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The Mordell Conjecture 

David Harris 

1. The basic results. On 19 July 1983, the New 
York Times printed an article [NYT] on the 
solution by a West German mathematician named 
Faltings of "one of the outstanding mathematical 
problems of the century" (in the opinion of Serge 
Lang). Spencer Bloch of the University of Chicago 
said that the German's achievement "answers 
questions that seemed absolutely unanswerable 
before." The most eye-catching part of Faltings' 
paper [Fal] is a proof of the so-called Mordell 
Conjecture, a fundamental question in the theory 
of Diophantine equations. 

Until recently, most experts had believed 
that the Mordell Conjecture would not soon be 
settled. The Faltings paper is a difficult exercise 
in algebraic geometry, employing the theory of 
moduli, the theory of semiabelian varieties, a 
theory of heights for abelian varieties, and other 
such abstruse subjects. With this in mind, we 
are supplying these remarks with the hope they 
will serve to explain the significance of Faltings' 
work on the Mordell Conjecture, its relation to 
the solution of several important conjectures in 
the theory of abelian varieties, and the historical 
context. 

We begin by listing for reference five basic 
results, all now proven. We shall refer to these 
results by these names throughout this article. 
In the next section, we shall give a general in
troduction to the problem of solving Diophantine 
equations. The basic results deal with Diophan
tine problems such as how many points with 
integer or rational coordinates lie on a curve. As 
discussed below, the usual trick of graphing the 

solutions of an equation transforms the algebraic 
problem of solving a Diophantine equation into 
the geometric problem of finding points on its 
locus of solutions. The rest of this article deals 
with the problem of integer and rational points 
on curves. §3 describes the pioneering work of 
Mordell, Weil, and Siegel in launching the subject. 
In §4, we describe the early attempts to deal with 
Mordell's Conjecture, climaxing in the work of 
the Soviet school. In §5, the work of Faltings is 
sketched. Finally, in §6, we discuss the problem of 
effectively using Faltings' work to solve real-world 
Diophantine equations. 

SIEGEL'S THEOREM. If Cis an affine curve 
defined over a ring R that is finitely generated 
over Z and if its genus is 2: 1, then C has only 
finitely many points in R. 

More precisely, for an irreducible equation 
f(x, y) = 0 to have infinitely many solutions 
(x,y) where for a fixed natural number c, ex 
and cy are integers in some number field, it is 
necessary and sufficient that the equation can 
be identically satisfied by two rational functions 
x = P(t), y = Q(t) of the form 

P(t) = antn + an-1tn- 1 + · · · a_nt-n, 

Q(t) = bntn + bn-1tn- 1 + · · · b_nCn 

which are not both constant, which is true if and 
only if the corresponding projective curve is of 
genus 0 and has at most two poles for the function 

lxl + IYI· 
(Siegel in fact extends this to curves given by 

n- 1 equations inn unknowns; cf. [Si2]). 
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up to a maximum of $750. Manuscripts to be considered for this series should be sent to Ronald L. 
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Thus, only a very special type of affine curve 
can have infinitely many integer points on it, and 
only a very special kind of Diophantine equation 
of the sort that has locus of zeroes a curve can 
have infinitely many integer solutions. 

THE MORDELL- WElL THEOREM. Let K be 
a field finitely generated over its prime field. Let 

A be an abelian variety defined over K (i.e., a 
complete variety defined over K, embeddable in a 
K-projective space, and having a group structure 

defined over K). Let AK be the group of K
rational points. Then AK is a finitely generated 

abelian group ( cf. [Wel]). 

As a special case, on elliptic curves defined 
over K possessing K-rational points, these points 
form a finitely generated group. Over the ration
als, the torsion part of this group can only be one 
of fifteen finite abelian groups. But, the rational 
points can have a free infinite abelian part. So, 
elliptic curves can have infinitely many rational 
points, but only finitely many integer points (in 
affine coordinates). 

If a projective curve of genus zero has even a 
single rational point, one can show by elementary 
means that its rational points are in one-one 
correspondence with P1 (Q). So curves of genus 
zero have either no rational points or infinitely 
many rational points. Thus, a conic either has 
no rational points or infinitely many that can 
be produced from a single one via the method 
of sweeping lines. On an elliptic curve, there 
may not be any rational points, but the group 
structure does allow one in theory to construct all 
the rational points from finitely many of them via 
the group action, the so-called chord and tangent 
method. Faltings work shows that no such method 
for constructing rational points exists on curves 
of genus > 1. For more information on the low 
genus situation, see [Zal]. 

THE MORDELL CONJECTURE FOR NUM

BER FIELDS. Let K be a finite extension of Q. 
Let X/ K be a smooth curve of genus g 2: 2. Then 
the set of K-rational points on X. X(K) is finite 

( cf. [Fal]). 

(Cassels' paper [Cal] shows that the assump
tion that X is smooth is not serious. The theories 
of birational equivalence and absolute irreducibil
ity show that smoothness is not crucial.) Thus, 
only a very special type of curve can have in
finitely many rational points on it and only a very 
special kind of system of Diophantine equations 
of the sort that has locus of zeroes a curve can 
have infinitely many rational solutions. 

THE MORDELL CONJECTURE FOR FUNC

TION FIELDS. Let K be a regular extension of the 

field k of characteristic 0 and let C be a smooth 

curve of genus 2: 2 defined over K. Then either 
its set of rational points C(K) is finite, or C is 

definable over k and all but a finite number of 
points in C(K) are in the image of C(k). 
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(In characteristic p approximately the same 
theorem is true, except for c_urves defined over a 
finite field which can have fimtely many countable 
families of rational points ( cf. [Grl, Mal, Pal, 
Sa2]).) 

This theorem is a function field-theoretic 
analogue of the Mordell Conjecture for number 
fields. It was an offshoot of the work of Lang on 
the restatement of the Mordell Conjecture, and 
was first proven by Manin and Grauert. The work 
done by Soviet mathematicians on this theorem 
led to the ultimate idea of Faltings' proof. This 
depends on noticing that Mordell's Conjecture 
follows from: 

THE SAFAREVIC CONJECTURE FOR 

CURVES. Let K be a finite extension of Q. 
There are only finitely many isomorphism classes 

of smooth curves X/ K of genus g 2: 2 which have 
good reduction outside a particular finite set of 
places S of K. 

One may want to take a nonsingular variety 
defined by equations over Z and produce a variety 
over a finite field by reducing the coefficients 
modulo p. A good reduction is one in which 
such a method yields a nonsingular variety over 
the finite field. A variety has good reduction 
at a prime p if there is some embedding of the 
variety which has good reduction at p ( cf. [Pal, 
Fal]). This may be related to the idea of testing 
whether a Diophantine equation has solutions in 
the integers by testing the necessary condition 
that it have solutions modulo every prime p. 

Also relevant to Faltings' work is the related 
Safarevic Conjecture for Abelian Varieties. This 
states that the set of K-isomorphism classes of 
polarized abelian varieties defined over K of given 
dimension g and polarization degree d > 0 and 
possessing good reduction outside a finite set of 
places S is finite. The polarization of an abelian 
variety involves the way one chooses to embed 
it in projective space. A refinement of Torelli's 

theorem can be used to show that if the Safarevic 
Conjecture for abelian varieties is true, then so is 
the one for curves. Faltings established that both 
these conjectures are true in the course of settling 
the Mordell Conjecture. 

2. The general problem of solving Diophantine 
equations. Let f(xl, x2, ... , Xn) be a polynomial 
in n variables with integer coefficients. Sometimes 
we will consider such polynomials with coefficients 
that are integers in a number field. When one 
seeks solutions of the equation f(x) = 0 that are 
either integers or rationals (or in the number 
field), the equation is called a Diophantine equa

tion. One talks of integral or rational solutions of 
the Diophantine equation. Solutions with values 
in a field K are called K-rational solutions or 
K-rational points. 

A Diophantine equation is homogeneous if 
every term in it has the same degree. In this 
case, if the vector x is a solution, then so is 



ex for every constant c. Thus, for homogeneous 
equations, it pays to "identify" two solutions that 
are nonzero multiples of one another, and look 
only for distinct solutions. For a nonhomogeneous 
equation of degree d, there is always a related 
homogeneous equation gotten by adding one more 
variable to the set of n variables, and throwing 
into each term of the old equation enough copies 
of the new variable to make each term have degree 
d. Then, solutions of the nonhomogeneous equa
tion correspond to solutions of the homogeneous 
equation for which the new variable has value 1. 
In practice, one looks for integer solutions in the 
nonhomogeneous case, and rational solutions in 
the homogeneous case. The relationship between 
homogeneous equations in n + 1 variables and 
nonhomogeneous equations in n variables may 
remind the reader of the relationship between 
projective geometry and affine geometry (for good 
reason). 

Mathematicians ever since the ancient Greeks 
have sought to solve particular Diophantine equa
tions, and dreamed of finding a general solution. 
The most infamous example is Fermat's work on 
the equations xn + yn = zn. Hilbert asked about 
the existence of a general algorithm for the solu
tion of Diophantine equations. This is Hilbert's 
so-called Tenth Problem. It was finally solved by 
Matijasevic in 1970 (cf. [Dal]). He showed that 
no such algorithm can be found that tells whether 
an equation has a solution in rational integers. It 
is still unknown if there is an algorithm to tell if 
an equation has a solution in rational numbers. 

A different approach to Diophantine problems 
attempts to use geometry. Each Diophantine 
equation defines as its locus of solutions over 
the complex numbers a certain complex algebraic 
variety. If the equation is nonhomogeneous, its 
solutions form an affine variety. If the equation 
is homogeneous, the solutions lie on a projective 
variety. The relation described above between a 
nonhomogeneous equation and its homogeneous 
version just corresponds to a certain affine variety 
and the projective variety gotten by taking its 
closure in the proper projective space (i.e., the 
projective variety gotten by adding points "at 
infinity"). 

The study of solutions of Diophantine equa
tions then becomes the problem of finding integer 
points and rational points on complex varieties 
defined by equations with coefficients in number 
fields. Thus, the equation that Fermat studied 
is the equation of a nonsingular curve in the 
projective plane of genus (n- 1)(n- 2)/2. In 
general an irreducible homogeneous equation of 
degree n in three variables corresponds to a curve 
in the projective plane of genus (n- 1)(n- 2)/2 
minus a correction for the singular points of the 
curve. One can hope that geometry may make 
some Diophantine problems more tractable. The 
obvious first step is to try to restrict one's atten
tion to Diophantine equations that correspond to 
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curves (or, more generally, to systems of Diophan
tine equations whose solution sets form curves in 
higher-dimensional spaces). In this way one is 
led to restate the problem of solving Diophantine 
equations as the problem of finding all the rational 
and integer points on curves. It is with this form 
of the problem that we are primarily concerned. 

A related problem, whose solution is used 
by Faltings, involves smooth projective varieties 
defined over finite fields. The numbers of rational 
points such a variety has in the various finite 
extension fields can be expressed using a sort 
of generating function, called the zeta function 
of the variety. The Wei! Conjectures [We2] give 
information about this zeta function that allows it 
in theory to be computed with enough mechanical 
work. The last of these Wei! Conjectures was 
finally proven by Deligne in 1973. The Wei! 
Conjectures on abelian varieties are rather simpler 
to prove (cf. [Lal]), and are used in a crucial way 
in Faltings' proof. 

3. The work of Mordell, Wei!, and Siegel. Let us 
consider the nonhomogeneous equation x2+y2 = 1 
and the corresponding homogeneous equation 
x2 + y2 = z2 . The affine equation clearly has 
only finitely many integer solutions. The projec
tive variety has infinitely many distinct integer 
solutions (even after identifying solutions that are 
nonzero multiples of one another as mentioned be
fore). Namely, the Pythagorean triples give such 
integer points. The solutions in the projective 
plane include the solutions of the affine equation 
as special cases. But they also yield infinitely 
many rational solutions of the affine equation. 
Thus, we are led to consider two related but 
inequivalent problems. The problem of whether 
the number of integer points on an affine curve 
is finite we may call Siegel's Problem, after the 
man who solved it. The problem of whether the 
number of rational points (after identifying those 
that are nonzero multiples of one another) on 
a projective curve is finite is called the Mordell 
Problem. Of course, these theoretical problems 
may not help to find a bound on the number of 
solutions (even when the number has been proven 
finite) and certainly may not help us find even 
one solution. This is called the problem of getting 
an effective solution. 

Historically, these problems arose out of the 
work of Mordell. For the general history of the 
problems see [La4]. In his 1922 paper [Mol], 
Mordell used direct methods to study rational 
points on elliptic curves, that is, nonsingular 
curves of genus 1. In the following year, he 
wrote the seminal paper [Mol] on the subject. 
He showed that the rational points on an elliptic 
curve form a finitely generated group, while the 
affine curve has only finitely many integer points. 
He conjectured that affine plane curves of higher 
genus that are hyperelliptic also have only finitely 
many integer points, and that smooth projective 



curves of genus at least 2 always have at most 
finitely lilany rational points. 

These conjectures proved the inspiration for 
a continuing stream of research papers lasting to 
this day. The hyperelliptic conjecture was proven 
anonymously by Carl Siegel in 1926 [Si1]. The 
conjecture on projective curves of genus at least 
2 became the Mordell Conjecture, now finally 
established in Faltings' paper. The proof that the 
rational points on an elliptic curve form a finitely 
generated group inspired Andre Wei! to write his 
first great paper, the proof of the Mordell- Weil 
Theorem. This theorem helped to inspire much 
of the algebraic geometry and number theory 
done since it was published in 1928 ( cf. [Wel, 
We3]). Weil's work led to the theory of abelian 
varieties, combining group theory with algebraic 
geometry and analysis in a vast generalization of 
the nineteenth-century theory of elliptic integrals. 
For more information, see [La4, Zal]. 

We may take this opportunity to refer the 
reader to the sources for more recent work on 
the problem of rational points on elliptic curves. 
The basic survey of the subject is [Cal]. Since 
Cassels' paper, Barry Mazur has done important 
work using the theory of moduli: see [Ma2, Ma3, 
Ma4, Ma5, Sel]. 

At the heart of Mordell's work was his insight 
on the usefulness of the theory of heights, as later 
exemplified in the Thue-Siegel-Roth Theorem. 
Siegel, in his masterpiece [Si2], saw how to put 
the existing theory of heights together with the 
Mordell-Wei! Theorem and a primitive version 
of what was to become the theory of abelian 
varieties to solve what we have called the Siegel 
Problem. His result, Siegel's Theorem, is quoted 
above. This paper contains much else of value, 
including the famous Siegel's Lemma, important 
to transcendence theory. For more information 
on Siegel's Theorem see [La2, La4]. A theory of 
heights for abelian varieties is central to Faltings' 
work. Such a theory of heights can be considered 
a modern version of the famous method of infinite 
descent introduced by Fermat. 

4. Early attempts at the Mordell Conjecture. As 
the theory of abelian varieties developed, it be
came increasingly clear that Mordell's Conjecture 
should be understood as a statement about cer
tain abelian varieties containing curves of genus 
2 or more. On such abelian varieties, called Ja
cobians, one could hope to use the Mordell-Wei! 
Theorem to get information about the rational 
points of the embedded curves. Such methods 
date back to Chabauty ( cf. [Ch1, Ch2]) in the 
1930s and 1940s, but were made quite concrete 
by Lang in [La4]. One restatement of the Mordell 
Conjecture by Lang conjectures that a curve ly
ing on an abelian variety has only finitely many 
points in common with any subgroup of finite 
type of the abelian variety. He showed that the 
Mordell Conjecture could also be considered as a 
conjecture on algebraic families of curves. 
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Other mathematicians attempted to approach 
the Mordell Conjecture either through the piece
meal analysis of particular families of curves, or 
through careful use of the theory of heights. Ex
amples of such work may be found in [Ca2, De2, 
Mo3, Mul]. 

The first major breakthrough came in the 
1960s with the proof of the function field-theoretic 
equivalent of the Mordell Conjecture. It is 
standard operating procedure in algebraic number 
theory to ask, for any theorem or conjecture over 
number fields, whether the analogous statement 
is true for function fields, and vice versa. Such 
analogies are inspired by general theory about 
how to prove statements about fields of finite 
type over prime fields. Neron showed the two 
Mordell Conjectures establish the corresponding 
conjecture for any finitely generated field over Q. 
Manin and Grauert both managed to prove the 
function field analogue of the Mordell Conjecture 
stated above, without having any clear insight 
beyond that already in Lang's book [La4] on how 
to proceed in the number-theoretic case. For the 
details, see [Grl, Mal, Sal]. 

The work of Manin was a part of a con
siderable Soviet research effort on the Mordell 
Conjecture. The central figures were Manin, 
Safarevic, Demjanenko, and Parshin. In retro
spect, the work of Parshin and Safarevic ( cf. 

[Pal, Pa2, Sal]), centered about the Safarevic 
Conjecture stated above and its relationship to 
the function field version of the Mordell Conjec
ture, was to be the crucial' inspiration for the 
work done by Faltings fifteen years later. Parshin 
showed that if the Safarevic Conjecture could be 
established, then the Mordell Conjecture could be 
proven. 

More mathematics had to be developed before 
Parshin's ideas could be applied to the number
theoretic Mordell Conjecture. These included the 
development of the theory of moduli for abelian 
varieties and curves and the development of a 
sophisticated theory of abelian varieties using 
representation theory. The latter is embodied in 
the modern theory of Tate modules, as described 
in [Lal] and [Cal]. 

5. A sketch of Faltings' paper. Let K be a finite 
extension of the rationals Q with algebraic closure 
K*, A an abelian variety defined over K. Let 
1r = Gal(K* / K) be the absolute Galois group of 
K, l a prime. Then 1r operates on the Tate module 

Tt(A) = limA[In](K*). 
<----

More precisely, Tt(A) is the set of all vectors 
(a1,a2, ... ,an, ... ), where n > 0, with an a K*
point on A whose order is a power of l, and 
such that lan+l = an for every n, and la1 = 0. 
Addition of these infinitely long vectors is done 
componentwise. Then Tt(A) can be made a 
module over the l-adic integers Zt. 



The Tate group is a torsion-free module over 
z,, and is a module of finite type of dimension 
2 dim A over z,. The Tate module can be extended 
to a vector space Et(A) over the l-adic numbers 
Q,, E,(A) = 1!(A) ®z, Q,. This vector space is 
called the extended Tate group and 1r operates on 
it. Faltings' basic results are: 

(1) The representation of 1r on Et(A) is 
semisimple. 

(2) The map EndK(A)®z z,-+ End,..(11(A)) 
is an isomorphism. 

(3) LetS be a finite set of places of K, d > 0. 
Then there are only finitely many isomorphism 
classes of d-fold polarized abelian varieties over K 
which have good reductions outsideS. 

Result (2) says that certain types of well
behaved endomorphisms of Tt(A) correspond to 
the endomorphisms of A. This settles a version 
of a conjecture of Tate. For similar results on the 
use of the Tate module to study maps between 
abelian varieties, compare Lang's book on abelian 
varieties [Lal]. The Safarevic Conjecture for 
abelian varieties is (3), and so the Safarevic 
Conjecture for curves follows from the theory of 
Jacobians of curves. 

After obtaining the Safarevic Conjecture, 
Faltings can now employ Parshin's earlier argu
ment from [Pa2] to prove the Mordell Conjecture. 
We sketch the argument briefly. Suppose X is a 
smooth curve over K of genus at least 2 and S 
is a set of places. For each K-rational point x, 
one can construct a covering Y ( x) of X, of genus 
g', defined over a finite extension of K, which 
is ramified exactly at x, and so Y(x) has good 
reduction outside a set T. Here g', T, and the 
field extension depend only on X and S, but not 
on x. By $afareviC's Conjecture, there are only 
finitely many isomorphism classes of such Y(x). 
If the set of rational points x were infinite, there 
would be infinitely many distinct maps from some 
Y(x) to X. This contradicts a classical result on 
Riemann surfaces of genus > 1. 

The proof of (3) follows from the finiteness 
of the set of isogeny classes (isogeny = onto ho
momorphism with finite kernel) of such polarized 
abelian varieties. This and (1) and (2) follow 
from similar arguments using heights, the theory 
of moduli of curves and abelian varieties, and the 
Weil Conjectures on abelian varieties. . 

