEMATICAL REVIEWS, 1980-84




AMERICAN MATHEMATICAL SOCIETY

Application for Membership 1988

Please read the reverse side of this form to determine what member-
ship category you are eligible for. Then fill out this application and
return it as soon as possible. Your name will be added to our mailing
lists upon our receipt of your completed application, and payment for
member dues.

Subscriptions to the Notices and the Bulletin (New Series) are
included as part of your membership.

Family Name First o Middie

Please indicate below the way your name should appear in the Combined Mem-
bership List.

Family Name First Middle or Initial
Placeof Birth. . ...
City State Zip/Country
DateofBirth. . ........... .. ... ... ... .. ... R e
Day Month Year

it formerly a member of AMS, piease indicatedates .. .................
Check here if you are now a member of either MAA or SIAM O

Degrees, with institutions anddates. ... ... ........ ...

Present position .. ......... ...

Firmorinstitution .. .............. .. A

Signature

Prepayment Methods and Mailing Addresses
All payments must be in U.S. Funds.

Send checks, money orders, UNESCO coupons to American Mathematical
Society, P.0O. Box 1571, Annex Station, Providence, RI02901-9930

Yo use VISA or MasterCard, fill in information requested and mail to American
Mathematical Society, P.O. Box 6248, Providence, Rl 02940.

For Foreign Bank Transfers: The name and address of the AMS bank is
Rhode Island Hospital Trust National Bank, Account #000-753-111, One
Hospital Trust Plaza, Providence, RI 02903, U.S.A.

VISAOMasterCard O ... ...

Account number Expiration date

Fields of Interest

if you wish to be on the mailing lists to receive information
about publications in fields of mathematics in which you
have an interest, please consult the list of major headings
of the 1980 Mathematics Subject Classification below.
Select no more than five category numbers and fill in the
numbers where indicated on the left. These categories will
be added to your computer record so that you will be
informed of new publications or special sales in the fields
you have indicated.

00  General

[0k History and biography

03  Mathematical logic and foundations

04  Settheory

05  Combinatorics

06  Order, lattices, ordered algebraic structures

08 General mathematical systems

1 Number theory

12 Field theory and polynomials

13 Commutative rings and algebras

14  Algebraic geometry

15 Linear and muitilinear algebra; matrix theory

16 Associative rings and algebras

17 Nonassociative rings and algebras

18  Category theory, homological algebra

19 K-theory

20  Group theory and generalizations

22  Topologica! groups, Lie groups

26 Realfunctions

28  Measure and integration

30  Functions of a complex variable

31 Potential theory

32  Several complex variables and analytic spaces

33  Special functions

34 Ordinary differential equations

35 Partial difterential equations

39 Finite differences and functional equations

40  Sequences, series, summability

41 Approximations and expansions

42 Fourier analysis

43  Abstract harmonic analysis

44 Integral transforms, operational calculus

45 Integral equations

46  Functional analysis

47  Operator theory

49 Calculus of variations and optimal control;
optimization

51 Geometry

52  Convex sets and related geometric topics

53 Differential geometry

54  General topology

55  Algebraic topology

57 Manifolds and cell complexes

58  Globat analysis, analysis on manifoids

60 Probability theory and stochastic processes

62  Statistics

65  Numerical analysis

68  Computer science

70  Mechanics of particles and systems

73 Mechanics of solids

76  Fluid mechanics

78  Optics, electromagnetic theory

80  Classical thermodynamics, heat transfer

81 Quantum mechanics

82  Statistical physics, structure of matter

83 Relativity

85  Astronomy and astrophysics

86  Geophysics

90  Economics, operations research, programming,
games

92 Biology and behavioral sciences

93  Systems theory; control

94  Information and communication, circuits

M8NO



Membership Categories

Please read the following to determine what membership category you are eligi-
ble for, and then indicate below the category for which you are applying.

For ordinary members whose annual professional income is below $30,000,
the dues are $66; for those whose annual professional income is $30,000 or
more, the dues are $88.

For a joint family membership, one pays ordinary dues, based on his or her
income, and the other pays ordinary dues based on his or her income, less $20.
(Only the member paying full dues will receive the Notices and the Bulletin as a
privilege of membership, but both members will be accorded all other privileges
of membership.)

Minimum dues for contributing members are $132.

For either students or unemployed individuals, dues are $22, and annual
verification is required.

The annual dues for reciprocity members who reside outside the U.S. and
Canada are $44. To be eligible for this classification, members must belong to
one of those foreign societies with which the AMS has established a reciprocity
agreement, and annual verification is required. Reciprocity members who
reside in the U.S. or Canada must pay ordinary member dues ($66 or $88).

The annual dues for external members, those who reside in developing
countries which do not have any mathematical society, are $47.

Members can purchase a multi-year membership by prepaying their cur-
rent dues rate for either two, three, four or five years. This option is not available
to either unemployed or student members.

1988 Dues Schedule

For any category of membership where no dues prices are given, the higher one
is to be paid by persons whose annual professional income is $30,000 or more.

Ordinarymember .. ................... ... (0 %66 C $88

Joint family member (fullrate). ....................... .. .. (%66 (%88

Joint family member (reducedrate). . ................ ... ... O $46 O $68
Contributing member (minimum $132). . .................. ... .. G
Student member (please verify)' . ... ... ... O %22
Unemployed member (please verify)?. . ... .................... O %22
Reciprocity member (please verify)®. . ........ . .. . (0$44 O %66 OO $88
Externalmember.. . ... ... ... .. ... ..o O 947
Muiti-year membership. .. ............ ... .. $.... for.. years

1 Student Verification (sign below)

lamafull-time studentat .. ... .. ... .. .. ... ... oo

................................... currently working toward a degree.

2 Unemployed Verification (sign below) [ am currently unemployed and
actively seeking employment. My unemployment status is not a result of volun-
tary resignation or of retirement from my last position.

3 Reciprocity Membership Verification (sign below) / am currently a member
of the society indicated on the right and am therefore eligible for reciprocity
membership.

Reciprocating Societies

OCOO0OOOCOCO

000000000 O 000 000 000OCCOCOOOOCOOOOOOCOOO

Allahabad Mathematical Society
Asociacion Matematica Espanola
Australian Mathematical Society

Berliner Mathematische Gessellschafte.V.
Calcutta Mathematical Society

Dansk Matematisk Forening

Deutsche Mathematiker-Vereinigung e.V.
Edinburgh Mathematical Society

Gesellschaft fir Angewandte
Mathematik und Mechanik

Glasgow Mathematical Association
indian Mathematical Society

Iranian Mathematical Society

Irish Mathematical Society

Isienzka Staerdfraedafelagid

Israel Mathematical Union

Korean Mathematicai Society

London Mathematicat Society
Malaysian Mathematical Society
Mathematical Society of Japan
Mathematical Society of the Philippines
Mathematical Society of the Republic of China
New Zealand Mathematical Society
Nigerian Mathematical Society

Norsk Matematisk Forening
Osterreichische Mathematische Geselischaft
Polskie Towarzystwo Matematyczne
Punjab Mathematical Society

Real Sociedad Matematica Espanola
Sociedad Colombiana de Matematica
Sociedad de Matematica de Chile

Sociedad Matematica de la
Republica Dominicana

Sociedad Matematica Mexicana
Sociedade Brasileira Matematica
Sociedade Brasileira de Matematica
Aplicada e Computacional

Sociedade Paranaense de Matematica
Sociedade Portuguesa de Matematica

Societat Catalana de Ciéncies Fisiques,
Quimiques i Matematiques

Société de Mathématiques Appliquées
et Industrielles

Société Mathématique de Belgique
Société Mathéematique de France
Société Mathématique Suisse
Southeast Asian Mathematical Society
Suomen Matemaattinen Yhdistys
Svenska Matematikersamfundet
Union Matemdtica Argentina

Unione Matematica ltaliana

Vijnana Parishad of India

Wiskundig Genootschap



Order Form

For VISA or MasterCard orders, send to:
American Mathematical Society

P.O. Box 6248

Providence, Rhode Island 02940

(401) 272-9500

Ordered by:

For orders with remittances, send to:
American Mathematical Society

Annex Station

P.O. Box 1571

Providence. Rhode Island 02901-9930

Mail to (if different):

Use your peel-off Notices label.