Faltings begins with the theory of semiabelian 
varieties, which extends the concept of an abelian 
variety over a field to a variety over a scheme. He 
discusses some results about the moduli spaces 
for stable curves and principally polarized abelian 
varieties. Then, he develops a theory of heights 
applicable to semiabelian varieties. The basic the
orem shows that given a constant c, there are only 
finitely many isomorphism classes of semiabelian 
varieties with certain properties whose heights are 
bounded by c. This principle of bounded height 
may turn out to be the most useful result in 
Faltings' paper. It is the basis for all his results. 
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Faltings discusses the behavior of heights 
under isogenies. Here, the Weil Conjectures are 
needed. Faltings proves (1) and (2). These 
are then used to prove that two abelian varieties 
are isogenous iff their extended Tate modules are 
isomorphic as 'If-modules. This settles the isogeny 
conjecture, an important result in itself. Faltings 
proves (3) from the previous results together 
with another application of the Wei! Conjectures. 
Finally, one gets the Safarevic Conjecture for 
curves, and so-as explained before-the Mordell 
Conjecture. 

6. Some final remarks. Now that the Mordell Con
jecture has been solved, one obvious question is: 
what about those systems of Diophantine equa
tions whose solution sets do not form curves? 
What can be said about integral and rational 
points on higher-dimensional varieties? Some 
early attempts have been made to study such 
questions. In [Ch3] and [Ch4], Chatelet studies 
cubic surfaces. In [La3] and [La5], there are a 
series of conjectures extending in various direc
tions the results now known for curves. But 
any real understanding of the situation in higher 
dimensions remains a distant goal. 

Even more important is the question of the 
effectiveness of the existing results. By this we 
mean not merely their theoretical usability to 
solve Diophantine problems, but their practical 
applicability. If a problem can be solved only 
with an impossibly large amount of work, its 
theoretical solution may not be of any value. 
Unfortunately, this appears to be the situation 
with the Siegel Problem, the Mordell Problem, 
and perhaps the related problem of using the 
Mordell-Wei! Theorem to find the group structure 
of the rational points on an abelian variety. 
(There is an unproven algorithm for effectively 
using the Mordell-Wei! Theorem. Its correctness 
is equivalent to a 1929 conjecture by Wei! [We3] 
that remains open.) Quantitative results are 
difficult to obtain (cf. [La4]). The proofs of 
the Mordell-Wei! Theorem and of the Mordell 
Conjecture are highly nonconstructive. It is hard 
to estimate the number of rational or integral 
points or to get generators for the Mordell-Wei! 
group. 

In his paper [Si2], Siegel states that there 
should be effective ways to estimate the number 
of integral points, even if the size of the integral 
points cannot be estimated. Thus, we might 
have an idea of the number of integral points, 
but none of how large a space must be searched 
to find them exhaustively. In practice, it is not 
clear that there are practical ways to estimate the 
number of integral points on a curve. The general 
consensus among knowledgeable number theorists 
appears to be that we are a long way from having 
truly effective means of finding the integral (or 
rational) points on curves of genus > 1. 

Faltings' work is currently highly ineffective. 
For example, there is no known algorithm for 



determining whether there are any rational points 
at all on a curve (the rational point version of the 
theorem on integer points for which Matijasevic 
gave a negative answer-so it is hard to have much 
optimism that such an algorithm will be found). 
Fermat's Last Theorem is just one example of 
how hard this problem must be. Assuming 
there are rational points on a curve, there is no 
known computable upper bound for the number 
of rational points. Before Faltings' work, in 
fact, there was no curve X of genus 2 or more 
for which it was known that X(K) is finite for 
all number fields. All this leads to a certain 
pessimism about the practical usefulness of direct 
applications of Faltings' work to number theory, 
despite its considerable theoretical interest. Only 
time will tell whether this pessimism is justified. 

Perhaps the future will show that the ulti
mate importance of Faltings' work will not lie 
primarily in settling the Mordell conjecture. To 
an algebraic geometer, his results on the Safarevic 
and Tate conjectures may open the way to signifi
cant progress. And perhaps Faltings' work on the 
theory of heights for abelian varieties will prove 
even more important. Progress on Diophantine 
questions may come indirectly. Only time will 
tell. 
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National Science Foundation Budget Request for Fiscal1987 

This article is concerned with material submit
ted to Congress last February and refers to a reor
ganization of NSF announced in March 1986. 

Since February and March, however, there have 
been changes in the anticipated budgetary support 
for Mathematical Sciences Research in fiscal1987. 

Supplementary information available when the 
June Notices was prepared for the printer will be 
found in the section NSF News & Reports later in 
this issue. EDITOR 

Since April 1973, Notices has published annually 
a report outlining the proposals contained in the 
White House's budget request to the Congress 
for the needs of the National Science Foundation. 
This year, details of the NSF budget for FY 1987 
were distributed to the public under a cover letter 
(excerpts below) from Erich Bloch, director of 
the Foundation. Last year's report in Notices 
appeared in the June 1985 issue, pages 346 to 
364. 

This year's report differs in several ways 
from previous ones. We have, again, the usual 
Tables I to III: Table I indicates what part of 
the entire NSF budget is allocated to research in 
the mathematical sciences; Table II shows how 
the funds for the Division of Mathematical and 
Physical Sciences (MPS) are apportioned among 
the Division's several Sections; Table III is an 
attempt to place the longer-range growth of the 
Foundation's budget in perspective with regard 
to the inflation of the past decade or two. 

In addition to these more familiar tables, we 
give figures for the relatively new program sup
porting supercomputers, the Advanced Scientific 
Computing (ASC) program is only a year or two 
old at this point but it shows signs of vigorous 
growth (last year and this, more is being spent 
in this program than for the entire Computer 
Research Section of MPS) and it may not be long 
before the ASC budget could exceed the budget 
for research in Mathematical Sciences. A new line 
has been added this year below Table II giving 
figures for the ASC program. 

In recent years these more general tables and 
the accompanying commentary have been sup
plemented by excerpts from the Administration's 
Budget submission to Congress which describe 
activities and progress related to research in the 
Mathematical Sciences, Computer Research, and 
Science and Engineering Education (SEE). This 
year we also include the corresponding report 
from the ASC Office. 

450 

There is, however, a difference this year in 
the emphasis of these reports; no longer do we 
find details of interest regarding achievements 
and progress in scientific knowledge, but rather 
a significant increase in the amount of financial 
detail concerned with increases, cuts, and the 
shuffling of funds from one part of the budget to 
another and from one year to the next. 

The good news is that the mathematical 
sciences are expected to continue to fare better 
this year and next than in the recent past, 
although the funds involved are very small (still 
less than 4% of the entire budget). 

The press releases and budget summaries 
which have been distributed contain little direct 
information about the effects of the Gramm
Rudman-Hollings limitations on the 1987 NSF 
budget requests, but there are some rather re
vealing tables in the four supplementary excerpts 
that follow. These indicate reductions between 

National Science Foundation 
Washington, DC 20550 

February 7, 1986 
I am very pleased to provide . . . a summary of 

the National Science Foundation's fiscal year 1987 
budget request, which has been sent to the Congress. 
The request is for almost $1.7 billion and represents 
an increase of eight percent over fiscal year 1986. 

In a year of dramatic federal budget reduc
tions, the President's budget request for the Na
tional Science Foundation contains a moderate, but 
very important, increase for the basic research and 
education activities of the Foundation. Science and 
engineering enrich the lives of all of us, and provide 
the basis for both economic competitiveness and na
tional defense. Investing in science and engineering 
research and education is clearly a critical activity 
that must be maintained under any economic con
ditions. 

Given the extraordinary constraints on the Fed
eral budget, however, it will be difficult to convince 
the Congress of the need to provide for an increased 
investment in basic science and engineering. Our 
balanced program of support for research and ed
ucation in science and engineering is important to 
enhancing our nation's economic productivity and 
our competitive position internationally. As a soci
ety and as a government we must look to the future 
and make the investments necessary to prepare for 
it. 

I hope you find the enclosed summary useful 
and informative. . .. 

Sincerely, 

Erich Bloch 
Director 



Table I. National Science Foundation 

1983 1984 1985 1986 1987 
(Millions of dollars) Actual Change Actual Change Actual Change Plan Change Request 

( 1) Mathematical Sciences 
Research Support I 34.8 18.4% I 41.2 15.8% I 47.7 8.4% s 51.7 15.7% $ 59.8 

(2) Other Research Support 
(Note A) 960.6 17.9% 1131.0 14.2% 1293.6 3.1% 1334.0 8.4% 1446.3 

(3) Education, Information, 
Foreign Currency Program 

169% 40.9% (Note B) 24.7 66.5 93.7 3.8% 97.3 4.4% 101.6 

(4) Program Development and 
Management ("Overhead") 
(NoteC) ~ 0.9% 66.3 8.6% 72.0 0.7% 72.5 7.6% 78.0 

(5) Totals 11085.8 20% 11305.1 15.5% $1507.0 3.2% 11555.5 8.4% Sl685.7 

(6) (1) as %of (1) and (2) 3.50% 3.52% 3.56% 3.73% 3.97% 

(7) (1) as % of (5) 3.21% 3.16% 3.17% 3.33% 3.55% 

Note A. Scientific research and facilities (excluding mathematics and science information). National and special research 
programs, and national research centers. Support for mathematics has been excluded, cf. items (1) and (3). 

Note B. The programs in this group are ones in which there is some support in every field, including mathematics. The 
foreign currency program involves both cooperative scientific research and the dissemination and translation of foreign 
scientific publications. Foreign currencies in excess of the normal requirements of the U.S. are used. 

Note C. This heading covers the administrative expenses of operating the Foundation; the funds involved are not considered 
to constitute direct support for individual projects. 

Table II. Division of Mathematical and Physical Sciences 

Section 1983 Actual 1984 Actual 

Mathematical Sciences $ 34.8 (11.5%) $ 41.2 {11.6%) 
Computer Research 29.3 ( 9.7%) 33.7 ( 9.5%) 

Physics 89.1 (29.5%) 104.4 (29.4%) 

Chemistry 67.6 (22.4%) 79.4 (22.4%) 

Materials Research 81.1 (26.9%) 96.3 (27.1%) 
-- --

Totals $301.9 $355.0 

Advanced Scientific Computing $ 6.0 

last year's budget requests for FY 1986 and this 
year's plans for current spending, involving cuts 
ranging from about 2% for ASC to just over 6% 
for SEE. On the other hand, the FY 1987 budget 
requests exceed the FY 1986 planned expenditures 
by amounts ranging from just over 2% for SEE to 
about 19% for ASC. 

Over the decade and more in which these 
reports have been prepared for Notices, the in
formation on which they have been based has 
changed almost year-by-year. The detail reported 
has evolved significantly, the accounting categories 
have changed regularly, to such an extent that 
it has often been difficult to present the figures 
in a form comprehensible to any but professional 
accountants. 

This situation continues. For example, an 
NSF press release dated March 24, 1986, an
nounces a reorganization involving a new round 
of "musical chairs" within the Foundation which 
will involve (1) moving Computer Research out 
of MPS and moving Astronomy in; (2) creating 
a new Directorate of Computer and Information 
Science and Engineering (CISE) to include the 
Computer Research Section of MPS, the Division 
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1985 Actual 1986 Plan 1987 Request 

$ 47.7 {12.0%) $ 51.7 {12.6%) $ 59.8 (13.3%) 
39.1 ( 9.8%) 40.2 ( 9.8%) 44.4 (10.0%) 

115.8 (29.2%) 118.6 (28.9%) 126.6 (28.2%) 

87.6 (22.0%) 89.8 (21.9%) 101.0 (22.5%) 

107.0 (26.9%) 109.6 (26.8%) 117.4 (26.1%) 
--
$397.2 $410.0 $449.2 

$ 41.4 $ 45.2 $ 53.6 

of Information Science and Technology (currently 
in the Directorate of Biological, Behavioral and 
Social Sciences), the Office of Advanced Scientific 
Computing (now in the Office of the Director), 
and "some programs from the Directorate for 
Engineering"; (3) changing the name of Astro
nomical, Earth and Ocean Sciences ( AAEO), after 
Astronomy is removed, to Directorate of Geo
sciences (DOG). 

There has been one phenomenon which may 
not have received adequate coverage in these 
annual reports on the NSF budgets in Notices. 
For the most part, we have reported what the 
Foundation says it wants to spend on the various 
programs which it supports, and what it has 
actually spent after the year closes. These figures 
are referred to in the jargon as the "Obligational 
Authority" for which NSF seeks congressional ap
proval. Those familiar with budgets, and other 
predictions, can understand that certain inaccu
racies are inevitable ("foresight" vs. "hindsight") 
and that what is actually spent during the fiscal 
year will probably not be what was anticipated. 

The various units of NSF appeared to finish 
each year pretty close to their budgets, usually 



Table III. Ten-Year Compilation of the NSF Budget 
1978 . 1979 1980 1981 1982 1983 

(Millions of dollars) Actual Actual Actual Actual Actual Actual 

( 1) Mathematical Sciences 
Research Support $ 21.4 $ 22.8 $ 25.0 $ 28.3 $ 30.5 $ 34.8 

1967 dollars* 10.2 9.7 9.3 9.6 10.2 11..') 

(2) Other Research Support 702.8 761.0 804.3 873.7 875.7 960.7 

1967 dollars 33.'>.9 322.7 299.2 29.'>.3 292..'> 317.0 

(3) Education, Information, 
Foreign Currency Program 84.3 88.4 87.7 80.6 29.8 24.6 

1967 dollars 40.3 37.S 32.6 27.2 9.9 8.1 

( 4) Program Development and 
Management ("Overhead") 48.7 54.7 58.2 59.2 63.2 65.7 

1967 dollars 23.3 23.2 21.6 20.0 21.1 21.7 
-- -- -- -- --

(5) Totals $857.2 $926.9 $975.2 $1041.8 $999.1 $1085.8 

1967 dollars 409.7 393.0 362.8 3.'>2.1 333.7 3.'>8.3 

1984 1985 1986 1987 Increase Increase 
Actual Actual Plan Request 1978-1985 1978-1987 

( 1) Mathematical Sciences 
Research Support $ 41.2 $ 47.7 $ 51.7 $ 59.8 123% 179% 

1967 dollars 13.2 1S.S S2% 

( 2) Other Research Support 1131.0 1293.6 1334.0 1446.0 84% 106% 

1967 dollars 364.8 419.1 2.'>% 

(3) Education, Information, 
Foreign Currency Program 66.5 93.7 97.3 101.6 11% 21% 

1967 dollars 21.4 30.4 -2.'>% 

(4) Program Development and 
Management ("Overhead") 66.3 72.0 72.5 78.0 48% 60% 

1967 dollars 21.3 23.3 0% 

(5) Totals $1305.0 $1507.0 $1555.5 $1685.7 76% 97% 

1967 dollars 420.2 488.3 19% 

* Current dollars are converted to 1967 dollars using the wholesale/producer index. 

with "slide-rule accuracy", as some of us used to 
say, meaning a deviation of 5% or less from the 
target, but there has recently been a significant 
departure from this pattern. 

In the first term of the present Administra
tion, the SEE effort was essentially terminated ( cf. 
Notices, April 1982, pages 287 to 289). After a 
decade or so of support at a level of $60 to $80 
million a year, in 1982 and 1983 expenditures were 
reduced to, respectively, $21 and $16 million when 
there was support for nothing but the Graduate 
Research Fellowships which had been previously 
contracted. By 1984, however, the folly of this 
had apparently been recognized and the Founda-
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tion requested over $50 million for education and 
for 1985 over $75 million, a figure which Congress 
then raised to $82 million. The SEE Obligational 
Authority has been at about that level since. 

The problem, however, is that SEE has 
not managed to spend that much money and 
has consistently "carried over" (or anticipated 
carrying over) about $30 million each year for the 
past three years. 

It is surely understandable that, when a 
major program has been abolished and its staff 
dispersed, it must take years to reconstruct what 
was there before. L. K. DURST 



The following text was prepared by the 
staff of the Mathematical Sciences Division of 
NSF and was submitted to Congress as a part 
of the Administration's Budget Request for the 
Fiscal Year 1987. 

Mathematical Sciences Subactivity 
$59,800,000 

Summary of Request 
The FY 1987 Budget Request of $59.8 million for 
the Mathematical Sciences subactivity represents 
an mcrease of 11.6% over the FY 1986 Current 
Plan. 

(Millions of dollars) 
FY 1985 FY 1986 FY 1987 

Activity Actual Plan Request 

Classical Analysis $ 4.55 $ 5.02 $ 5.77 

Modern Analysis 4.66 5.09 5.86 

Geometric Analysis 4.52 4.95 5.69 
Topology & Foundations 5.70 6.16 7.08 

Algebra & Number 
Theory 7.91 8.58 9.87 

Applied Mathematics 6.42 7.03 8.91 
Statistics & Probability 5.60 6.17 7.44 

Special Projects 8.37 8.74 9.18 
-- --

Total $47.73 $51.74 $59.80 

Scientific Overview 
The Mathematical Sciences Subactivity fosters the 
creation and development of mathematical ideas, 
methods, and techniques and promotes their use 
in improving our understanding of physical, bio
logical, engineering, and social phenomena. To 
achieve these objectives, support provides for sig
nificant research in the mathematical sciences, and 
serves to ensure the continuing vitality and long
range health of the discipline. Each subdiscipline 
of the mathematical sciences, from those with the 
sharpest intrinsic focus to those that reach out 
to other areas of knowledge, is supported in such 
a way as to encourage their interaction and to 
provide a healthy balance among them. 

The core of the Foundation's program of 
research support in this area has been the Sci
entific Research Project Support (SRPS) awards. 
Within the SRPS activities, significant emphasis 
has been given to increasing the level of support 
for the young mathematicians to whom the field 
owes so much for its vitality. This emphasis has 
received significant enhancement since FY 1984. 
The mathematical sciences community recognizes 
a need for greater opportunities for communica
tion between mathematical scientists in the same 
or related fields, as well as with scientists in other 
disciplines. To provide for this need the subactiv
ity has a Special Projects Program which includes 
funding for research institutes at the University of 
Minnesota and in Berkeley, California, postdoc
toral and visitor support at three other research 
centers, a program of postdoctoral fellowships, 
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and support for research conferences and work
shops. Moreover, researchers are encouraged to 
join colleagues in obtaining funds for computing 
equipment that no single project could justify. 
Activities of this kind will continue to augment 
the SRPS awards. 

During the last few years major structural 
problems in the support for research have become 
visible. These problems resulted, in part, from 
a gradual attrition in support levels over several 
years. While this attrition was most pronounced 
in the funding levels for graduate students and 
postdoctoral associates, it has also affected sup
port for investigators. This problem has been 
documented in the 1984 report from the National 
Research Council entitled, Renewing U.S. Mathe
matics: Critical Resource for the Future. As the 
only Federal agency with responsibility for sup
port of research across the entire spectrum of the 
mathematical sciences, NSF plays a pivotal role 
attempting to address these structural problems. 
The issues are complex, but significant gains have 
been made since FY 1984. A determined effort, 
sustained over a period of years, is required to re~ 
align support for mathematical sciences research 
with that of other sciences. 

The chart below illustrates the crucial role 
played by NSF in the Federal support of basic 
research in the mathematical sciences. Percent
ages are based on a total Federal expenditure of 
$92.86 million in FY 1985. For the past decade, 
the mission-oriented research agencies have fo
cused their support on applied mathematics and 
statistics. New programs have been aimed at 
such emerging fields as dynamical systems and 
discrete mathematics. In all areas of the math
ematical sciences, Foundation-supported research 
generally involves a broader range of topics than 
the more project-oriented research sponsored by 
the mission agencies. 

Federal Academic Mathematics Funding 
FY 1985 

NSFIOTilER 
,.4% 

9.2% 

ONR 
12.9% 

NSF coordinates its support of research in the 
mathematical sciences with its counterpart Fed-



eral agencies through the Interagency Committee 
for Extramural Mathematics Programs. This 
group meets regularly to share information on 
policies of support and to discuss areas of em
phasis and of unusual scientific opportunity. Ex
tensive day-to-day contact between program of
ficers at various Federal agencies is maintained 
by telephone and personal visits. Conferences, 
workshops, and activities at research centers are 
sometimes supported jointly by the Foundation 
and one or more of the other agencies. 

Changes Between the 
FY 1986 Budget Request and the 

FY 1986 Current Plan 

(Millions of dollars) 
FY 1986 FY 1986 Percent 

Activity Request Plan Change 

Classical Analysis $ 5.36 $ 5.02 -6.3% 
Modern Analysis 5.49 5.09 -7.3 
Geometric Analysis 5.22 4.95 -5.2 

Topology & Foundations 6.63 6.16 -7.1 

Algebra & Number 
Theory 9.11 8.58 -5.8 

Applied Mathematics 7.64 7.03 -8.0 
Statistics & Probability 6.69 6.17 -7.8 
Special Projects 8.55 8.74 +2.2 

Total $54.69 $51.74 -5.4% 

The FY 1986 Current Plan is 5.4% below the 
FY 1986 Budget Request. This decrease results 
from the unspecified Congressional reduction. The 
decrease was distributed across the programs 
in accordance with perceived opportunities and 
needs. The modest increase in special projects 
reflects adjustments in support of postdoctoral 
researchers and equipment. 