QTY CODE AUTHOR and TITLE

PRICE

Shipping and Handling

0O Surface a Air

Total due (All orders must be prepaid in U.S. funds) |$

0O Check or Money Order O VISA

Charge by phone in the continental U.S.
800-556-7774

O MasterCard

Card
Number

Card Expiration Date Signature
Shipping and Handling
First Each
Book  Additional Maximum
Surface $2 $1 $25
Air $5 $3 $100
NOTI

Prices are subject to change without notice.

Books are sent via surface mail (UPS to U.S. addresses and printed
matter elsewhere) uniess air delivery is requested. The shipping and
handling charges for book orders are shown in the table. Journal
back numbers, Mathematical Reviews indexes and review volumes
are sent via surface mail to any destination unless air delivery is re-
quested. Postage for surface mail is paid by the AMS. Air delivery
rates, which will be quoted upon request, must be paid by the pur-
chaser. Software: Nonindividual customers need not prepay provided
a Purchase Order number is given with the order. Software/books
are sent via UPS to U.S. addresses, first class mail to Canada, and air
delivery elsewhere. Add shipping and handling for Software/Books:
$6 per order in the U.S. and Canada; $25 per order air delivery outside
the U.S. and Canada.

Customers in these areas should request price information
from and direct their orders to the following distributors:

Europe/Middle East/Africa: Barry Emms, Clarke Assoc.

Europe Ltd., Unit 2, Pool Rd. Trading Estate, West Molesey,
Surrey KT8 OHE, England. Tel. 01-941-6966. Telex 298210
XOCEAN G; exclusive distributor of AMS books.

Japan: Maruzen Co. Ltd., P.O. Box 5050, Tokyo Interna-
tional 100-31, Japan. Tel. Tokyo 272-7211, Teiex J26516
india: Allied Publishers Pvt. Ltd., 15, J. N. Herdia Marg.,
BRallard Estate, Bombay 400038, India
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IN THE
UNITED STATES

BUSINESS REPLY MAIL

FIRST-CLASS MAIL PERMIT NO. 554B PROVIDENCE, RI

POSTAGE WILL BE PAID BY ADDRESSEE

AMERICAN MATHEMATICAL SOCIETY
P.O. Box 6248
Providence, RI 02940

Fold here

Fasten PAYMENT securely



Change of Address

Members of the Society who move or who change
positions are urged to notify the Providence Office
as soon as possible.

Journal mailing lists must be printed four to
six weeks before the issue date. Therefore, in
order to avoid disruption of service, members are
requested to provide the required notice well in
advance.

Besides mailing addresses for members, the So-
ciety’s records contain information about mem-
bers’ positions and their employers (for publica-
tion in the Combined Membership List). In addi-
tion, the AMS maintains records of members’ hon-
ors, awards, and information cn Society service.
Information of the latter kind appears regularly
in Notuces.

When changing their addresses, members are
urged to cooperate by supplying the information
requested below. The Society’s records are of
value only to the extent that they are current and
accurate.

If your address has changed, or will change
within the next two or three months, please place
the peel-off label from the back cover (which con-
tains your name, member code, and address) in
the rectangle provided below (or on a copy of this
page), supply any other information appropriate
for the AMS records, and mail to the address
given below.

Place Notices label here

Change effective as of:

New mailing address:

New position:

If mailing address is not that of your employer, please supply the following information:

New employer:

Location of employer:

City State/Province

Recent honors and awards:

Country Zip Code

Personal items for publication in Notices:

Mail completed form to:

Membership Department, AMS, P.O. Box 6248, Providence, RI 02940
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Preregistration/Housing Form, Providence, Rhode Island
AMS Centennial Celebration
August 8-12, 1988
Must Be Received in Providence No Later Than June 1, 1988

Please complete this form and return it with your payment to
Mathematics Meetings Housing Bureau
P.O. Box 6887, Providence, Rhode Island 02940 — Telephone: (401) 272-9500, Ext. 290-Telex: 797192

DEADLINES: Preregistration June 1, 1988
Housing Reservations through Housing Bureau June 1, 1988
Changes/Cancellations August 4, 1988
REFUNDS: 50% on Banquets July 25, 1988 (no refunds after this date)
50% on Clambake July 25, 1988 (no refunds after this date)
50% on Preregistration August 4, 1988 (no refunds after this date)
90% on Residence Hall Package August 4, 1988 (90% minus one night’s stay after this date)
100% on Airport Transfers August 4, 1988 (50% after this date)
50% on Tours August 4, 1988 (no refunds after this date)
100% on Centennial Posters August 4, 1988 (50% after this date)