The FY 1986 Current Plan maintains the 
Foundation's increases in the support of graduate 
students and postdoctoral researchers at some
what more modest levels than originally planned. 
Where possible, these increases are located in 
the SRPS programs. The table below describes 
the position with respect to critical infrastructure 
items. Maintaining progress on the personnel 
aspects of the infrastructure was held to have 
the highest priority. Within the senior investi
gator category, the emphasis will be on younger 
investigators. The increase for equipment and 

(Millions of dollars) 
FY 1985 FY 1986 FY 1986 
Actual Request Plan 

Graduate Students $ 6.04 $ 8.60 $ 7.25 
Increa:!e over F Y 1985 42.5% 20.1% 

Postdoctoral Researchers 6.23 7.60 7.00 
Increa:!e over F Y 1985 22.0% 12.4% 

SRPS Senior 
Investigators 30.03 32.38 32.05 

lncrea:!e over FY 1985 7.8% 6.7% 
Equipment & Access 

to Computers 1.72 2.78 2.19 
Increa:!e over F Y 1985 61.4% 27.2% 
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access to computers is small in dollars but large 
in percentage. The increase reflects increasing use 
of computational equipment in all areas of the 
mathematical sciences. 

FY 1987 Budget Highlights 

(Millions of dollars) 
FY 1986 FY 1987 Percent 

Activity Plan Request Change 

Classical Analysis $ 5.02 $ 5.77 14.9% 

Modern Analysis 5.09 5.86 15.1 
Geometric Analysis 4.95 5.69 15.0 
Topology & Foundations 6.2 7.1 14.8 

Algebra & Number 
Theory 8.58 9.87 15.0 

Applied Mathematics 7.03 8.91 26.7 

Statistics & Probability 6.17 7.44 20.6 

Special Projects 8.74 9.18 5.0 
-- --

Total $51.74 $59.80 15.6% 

The increase of 15.6% for the Mathematical Sci
ences subactivity is partially in response to the 
recommendations of the recent report from the 
National Research Council entitled Renewing U.S. 
Mathematics: Critical Resource for the Future and 
the subsequent National Science Board resolution 
on the need to bolster resources for the mathemat
ical sciences. The central role of the mathematical 
sciences in the computational approach to science 
and engineering accounts for the remainder of the 
increase. 

The mathematical sciences are engaged in 
the computational approach to science and en
gineering in three distinct ways. First, as in 
most other disciplines, the computer is becom
ing increasingly important as a tool within the 
mathematical sciences themselves. Second, math
ematical scientists, particularly numerical ana
lysts and computational statisticians, work with 
scientists and engineers from all disciplines in 
the integrated development and application of 
computational mathematical models, algorithms 
and efficient computational software. Finally, 
the mathematical sciences provide the necessary 
theoretical underpinnings for the development of 
computational methods. 

The FY 1987 Budget Request provides $3.0 
million for increased support for all three modes 
of activity with emphasis on the second. These 
funds have been distributed across the Subac
tivity according to expected use. The greater 
involvement of the programs of Applied Mathe
matics and Statistics and Probability in the area 
of computational science and engineering results 
in larger increases for these programs. Funds as
sociated with this computational initiative will be 
coordinated on a Subactivity-wide basis, with the 
development of multidisciplinary teams providing 
a focus for the research supported. 

Since FY 1984, the budget of the Mathemat
ical Sciences subactivity has included increments 
dedicated to the support of graduate students 



and postdoctoral associates. This emphasis is 
continued in the FY 1987 Budget Request. The 
table below summarizes the impact of the request 
on various items. 

Graduate Students 
Postdoctoral Researchers 
SRPS Senior 

Investigators 
Equipment & Access 

(Millions of dollars) 
FY 1986 FY 1987 Percent 

Plan Request Change 

$ 7.25 $ 9.90 36.6% 
7.00 8.06 15.1 

32.05 35.62 11.1 

to Computers 2.19 2.85 30.1 

• All support for graduate students will be 
located in the SRPS programs. The number 
of graduate students supported will increase 
from about 750 in FY 1986 to about 875 in 
FY 1987, and more of the students will be 
supported as full-time research assistants. 

• The increase in funds for postdoctoral re
searchers will come almost entirely in the 
SRPS programs. The number of Mathe
matical Sciences Postdoctoral Research Fel
lowships awarded by the Special Projects 
Program will be held constant at 30. The 
total number of postdoctoral researchers sup
ported is expected to increase from about 240 
in FY 1986 to about 255 in FY 1987 while the 
time supported per postdoctoral researcher 
increases significantly on SRPS awards. 

• Funds for the support of senior investigators 
include support for the Mathematical Sci
ences aspects of Foundation-wide activities 
such as the Presidential Young Investigator 
awards Research Opportunities for Women, 
Resear~h in Undergraduate Institutions, Mi
nority Research Initiation, and the Exper
imental Program to Stimulate Competitive 
Research. It is expected that the number 
of investigators supported will increase from 
about 1300 in FY 1986 to about 1330 in 
FY 1987. 

• The increase for computer equipment and 
access to computing facilities is large in per
centage, but small in amount. The increase is 
in response to the increasing needfor this re
source in all of the areas of the mathematical 
sciences. 
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The following text was prepared by the 
staff of the Computer Research Division of 
NSF and was submitted to Congress as a 
part of the material which accompanied the 
Administration's Budget Request for the Fiscal 
Year 1987. 

Computer Research Subactivity 
$44,440,000 

Summary of Request 
Support for Computer Research is increased by 
$4.27 million, or 10.6%. 

(Millions of dollars) 
FY 1985 FY1986 FY1987 

Activity Actual Plan Request 

Theoretical Computer 
Science $ 4.86 $ 5.15 $ 5.58 

Software Systems 
Science 4.24 4.80 5.47 

Software Engineering 3.57 3.85 4.93 
Intelligent Systems 5.22 5.35 5.67 
Computer Systems 

Design 3.60 3.50 3.47 
Coordinated Experi-

mental Research 15.12 15.10 14.40 
Special Projeets 1.02 0.92 3.42 
Computer Research 

Equipment 1.49 1.50 1.50 

Total $39.12 $40.17 $44.44 

Scientific Overview 
The new academic discipline of computer research 
has its roots in the mathematical sciences, electri
cal engineering, and logic. The use of computers 
stimulates the growth of computer research as a 
discipline; in turn, computer research is build
ing the knowledge base for improving computer 
technology. Unlike the physical sciences, which 
deal with the intrinsic properties of physical mat
ter, computer research discovers the concepts and 
laws governing problem-solving procedures and 
develops computing systems which test and uti
lize them. The universe for study consists of 
strategies and algorithms for solving problems, 
methods of representing and transforming infor
mation, programs for carrying out computation 
procedures, and machines for executing programs. 

Funding patterns in computer research are 
often difficult to discern because it is common to 
confuse research in other sciences using comput
ers or applied research on computer technology 
performed by industry or the mission-oriented 
agencies with computer research. The com
puter industry, paced by the constant demand 
for new or improved products, has concentrated 
on short-term requirements for most research and 
development projects. Some basic research is 
carried out, principally in a few of the largest 
companies, and companies also provide limited 
support for academic research. This is mainly 
in the form of discounts or gifts of equipment 



but there are also some faculty study contracts, 
graduate student fellowships or forgivable loans, 
and a small number of unrestricted departmental 
grants. The total investment by industry at aca
demic institutions has been increasing but there is 
heavy emphasis on educational use of computers, 
concentration of research support at a few selected 
academic centers, and product orientation. 

Both academic and industrial computer re
search are supported by several agencies and, with 
the Department of Defense Strategic Computing 
initiative, Federal investment has risen rapidly. 
Most Federal programs support directed research 
that is relevant to their respective missions. As 
with industrial support, there is concentration at 
a few academic centers on selected topics. In 
contrast, NSF responds to unsolicited proposals 
in all areas of computer research from all research 
performing institutions. As a result, NSF sup
port is more widely distributed in both subject 
and locale and plays a unique role in discover
ing knowledge and strengthening the country's 
scientific potential. 

Changes Between the 
FY 1986 Budget Request and the 

FY 1986 Current Plan 
(Millions of dollars) 

FY 1986 FY 1986 Percent 
Activity Actual Plan Change 

Theoretical Computer 
Science $ 4. 758 $ 5.15 + 8.4% 

Software Systems 
Science 4.40 4.80 + 9.1 

Software Engineering 3.85 3.88 0 
Intelligent Systems 5.40 5.35 - 0.9 
Computer Systems 

Design 4.18 3.50 -16.3 
Coordinated Experi-

mental Research 16.30 15.10 - 7.4 
Special Projects 1.06 0.92 -13.2 
Computer Research 

Equipment 1. 79 1.50 -16.2 

Total $41.73 $40.17 - 3.7% 

The FY 1986 Current Plan is 3. 7% below the 
FY 1986 Budget Request. This decrease cor
responds to the unspecified Congressional Ap
propriation reduction. This reduction was not 
spread evenly across the programs. Increased 
proposal pressure, coupled with identified needs 
for more support for research in the foundations 
of computer science and computer engineering, 
have led to increases in the more theoretical com
puter research project support programs and a 
resulting larger decrease in other programs. The 
priorities are consistent with plans to emphasize 
standard research project support over infras
tructure support, with substantial reductions be
ing made in the Computer Research Equipment, 
Special Projects, and Coordinated Experimen
tal Research programs. The reduction to the 
Computer Systems Design Program reflects grow
ing cooperation and joint sponsorship with other 
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NSF programs such as the Computer Engineering 
Program within the Design, Manufacturing, and 
Computer Engineering Subactivity and with the 
programs of other agencies such as DARPA and 
DOE. 

FY 1987 Budget Highlights 
(Millions of dollars) 

FY 1986 FY 1987 Percent 
Activity Plan Request Change 

Theoretical Computer 
Science $ 5.15 $ 5.58 + 8.3% 

Software Systems 
Science 4.80 5.47 + 14.0 

Software Engineering 3.85 4.93 + 28.1 
Intelligent Systems 5.35 5.67 + 6.0 

Computer Systems 
Design 3.50 3.47 0.9 

Coordinated Experi-
mental Research 15.10 14.40 4.6 

Special Projects 0.92 3.42 +271.7 
Computer Research 

Equipment 1.50 1.50 0 

Total $40.17 $44.44 10.6% 

The FY 1987 Request is for an increase of $4.27 
million or 10.6%, above the FY 1986 Current Plan. 

The Computer Research budget in FY 1987 
reflects two new NSF activities. 

• Computational Science and Engineering 
{$1.01 million in the Software Engineering 
Program Element). This will support 3-5 in
vestigator interdisciplinary research groups, 
advanced computational facilities, and indi
vidual research projects to discover computa
tional methods appropriate for new computer 
architectures. 

• Research on Advanced Computers {$3.0 mil
lion; $2.0 million in the Special Projects 
Program Element and $1.0 million in other 
program elements). This provides focused re
sources to study advanced computer concepts 
and systems. Several areas have been identi
fied that need this type of support including 
advanced computer architectures, software is
sues arising from new computer architectures, 
and information structure, cognition and for
mal languages. $3.0 million will enable NSF 
to make a start toward developing these new 
research directions. The large project portion 
of this activity, $2.0 million, will be adminis
tered through the Special Projects Program 
Element and $1.0 million will be used to 
increase the number of smaller faculty and 
graduate student science research projects in 
these areas. 
Other science research project support will 

be increased by $1.46 million, or 6.2%, to a total 
of $25.03 million. This will allow limited expan
sion of support for research on the foundations 
of computer science and will provide increased 
support for young faculty and graduate students 
in all research areas. These items have very high 



priority in academic computer research at this 
time. 

Because of the extreme need for faculty 
research projects and graduate student support, 
the Coordinated Experimental Research Program 
Element will be reduced by $0.7 million to $14.4 
million. This will impose a net decrease of one 
or two in the number of active CER awards. The 
total number will drop to about 20 or 21 with 
three or four new or renewal awards replacing the 
five active awards terminating in FY 1987. 

The following text was prepared by mem
bers of the staff of the Office of Advanced 
Scientific Computing of NSF and was submit
ted to Congress as a part of the material which 
accompanied the Administration's Budget Re
quest for the Fiscal Year 1987. 

Advanced Scientific Computing 
$53,630,000 

Summary of Request 
(Millions of dollars) 

FY 1985 FY 1986 FY 1987 
Activity Actual Plan Request 

Advanced Scientific 
Computing $41.40 $45.23 $53.63 

The FY 1987 Budget Request for Advanced Sci
entific Computing is $53.63 million, an increase of 
$8.40 million or 18.6% over the Current Plan of 
$45.23 million. 

Scientific Overview 
The Advanced Scientific Computing activity pro
vides high quality access to unique advanced com
putational facilities for all segments of the science 
and engineering basic research community. 

The specific objectives are: 
• To provide the large scale computational 

resources essential both to the research and 
to the training of scientists and engineers. 

• To extend and develop networks and com
munications systems which assure access to 
large scale computing facilities. 

• To create computer programs for making 
software more portable; making operating 
systems more user-friendly; providing more 
efficient programs for scientists; and devel
oping means to handle, store and interpret 
massive amounts of data. 
Supercomputers are powerful instruments; 

they have contributed and will continue to con
tribute significantly to the advancement of scien
tific and engineering research. Access to new com
putational centers for use in basic research activi
ties will increase opportunities (1) for researchers 
to attack previously intractable problems through 
the development of complex numerical models; 
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(2) for research communities to collect and ana
lyze data leading to new insights concerning key 
scientific problems; and (3) for graduate students 
to obtain training in the use of supercomputers. 

Effective development of supercomputer fa
cilities requires the creation of a national scien
tific research network (NSFNET). Initially, points 
of access will be added to existing networks 
(ARPANET, BITNET, CSNET, MAILNET, 
MFENET) to provide access for NSF-supported 
researchers. At first, not all supercomputers 
will be directly accessible from all networks, but 
enough paths will be provided to assure effec
tive access. Subsequently it will be necessary 
to try several experiments to provide information 
required for the development of NSFNET. 

The challenge for NSF is to establish both 
centers and network access, to make efficient use 
of existing resources and capacities, and to create 
facilities dedicated to meeting the computational 
requirements of the many science and engineering 
disciplines. The time allocation chart which 
follows shows NSF experience to date in both 
the range and the degree of utilization among 
disciplines. 

Supercomputer Allocation 
By Program 

August 1984-November 1985 

HOURS 

NSF Role 
NSF undertakings are consonant with similar ac
tivities undertaken or planned by other more 
mission-oriented Federal agencies, most notably 
the Department of Energy, Department of De
fense, the National Oceanic and Atmospheric Ad
ministration, and the National Aeronautics and 
Space Administration, which support research in 
weapons development, fusion energy, aerodynam
ics and atmospheric science. The NSF activity, as 
it provides advanced computing facilities to the 
academic basic research community, will make 
maximum use of the facilities and the knowledge 
of other Federal agencies. 

The centers program focus is on providing 
large scale computational resources to all scien
tific and engineering disciplines for basic research 
requirements via national NSF supercomputer 
centers. NSF, with considerable supercomputer 
center experience, particularly in the atmospheric 



sciences, occupies a key position for creating this 
new science resource. 

The approach of creating an Internet, or 
network of networks, will ensure connection of 
the national supercomputer centers and the more 
than 30 academic institutions of the two super
computer center consortia with other users of the 
expanded ARPANET. Steps have been taken to 
design an interagency plan to interconnect exist
ing individual agency networks. A. Networking 
Working Group has been formed as part of the 
Federal Coordinating Committee on Science, En
gineering, and Technology in order to provide 
coordination for this effort. 

Through a new technologies effort NSF seeks 
to provide unique supercomputer hardware, and 
to facilitate engineers' and scientists' access to 
high powered machines via ·both user-friendly 
computer interfaces and improved software. NSF 
is especially capable of supporting such projects 
because of its commitments to scientific and 
engineering disciplines, to computer research, to 
mathematical development, and to the interface 
areas among these fields of science. 

Changes Between the 
FY 1986 Budget Request and the 

FY 1986 Current Plan 
(Millions of dollars) 

FY 1986 FY 1986 Percent 
Activity Request Plan Change 

Advanced Scientific 
Computing $46.23 $45.23 -2.16% 

A reduction of one million dollars from the 
FY 1986 Budget Request has been made in the 
centers program, and the funds reprogrammed to 
support development of an advanced supercom
puter system at the National Center for Atmo
spheric Research. 

FY 1987 Budget Highlights 
(Millions of dollars) 

FY 1986 FY 1987 Percent 
Activity Plan Request Change 

Advanced Scientific 
Computing $45.23 $53.63 18.57% 

The requested increase will support significant 
growth of activities at the national centers, and a 
continuing level of effort in ne,twork and experi
mental technology development. 

Background 
The plan of the centers program has entailed a two 
phase approach: 1) to immediately provide time on 
supercomputers via lease agreements with existing 
supercomputing facilities, and 2) to replace the 
lease plan with new national centers. In FY 1985-
86, NSF acquired services from six organizations 
to fill the immediate large scale computational 
needs of researchers. These centers are located 
at the University of Minnesota, Colorado State 

458 

University, Purdue University, Boeing Computer 
Services, Ana' Bell Labs, and Digital Productions. 

NSF is currently establishing three national 
supercomputer centers: the San Diego Super
computer Center (University of California at San 
Diego, CRAY X-MP /48); the National Center 
for Supercomputing Applications (University of 
Illinois, CRAY X-MP/24); and the John Von 
Neumann Center for Scientific Computing (near 
Princeton University, CYBER 205 interim machine 
which will be replaced by an ETA 10). A 
fourth center, the Pittsburgh Center for Advanced 
Computing in Engineering and the Sciences, is in 
the process of initiation. In addition to providing 
supercomputer services to academic researchers, 
the national centers also encourage collaborative 
projects among visiting researchers. 

During FY 1986 NSF has been working with 
the Department of Defense agencies, Department 
of Energy, NASA, and Department of Commerce 
to develop plans for NSF NET. This will build on 
the experience of DARPA with ARPANET, NSF 
with CSNET, and other government and private 
networks as well as the academic community's 
network, BITNET. A medium speed "backbone" 
network connecting the national centers was be
gun in 1986, ensuring that supercomputer users 
on campuses with ARPANET connections or mem
bers of consortia networks will be able to gain 
access to all NSF supercomputer centers. 

In FY 1986 the experimental systems compo
nent of the new technologies effort has focused on 
a pilot program in interactive graphics and user
friendly, intelligent, and transparent operating 
interfaces between keyboard and supercomputer. 
The program also has supported algorithm and 
software development. In addition, an experimen
tal supercomputer center was opened at Cornell 
University where access is provided to an ad
vanced parallel system consisting of an IBM 3084 
QX mainframe with a number of attached FPS 264 
scientific processors. Parallel processing schemes 
effectively dissect complex mathmatical [sic] prob
lems into several independent calculations which 
can be performed concurrently rather than se
quentially, thus providing considerable increases 
in performance. 

FY 1987 Budget Highlights 
The Phase I resource center activity will be 
continued at reduced funding levels. Phase II 
Centers (Illinois, Princeton, and San Diego) would 
be maintained at an augmented capabilities level 
and the John von Neumann Center will carry 
out the planned upgrade from a CYBER 205 
to an ETA 10. The Pittsburgh Center will be 
undergoing rapid growth. Resource Centers will 
be supported only when they provide services not 
readily available at the national centers. 

The NSFNET component of the network
ing program remains essentially the same as in 



FY 1986. This level of support allows the con
tinuation of the commitments to the consortia 
networks, the community wide area networks 
(especially ARPANET), the NSF "backbone" net
work, and the existing networking pilot projects, 
plus limited support for network management 
and operations. No new networking projects will 
be begun. The local access component of the 
networking program will remain the same as in 
FY 1986, allowing funding of additional campus 
gateway systems so as to connect an additional 
20-30 campuses to the ARPANET. 

The new technologies program will upgrade 
the Cornell center's IBM 3084 to an IBM 3090 
in order to provide more supercomputing power 
to the user. Software technology and training 
will be furnished to accomodate a larger cross 
section of scientists and engineers; workshops will 
be supported to introduce investigators to the 
unique capabilities afforded by the facility. The 
request also allows for the possible development of 
a large scale, massively parallel computer system. 