REGISTRATION FEES
Preregistration by mail by

June 1, 1988 At Meeting
CENTENNIAL CELEBRATION
Member of AMS, AWM, CMS, MAA, IIME, SIAM $§ 71 § 89
Nonmember 104 132
*  Student, Unemployed, or Emeritus 25 30
AMS SHORT COURSE
Member /Nonmember 35 45
*  Student or Unemployed 10 15

(N.B.: A separate form appears in this issue for preregistration for MAA Minicourses)

* All full-time students currently working toward a degree or diploma qualify for the student registration fees, regardless of income. The unemployed
status refers to any person currently unemployed, actively seeking employment, and who is not a student; it is not intended to include persons who have
voluntarily resigned from their latest position. The emeritus status refers to any person who has been a member of the AMS, MAA, or SIAM for twenty years
or more and is retired on account of age from his or her latest position.

PREREGISTRATION SECTION:
Please check the function(s) for which you are preregistering: Centennial Celebration [ | AMS Short Course (August 6-7) [ ]

1) Telephone:
(Please print) Surname First Middle
2)
(Mailing address)
3) Badge information: a) Nickname (optional): b) Affiliation:
4) 1am a student at 5) Emeritus member [ |Unemployed [ |
6) Accompanied by spouse Number of children _________________ (Enumerate only if accompanying to meeting)

7) Member of AMS[ | AWM [ | CMS [ ] MAA[ | IME[_ ] SIAM[_] Nonmember [_| (Member discount applies only to members of AMS, AWM,
CMS, MAA, IIME, or SIAM.)

8) Centennial Celebrationfee $ ___ 9) AMS Short Course fee § ___ _____10) Full payment for residence hall $
11) Hotel deposit § ____ (necessary ONLY if paying deposit by check; room can be guaranteed with credit card)
12) ______ TIME Banquet ticket(s) @ $8 each =$ 13) MAA 25-Year Banquet ticket(s) @ $21 each =§
14) ___ Clambake adult ticket(s) @ $23 each = § 15) Clambake child ticket(s) @ $15each =8 (ages 6-12)
Fish dinner(s) requested _ Chicken dinner(s) requested 1 will be bringing __ children under 6 years of age
16) ____ Providence Tour adult ticket(s) @ $12 each =$ 17) ____ Providence Tour child ticket(s) @ $10 each =$ (ages 12 and under)
18) Newport Tour adult ticket(s) @ $15 each =§ 19) Newport Tour child ticket(s) @ $§12each =8 (ages 12 and under)
20) ______ OneWay Airport Transfer(s) @ $5.75 each = § 21) Centennial Posters @ $10 each = §
22) TOTAL AMOUNT ENCLOSED FOR 8 through 218 NOTE: May be paid by check payable to AMS (Canadian checks must be

marked “U.S. Funds”) or VISA or MasterCard credit cards.

Credit card type: ——_—_ . Card number: Expiration date:
If this is your credit card, please print your name as it appears on the credit card on the line below as well as sign your name.
If this is not your credit card, please print card holder’s name as it appears on the credit card on the line below, and have the card holder sign:

(Printed name) (Signature)

YES, ] WOULD LIKE TOMAKE _______ RESERVATIONS TO GO ON THE AMS OPEN HOUSE TOUR ON

(date)
PLEASE CHECK HERE IF YOU WILL NOT REQUIRE A ROOM

0o

PLEASE CHECK HERE IF YOU WILL BE STAYING AT A HOTEL/MOTEL NOT LISTED ON THE REVERSE

Please complete the appropriate sections on the reverse for housing and travel.




HOUSING SECTION:
PLEASE COMPLETE “HOTELS” OR “UNIVERSITY HOUSING” AND TRAVEL SECTIONS BELOW:
HOTELS

Please rank hotels in order of preference by writing 1 or 2 in the spaces at the left on form, and by circling the requested room type and rate. If the rate
requested is no longer available, you will be assigned a room in the next hotel. Rates listed below are subject to 10% local tax.

GUARANTEE REQUIREMENTS: $50 by check OR a credit card guarantee with VISA, MasterCard, or American Express (for housing only). No other
credit cards will be accepted. PLEASE SUPPLY THIS INFORMATION ON THE REVERSE, together with mailing address for confirmation of room
reservation.

Single | Double | Twin Triple Triple Quad Quad Suite
Order of double | 2 beds | 2 beds w/cot | 2 beds | 2 beds w/cot
choice 5 5 $ $ 5 5 $ 5
Omni Biltmore (Headquarters Hotel) 70 80 80 80 95 80 95 150
Holiday Inn 65 65 65 65 71 65 71 135
1 will arrive on (date) at a.m./p.m., and depart on (date) at a.m./p.m.

Please list other room occupants; indicating ages of children.

FULL NAME ARRIVAL DATE DEPARTURE DATE

UNIVERSITY HOUSING

NOTE: Full prepayment for room and board is required. Please make checks payable to AMS. Canadian checks must be marked “In U.S. Funds’s VISA and
MasterCard credit cards will also be accepted. Confirmation of residence hall reservations will be sent to address indicated on reverse.

Please clrcle applicable rates (per person) listed below for each day and enter totals in column at far right:

Children* Child 7 years Child under | Enter your
under 7 years and older in 7 years in total rate
Adults in bed sleeping bag sleeping bag per day
8/5 $22.20 single $22.20 single No charge No charge
$17.70 double.  $17.70 double
8/6 $22.20 single $22.20 single No charge No charge
$17.70 double  $17.70 double
8/7 $27.00 single $24.60 single $4.80 single $2.40 single
$22.50 double  $20.10 double  $4.80 double  $2.40 double
8/8 $27.00 single $24.60 single $4.80 single $2.40 single
$22.50 double  $20.10 double $4.80 double  $2.40 double
8/9 $27.00 single  $24.60 single  $4.80 single $2.40 single
$22.50 double  $20.10 double  $4.80 double  $2.40 double
8/10 $27.00 single  $24.60 single $4.80 single $2.40 single
$22.50 double  $20.10 double $4.80 double  $2.40 double
8/11 $27.00 single $24.60 single $4.80 single $2.40 single
$22.50 double  $20.10 double $4.80 double  $2.40 double
8/12 $22.20 single $22.20 single No charge No charge
$17.70 double  $17.70 double
*There is no charge for infants in arms.
Total for Residence Hall Package =

Please llst other room occupants; indicating ages of children.

ARRIVAL DATE

FULL NAME

DEPARTURE DATE

TRAVEL SECTION: Flight information is mandatory for those purchaslng airport transfers.

I plan to arrive by plane on scheduled to arrive at Airport on

(airline/flight#) (date)
at a.m./p.m.
I plan to depart by plane on scheduled to leave at Airport on

(airline/flight#) (date)
at a.m./p.m. D I plan to drive to the meeting D I will need a parking sticker for the Brown University campus

For office use only:

Codes: Options: Hotel: Room type: Dormitory:

Room #:

Dates: Hotel Deposit Dormitory Payment Total Amt. Paid:

Special Remarks:




MA A Minicourse Preregistration Form, Providence, Rhode Island

August 8-12, 1988

NOTE: This is not an AMS Short Course Form. Piease use the AMS Centennial Celebration Pregistration/Housing Form to preregister
for the AMS Short Course.

To register for MA A Minicourse(s), please complete THIS form and return it with your payment to:

Susan Wilderson

Mathematical Association of America
1529 Eighteenth Street, N'W.
Washington, DC 20036

Telephone: 202-387-5200

(Please print) Surname First Middle

Telephone:

Street address City

e Deadline for MAA Minicourse preregistration: June 1, 1988
o Deadline for cancellation in order to receive a 50% refund: August 4, 1988
e Each participant must fill out a separate Minicourse form.

e Enroliment is limited to two Minicourses, subject to availability.