This program will also continue to develop in
novative software, numerical methods and graph
ical techniques to meet the needs of the scientific 
and engineering communities. Included are user
friendly and transparent interfaces between the 
user and the computer, transportable computer 
programs and efficient mathematical and compu
tational methods. 

The table which follows displays the funding 
aspects of these plans for FY 1987 and relates 
them to prior years. 

Centers 
JVNC (Princeton) 
San Diego 
Illinois 
Pittsburgh 

Resource Centers 

Subtotal 

Networking 
NSFNET 
Local Access 

Subtotal 

New Technologies 

Experimental Center 
(Cornell) 

Experimental Systems 

Subtotal 

(Millions of dollars) 

FY 1985 FY 1986 FY 1987 
Actual Plan Request 

$ 8.3 $ 8.0 $11.5 
4.7 9.1 11.5 

5.0 7.0 8.5 
0.0 2.0 4.0 

10.2 3.4 2.3 
-- -- --
$28.2 $29.4 $37.8 

$ 3.7 $ 5.8 $ 6.0 
2.2 1.0 1.0 

-- --
$ 5.9 $ 6.8 $ 7.0 

$ 4.9 $ 6.3 $ 6.2 
0.9 2.7 2.6 

-- --
$ 5.8 $ 9.0 $ 8.8 
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The following text was prepared by the 
staff of the Science and Engineering Educa
tion Directorate of NSF and was submitted 
to Congress as a part of the Administration's 
Budget Request for the Fiscal Year 1987. 

Science and Engineering Education 
$89,000,000 

Summary of Request 
The FY 1987 Budget Request for Science and 
Engineering Education (SEE) is $89,000,000, an 
increase of $1,955,675, or 2.2 per cent over the 
FY 1986 Current Plan of $87,044,325. 

(Millions of dollars) 

FY 1985 FY 1986 FY 1987 
Activity Actual Plan Request 

Research Career 
Development $27.30 $27.34 $27.30 

Teacher Preparation and 
Enhancement 25.19 27.00 27.00 

Materials Development, 
ResearcJg and Informal 
Science ducation 22.72 25.00 25.00 

College Science 
Instrumentation 5.00 5.50 7.50 

Studies and Program 
Assessment 1.75 2.20 2.20 

Total $81.96 $87.04 $89.00 

NSF Role 
The responsibility of the Science and Engineering 
Education (SEE) Activity is to define and fund 
programs and projects that support the educa
tional aspects of the Foundation's mission. The 
magnitude of the educational effort in the United 
States and the long lead times needed for new 
programs, materials and methods require a con
tinuing and significant involvement in this area. 
Sustaining this level of commitment, visibility, 
and continuity expresses the serious national con
cern with science, mathematics, and engineering 
education and will draw the best, most creative 
people into the process. 

SEE fulfills this responsibility by conducting 
leadership activities that inform and/or stimulate 
other sectors and by support of original work and 
other merit-based high-leverage activities that 
serve as prototypes and models of excellence for 
the Nation. A major objective is to encourage ap
propriate cooperation among academic scientists, 
engineers, educators and the private sector for 
intellectual partnerships as well as for leveraging 
funds. 

The role of SEE is to help insure that: 
• a high-quality precollege education in science 

and mathematics is available to every child in 
the United States, sufficient to enable those 
who are interested and talented to pursue 
technical careers, especially in science and 
engineering, as well as to provide a base for 
understanding by all citizens. 



• those who select scientific and engineering 
careers have available the best possible pro
fessional education in their discipline. While 
other NSF programs provide apprenticeship 
training for the next generation of scientists 
and engineers through research support, SEE 
concentrates on the educational structure 
leading to this stage; that is, the teachers, 
students, laboratory, and classroom resources 
that remain important through undergradu
ate and graduate studies. 

• opportunities are available at the college level 
for interested nonspecialists to broaden their 
science, mathematics and technology back
grounds. The great majority of students need 
a technical perspective and understanding 
to give them insights into and acquaintance 
with the principles, practices, techniques, and 
limits of science. 

• informal science education programs are 
available to maintain public awareness of 
and interest in scientific and technological 
developments that may affect their lives. 
Particular attention is focused on the prob-

lems and strategy of assistance to precollege 
education- the area of greatest complexity and 
NSF's most urgent responsibility. The scope and 
complexity of the problems are so great and so 
diverse that we cannot expect wholly adequate 
or well-coordinated solutions to emerge sponta
neously and totally from local, or even state 
institutions. Here, a Federal leadership role is 
particularly critical. 

At the precollege level, NSF support is now 
targeted toward resolving problems of: 

• inadequate subject matter competence of cur
rent teachers; 

• inadequate subject area pre-service teacher 
preparation; 

• classroom materials that are outdated or 
poorly adapted to the needs of major popu
lations; 

• ineffective use of advanced technology; 
• poor exchange of information about success

ful techniques and programs; and 
• insufficient opportunities for many talented 

young men and women to gain experiences 
that are critical to their early understanding 
and appreciation of science and mathematics. 

A current major reflection of SEE's leadership role 
is the special emphasis on elementary and middle 
school levels of education. These are critical 
stages in the educational process and present 
problems of great magnitude. 

In informal science education, NSF will con
tinue, but not expand, support for "open-air" 
televison [sic] broadcasts, and will increase sup
port to help museums expand their role as a focus 
and locale for science clubs, hobby groups and 
other activities that encourage science interest. 

At the undergraduate level, NSF has begun 
to attack the serious problem of deteriorating 
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instrumentation in four-year colleges. Moreover, 
a special committee of the National Science Board 
is now completing an in-depth analysis of the 
problems facing undergraduate education and will 
recommend an appropriate NSF response. 

NSF continues its diverse activities designed 
to ensure a continuing flow of the best and 
brightest students into careers in mathematics, 
science and engineering. This kind of activity 
has been a hallmark of NSF's role in science and 
engineering education and will continue to be 
prominent in its programs into the future. 

SEE has a special role in the NSF with 
regard to increasing the participation of women, 
minorities and the physically disabled in science 
and engineering. Better educational opportunities 
and conditions at all levels are ways to success in 
this important area, and these are sought by SEE 
in all phases of its mission. 

SEE coordinates its activities closely with 
other relevant areas of NSF and with other agen
cies, e.g., NASA, Department of Energy and the 
Department of Education (DoEd). Such coordi
nation is intended to promote maximum use of 
expertise in the agencies, to minimize program 
overlap, and to optimize the use of limited Fed
eral resources. NSF and DoEd, for example, have 
collaborated in supporting a number of projects, 
including the International Study of Mathematics 
and the broadcast series 3-2-1 Contact and The 
Voyage of the Mimi. 

Changes Between the 
FY 1986 Budget Request and 

FY 1986 Current Plan 

(Millions of dollars) 

FY1986 FY1986 Percent 
Activity Request* Plan Change 

Research Career 
Development $27.30 $27.34 0.2% 

Teacher Preparation and 
Enhancement 25.00 27.00 8.0 

Materials Development 
Research and Informal 
Science Education 22.70 25.00 10.1 

College Science 
Instrumentation 5.00 5.50 10.0 

Studies and Program 
Assessment 2.00 2.20 10.0 

Total $82.00 $87.04 6.1% 

* Includes $31.45 FY 1985 Deferral plus $50.55 in new 
obligational authority. 

The SEE Activity received an appropriation of 
$55,550,000 for its activities in FY 1986. This 
amount represents an increase of $5,000,000 from 
the FY 1986 Budget Request of $50,550,000. The 
FY 1985 carryover into FY 1986 was $31,494,598 
results from a planned deferral of $31.45 million 
in the precollege areas and a small additional 
carryover of $0.04 million in the Research Career 
Development subactivity. The FY 1986 Current 
Plan totals $87,044,325 and reflects the net effect 
of the FY 1985 deferral and carryover and the 
FY 1986 new obligational authority. 



(Millions of dollars) 

FY 1986 FY1987 Percent 

Activity Request Plan Change 

Research Career 
Development $27.34 $27.30 - 0.2% 

Teacher Preparation and 
Enhancement 27.00 27.00 0 

Materials Development, 
Research, and Informal 
Science Education 25.00 25.00 0 

College Science 
Instrumentation 5.50 7.50 +36.4 

Studies and Program 
Assessment 2.20 2.20 0 

Total $87.04 $119.00 + 2.3% 

The allocations for the Research Career De
velopment; Materials Development, Research, and 
Informal Science Education; Teacher Preparation 
and Enhancement; and Studies and Program As
sessment subactivities are unchanged from the 
FY 1986 Current Plan, enabling them only to 
maintain their base programs. However, this will 
include 560 new graduate fellowship awards in 
Research Career Development, and additional so
licitations for proposals targeted at specific prob
lems in science and mathematics in the Nation's 
elementary and secondary schools. 
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The FY 1987 SEE budget increase of $2.0 mil
lion will be concentrated in the College Science 
Instrumentation subactivity, bringing it to a level 
of $7.5 million. Because of the severity of needs 
in the undergraduate engineering disciplines $3.0 
million will be targeted for strengthenin~ the 
instructional engineering laboratories in the Na
tion's colleges and universities. The remaining 
$4.5 million will be used to continue strengthening 
the laboratory instruction at four-year colleges as 
was done in FY 1985 and FY 1986. 

Changes in Budget Structure 
For better compatibility and administrative effi
ciency, all precollege teacher program areas are 
now associated within one subactivity, and in
formal science education is now associated with 
materials development and research. Therefore, 
the former Materials Development and Research 
subactivity is now termed Materials Develop
ment, Research, and Informal Science Education 
and the former Teacher Enhancement and Infor~ 
mal Science Education subactivity is now termed 
Teacher Preparation and Enhancement. 
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Mathematical Sciences: 
A Unifying and Dynamical Resource 

Report of the Panel on Mathematical Sciences, 

initiated by the National Research Council 

Preface 

During the summer of 1985, a group of state
of-the-art reviews was initiated by the National 
Research Council (NRC) at the request of the 
National Science Foundation. The purpose of 
these reviews is to assess and monitor world 
trends, relative strengths, and competitiveness of 
the United States in rapidly evolving areas of 
science and technology. Particular emphasis is to 
be placed on developments that influence the rate 
at which these fields evolve. Three study areas
cell biology, pure and applied mathematics, and 
materials science- were chosen for review. 

The study on mathematics was conducted by 
the Panel on Mathematical Sciences under the 
auspices of the Board on Mathematical Sciences 
of the NRC's Commission on Physical Sciences, 
Mathematics, and Resources. The Panel has 
described major trends in modern mathematics 
and then illustrated them with a few "vignettes." 
Through this case-study approach, the Panel il
lustrates its assertions that we are in a dynamic 
period of mathematical discovery and that math
ematics is the fundamental discipline of science 
and hence a critical U.S. resource. 

International competition and competitive
ness are concepts that traditionally are alien to 
the study of mathematics, in fact, cooperation 
among individuals of different nations is a vital 
part of the pursuit of solutions to mathematical 
problems. Mathematics is intrinsically inter
national, with its own language cutting across 
barriers of geography and culture. Research and 
applications in engineering and the physical sci
ences and, more recently, in business and the social 
sciences rely increasingly on mathematics for their 
basic structure, for the modeling of phenomena, 
and as the basis of new computational directions. 
Mathematics is a major field of application of 
the recent powerful computer advances and is the 
fundamental discipline underpinning both the de
velopment of the computer techniques themselves 
and the applications of these techniques in all 
fields. 

Mathematics has become, even more directly, 
the language and the foundation of science, tech
nology, and social organization. Indeed, it is 

463 

a fundamental driving force in the worldwide 
progress that is altering the economic, political, 
and social balance among nations. It is essential 
for the United States to maintain momentum in 
mathematics if we are to maintain our overall 
competitiveness in other areas. 

The National Research Council, the scientific 
community, and I are deeply indebted to the panel 
members, the many colleagues who assisted them, 
and the able and conscientious reviewers. Thanks 
also go to Patricia Kenschaft, a mathematician at 
Montclair State College, for her excellent mathe
matical editorial work. The chairman is especially 
grateful to the staff of the Board on Mathematical 
Sciences, which under the leadership of Frank L. 
Gilfeather provided throughout the project the 
support so essential to its successful completion. 

Those responsible for guiding science policy 
in the Congress and the Administration are the 
primary audience for this report. The report 
will be useful to other audiences, too: leaders of 
universities, the mathematical sciences research 
community, and ctlso those who are inquisitive 
about the mathematical sciences, about its struc
ture and its current directions. 

Phillip A. Griffiths, Chairman 
Panel on Mathematical Sciences 

Executive Summary 
Trends. This report emphasizes four major trends 
in the mathematical sciences: 

• Mathematical sciences research is strong 
worldwide, and the United States is main
taining the leading role. 

• Mathematics is unifying internally. 
• Applications of mathematics in both tra

ditional and new areas are flourishing and 
involving more central areas of mathematics. 

• Mathematics is the driving force behind new 
areas of computational science and is in turn 
profoundly influenced by high-speed comput
ing. 
These trends, which demonstrate the vitality 

of the mathematical sciences as well as the chang
ing nature of this critical discipline are illustrated 
in a series of six vignettes given in Chapter 3. 



There are several corollaries of the trends, 
which are especially notable in view of the de
clining U.S. Ph.D. production .in mathematical 
sciences, as seen in the table below. The expand
ing number and sophistication of tools needed 
for successful research as areas of mathematics 
become intertwined now require protracted study 
often beyond the Ph.D. degree. This corollary 
development is especially critical for those work
ing at high levels of applications of mathematics. 
The difficulty in reaching mathematical research 
frontiers with the requisite deep, broad range of 
knowledge, without the opportunity for extended 
study, may partially explain the decreasing Ph.D. 
production. This decrease will continue if the po
tential talent does not feel that continuing, as well 
as entry level, research support will be available. 

Some of the vignettes point out that the 
number of young researchers is of great concern 
and that considerable talent must be imported 
to keep the United States in the forefront of 
mathematical research fields. With the continued 
resurgence of European mathematics, this cannot 
be a permanent solution to manpower shortages. 
While the United States maintains leadership in 
most areas of mathematics, in some important 

maintain its vitality. The figures cited above for 
Ph.D. production reveal a precarious situation, 
and we believe that it may be worsening. In 
addition, if we are to assure the quality of the 
mathematics enterprise in the United States, the 
opportunities for postdoctoral training must be 
significantly expanded. 

As we provide sufficient opportunities for 
young investigators and students, we must also 
maintain the strength and vitality of senior lead
ership. That the United States maintains math
ematical pre-eminence is due in part to the 
commitment and investment made in the past 
to an outstanding group of researchers. Unfor
tunately, this commitment has been considerably 
weakened over the past decade as was documented 
in the 1984 NRC report Renewing U.S. Mathe
matics: Critical Resource for the Future (National 
Academy Press, Washington, D.C., 1984). The 
challenge of current policy is to provide greater 
opportunities for the young while maintaining our 
current strength in leadership. The two goals are 
inextricably related. 

Introduction 
fields new talent is only sparsely available. This expository report reviews world trends in 

Ph.D. Production and Support. These issues mathematics and assesses the position of Ameri-
of manpower and infrastructure relate directly can mathematics in the world mathematical com-
to how the United States stands in production munity. It was written in response to a request 
of new Ph.D.s and in support of postdoctoral from the National Science Foundation to the 
fellowships and graduate students in the sciences Board on Mathematical Sciences. Chapter 2 de-
generally. The results as summarized below and lineates four current trends in the development of 
reported in Chapter 4 (Table 1) are dramatic. the mathematical sciences. Chapter 3 contains 

Challenges. Continued concern should be six short vignettes, illustrating some of the major 
expressed over the decline in the number of Ph.D.s efforts in current mathematical research. The 
in the mathematical sciences in the United States, topics of the vignettes are: 
and in view of the critical role of mathematics • D-modules 
this trend must be reversed. It is essential that • Computational Complexity 
the long-range attractiveness of the field and the • Nonlinear Hyperbolic Conservation Laws 
prospects for success within it be such as to • Yang-Mills Equations 
attract able researchers. The competition for • Operator Algebras 
students among the various fields of science is • Survival Analysis 
keen, and it is critical that mathematics be able The vignettes substantiate the trends and 
to provide sufficient inducements to candidates to illustrate the excitement and struggle of mathe-

Comparisons of Federal Support for Postdoctoral and 
Graduate Students in Three Fields of Science 

Chemistry Physics 

1980 1984 1980 1984 

Annual Ph.D. Production 1538 1765 862 962 
Postdoctorals (P.D.) 

federally supported 2255 2473 1210 1150 
Graduate Students (G.S.) 

federally supported 3700 4118 2900 3348 
Ratio P.D./Ph.D. 1.47 1.40 1.40 1.20 
Ratio G.S./Ph.D. 2.41 2.33 3.36 3.48 

Sources: NRC Survey of Doctorate Recipients. 
Survey of Graduate Science and Engineering Students and Postdocs, NSF. 
Survey of Doctorate Recipients, NSF, unpublished, Table D-32. 
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Mathematical 
Sciences 

1980 1984 

744 698 

57 132 

200 411 
0.08 0.19 
0.27 0.59 



matical research, indicating more accurately than 
could any compilation of areas and results the 
emphasis and vitality of the discipline. Moreover, 
since specific research results are the substance of 
living mathematics, our general observations are 
made more meaningful through the six vignettes. 
The report closes with a brief epilogue, which 
records the key recommendations of the NRC 
report Renewing U.S. Mathematics: Critical Re
source for the Future and remarks on the response 
to and impact of this important report. 

Trends 
Mathematics is unifying, and it continues to be 
a dynamic resource in science. Of the many 
indications of this, the following are outstanding: 

• Difficult problems that have been unsolved 
for many years are now being solved with 
amazing frequency- a strong confirmation 
of the vitality of mathematics. 

• Mathematics is unifying internally. The 
division between pure and applied mathe
matics that developed in the first part of 
the twentieth century and allowed for the 
rapid development of new fields is now disap
pearing. Moveover, the distinctions between 
traditional areas of specialization have be
come blurred. 

• Traditional areas of applied mathematics are 
flourishing. Further, significant, deep inter
actions are occurring directly between core 
mathematics and other fields, including the 
natural sciences, engineering, and the social 
sciences. Increasing interactions are occur
ring not only with the traditional areas of 
physics, chemistry, and engineering but also 
with newer fields such as molecular genetics, 
business, sociology, information sciences, and 
studies in policy analysis. 

• Mathematics is the underpinning of the revo
lutionary changes taking place in all scientific 
and engineering fields as a result of the 
advent of powerful computers. The devel
opment of scientific computing has not only 
highlighted a host of critical new mathemat
ical problems it has introduced new tools for 
mathematicians. 
With the necessary support, mathematics will 

continue to flourish, to attract excellent minds, · 
and in the coming years to produce much essential 
new mathematics on an international basis. The 
role of any particular country in this development 
is hard to predict. Mathematical leadership will 
depend on many factors, primary among them 
the support that individual nations give to basic 
sciences in general and mathematical research in 
particular. 

Recent Breakthroughs. Among recurring 
solutions to previously unsolved problems, several 
examples merit mentioning. One of them is the 
program to classify finite groups, which generated 
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a long list of important new efforts. The recent 
solution of the deep Bieberbach Conjecture in 
classical function theory showed that the tenacity 
of a senior individual investigator is still a vital 
force in mathematics. Finally, the solution of 
Mordell's Conjecture places mathematicians on 
the threshold of proving the enticing Fermat's 
Last Theorem. 

Within all areas of mathematics a spectacular 
number of major but lesser known problems 
have been solved recently, including problems 
illustrated in the vignettes in Chapter 3. Further 
documentation is presented in the forthcoming 
report of the Board on Mathematical Sciences, 
Survey of U.S. Mathematical Sciences. 

Unity of Mathematics. The unification that 
is taking place within mathematics is obvious to 
people in the field and will be apparent in the 
vignettes about D-modules, computational com
plexity, the Yang-Mills equations, and operator 
algebras. Unification occurs when there is a 
confluence of seemingly independent phenomena, 
motivating cooperative study of the significant 
underlying patterns. One symptom of this ac
celerating unification is the increasing difficulty 
that agencies are having in assigning proposals to 
their discipline programs, which now substantially 
overlap. The trend burdens young investigators 
with a need to pursue increasingly broad train
ing, as is noted in several of the vignettes. In 
mathematics it is becoming critical to lengthen 
the training period substantially. 