State Zip

o Please complete the following and send both form and payment to Susan Wilderson at the above address:

I would like to attend [ ] 1 Minicourse {] 2 Minicourses

Please enroll me in MAA Minicourse(s): # and #
In order of preference, my alternatives are: # and #
e PAYMENT

Check enclosed: $
Credit card type: [ | MasterCard [ | Visa

Credit card #

Expiration date:

Your Employing Institution

Minicourse Number and Name

=N O U e W W

. EXP. EXPTest, and the creation of testbanks

. Contributions of algebraic coding theory to finite geometry

. A survey of educational software

. Coloring and path following algorithms for approximating roots and fixed points
. Teaching calculus with an HP-28 symbol manipulating calculator

. Ap introduction to MATLAB

. Groups, graphs, and computing

Signature (as it appears on credit card)

Organized by

Peter Frisk

E. F. Assmus, Jr. & J. D. Key
David P. & Vivian Kraines
William F. Lucas

John W. Kenelly

David R. Hill

Eugene M. Luks

Fee
$50
$30
$50
$30
830
$50
$30



Elementary Theory of Numbers

By W. Sierpinski

Second English Edition

Edited by A. Schinzel

North-Holland Mathematical Library, 31

Since the publication of the first edition of this work,
considerable progress has been made in many of the questions
examined. This edition has been updated and enlarged, and
the bibliography has been revised.

The variety of topics covered here includes divisibility,
diophantine equations, prime numbers (especially Mersenne
and Fermat primes), the basic arithmetic functions,
congruences, the quadratic reciprocity law, expansion of real
numbers into decimal fractions, decomposition of integers into
sums of powers, some other problems of the additive theory of
numbers and the theory of Gaussian integers.

1988 xit + 516 pages. Price: US $105.25/Dfl. 200.00
ISBN 0-444-86662-0

Logic Colloquium '86

Proceedings of the Calloquium held in Hull, UK,

July 1986.

Edited by F.R. Drake and J.K. Truss

Studiesin Logic and the Foundations of Mathematics, 124

The result of the European Summer Meeting of the Association
for Symbalic Logic, this volume gives an overview of the latest
developments in most of the major fields of logic being actively
pursued today. Important new developments in the applications
of logic in computer science are presented. Other areas
examined include model theory, set theory, recursion theory,
proof theory, and the history of logic.

1988 x + 342 pages. - Price: US $94.75/Dfl. 180.00
ISBN 0-444-70326-8

Program Correctness over
Abstract Data Types,
with Error State Semantics

By J.V. Tucker and J.I. Zucker
CWI Monographs, 6

This research monograph is about proof systems, in the style of
Floyd and Hoare, for proving the correctness of programs
interpreted over abstract data types.

Designed for the computer scientist, or mathematician
interested in the theory of programming languages, the book
discusses established and new tools necessary for proving the
soundness and completeness of logics for partial and total
correctness in an abstract setting. The new tools include
classes of many-sorted structures, weak second order assertion
languages, and, in particular, a full generalization of the theory
of computable functions from the natural numbers to many-
sorted abstract structures. Some new generalizations of the
Church-Turing Thesis are discussed in detail.

1988 viii + 212 pages. Price: US $58.00/Dff. 110.00
ISBN 0-444-70340-3

Galois Representations and

Arithmetic Algebraic Geometry
Edited by Y. lhara
Advanced Studies in Pure Mathematics, 12

The volume features papers on the arithmetic analogues of the
gamma and the beta functions connecting the Gauss and the
Jacobi sums with circular units in the most universal way,
throwing new light on the theory of cyclotomic fields. Papers on
higher dimensional ramification theory and class field theory
contain several striking new results in this important subject.

1987 xii + 374 pages. Price: US $168.50/Dfl. 320.00
ISBN 0-444-70315-2

Distributed in Japan by Kinokuniya Co. Lid.

Commutative Algebra

and Combinatorics
Edited by M. Nagata and H. Matsumura
Advanced Studies in Pure Mathematics, 11

The emphasis of this volume is on the interplay of commutative
algebra, combinatorics and group representations. Recent
topics such as classification of maximal Cohen-Macautay
modules are also included.

The papers include a successful application of the ideas of
combinatorics o the theory of artinian rings, a classification of
Buchsbaum modules over regular local rings, and a study of
maximal Cohen-Macaulay modules over Gorenstein rings.

1987 xiv + 360 pages. Price: US $163.25/Dfl. 310.00
ISBN 0-444-70314-4

Distributed in Japan by Kinokuniya Co. Ltd.

Algebraic Geometry
Sendai, 1985

Edited by T. Oda

Advanced Studies in Pure Mathematics, 10

This guide to algebraic geometry covers the active areas of the
subject: birational geometry of higher dimensional algebraic
varieties, Kahler manifolds and analytic varieties, abelian varieties,
arithmetic algebraic geometry, rigid analytic spaces, cycles and
vector bundles on algebraic varieties, mixed Hodge structures,
period maps for K3 surfaces and for isolated singularities.

1987 xii + 794 pages. Price: US $236.75/Dfl. 450.00
ISBN 0-444-70313-6

Distributed in Japan by Kinokuniya Co. Ltd.

North-Holland

In the U.S.A. and Canada:

Elsevier Science Publishing Co. Inc.
P.O. Box 1663, Grand Central Station
New York, NY 10163, U.S.A.

In alt other countries:

Elsevier Science Publishers

Book Order Department

P.O. Box 211

1000 AE Amsterdam, The Netherlands

US $ prices are valid only in the USA and Canada. In all other countries the Dutch Guilder (Dfl.) price is definitive.
Customers in The Netherlands, please add 6% B.T.W. In New York State applicable sales tax should be added.

All prices are subject to change without prior notice.

NH/407/BK/0972




Now 50 Volumes in the Series

Colloquia Mathematica Societatis
Janos Bolyali

Volume 50 in the series “Colloquia
Mathematica Societatis Janos Bolyai”’
has now been published.

The Hungarian Mathematical Society bearing

the name of Janos Bolyai (1802-1860) - one

of the creators of Non-Euclidean Geometry -

has been organizing international conferences
for over twenty years.

The results presented at these top-level
mathematical gatherings are recorded in this
series. Each volume forms a state-of-the-art
survey of its subject.

Areas covered so far include mathematical
logic, set theory, combinatorics, algebra,
number theory, function theory, differential
equations, geometry and topology.

Volume 50:

Numerical Methods
Edited by D. Greenspan and P. Rozsa

The largest part of this book is a section on ordinary
and partial differential equations, which presents new
methods, and research on error behavior and
convergence of known methods. Other sections
examine linear aigebra, applications, nonlinear
equations, optimization, interpolation, approximation,
and moment problems.

1988 688 pages US $223.75/Dfl. 425.00
ISBN 0-444-70209-1 :
Recently published volumes:

Volume 49:

A. Haar Memorial Conference
Edited by J. Szabados and K. Tandori
1987 1018 pages (in 2 vols.)

Set Price: US $184.25/Dfl. 350.00
ISBN 0-444-70095-1

Volume 48:

Intuitive Geometry
Edited by K. Bérdczky and G. Fejes Téth

1987 708 pages US $155.25/Dfl. 295.00
ISBN 0-444-87933-1 :

Volume 47_:

Differential Equations:
Qualitative Theory
Edited by B. Sz.-Nagy and L. Hatvani

1987 1172 pages (in 2 vols.)
Set Price: US $189.50/Dfl. 360.00
ISBN 0-444-70093-5

Volume 46:

Topics in Differential Geometry
Edited by J. Szenthe and L. Taméssy

These two volumes report on various topics in
differential geometry, including Finsler Geometry,
Riemannian geometry, applications in general refativity,
Hamiltonian systems and other topics in mathematical
physics.

1988 1378 pages (in 2 vols.)
Set Price: US $315.75/Dfl. 600.00
ISBN 0-444-70090-0

For a complete survey of the series, please contact
North-Holland. All volumes are distributed in the
Socialist Countries by Kultura, Budapest, Hungary.

North-Holland

In the U.S.A. and Canada:

Elsevier Science Publishing Co. Inc.,
P.O. Box 1663, Grand Central Station,
New York, NY 10163, U.S.A.

In all other countries:

Elsevier Science Publishers,

Book Order Department,

P.O. Box 211,

1000 AE Amsterdam, The Netherlands.

US $ prices are valid only in the USA and Canada. In all other countries the Dutch Guilder (Dfl.) price is definitive.
Customers in the Netherlands, please add 6% B.T.W. In New York State applicable sales tax should be added.

All prices are subject to change without prior notice.

NH/407/BK/2404
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