An example of this confluence of areas is the 
Korteweg-de Vries (KdV) equation Ut + uux + 
Uxxx = 0 [where u is an unknown function u(x, t) 
in one space dimension and time], which arises 
both as the simplest nonlinear dispersive equation 
in shallow-water wave theory and as the equation 
of isospectral evolution of the potential in the 
Schrodinger equation '¢xx + (k2 - u)'¢ = 0 of 
quantum mechanics. The intensive study of the 
KdV equation during the past quarter century 
has affected many major areas of mathematics. 
For example, about a year ago a young Japanese 
mathematician, using a development in the study 
of KdV equations initiated a decade ago by 
the Moscow school, solved a major problem in 
algebraic geometry that was first discussed more 
than a century ago by Riemann, a German. 

Mathematics and Other Sciences. The sym
biotic relationship between mathematics and its 
areas of application is ever deepening as more 
areas of science and engineering become almost 
indistinguishable from subareas of mathematics 
and this relationship is producing exciting and 
intriguing new mathematics. Cross-disciplinary 
collaboration between mathematicians and profes
sionals in other fields is accelerating and deserves 
encouragement. An important number of in
teractions between mathematics and science and 
engineering are not exactly interdisciplinary, but 
might be more accurately described as resonance 



phenomena in that advances in one field spur 
development in another. Examples of this im
portant trend are described in the vignettes on 
Yang-Mills Equations and Operator Algebras in 
Chapter 3. The broadening and deepening of 
these applications, as noted in the vignette on 
Nonlinear Hyperbolic Conservation Laws, create 
pressure for mathematicians to pursue significant 
postdoctoral study. An insightful and illuminat
ing discussion of the interaction of mathematics 
with science and engineering is given in the 1984 
NRC report Computational Modeling and Mathe
matics Applied to the Physical Sciences (National 
Academy Press, Washington, D.C., 1984). 

New Opportunities. The third trend includes 
the tendency for mathematics to be incorporated 
into the language not only of science and tech
nology, as has been traditional, but also into 
new fields of social science. Mathematical models 
(descriptions of real-world events that use mathe
matical language) form the basis of econometrics 
and health policy analysis. The Survival Anal
ysis vignette in Chapter 3 demonstrates this; it 
examines statistical and mathematical methods 
used to provide a realistic analysis for problems in 
medical research, reliability theory, actuarial com
putations, and demographic studies. Mathemati
cal analyses contribute substantially to decisions 
about economic and health policies, which in turn 
have enormous financial and social consequences. 

There is no longer any question as to whether 
mathematical analysis will substantially influence 
discussions of public policy but only whether it 
will be used appropriately and effectively. It is 
essential that those making the decisions under
stand and influence the assumptions used to form 
the mathematical model and that mathematicians 
comprehend the applications sufficiently well that 
they address and solve the correct problem. In 
fields where mathematical models are not sub
ject to experimental verification- such as those 
with the most drastic consequences- it is espe
cially essential that the mathematics be critically 
scrutinized. 

The Role of Computation. Computational 
mathematics is an integral part of the mathemat
ics discussed in the vignettes about complexity 
and nonlinear hyperbolic equations, and there are 
two important observations worthy of emphasis. 
First, computational methods pervade almost all 
aspects of science, and mathematics is the founda
tion of these methods. Today's complex problems, 
involving computational solutions, range from the 
design of computer architecture itself through 
the mathematical modeling of physical, chemical, 
biological, and engineering processes. Mathe
matics, the intellectual basis of computational 
science, has been and will continue to be the key 
to the dynamic revolution being created by the 
computer in science and engineering. Second, 
computational results provide insight for the de
velopment of mathematical theory. For example, 
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the behavior of the solutions to the KdV equation 
mentioned above was first discovered numerically. 
The mathematical theory, in turn, provides a 
deeper understanding of the models, revealing 
phenomena that enable people to analyze and 
test previous computational results and conceive 
of new computations that will facilitate further 
theory. 

Core mathematics now consists of three ba
sic operations- computation, abstraction, and 
generalization. Raw information leading to math
ematical discovery comes from concrete examples, 
and it is increasingly the role of computation to 
provide such examples, although they are fre
quently formulated mathematically. Abstraction 
is the process of distilling the essential features 
from such examples. Number and space are, re
spectively, abstractions of the process of counting 
and of our experience in the physical world, and 
the mathematical idea of functions similarly ab
stracts human ideas of measurement and motion. 
In these contexts, ideas from one manifestation 
of the abstraction are often relevant in solv
ing problems in seemingly dissimilar situations. 
Generalization uncovers hidden analogies between 
abstract patterns of mathematics and frequently 
extends the range of applicability of such patterns. 

Thus in the development of mathematics, pe
riods of computation often alternate with periods 
of theorizing. During the former, new raw data 
are generated and horizons expanded. Eventually 
there is a plethora of information in need of an in
tellectual framework on the basis of which masses 
of material can be comprehended simultaneously. 
As reunification occurs, seemingly disparate ex
amples are often revealed as different aspects of 
the same phenomenon. 

Computation, abstraction, and generalization 
need each other to be meaningful. Recent math
ematics has focused more on concrete problems 
than on abstractions as it revels in the computing 
power suddenly available to it, and evidence of a 
new unification is now appearing. At the same 
time, our computing power has matured to the 
point where it can be an enormous asset in the 
investigation of the still more complex mathemat
ical examples that will inevitably be suggested 
by pending research. A beautiful amplification of 
this theme on the development of mathematics is 
given by Arthur Jaffe in an Appendix to the NRC 
report, Renewing U.S. Mathematics: Critical Re
source for the Future (National Academy Press, 
Washington, D.C., 1984). 

A dramatic example of using the computer 
to gain valuable mathematical insight can be seen 
on the cover of this report, which represents a 
problem in the geometry of surfaces of constant 
mean curvature, a subject with applications to 
mathematical physics, polymer chemistry, archi
tecture, and other sciences. The existence of 
a new complete embedded minimal surface with 
finite topology, the first to be found in more 



than 200 years, was established using computer
aided graphics. The complex representation of 
a potential example was analyzed by numerical 
approximation and three-dimensional computer 
graphics. An unexpected symmetry was revealed 
in the surface, which was shown to exist in 
the equations themselves. Further analysis us
ing both traditional and computational methods 
established the existence of families of new ex
amples as well as a rich new theory to explain 
their existence. The ability to create accurate 
computer images has greatly facilitated communi
cation among scientists. The computer methods 
developed in this research are proving to be use
ful in solving problems in related mathematical 
subjects. 

Organization of Mathematics. In addition 
to these four major directions in mathematics 
itself, what might be called "The Sociology of 
Mathematics" reveals how mathematics develops 
and accentuates the unification within mathemat
ics and its growing interaction with other fields. 
More and more the mathematical community is 
now organizing itself by areas of interest instead 
of fields of traditional study. For example, the 
Yang-Mills vignette describes how a variety of 
mathematicians educated in the disparate fields 
of topology, algebra, differential geometry, alge
braic geometry, several complex variables, and 
partial differential equations is cooperating to 
solve some exciting equations. 

It is well known that some areas of science 
have become "big science," where research is ac
complished by teams frequently gathered around 
major pieces of scientific equipment or laborato
ries. Each team consists of at least one senior 
scientist and many, sometimes a great many, ju
nior investigators, working on related problems. 
Mathematicians are also often informally grouped 
around a common research interest such as Yang
Mills equations, operator algebras, or computa
tional complexity. However, such mathematical 
groups are usually geographically separated, and 
the analogue of access to a common major piece 
of scientific equipment is their ability to gather 
together for sustained periods of collaboration. 
Furthermore, mathematicians share the scientific 
community's needs for a means to prepare and 
motivate potential researchers, from undergradu
ate through postdoctoral levels. Institutes such as 
the two National Science Foundation Mathemat
ical Sciences Institutes (Mathematical Sciences 
Research Institute and Institute for Mathematics 
and Its Analysis), as well as other institutes, in
cluding those supported by Department of Defense 
agencies and special year projects provide essential 
opportunities for mathematicians, undergraduate 
and graduate students, and postgraduates to col
laborate. 

The vignettes in Chapter 3 illustrate the gen
eral patterns discussed above. However, these can 
give but a small sample of the many endeavors 
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of the entire mathematical community. A more 
exhaustive, although still selective, survey of the 
mathematical sciences, Survey of U.S. Mathemat
ical Sciences, is currently being prepared under 
the auspices of the NRC Board on Mathematical 
Sciences. Together these reports can provide only 
a glimpse of the scope of current mathematical 
research. Our choice of specific mathematical 
topics reflects our effort to select a representative 
sample of the entire mathematical enterprise. 

Language of Mathematics. There is another 
significant challenge that we must face in our 
endeavor to explain mathematics to those without 
years of study in the field. At least three centuries 
ago, mathematics developed a language of its 
own, which has become thoroughly distinctive 
and international. Just as it takes years for an 
American or Japanese youngster, for example, to 
become fluent in the spoken language of the other, 
any aspiring American or Japanese mathematician 
spends years studying the common language of 
mathematics. As a result, each can open the 
other's mathematics books and recognize the 
topic under discussion (even if totally ignorant of 
the other's verbal language). 

The complex and dynamic language of math
ematics that has developed over the past three 
centuries brings great satisfaction in terms of in
ternational understanding for those who are fluent 
in it, but it presents substantial obstacles to those 
who have not spent years in its study. On the one 
hand, the history of mathematics is one of progres
sively less translatability for nonmathematicians, 
while, on the other hand, the past few centuries 
have seen ever-broadening human intellectual en
deavors subsumed into the language and models 
of mathematics. Because of the language barrier 
between mathematicians and nonmathematicians, 
the following vignettes cannot describe the tech
nical essence of the fields discussed but will focus 
only on a field's development and interaction with 
others. 

U.S. Competitive Position. We conclude with 
a few remarks about the competitive position of 
the United States with regard to the field of math
ematics. First, we emphasize that international 
cooperation is a long-standing tradition in math
ematics. When the vignettes use the words "a 
Soviet mathematician" or "in the United States," 
it should be understood that the results being 
described often depend on a background devel
oped by many investigators in diverse parts of the 
world. 

Although mathematicians, with their special
ized international language, view their community 
as an international one and think relatively lit
tle about the comparative ranking of national 
contributions to their discipline, the writers of 
this report believe that few would disagree that 
the United States was dominant mathematically 
in the decades following World War II. Just as 
mathematics has become the language of science, 



technology, and a widening circle of other fields, 
English has become the verbal language in which 
most mathematics is explained. 

When combined with a federal policy of aux
iliary support, the unique American system of 
combining academic teaching and research at all 
levels has been a key to our strength. The United 
States remains attractive to foreign mathemati
cians because of our relatively high employment 
opportunities and, more recently, our powerful, 
relatively accessible computers. We still have 
a favorable balance of trade from the wonder
fully dynamic infusion of immigrants to American 
mathematics. However, Europe is regaining its 
former mathematical liveliness, now more on a 
continental ,than a national basis. Separately, 
the Soviet Union, despite its professional isolation 
and its loss of numerous superb mathematicians, 
continues its tradition of excellence. The strength 
of Japan's mathematical community is surging, 
and there is little doubt that in time major 
mathematical activity will develop in China. 

It is still true that the United States is the 
world leader in mathematics, but this is surely 
less so than it was ten or even five years ago. The 
enthusiastic mathematical activity in other coun
tries has created a tendency toward parity among 
the major mathematical communities. The fact 
that half as many U.S. citizens received mathe
matical sciences Ph.D.s in 1985 as in 1973 bodes 
ill for our future ability to compete in the world 
mathematical community (see Table 1 in Chapter 
4). Certain areas of mathematics are becoming 
dependent on foreign-trained researchers as noted, 
for example, in the vignette on Operator Alge
bras. It is certain that during the next decade 
much excellent mathematics will be created. The 
major questions are, where and by whom. 

Vignettes 

D-Modules. Core mathematics is broadly divided 
into analysis, algebra, and geometry /topology, 
although all three subfields include extensive ap
plied mathematics components. (Geometry and 
topology are not synonymous, but each term is 
often used for areas in their broad confluence.) 
However, as the interplay of analysis, algebra, 
and geometry /topology becomes ever more com
plicated, even the division of core mathematics 
into subfields (not to mention its distinction from 
applied mathematics) seems artificial. Indeed, 
the essential unity of mathematics is vivid as 
we review some important recently discovered 
relationships among these traditional subfields. 

Algebraic geometry has been one of the most 
lively areas of research in algebra during recent 
decades. It is the study of geometric objects 
that are the loci of points satisfying polynomial 
equations in two or more variables, such as the 
familiar conics from classical geometry. Mean
while, algebraic topology has become a leading 
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area of geometry. Considerably more general ge
ometric objects than loci of polynomial equations 
are studied in algebraic topology; in the 1950s 
and 1960s this was an especially active field and 
was discussed on a number of occasions in the 
popular scientific literature. 

Any geometric object has a group of sym
metries. For example, a cube is invariant under 
a finite set of rotations. Similarly, a sphere is 
symmetric under (the infinite set of) all rotations 
and reflections around its center. A continuous 
symmetry group, such as the latter example, is 
called a Lie group. Lie groups can also be viewed 
as certain groups of matrices with their usual 
matrix multiplication. This multiplication is not 
commutative; that is, in general XY -:/; Y X. 
The set of derivatives along curves through the 
identity matrix of a particular Lie group can 
be viewed as an additive set of matrices and is 
called a Lie algebra. The theory of Lie groups 
and algebras, one of the great achievements of 
modern mathematics, originated from questions 
in differential equations, which has always been 
central in analysis. But "group" and (of course) 
"algebra" are quintessentially algebraic notions. 
Thus Lie theory, based on geometric symmetries 
and increasingly useful for physicists, incorporates 
aspects of algebra, analysis, and geometry. 

Another place where these three fields meet is 
in D-modules, which have been developed recently 
in Japan. A module (with or without the D) is an 
algebraic structure consisting of a group such as 
a vector space whose elements can be multiplied 
by another set of mathematical objects such as 
matrices. D-modules are modules whose vectors 
can be multiplied by partial differential operators 
with analytic coefficients. One motivation for 
their study was to focus attention on the equations 
themselves rather than solutions to differential 
equations. They were investigated using methods 
of algebraic geometry invented in France in the 
early 1960s. 

The theory of D-modules is also related 
to the Riemann-Hilbert problem, posed in Ger
many around the turn of the century. Sup
pose we have a linear, homogeneous system of 
n first-order ordinary differential equations for 
n functions fi, ... , fn of one complex variable 
z. It might be written !' = Af, where the 
coefficient A is an n by n matrix whose ele
ments are analytic functions of z. In general 
the system will have n independent solutions 
(/ll,···,fin), (/21, ... ,/2n), ... , Unl,···,fnn) 
such that each solution (g1, ... , 9n) can be writ-
ten uniquely as a linear combination g; = ctfli + 
c2hi + · · · + cnfni for some constants Ct, ... , Cn· 
But there may be singularities, points at which 
one or more of the elements in A(z) tend to 
infinity or are otherwise irregular. Not only may 
solutions be undefined at the singularity, but 
when we follow a curve around the singularity, 
one solution may be transformed into a different 



one. Going around the given singularity (and no 
others) once in a clockwise direction has the effect 
of transforming a solution by multiplication by an 
invertable matrix, depending only on the system 
and not the path traversed. The Riemann-Hilbert 
problem, a question in analysis, was to show a 
converse for the theorem just presented- that for 
any admissible map from a set of singularities into 
invertible matrices there is a system of n differen
tial equations, as described, such that encircling 
each singularity changes the solution by the cor
responding matrix. The solution, now several 
decades old, has been extensively generalized. 

Mathematicians working in this country and 
France were investigating ostensibly a quite differ
ent area- an area at the intersection of algebraic 
geometry and algebraic topology that focuses on 
the concept of duality in geometry. In 1977 
researchers in the United States conjectured the 
existence of a relation between this geometric the
ory and a fundamental problem from Lie groups. 
Their conjecture was then proved independently 
by two pairs of mathematicians, one in France 
and the other in the Soviet Union. Their proof 
surprised the mathematical world by using the 
generalized Riemann-Hilbert results, thus again 
linking algebra with geometry through differential 
equations. 

Papers about D-modules are impossible to 
classify into the three traditional fields of analysis, 
algebra, and geometry /topology, a problem for the 
editors of Mathematical Reviews. It also suggests 
how very tentative any division of mathematics 
into subfields may be. 

Computational Complexity. An algorithm is 
a procedure for solving a given class of problems 
with a specified set of mathematical tools. In 
classical geometry the tools were straight edge 
and compass, and the ancient Greeks provided a 
simple algorithm for trisecting any segment using 
only these. Their extensive attempts to trisect a 
general angle were proved futile in the nineteenth 
century, when it was shown that there can be no 
such algorithm. 

If the tools in algebra are addition, multi
plication, division, and taking radicals {square 
roots, cube roots, etc.), then there is a famil
iar algorithm for solving any quadratic equation, 
ax2 + bx + c = 0. However, a question posed 
by Renaissance Italians was answered when it 
was proved by Abel, a Norwegian in the early 
nineteenth century, that there can be no such 
algorithm for solving equations of degree five 
or more. The tenth problem posed by Hilbert 
at the 1900 International Congress of Mathe
maticians asked whether there is an algorithm 
for deciding if a general polynomial equation, 
!(x~, ... , xn) = 0, with integer coefficients has a 
solution in the positive integers. In the 1960s a 
Soviet mathematician, strongly incorporating the 
work of two Americans, proved that there is no 
such algorithm. 
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Such decision questions were formerly ad
dressed primarily by logicians, but computers 
have given new urgency to algorithmic questions. 
Computers after all operate with only a few prim
itive tools, and the programs which instruct them 
are essentially algorithms. For most problems 
that computers are asked to solve the existence 
of some algorithm is usually evident; instead, the 
problem is to find algorithms that are efficient 
and reliable. The mathematical analysis of these 
practical considerations has spawned the field now 
called "complexity theory." 

This field measures the complexity of an al
gorithm by the maximum number f(n) of basic 
steps that the algorithm needs to solve those 
cases of the problem requiring n digits in their 
statement. The theoretically tractable problems, 
called type P, are those for which there is an 
algorithm with f(n) growing no faster than some 
polynomial in n. There are adjustments to this 
assertion, most notably in the well-publicized lin
ear programming problem discussed below, where 
the symplex algorithm, though exponentially long 
in the worst cases, is remarkably efficient in the 
vast majority of its application. 

Each generation of computer scientists has 
quickly encountered pressing problems that over
whelm available computational resources. Unable 
to obtain exact answers, they resort to simulation, 
approximation, and sampling, perhaps by using 
Monte Carlo techniques. Such approaches are not 
always appropriate, as when a massive computa
tion is used to make a momentous yes/no decision. 
In the development of antiballistic missile software 
during the early 1960s scientists tried to cope with 
such situations by the simultaneous use of many 
proce·ssors in a multiprocessor environment. It 
was found that this could result in unpredictable 
and often serious deterioration in the performance 
of the system as a whole. This discovery gen
erated a serious study of such anomalies. The 
resulting work in the mid-1960s provided rigorous 
bounds for these deleterious effects. Performance 
guarantees of this type, usually called ''worst-case 
bounds," remain a major focus of algorithmic 
analysis. 

The fundamental class of NP-complete prob
lems was defined in 1971 independently by a 
Canadian and by a former Soviet citizen who 
now resides in the United States. This class 
includes thousands of basic computational prob
lems arising in computer science, mathematics, 
physics, biology, economics, business, and the 
social sciences. The NP-complete problems are 
of equivalent complexity in the sense that if one 
of them submits to an algorithm of polynomial 
complexity, then so can all the others. Proving 
the widespread conviction that no such algorithm 
exists (that P f. NP) is considered the most 
fundamental of the open problems in theoretical 
computer science. It is known that any algo
rithm for solving an NP-complete problem can be 



modeled by an appropriate circuit. Until recently 
the only established lower bounds on circuits for 
NP-complete problems were linear;· however, last 
year a Taiwanese mathematician now living in 
the United States made a dramatic breakthrough 
by establishing the conjectured exponential lower 
bound, but under the assumption that the number 
of "levels" of the circuit is bounded. Since then 
a Swedish graduate student in the United States 
simplified and strengthened these arguments. Al
most simultaneously, two Soviet mathematicians 
independently established an exponential lower 
bound assuming that the circuit is "monotone," a 
related but distinct development. This work has 
been extended by an Israeli doing postdoctoral 
work in the United States, and many complexity 
specialists now believe that the tools are finally 
becoming available to prove the corresponding 
results for unrestricted circuits, thereby finally 
settling this fundamental problem. 

As the difficulty of NP-complete problems 
was realized, attention shifted to other ap
proaches. These included approximation algo
rithms, average-case instead of worst-case perfor
mance analysis, and randomized algorithms that 
give a confident guess rather than a firm answer. 
Timely examples of the latter are the twin prob
lems of deciding if a large integer n is prime or, 
if it is not, of factoring n. One such algorithm 
randomly selects an integer k less than n, per
forms a simple test, and announces either that n 
is definitely composite or that the problem is still 
undecided. About three quarters of the possible 
k's will establish that a composite n is not prime. 
Thus, performing the test with 100 independent 
k's that do not prove n to be composite justifies 
the conclusion that n is prime with a mere one in 
4100 chance of error. 

The study of primes has long been central 
to number theory, a field that has been pursued 
for its own splendid beauty but traditionally was 
considered to have few pragmatic consequences. 
Recent innovations in cryptography have com
pletely reversed the latter perception. The secu
rity of important cryptosystems depends crucially 
on the belief that the problem of finding the prime 
factors of a random number with a thousand dec
imal digits or more is, and will be for decades, 
a computationally infeasible problem. However 
faith in this belief is beginning to erode because 
of some recent unexpected advances in primal
ity testing and factoring. Essentially overnight, 
a Dutch mathematician produced the currently 
best factoring algorithm by using the theory of 
elliptic curves from algebraic geometry, a field 
mentioned in the previous vignette. It is not yet 
clear whether this will lead to even more effective 
algorithms that will undermine the security of 
these cryptosystems. 

This vignette concludes with a discussion of 
linear programming (LP), a subject that occurs 
widely in discrete optimization. For example, a 
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linear profit function, possibly depending on a 
large number of variables, is to be maximized in a 
region defined by linear constraints. This question 
is geometrically equivalent to finding the highest 
point in some high-dimensional convex solid or 
polyhedron in n-dimensional space, where n can 
be quite large. The importance of these problems, 
which have many applications in such varied 
areas as airline scheduling, meteorology, portfolio 
management, and telephone traffic routing, was 
first observed more than 40 years ago by Dantzig 
in the United States and Kantorovitch in the 
Soviet Union. Dantzig developed the very effective 
"simplex algorithm" for solving LP problems, 
which examines first one vertex and then another, 
moving along the outside edges of the high
dimensional polyhedron in such a way as to 
improve the function that is to be optimized at 
each step until the optimal vertex is reached. 
Even though these n-dimensional polyhedrons, 
which typically arise in practical problems, can 
have exponentially many vertices, over 40 years of 
experience with the simplex algorithm indicates 
that only rarely are more than 4n or 5n vertices 
tested before the optimum point is attained, 
despite the fact that pathological examples can 
be constructed that do indeed require that all 
vertices be tested. 

After the concept of NP-completeness was 
introduced in 1971, researchers struggled without 
success to find either a polynomial-time algorithm 
for LP or a proof that it wqs NP-complete. In 
1979 the polynomial "ellipsoid algorithm" was 
produced in the Soviet Union, but the bound on 
this method grows as n6 , rendering it impractical 
for large problems, e.g., those having hundreds 
of thousands of variables. Subsequently, however, 
the ellipsoid algorithm has had a significant im
pact in the theory of combinatorial optimization. 

In 1984 a young Indian mathematician in 
the United States made a striking breakthrough 
when he discovered an iterative method that 
plunges through the interior of the polyhedron, 
transforming it nonlinearly at each step so as 
to stay as far as possible from the boundaries 
of the changing solid. The number of steps 
required by this method is on the order of n3·5 , 

a significant improvement over the earlier n6 , 

and a variety of applications have shown that 
when implemented cleverly, this algorithm seems 
to perform significantly faster than the simplex 
algorithm. 

Very recent efforts in understanding this new 
method indicate that an n-dimensional polyhe
dron can be equipped with a coordinate system 
that transforms its interior into a certain quasi
hyperbolic geometry so that the trajectories to 
the optimal vertex form geodesics in this space. 
Obviously, this area is extremely active world
wide, and much more work is needed before a 
full understanding can be achieved. Nevertheless, 
it is already apparent that complexity theory 



addresses many practical problems and that so
phisticated core mathematics, including algebraic 
geometry, number theory, and geometry, is vital 
to complexity theory. 

Nonlinear Hyperbolic Conservation Laws. 
The development of both theory and numerical 
methods for solving nonlinear hyperbolic con
servation laws (NLHCLs) has been an exciting 
area of recent mathematical research. There are 
many applications of NLHCLs because they de
scribe many important physical systems, including 
some in aerodynamics, meteorology, water waves, 
plasma physics, and combustion. In gas dynam
ics these are the laws of conservation of mass, 
momentum, and energy. 

The major technical obstacle to both solving 
and analyzing these systems is the fact that their 
solutions are not smooth, that is, they do not 
have derivatives of all orders. Many standard ap
proximation procedures require smoothness, and, 
furthermore, solutions tend to be unique only if 
certain physical constraints (called entropy con
ditions) are satisfied. Since there are other 
important equations in hydrodynamics, relativity, 
and optics that do not have smooth solutions, 
NLHCLs are providing a testing ground for inno
vations with potentially wide applicability. 

The first systematic computational attempts 
to solve NLHCLs, motivated by problems of jet 
propulsion and in the Manhattan Project, were 
made in the United States during World War II. 
John von Neumann and others provided a clear 
formulation of the problem and introduced several 
crucial ideas, in particular artificial viscosity (a 
justifiable technique for smoothing the problem) 
and a first analysis of stability. These ideas 
were greatly extended after the war and gave 
rise to an elegant theory of weak solutions that 
treated the lack of smoothness without smoothing. 
In particular, the Lax-Wendroff scheme and its 
many variants yielded acceptable solutions for 
many practical problems. However, many other 
problems remained unsolved, and the theory was 
incomplete. 

In the 1950s the relevance of the Riemann 
problem, well known to chemists and engineers 
working with the Riemann shock tube, became 
fully recognized. The Riemann problem contains 
the pathology of the general NLHCL problem 
but is in a more tractable form. An American 
mathematician gave a mathematical analysis of 
the Riemann problem, and then a Russian math
ematician incorporated the American's analysis 
into a numerical construction that described the 
misbehavior of the solutions in a natural way. 
These developments led to a proof, developed in 
the United States, that solutions exist for one
dimensional NLHCLs subject to some technical 
restrictions. This result gave rise to practical al
gorithms that in turn generated sharper existence 
results. 
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The Russian's construction has been gener
alized in several ways, and dramatic progress has 
arisen in the last three years from a combination 
of these ideas. In particular, reliable and efficient 
solutions of the equations of gas dynamics in any 
number of space dimensions are now available, 
and they reveal and explain intricate physical 
phenomena that previously had been only dimly 
comprehended. Examples include the disclosure 
of unexpected complexity in flows involving inter
acting discontinuities, the discovery of transition 
criteria from regular to Mach reflection for waves 
impinging on a surface, and the revelation of insta
bility mechanisms for supersonic jets. Both theory 
and experiments in NLHCL have been aided by 
elaborate computations from experiments using 
new laser technologies. 

Recently, much computational activity has 
been directed toward solving systems of NLHCLs 
that are structurally more complex than those of 
gas dynamics, in particular those that arise in 
combustion theory or in the analysis of flow of 
porous media- a subject of great relevancy for 
oil recovery. New methodologies have appeared 
involving front tracking, mesh refinement, and 
piecewise parabolic approximations. Some of 
these are related to higher-order versions of the 
aforementioned Russian construction. 

Many important practical problems remain 
open. For example, there is as yet no reliable 
numerical method for solving the equations of 
combustion theory in more than one space di
mension except in the low-Mach-number limit. 
The newer numerical methods are so complex 
that computer science questions regarding their 
implementation, similar to those discussed in the 
previous vignette, have become crucial. Also, per
turbations of NLHCLs, for example by boundary 
layers, are beginning to be considered. 

Why numerical methods fail and why they 
sometimes succeed so spectacularly are questions 
that have been studied successfully in recent years, 
especially through the re-examination of the pre
cise role and possible forms of artificial viscosity. 
New theoretical tools for understanding practical 
algorithms and new ideas, such as the notion of 
variation diminishing schemes, are producing a 
slow· confluence of algorithms rooted in disparate 
a priori notions of what is important for practical 
calculations. 

New techniques of functional analysis, in 
particular the compensated compactness method 
that originated in France, have given new impetus 
to existence theory, removing some of the ear
lier limitations. The compensated compactness 
analysis is significant to the broader context of 
homogenization and order/ disorder phenomena, 
two other areas in which the French have been in
volved. In addition, partial existence and stability 
results have appeared for nonsmooth solutions in 
more than one space dimension for both convex 
and nonconvex systems. 



The strong interaction between mathematics 
and practical applications in NLHCL is clear from 
this account. All the major advances in compu
tation have been anchored in theoretical devel
opments. Indeed, most of the more innovative 
practical algorithms are due to mathematicians, 
and more mathematicians have been involved than 
is apparent. An explosion of knowledge could at 
this time be safely forecast if there were more 
high-caliber people active in the field. 

However, there are too few people with a 
combined understanding of the abstruse physi
cal, mathematical, computer science, and related 
aspects of NLHCLs. Such an understanding re
quires a broad education in several fields that is 
not easily available in the United States. One ex
planation for the strong role played by Israelis in 
this field may be that in Israel many mathemati
cians are exposed to engineering problems and to 
programming during a lengthy military service. 
In other countries, such as Japan, China, the So
viet Union, and in much of Europe, most students 
complete algebra by the seventh grade and soon 
begin calculus, leaving time during secondary 
school for those with mathematical and technical 
talent to pursue advanced topics. Given that 
changes in precollegiate education will take a long 
time to evolve, the most immediate solutions in 
the United States would seem to be an extension 
of the graduate student years through supporting 
young investigators with adequate postdoctoral 
fellowships and providing enrichment for talented 
undergraduate students. 

Yang-Mills Equations. In 1954, Yang in the 
United States and Mills in England constructed a 
nonlinear version of Maxwell's equations that in
corporated a non-Abelian group, typically SU(2), 
the group of two by two unitary complex matrices 
with a determinant one. [SU(2) is a three
dimensional Lie group.] This was first conceived 
as a classical theory transplanted to Lorentz space
time; but when it is used in quantum theory, it 
is convenient to use Euclidean space-time. The 
theory has been incorporated into nearly every 
model of particle physics since the construction 
in 1975 of instanton solutions and the more re
cent construction of multi-instanton solutions in 
four-dimensional space. Shortly thereafter, the 
Penrose twistor theory was shown to transform 
an apparently very messy nonlinear system of 
partial differential equations into an elegant prob
lem in algebraic geometry. Then the equations 
themselves were noticed to be natural geometric 
objects. 

The Yang-Mills equations depict the cur
vatures (fields) of connections (potentials) as a 
principal bundle over a Riemannian manifold. 
By now, Yang-Mills theory is prominent in pure 
mathematics. It has already affected subjects as 
diverse as differential geometry, algebraic geom
etry, the topology of four-dimensional manifolds, 
the calculus of variations, nonlinear partial differ-
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ential equations, index theory (or anomalies), and 
even the representation of infinite-dimensional 
groups, and it remains fertile research ground. 

The extended impact of Yang-Mills theory 
does not yet involve the complete equations but 
concentrates on their role as nonlinear extensions 
of Laplace's equations, which are well known to be 
fundamental to earlier mathematics, physics, and 
engineering. In two variables Laplace's equation 
is related to the Cauchy-Riemann equations, part 
of the foundation of complex analysis. One form 
of the Yang-Mills equations, called the self-dual 
Yang-Mills equations (SDYM), is a four-variable 
analogue of the Cauchy-Riemann equations. The 
instantons are solutions of these equations, and 
they appear to have properties nearly as basic as 
solutions of the Cauchy-Riemann equations. The 
SDYM equations are in turn important in algebra, 
geometry /topology, and analysis, respectively. 

At first glance, the SDYM equations seem ab
solutely intractable for writing explicit solutions. 
Even for SU(2), a small essentially non-Abelian 
Lie group, there are nine first-order equations 
with twelve unknown dependent variables as well 
as the four independent variables on the space. 
There are three extra degrees of freedom, due 
to gauge symmetries, so it is not surprising that 
insight from algebraic geometry had to precede 
progress in topology. The Penrose twistor meth
ods were used to transform these equations in 
four-dimensional space to a problem concerning 
holomorphic bundles on a six-dimensional man
ifold. These methods from algebraic geometry 
are surprisingly general and can lead in many 
directions, for example, toward Kac-Moody Lie 
algebras and models with loop groups. 

Learning about the structure of the space 
of instantons over four-dimensional manifolds has 
generated profound insight into the topological 
structure of general four-dimensional manifolds, 
demonstrating the fundamental value of an equa
tion specific to a low dimension like four. This 
was helpful to physicists, who have since de
veloped the fundamental intuition of instantons 
as solitons, the wavelike solutions of KdV and 
Sine-Gordon that superimpose nonlinearly. 

It is interesting to note that mathematicians 
had been able to deal with the structure of man
ifolds in dimensions two, three, five, and greater. 
The Cauchy-Riemann equations are used in two 
dimensions, geometric methods are employed in 
three, and mathematicians find five and more 
dimensions amenable to standard methods of al
gebraic topology. The gap of the fourth dimension 
appears to be filled by SDYM theory. 

In analysis, one of the key properties of 
Yang-Mills theory is its conformal invariance. 
Some of the basic equations about instantons can 
be formulated in the context of the calculus of 
variations. The conformal invariance of the theory 
implies that the variational problem does not 
satisfy the conditions that are required in order 



to use the method of direct steepest descent, so 
helpful in three-dimensional work. The attempt 
to understand the failure of the steepest descent 
method for the Yang-Mills problem has led to 
the development of new variational techniques, 
which are useful on a variety of problems. It is 
interesting, and possibly significant, that the three 
fundamental scale-invariant geometric problems 
coincide with three basic models of quantum 
fields: the Yamabe problem (phi-four theory), 
harmonic maps (sigma models), and the Yang
Mills equations. 

In any case, Yang-Mills theory is a beautiful 
example of the intense bonds between current 
theoretical physics and all subfields of core math
ematics. Yang-Mills theory is a young discipline 
that will undoubtedly attract many more mathe
maticians in the near future. Its results to date 
are primarily due to the efforts of English, Ameri
can, and Soviet researchers. Although Americans 
cannot claim to dominate the field, they have 
certainly contributed significantly to its develop
ment. The necessity of extremely broad training, 
mentioned in the final paragraph of the preceding 
vignette, also applies to successful research in 
this field. Increasingly, postdoctoral or protracted 
study is necessary in order to become a successful 
researcher in many areas of mathematics. 

Operator Algebras. The area of operator 
algebras is currently very active and provides 
another excellent example of unexpected interac
tions between areas of core mathematics and the 
natural sciences. Quantum physics originated the 
Heisenberg Uncertainty Principle, which forces 
consideration of quantities P and Q satisfying 
PQ- QP = h/27ri. It motivated a search for 
appropriate mathematical systems containing in
finitely many such noncommuting variables. In 
the 1920s, M. H. Stone and J. von Neumann 
demonstrated that such systems require a general 
theory of algebras of operators on Hilbert spaces, 
generalizations of finite-dimensional vector spaces. 
These were studied extensively in the 1930s by F. 
Murray and von Neumann. 

The mathematics of operator algebras is 
characterized by a profound blend of noncommu
tative algebra and infinite-dimensional analysis. 
Although operator algebras exhibit a very rich 
structure, no serious work following that of Mur
ray and von Neumann appeared until after World 
War II. 

The simplest example of an operator algebra 
is the entire set of n by n dimensional matrices 
for a specific n. A general operator algebra is 
a subset of the bounded linear transformations 
on a (generally infinite-dimensional) Hilbert space 
that is closed under addition, multiplication, an 
adjoint operation, and a suitable limiting process. 
If the system is closed only for the strongest 
limiting process, it is called a c· -algebra. If it 
also contains the most general limits, it is said 
to be a von Neumann algebra. The full algebras 
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of all linear transformations on Hilbert spaces of 
arbitrary dimensions are the building blocks of 
the simplest operator algebras. However, con
sideration of proper subalgebras of the universal 
operator algebra over some Hilbert space reveals 
far more complex situations. This complexity 
can be slightly relieved and the study reduced to 
three basic types of von Neumann algebras simply 
called Types I, II, and III. 

During the early postwar years, both Ameri
can and French mathematicians made substantial 
progress in operator algebras, including some 
important applications to the theory of infinite
dimensional group representations. The French 
school became relatively inactive by the early 
1960s and re-emerged in the mid-1970s when 
a young mathematician, subsequently a Fields 
Medalist, began working in the area. During 
the late 1950s and early 1960s, some Japanese 
mathematicians entered the field. Simultaneously, 
numerous theoretical physicists became involved 
and provided valuable insights derived from their 
physical applications. It was shown that there 
exist infinitely many distinct Type II and Type 
III factors. The latter, especially, remained mys
terious because they did not possess the special 
functionals called traces that were so fundamental 
to studying the structure of the other two types. 
When it was discovered that the physically inter
esting algebras are of Type III and certain classes 
were explicitly parameterized by physicists, parts 
of the mystery began to unravel. 

Major international conferences began having 
a crucial influence on operator algebra theory in 
the mid-1960s. In the late 1960s, a conference 
held in the United States removed a key obstacle 
to analyzing Type III factors by displaying results 
proved independently by a Japanese mathemati
cian and some Dutch and German physicists. 
At a subsequent conference, the French Fields 
Medalist, then a student, was motivated to work 
on the subject. He opened entirely new vistas by 
investigations that combined algebra and analysis 
in new ways and led to the classification of the 
algebraic structure of Type III factors. In the 
1970s, researchers turned toward the geometric 
aspects of the subject. A new extension theory 
of c· -algebras generated a successful synthesis of 
gf;ometry and algebra, resulting in a unified view 
of features from these two subjects. At about the 
same time, the fundamental Atiyah-Singer Index 
Theorem was extended from locally trivial families 
to the more general foliations by using operator 
algebras. Additionally, a Soviet mathematician 
solved specific cases of a long-standing problem in 
differential topology concerning smooth deforma
tions by developing powerful new techniques in 
c· -algebras. 

Recently, an American mathematician, born 
in New Zealand and educated in Switzerland, has 
found a totally unexpected connection between 
three apparently diverse fields-knot theory, the 



classification of subfactors of Type II factors, and 
the theory of Heeke algebras. This activity has 
occurred within the past two years, a catalyst 
being the fortuitous meeting of the Mathematical 
Science Research Institute at Berkeley in 1985, 
sponsored by the National Science Foundation, 
where experts in operator algebras were meeting 
concurrently with those in low-dimensional topol
ogy, the field that contains knot theory. The ex
citement of the connection between von Neumann 
algebras and knot theory may be overshadowed 
by investigations of its utility to biologists in 
describing large-scale structures of DNA. A knot 
is a closed curve in three-space, and a link is a 
(possibly interlocking) system of knots. Although 
they can be surprisingly complicated, knots and 
links can be adequately represented by a pro
jection onto the plane. Two relatively simple 
examples are: 

The knot 62 

The link 6~ 
(also called the Borromean rings) 

Although people probably have always used knots, 
the first known attempt to list and classify them 
mathematically (as opposed to mechanically) re
sulted from an erroneous hypothesis of Lord 
Kelvin in the late nineteenth century that atoms 
were knotted vortices in the ether. His vain hope 
of deriving the periodic table by classifying knots 
stimulated scientific advances entirely different 
from his vision- in the characteristic but unpre
dictable manner that pure research, stimulated 
by attractive ideas, often yields unanticipated 
harvests quite different from their original intent. 

Knot theory considers two knots or links to be 
the same if one may be deformed without crossing 
strings until it is identical to the other. It is 
exceedingly difficult (and obviously fundamental) 
to decide when two given links are the same. 
Trial and error methods are rarely satisfactory. 
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One approach to classifying two mathematical 
entities in some class is to assign each entity 
in the class some mathematical label (called 
an invariant) that coincides on the two entities 
considered to be the same. Thus a search for 
appropriate invariants for links began. In the 
1920s polynomial invariants were developed by 
studying the topology of the space remaining 
when the link is removed from ordinary three
space. The corresponding polynomial for the knot 
62 above is 1- 3x + 3x2 - 3x3 + x4 . 

Another approach to knots first studied in 
the 1920s was a mathematical structure called 
the braid group. Braids can be spliced together 
thus forming a group, however splicing the top of 
a braid to its bottom forms a knot or link, and 
indeed all knots and links may be so formed (in 
possibly many ways). 

Braids and their invariants have rewarded 
investigators with considerable valuable insight 
over the years. However, their connection with 
operator algebras remained unnoticed until the 
proof of a deep result about subfactors of Type 
II factors required an analysis of one representa
tion of the braid group. Coincidentally, almost 
the same representation, arising from a special 
case of the Heeke algebras, had been discovered 
by mathematical physicists in the 1960s as they 
partially solved the Potts model of statistical 
mechanics. The connection with operator alge
bras generated a trace function for the braids 
that could be used to recover numerical infor
mation. The trace of a braid then provided a 
new (Laurent) polynomial invariant for the asso
ciated knot or link. It was more sensitive than 
the earlier polynomial in that it separated knots 
that were previously indistinguishable. It could 



even distinguish knots from their mirror images. 
Computers can be used to compute this poly
nomial for many links. For the knot 62 , it is 
x- 1 -1 + 2x- 2x3 - 2x4 + x5 and, for the link 6~, 
it is -x-3 + 3x-2 - 2x- 1 + 4- 2x + 3x2 - x3 . 

Both operator algebra and topology already 
have produced substantial generalizations of this 
new invariant that have been used to solve many 
venerable problems of knot theory. Similar work 
is expected to shed new light soon on the Potts 
model, von Neumann algebras, knot theory, sta
tistical mechanics, quantum physics, and possibly 
even basic structures of life via the DNA appli
cation. In any case, these developments empha
size again the eternity of a good mathematical 
result, the harmony of all mathematics, the un
predictable relationships between fields, and the 
many bridges across the humanly created gap 
between core mathematics and basic science. 

At present, only a few institutions in the 
United States offer training in operator algebras. 
In this area, as with other areas of mathemat
ics, the United States has become increasingly 
dependent on hiring foreign-trained students and 
scientists. In addition, some related areas with 
potential for interaction with engineering have 
been underemphasized in the United States. This 
is an ideal time to put a greater effort into 
providing the correct conditions for new young 
researchers and strong leadership in the United 
States in the subject. 

Survival Analysis. Since problems in collect
ing, analyzing, and interpreting data are universal, 
it is not surprising that people in many countries 
(including England, France, Scandinavia, the So
viet Union, and the United States) have made 
significant contributions both to statistics and 
also to probability, the branch of core mathe
matics that has until recently provided the major 
theoretical support for statistics. Expansions in 
technology have both motivated and enabled the 
most striking progress in statistics during the 
past decade. Advances in instrumentation and 
communication have generated enormously com
plex sets of data, and the growth of computing 
power permits the collection and management of 
such data. The United States has been the un
questioned world leader in statistical computing, 
mainly because the availability and sophistication 
of its equipment has been unmatched elsewhere. 
A further discussion of these developments can 
be found in the NRC report Computational Mod
eling and Mathematics Applied to the Physical 
Sciences, and in the forthcoming NRC Board on 
Mathematical Sciences report, A Survey of U.S. 
Mathematical Sciences. 

However, other countries have made signifi
cant contributions; a notable example from Eng
land is David Cox's proportional hazards model 
for life history data. Life history analysis is a 
body of statistical techniques useful in medical 
research, reliability theory, actuarial computa-
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tions, and demographic studies. John Graunt 
initiated this field in 1662 with his invention of 
life tables for analyzing English mortality data, 
but recent clinical studies are far more complex. 
Typically, these begin with patients who have an 
unpleasa~t disease (possibly at different stages) 
bemg assigned randomly to two or more different 
treatments; they are then followed until they die 
or disappear or the study ends. Observers record 
variables, called covariates, that might affect the 
survival of the patients, including some that do 
not change, such as sex and age at diagnosis, 
and some that do, such as blood pressure and 
glucose level. Statisticians use these observations 
to study the relationships between the covariates 
and the survival time of patients after contracting 
the disease, and especially the comparative merits 
of the treatments. One goal may be to predict 
the effect of different treatment on life expectancy 
of future sufferers of the disease, another may be 
to determine which factors prolong the patients' 
normal functioning as long as possible. Subtleties 
such as the role of the individuals who are still 
alive at the end of the study and those who 
withdraw or disappear complicate the analysis. 

One model for the life history of a patient (or 
piece of equipment) includes a vector Z(t) of co
variates that vary (possibly randomly) with time, 
from zero, when the study begins, to the time T 
when the study is terminated, and a finite-valued 
process Y(t) designating the state of the depen
dent variable. These states might be "alive-and
functioning," "alive-not-functioning," "dead" or 
"lost." The treatments appear as coordinat~s of 
Z(t). Analysis of these models concentrates on 
the intensity of changes; these intensities corre
spond to a stochastic process J(t, y0 , y), where 
J(t, Yo, y) dt represents the probability that Y 
changes from Yo to y between time t and t + dt 
assuming a past of Z ( t). The life histories of the 
n patients are regarded as a set of independent 
observations that can be used to estimate J. 

Until the early 1970s, research concentrated 
on the extremes of either relatively simple sit
uations with few assumptions or vastly more 
complicated parametric models with heavy as
sumptions on J. An example of the former is 
the setting for the product limit estimator for 
the probability of surviving beyond time t, when 
no covariants are measured and only questions of 
life expectancy are of interest. The assumptions 
of the parametric models were found to be too 
unrealistic by experts in biostatistics. 

In 1973 Cox proposed his "proportional haz
ards model" for survival-time data, basing his 
work in part on a model developed during the 
1960s at the National Cancer Institute. In this 
model 

J(t, Alive, Dead) = exp[OT Z(t)]>.(t) 

where >. 2: 0 is a (nonrandom) function and (J is a 
vector of unknown parameters. J(t, Alive, Dead) 



can be an essentially arbitrary function of Z( s ), 
0 ::: s ::: t. 

The attractive features of the Cox. model are 
easily seen if we specialize to fixed covariates. The 
model permits an arbitrary lifetime distribution 
for a control population and postulates a linear 
approximation for the log of the ratio of intensities 
corresponding to two different values of Z. The 
effects of the covariates can then be measured in 
terms of the components of e. 

The inferential procedures proposed by Cox 
were quickly applied to heart transplant and other 
data by statisticians and biomedical scientists in 
the United States. Evidence of these applica
tions appears in numerous citations of the model, 
mostly in the medical literature. Although the 
model seemed to give sensible answers in applica
tions, its highly nonlinear nature and the complex 
probabilistic structure of the data prevented rig
orous theoretical analysis for some time. 

The theory for the case of time-independent 
covariates was independently developed in the 
United States and Denmark in the mid to late 
1970s, but these methods could not handle the 
much more difficult case of time-varying covari
ates. In 1975, the thesis of a Norwegian student 
studying in the United States with a United 
States statistician who emigrated from France 
showed how to attack the analytic problems in 
this area. He applied a multivariate counting 
process framework to both survival analysis mod
els and more general life history models. Most 
significantly, he exhibited applications to these 
models of the deep results in continuous time 
martingales and stochastic integrals, which were 
introduced by researchers in Japan, the United 
States, and France. Then others, primarily in 
The Netherlands, Norway, Denmark, England, 
and the United States, used these techniques to 
analyze the heuristic suggestions of Cox and to 
devise and investigate new inferential procedures 
in more complicated life history models. Despite 
their flexibility, the Cox models are still burdened 
by the questionable assumption that the ratio 
of intensities for two individuals can be modeled 
parametrically. It is not clear that the counting 
process techniques will prove adequate for the 
analysis of the newer, more flexible, semipara
metric models that have been proposed, but they 
should provide a good starting point. 

The analysis of life history data is a rapidly 
expanding field widely used in a variety of disci
plines, including biomedical science, demography, 
and sociology, fields that reciprocate by continu
ally presenting statisticians with data for which 
previous methods are inadequate. Although the 
interaction of theory and application and the in
ternational nature of this work are hardly new 
features of statistics, they have become more 
prominent recently. 

The United States and England are the 
primary world centers of statistical activity. An 
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important pattern in the field, which is illustrated 
here, is that foreign scientists and students come 
to study, lecture, and meet in the United States, 
and subsequently many of the best remain as 
citizens or permanent residents. 

Review of the David Report 

The David Report, a several-year effort by a 
broad cross section of industry and university sci
entists, has considerably raised the consciousness 
of the science community. The principal finding 
of this 1984 National Research Council report, 
Renewing U.S. Mathematics: Critical Resource 
for the Future (National Academy Press, Wash
ington, D.C., 1984), was that "federal support for 
mathematical research is markedly out of balance 
with support for related fields of science." The 
Panel on Mathematical Sciences believes that it 
is important to review the major findings, the 
subsequent support, and the effect of the critical 
David Report. 

The major findings were as follows: 
• Over a 15-year span from 1968 to 1982 con

stant dollar federal support of mathematics 
research dropped by over 33 percent. 

• During the same period, the number of people 
in the field doubled in size (the influx from 
the late 1 960s). 

• The effects of the resulting paucity of funding 
are being severely felt at the research uni
versities where almost all basic mathematical 
research is done. 

• Unless corrective action is taken, the health 
of the nation's mathematical research effort, 
now still the strongest in the world, will be 
seriously weakened. 

• The central importance of mathematics to 
science and technology, hence to the economy 
and defense, makes its continued strength in 
the United States imperative. 

• To address this imbalance, basic needs by 
1990 include substantial increases in support 
for graduate and postdoctoral students, in 
addition to establishing a greater base of 
support among young and senior researchers. 

Since the David Report appeared in 1984 it 
has received wide acceptance in the universities 
and at the federal policy level. The problem seems 
to be understood. Evidence of this includes: 

• The National Science Board (representing all 
disciplines of science and engineering) 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." 

• A subcommittee of the Department of De
fense (DOD)-University Forum reported that 
there had been significant erosion in mathe
matics support, partially because the growth 



of computer science had masked the mathe
matics funding situation during the 1970s. 

• The University Research Initiative, part of 
the fiscal year 1986 DOD appropriation, 
states the critical need to address the im
balance that currently exists with respect to 
mathematics funding. 
Currently, the federal agencies primarily re

sponsible for mathematics funding are making an 
effort to redress the problem. However, recent 
budget constraints severely threaten their efforts. 
The issue is how to reach this balance of resources 
between related fields in a climate of overall lim
ited budget enhancements. The difficult burden 
falls on the agencies which must set priorities in 
funding research. 

Movement toward a proper level of sustaining 
support in the mathematical sciences for graduate 
and postdoctoral students, established investiga
tors, and equipment is varied. The only real 
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progress appears to be moderate increases in 
support for graduate and postdoctoral students, 
while other investigator support appears static. 
Even graduate student support progress leaves 
the discipline in a vastly unfavorable position at 
a critical time, see Table 1. 

The National Science Foundation continues 
to advocate for additional resources for the math
ematical sciences, primarily with a significant 
cross-disciplinary effort in computational science 
and engineering. A new mathematics program 
at Defense Advanced Research Projects Agency 
(DARPA) is potentially a bright spot. Without 
this new DARPA program, the current 1986 and 
1987 budgets for mathematical sciences research 
at the DOD agencies would be severely depressed 
(Table 2). Even with these enhancements, if they 
remain, and the best intentions of the policy mak
ers, the renewal of U.S. mathematics will require 
continued resolute effort. 
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chem-80 chem-84 phy-80 phy-84 

Chemistry 

1980 1984 

University faculty and staff 
with primary or secondary 
activity in R&D 9800 9200 

Annual Ph.D. Production 
U.S. citizens 1169 1332 
Total Ph.D.s 1538 1765 

Postdoctorals 
federally supported 2255 2473 

Graduate Students 
federally supported 3700 4118 

Ratio P.D./Ph.D. 1.47 1.40 
Ratio G.S./Ph.D. 2.41 2.33 

Sources: NRC Survey of Doctoral Recipients. 

Ph.D 

m 
D 
Postdoc support. federal 

G.S. support. federal 

math-80 math-84 

Mathematical 
Physics Sciences 

1980 1984 1980 1984 

9200 9200 7400 7200 

611 659 520 407 
862 962 744 698 

1210 1150 57 132 

2900 3348 200 411 

1.40 1.20 0.08 0.19 
3.36 3.48 0.27 0.59 

Survey of Graduate Science and Engineering Students and Postdocs, NSF. 
Survey of Doctorate Recipients, NSF, unpublished, Table D-32. 
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TABLE 2 

Federal Support of Basic Academic Research in Mathematical Sciences 
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1982 1983 1984 1985 1986 1987 

Fiscal Year 

Federal Support of Basic Academic Research in Mathematical Sciences (FY) 

82 83 84 85 863) 874) 

NSF1) 34.2 37.1 45.6 52.7 57.2 65.5 

DOD2) 
(AFOSR, ARO, 
ONR, DARPA) 23.3 26.5 29.9 32.3 42.4 39.1 

Other2) 
(DOE, NASA, NIH) 4.3 4.8 4.9 5.5 5.9 4.8 

Total 61.8 68.4 80.4 90.5 104.5 109.4 

I) DMS represents about 90%. 
2) This is based on estimates of the mathematics extramural component of some programs. 
3) These are pre Gramm-Rudman, SDI and University Research Initiative figures. Their 

eventual effects may cancel each other. 
4) The President's budget. Estimates of ultimate program emphasis (see 2) and future effects 

of URI and SDI make these tentative, especially outside NSF. 
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Report to the Members of the Society 

Report of the Treasurer 

I. Introduction 

Over the past few years, the Society has experi
enced both good and bad financial health. The 
Society earned approximately $4 70,000 in both 
1978 and 1979, or about eight percent of revenues. 
During the following four years, 198Q-1983, the 
Society lost $2,654,699; in 1984 income of $106,404 
was generated. This recovery was largely due to 
the introduction of cost saving measures and a 
reconsideration of pricing policies. The recovery 
has continued into 1985 and will allow the Society 
to set aside a substantial amount as a contribution 
to the Future Operations fund. The Long Range 
Planning Committee of the Executive Committee 
and Board of Trustees has recommended that the 
Society build this fund to an amount equal to one 
year's operating budget. I expect the Society's 
1985 audited financial statements to show 1985 in
come of $1,734,356 before transfers to the Future 
Operations fund, and $590,598 after transfers to 
Future Operations. As of December 31, 1985, the 
Future Operations fund will contain an amount 
equal to approximately 19% of the 1985 operating 
expenses. The $590,598 of income remaining is 
approximately five percent of revenues. It is 
worth noting that the Society's unrestricted fund 
balances now approximate their balances in 1980, 
the first year of the most recent series of deficits, 
during which such balances decreased to less than 
one million dollars, a dangerously low level. 

I would like to report to you that the financial 
future of the Society is bright and that no clouds 
appear on the horizon, but I cannot. The current 
budget-cutting frenzy in Washington will surely 
be felt by the institutions which provide the 
majority of the Society's revenues, and it is only 
prudent to assume that at some time in the not 
too distant future the Society will again need to 
adjust its operations to cope with this problem. 
The Society's 1986 budget shows an expected 
excess of revenues over expenses of approximately 
$300,000 (after reinvestment of investment income 
in the Future Operations fund). Similar results 
are being planned for 1987, and it is hoped that 
this can be achieved through cost cutting and 
modest price increases. 

II. Revenue 

I now turn to a description of the Society's 
revenue, followed by explanations of each category. 
Revenues to support Society activities in 1985 
came from the following sources: 

Journals 65% 
Books 9% 
Dues 9% 

$7,294,810 
1,003,080 
1,045,001 
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Grants & Contracts 
Meetings 
Other 

Totals 

9% 1,063,315 
2% 242,446 
6% 630,328 

100% $11,278,980 

Journals. Although journals provide the larg
est fraction of revenue, they have been operating 
at a net loss for the past several years. Costs 
are under constant scrutiny and cost-saving pro
cedures are implemented where possible, for in
stance by placing more type on a page, reducing 
the size of type, using new and cheaper methods 
of composition, doing in-house printing and using 
lighter paper to reduce postage costs. As a result 
of these efforts, journals have been able to support 
themselves during 1985; and, in spite of contin
ued subscriber erosion, the Trustees expect the 
1987 journal prices to increase by only a modest 
amount. 

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. A 
vigorous marketing campaign for books is being 
developed. A successful campaign will increase 
the number of books being sold and could keep 
the price of books from rising substantially. 

Review volumes and indexes have been a 
financial burden to the Society. Prices have to 
be set very high because the costs of producing 
these extremely large publications are high. The 
question of whether to publish such volumes is a 
difficult one; on the one hand the profession needs 
such publications as research tools; and on the 
other, the price needed to break even is too high 
for smaller institutions to pay. In some cases, 
prices have been set artificially low to address this 
problem. 

Dues. The Society has about 450 institutional 
members and 20,000 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 members. Institutional dues are set, in part, 
by the number of papers published by authors 
employed by the institution. Increases in dues 
for individual members are set annually by a 
cost-of-living index. 

Grants and Contracts. The amount of money 
available from the federal government has declined 
substantially over the years. Currently, support is 
mainly for travel and subsistence for participants 



in research conferences, institutes, and seminars, 
plus the Society's cost in preparing and running 
these conferences. The money received from 
government agencies is reimbursement only, with 
no profit to the AMS. The Society does have 
contracts to perform services for other nonprofit 
organizations, and this helps to recover some fixed 
costs. 

Meetings. As in prior years, registration and 
exhibit fees at the two joint meetings were not 
sufficient to cover expenses. It will therefore be 
necessary gradually to increase fees over the next 
few years to bring revenues and expenses into 
balance. 

Ill. Expenses 

The expenses of the Society are not as easily 
categorized as revenues. Most expenses are 
assigned to departments, and these are later 
allocated to specific publications, meetings, or 
other accounts. The three major expenses of 
the Society are personnel ($5,520,000 or 58%), 
buildings and equipment and related accounts 
($1,140,000 or 12%), and direct publication costs 
($1,230,000 or 13%). The remaining 17% or 
$1,650,000 is made up of pass-through funds from 
grants, direct costs, and other general expenses. 

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. It is es
timated that at December 31, 1985, the assets 
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of the Society's operating funds exceeded its 
liabilities by $1,045,250. The Society's short-term 
liabilities, those which must be satisfied during 
1986, amounted to $8,500,000, and were made 
up of subscriptions and dues received in advance 
($6,750,000) and other obligations. 

These liabilities will have to be satisfied 
with the so-called "current assets" of the So
ciety, consisting of cash and cash equivalent 
($3,710,000), accounts receivable ($460,000), in
ventories ($1,510,000), and other assets ($380,000), 
together with other income to be received during 
1986. 

At December 31, 1985, the Society's in
vestment in property and equipment amounts to 
$3,487,000, consisting of assets with a book value 
of $4,908,000 and mortgages totaling $1,421,000. 
The property and equipment consists of land 
and buildings (original cost $3,394,000) and data 
processing and other equipment (original cost 
$4,456,000). From these costs, depreciation of 
$2,942,000 has been deducted and charged to 
operations. 

Besides the assets mentioned above, the 
Society has permanently invested funds includ
ing endowment funds ($1,554,000) and quasi
endowment funds ($2,329,000). The use of en
dowment funds is restricted by the funds' donors. 
The quasi-endowment funds are treated as if they 
were true endowments with the exception that 
the restrictions as to use have been made by 
the Trustees. These funds are held and man
aged by Rhode Island Hospital Trust National 
Bank. F. P. PETERSON 



Mathematical Software 
Joseph P. Buhler 

A Matrix Laboratory 
Avner Ash 

Ohio State University 
Department of Mathematics 

Columbus, OH 

PC-Matlab is a microcomputer version of a col
lection of matrix routines which has long been 
available on mainframe computers. It runs on 
an IBM PC or compatible. Versions for other 
small computers may become available in the near 
future. What follows is a description solely of PC
Matlab, version 2.02. For more information, con
tact The Math Works, Inc., 158 Woodland Street, 
Sherborne, MA 01770. Telephone: (617)653-1415. 

1. Matlab in the abstract. We can think of 
Matlab as a very high-level, very specialized 
programming language. It has only one kind of 
data structure, two-dimensional matrices. Vectors 
pass as 1-by-n or n-by-1 matrices, scalars as 1-by-
1 matrices, and text as vectors whose components 
are letters. 

There are two types of commands in Mat
lab: those that deal with matrices (including 
vectors and scalars) and those that perform pe
ripheral services, such as reading and writing 
data, creating loops, and managing the memory. 
Matrix functions implementing state-of-the-art al
gorithms represent the heart of Matlab. 

Arithmetical functions for matrices appear in 
fairly standard notation. All matrices have com
plex entries automatically, although real matrices 
are displayed without their 0 imaginary parts. 
Arithmetic can also be performed elementwise by 
preceding the operator sign with a dot. The 
trigonometric and exponential functions are built 
in along with functions that round fractions to 
integers in various ways, find remainders, and 
use continued fractions to find the best rational 
approximation to a real number. 

Many important functions and decomposi
tions of matrices may be performed in Matlab 
by issuing just a single command. These in
clude finding the determinant, condition number, 
rank, and norm of a matrix; finding the inverse, 
pseudoinverse, null space, range space, and row
reduced echelon form of a matrix; finding the 
characteristic polynomial and eigenvalues of a 
matrix; and finding the generalized eigenvalues of 
A with respect to B, that is solving Ax= tBx, x 
a nonzero vector, t a scalar. Matlab will also list 
the eigenvectors. 

We should remark here how critical round-off 
error is in some of these computations. There 
is a constant in Matlab called "eps," which is 
the smallest positive number distinguishable from 
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0. Eps can be set by the user. A too small 
or too large value of eps may lead to a spurious 
result for the rank or nullspace of a matrix. 
Similarly, Matlab apparently believes all matrices 
are semisimple. For instance, when we ask it to 
find the eigenvectors of the unipotent matrix 

it returns two linearly independent eigenvectors, 
(1, 0) and (1, -0.000000000000000003)! This re
sult persisted even when I set eps to w-33 . The 
Matlab manual also seems to assume every matrix 
is diagonalizable, which I suppose is true up to 
experimental error. 

Matlab includes a few operations on general 
polynomials, which are represented as the vector 
of their coefficients. Matlab can evaluate a 
polynomial, convolve two polynomials, and find 
all the roots of a polynomial, real and complex. 

Certain useful matrices can be created in 
one command, such as diagonal, constant, and 
random matrices. The random elements can be 
generated from either a uniform or a normal 
distribution. 

Now we come to the rich list of algorithms 
for various matrix factorizations. Thi:J is the core 
of Matlab. With single commands, we can factor 
a matrix into 1) lower-triangular * permutation * 
upper-triangular (LU decomposition); 2) unitary 
* triangular (QR decomposition); 3) unitary * 
diagonal* unitary (singular value decomposition). 
Similarly we can find the Hessenberg and Schur 
forms of a matrix, which are upper-triangular or 
almost upper-triangular matrices similar to the 
given one. The unitary similarity transformation 
will be given at the same time if requested. 
The Cholesky factorization of a positive-definite 
matrix is also available. 

Let's look at a sample algorithm. All of 
the major algorithms used by Matlab are taken 
from two collections of linear algebraic routines, 
called LINPACK and EISPACK [1, 2, 3]. These 
collections were written in FORTRAN, but PC
Matlab has them rewritten in the C language, 
with slight modifications. 

Suppose we want to find the eigenvalues of 
the n-by-n matrix X. Matlab does not compute 
the characteristic polynomial of X and find its 
roots. Instead, it puts X into Hessenberg form, 
and then applies the QR method. Here is a sketch 
of the method (see for example [4], p. 294 for more 
details). Using the Gram-Schmidt algorithm, it 
writes X = QR, with Q unitary and R upper 
triangular. Then RQ is similar to X, so it 



FIGURE 1 

has the same eigenvalues. Replace X by RQ, 
and repeat again and again. X will converge 
to triangular form and then we can read off its 
eigenvalues from the diagonal. (A few extra tricks 
help speed up the method.) Matlab does have a 
warning message if no eigenvalue is found after 
30n iterations of the method: "Solution will not 
converge." 

Now suppose we want to find the roots of a 
polynomial P. Then Matlab constructs a com
panion matrix, whose characteristic polynomial 
equals P, and applies the method above to find 
its eigenvalues. 

Matlab has three special abilities besides the 
matrix manipulation outlined above. One is data 
analysis. There are functions to sort a vector and 
to find simple statistical measures of its dispersion. 
However, Matlab is no substitute for a statistics 
package. A second specialty is signal processing. 
Here we have fast Fourier transforms and their 
inverses, in one and two dimensions, and some 
elementary filter designs. Most users will probably 
enjoy the third specialty: graphics. Matlab very 
speedily plots one variable against another, once 
it is given a pair of vectors of the same length. 
Give it a matrix Z of values and it will draw a 
three-dimensional mesh diagram (in perspective 
from above and to the side) representing the 
graph of the function z(x, y) = the xyth entry 
in Z. The ordinary two-dimensional graphs can 
be superimposed on each other with various line 
styles, and the axes can be scaled and labeled by 
the user. Polar and logarithmic coordinates can 
be invoked by single commands. The sample plot 
shown in Figure 1 took ten seconds to appear fully 
on the screen. It is a plot of the 14-by-14 identity 
matrix. A monkey saddle with one hundred and 
twenty-one mesh points takes under five seconds 
to appear. (See Figure 2.) 
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Matlab provides us with three kinds of loop
ing: "if", "for", and "while". All data consists 
of complex matrices of floating-point numbers, so 
there is no need for data types or dimensioning 
statements. This language suffices to write short 
procedures which set up matrices and then act on 
them with Matlab's powerful commands. 

2. Matlab in the concrete. PC-Matlab runs 
on an IBM PC or compatible computer, with 
at least one disc drive, and MS-DOS version 2.0 
or higher. It requires at least 320K of random 
access memory (RAM) and an 8087 coprocessor 
chip. Under MS-DOS 2.1 or higher, it will utilize 
all RAM up to 640K. To take advantage of the 
graphics capability, some kind of graphics display 
is necessary. 

A single copy of PC-Matlab, which is copy
protected, costs $695. There are discounts for 
multiple and academic purchases. For instance, 
one copy ordered by a university staff member 
goes for $395, while a classroom kit, which allows 
only matrices of size 10 by 10 or less, costs $500 
for ten copies. 

Along with two discs that contain the basic 
programs and some auxiliary files, PC-Matlab 
includes a manual, on-line help, and some demon
strations. The manual includes a tutorial, which 
is good, and a reference section, which is well 
organized but not complete, as I will illustrate 
below. 

How does PC-Matlab interact with the out
side world? It possesses its own style for data 
files, but it comes with a translation program 
which helps to transfer data between Matlab and 
other sources or targets. PC-Matlab can read 
in data from disc files or the keyboard. It can 
write out data to disc files or the printer or the 
CRT terminal. However, it allows the user very 
little choice in formatting the report. Some of the 
formatting commands require knowledge of the 
relevant portions of the C language. 

There are two ways of ordering PC-Matlab 
around. In interactive mode, it responds immedi
ately to one logical line of instructions. For more 
extensive work, Matlab can compile a sequence of 
commands stored in a special file. A "command 
file", when invoked, will execute the sequence as if 
it had been entered in interactive mode, so that all 
variables can acquire new values. A "function file" 
will return an answer, which can contain more 
than one matrix. In this case, all variables used in 
the file are dummy variables, and any namesakes 
outside the function file remain unaffected. There 
is a provision for declaring global variables, but 
the authors of Matlab do not recommend using 
it. Both command and function files can accept 
sequences of parameters. 

By convention, the names of command and 
function files end in .m, so they are called ".m 
files." Many of the built-in single commands of 
Matlab, described in section 1, are actually .m 
files, which are read and compiled at the time of 



use. These .m files can only be read from disc, 
so the user cannot create them interactively and 
try them out while stored in memory, as one can 
with Turbo Pascal, for example. Instead, one 
must cycle between Matlab and an.editor of one's 
choice. No editor is supplied with PC-Matlab. 
This cycle is facilitated by the ability to call 
external programs, outlined below. 

The possibility of writing personal .m files 
turns PC-Matlab into a programming language, 
or as the authors like to say, it makes PC-Matlab 
extensible. Our .m files behave just like theirs, so 
we ourselves can add to the package. We can even 
add to the on-line help facility to explain our .m 
files. 

PC-Matlab allows the user to invoke any 
DOS-executable file from the disc without exiting 
Matlab. Since it takes about forty-eight seconds 
to load Matlab from a floppy disk, this is a great 
boon. Of course, there must be sufficient internal 
memory beyond the required 320K to hold and 
execute the external file. 

3. Evaluation. I have already mentioned some 
negative features of PC-Matlab. Most of these 
can be summarized by saying that Matlab is 
too rigid. For instance, three-dimensional plots 
cannot be scaled or rotated at will without some 
tricky preliminary transformation of the data. 
It is awkward to do computations in integer 
arithmetic. It is impossible to send the result of a 
computation directly to the printer without some 
acquaintance with the C language. 

The documentation is clear and readable, but 
not complete. For example, the reference section 
explains that [) represents the empty matrix, but 
does not say what will happen when you try to 
append new rows to it. Normally, the new rows 
must be the same length as the rows of the old 
matrix. How long are the rows of the empty 
matrix? 

Nowhere does the manual state any limits 
on how large a matrix can be. An attempt to 
create too large a matrix will elicit a message 
that matrices of more than 8188 entries are not 
allowed. This could be bad news to a new 
purchaser of Matlab whose heart was set on some 
calculations involving 100-by-100 arrays. 

There is much to say on the positive side 
and I hope that my description will convince the 
reader that, on the whole, PC-Matlab is excel
lently thought out, and gives access to powerful 
algorithms in linear algebra. It is efficient and 
easy to use. It seems to be very accurate, al
though I have not tested that carefully. Of course, 
round-off error and instability are inherent in com
putations with matrices. The authors of Matlab 
have tried to select the most stable algorithms for 
each task. And PC-Matlab executes very quickly. 
For instance, it multiplied two random real 50-
by-50 matrices in ten seconds, found the inverse 
of a random real 50-by-50 matrix in twenty-three 
seconds, and found the eigenvalues of a random 
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25-by-25 real matrix in twenty-six seconds. Loops 
slow it up. It performed the loop "for i from 1 to 
1000, set a= 1" in eighteen seconds. 

The language APL also deals exclusively in 
arrays, and a few comparisons might be helpful. 
Matlab is not a full-scale programming language. 
It does not possess the formatting resources of 
APL, nor the wide range of elementary functions 
that act on arrays, nor the capacity to deal with 
arrays of more than two dimensions. Any large 
program would be inordinately cumbersome in 
Matlab. On the other hand, APL has none of 
the high-level matrix algorithms built in, and it 
uses many special and confusing symbols in a 
special syntax. Matlab has few special symbols 
and its syntax is immediately comprehensible to 
a mathematician. 

4. Matlab in action. I have used PC-Matlab 
for some computations of the homology of sub
groups of finite index in SL(3, Z). There is a close 
relationship between such homology with coeffi
cients in a finite dimensional rational complex 
representation and the theory of automorphic 
forms for the group GL(3). In particular, let 
S(g) denote the SL(3, C)-module of homogeneous 
polynomials in three variables of degree g, let 
S(g)* be its dual, and let W(g) be the largest 
irreducible constituent of S(g) ® S(g)*. Let G be 
the group SL(3, Z). If g is even, it is easy to 
produce a nontrivial class in H3 (G, W(g)), which 
corresponds to an "eisenstein series" in the theory 
of automorphic forms. Any additional classes, or 
any classes at all for g odd, would correspond to 
"cusp forms" for GL(3) [5). Cusp forms, in this 
context, are the interesting ones because, aside 
from certain predictable ones which are "lifted" 
from GL(2), their existence is obscure. The first 
"lift" occurs when g = 10 [6]. 

I wrote a program in Matlab to compute 
H3(G, W(g)) for g < 10. It just so happened 
that g = 9 was the limit attainable by any simple 
approach on account of the memory and variable 
size limitations of PC-Matlab. To run g = 9 
required solving approximately three hundred and 
sixty equations in sixty-six variables. To fit this 
into Matlab, I had to divide the equations into 
batches and keep track of an ever shrinking null 
space. It ran overnight, and made 3,888,343 
floating point operations. The final result was 
that there are no cusp forms for g < 10. 

I cannot say that I have proved this, nor that 
I believe it without a remnant of doubt. Round
off becomes very prominent in a calculation of 
this length on PC-Matlab. If I set the tolerance 
around 0 ( "eps") too small, I could not even 
find the eisenstein series. If I set it too large, 
spurious solutions crept in. I based my conclusion 
on a purely empirical setting of eps. A "proof" 
would require a careful analysis of the errors 
and even then I suppose there are people who 
might withhold assent. To continue this series of 
calculations will require a mainframe computer, 



but the experience gained in the unpressured 
environment of my own PC will be very helpful. 

I am also computing the homology of sub
groups of finite index in G with trivial coefficients. 
As a preliminary I must compute the first homol
ogy group of r 1 (p) with trivial coefficients, where 
r 1 (p) is Heeke's group of 2-by-2 integral matrices 
of determinant 1 where the second row is congru
ent to (0, 1) modulo p. By the theorem of Eichler 
and Shimura, this homology group is naturally 
isomorphic to the vector space of holomorphic and 
antiholomorphic elliptic modular forms of weight 
2 and level p [7]. 

As explained for instance in [8], the homology 
calculation comes down to finding the space of all 
functions f ( x, y) of two variables x and y (not 
both 0) in Z/p such that 

(i) f(x,y) = -f(-y,x); 
(ii) f(x, y) + f( -y, x- y) + f(y- x, -x) = 0. 

Technical considerations allow the inclusion of a 
third condition, 

(iii) f(-x,y) = f(x,y), 
which essentially eliminates the classes corre
sponding to antiholomorphic forms. Similarly, 
half the eisenstein series can be eliminated by 
imposing 

(iv) f(x,O) = 0. 
Now (Z/p)* acts on the solutions f by 
(a· f)(x, y) = f(ax, ay), so we can diagonalize 
with respect to this action. That is, fixing a 
character t of (Z/p)*, we impose 

(v) f(ax,ay) = t(a)f(x,y). 
I have computed only when p is prime, which 

is much simpler to program than the general case. 
A few instructions in PC-Matlab find the smallest 
primitive root, say r, modulo p. Then it is easy 
to write down the character t, namely for some 
n, t(r k) = e27rv'=Ink/(p- 1). (Because of condition 
(i), we need only co~~ider even n.) In doing th~s, 
the automatic capab1hty of PC-Matlab to work m 
the complex numbers is very useful. 

Another small program prepares a list of 
powers of r, a logarithm function with respect 
to r, and a choice of a set of representatives for 
the projective line over Zjp with respect to the 
equivalence relation induced by (i) and (iii). These 
two .m files together take up about two-thirds of 
a page. 

Another two-thirds of a page goes for the 
program to prepare the equations to be solved. I , 
view conditions (i), (iii), (iv), and (v) as defining 
a set of variables, by choosing a set of pairs ( x, y) 
such that knowing f on those pairs determines f 
completely. Then (ii) defines a set of equations on 
the values off on those basic pairs. Now (Z/p)* 
and a group of order six both act on the set of 
pairs (x,y), leaving (ii) stable, so there are about 
p/6 equations in about p/8 unknowns. Because 
of fixed points, there are actually a few more 
equations and unknowns than that. 

My final .m file to compute the homology of 
r 1 (p) for all even characters t, for prime p, took 
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FIGURE 2 

only fourteen lines, exclusive of comments. I used 
the singular value decomposition for finding null 
spaces. PC-Matlab found all thirty-five solutions 
for p = 29 in one hundred and forty-one seconds. 
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Washington Outlook 
Kenneth M. Hoffman 

Increasing Awareness 

A long-term effort to increase awareness of the 
importance of mathematics and the needs of our 
community began with the activities surround
ing preparation of the David Report, 1981-1984. 
Subsequently, two important mechanisms for pro
viding national leadership were put in place by 
the National Research Council at the instigation 
of our community: the Board on Mathematical 
Sciences and the Mathematical Sciences Educa
tion Board. These boards are already developing 
and amplifying priorities and directions in math
ematics research and education. 

Since last fall, our ability to increase aware
ness in Washington and around the country has 
been further enhanced by the decisions of the 
Joint Policy Board for Mathematics (JPBM) to 
retain the services of Kathleen Holmay as a public 
information consultant and Jennifer Vance as a 
general counsel specializing in congressional mat
ters. The addition of these two professionals to 
our team has given us both a stronger presence in 
Washington and a national capability which we 
have never had. 

This was vividly demonstrated in the plan
ning and development of National Mathematics 
Awareness Week, held April 14-21. In a few short 
weeks, our new consultant-representatives devised 
and implemented strategies for producing a spec
trum of events, centered about the two main 
thrusts of the week: congressional sponsorship 
and participation, and public observation of the 
fractal-space public service announcement which 
appeared on about two hundred television sta
tions around the country. These thrusts brought 
us the highest degree of congressional and public 
visi hili ty our field has yet attained. 

These are accomplishments of which our 
community can be proud, especially because of the 
participation of many mathematicians who wrote 
their representatives in Congress and planned 
supportive local events on very short notice. It 
is important, however, not to view these as 
isolated events. They are initial steps in long
term strategies planned to heighten awareness on 
Capitol Hill and throughout the country. If the 
efforts continue to get the kind of support from 
the mathematical community that they received 
in March and April, we will be able to carry 
out our long-range plans and make a significant 
difference in how our field and its needs are 
perceived. 
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With Mathematics Awareness Week behind 
us, it seems like a good time to review how we are 
doing elsewhere on our awareness scorecard. 

Executive Branch. Awareness of the need 
to rebuild our research funding was exhibited 
in February by Erich Bloch, Director of the 
National Science Foundation (NSF). Bloch went 
to Congress for authorization to reprogram so 
that NSF's Mathematical Sciences Division would 
be exempt from the FY 1986 cuts made under the 
Gramm-Rudman-Hollings Budget Reduction Act. 

The picture was not so rosy at the De
partment of Defense (DOD), where mathematical 
sciences funding took a pretty good pounding 
because of Gramm-Rudman. Building effective 
working relationships between our community and 
the powers-that-be at DOD remains demanding. 

Congress. On February 26, Dr. Edward E. 
David, Jr., testified before the Science, Research 
and Technology Subcommittee of the House Com
mittee on Science and Technology and presented 
an update of the David Report as part of the NSF 
budget authorization hearings. He placed partic
ular emphasis on the need to move mathematics 
more to the center of science policy considerations 
in Congress. He also noted that, as the field faces 
an escalating shortage of talent, the manpower 
situation in the mathematical sciences is worse 
now than it was two years ago. In the question 
and answer period, he expressed grave concern 
that big science and big projects may push out 
support for the individual researcher, on whose 
creativity the future of science depends. Dr. 
David's was the first testimony before Congress 
on the overall needs of mathematics since the time 
of the American Revolution. It will be followed by 
several more appearances which Jennifer Vance is 
arranging for this spring. 

The Public. A major symposium on "Math
ematics in Modern Science" will be held at the 
National Academy of Sciences in Washington on 
May 12, the first day of National Science Week. 
Organized and sponsored by the Board on Math
ematical Sciences, the symposium will feature 
three Nobel Laureates in science: Allan Cormack 
(medicine), Steven Weinberg (physics), and Her
bert Hauptman (chemistry), who will talk about 
the significance of mathematics for their sciences. 
The moderator will be I. M. Singer. You will see 
publicity for this event, as well as for other events 
and accomplishments of our community, amplified 
through the work of Kathleen Holmay. 



The Mathematical Community. As we ven
ture further into the worlds of congressional and 
public affairs with the aim of increasing aware
ness, we need to be aware that we will be the 
group most enlightened in the process. That is as 
it should be. We must change because our field 
and its place in the scheme of things are changing. 
We have entered an era in which the power of 
mathematics will surpass anything in history thus 
far, principally because of the coming together 

of pure and applied mathematics, indeed, of all 
the major branches of the discipline, developed at 
such a mind-boggling pace over the last thirty
five years. Our field is forming into a giant 
mathematical laser, to be trained on the basic 
problems of mathematics and engineering science. 
It is a time for reaching out, for letting our various 
publics know that massive changes, especially in 
education, will be required if the emerging power 
of our discipline is to be properly utilized. 

Errett Bishop: Reflections on Him and His Research 
Murray Rosenblatt, Editor 

This book is the proceedings of the Memorial Meeting for Errett Bishop, held at the University 
of California, San Diego, 24 September 1983. 

During his early days as a mathematician, Errett Bishop made distinguished contributions 
in many branches of analysis-first in operator theory, then in the theory of polynomial 
approximation, and thence to his outstanding research in function algebras. This work in turn 
led him to his highly original approach to the theory of functions of several complex variables. 

About 1964 Bishop turned his interests toward the foundations of mathematics. Whereas 
L. E. J. Brouwer's intuitionism took as basic the integers and the real numbers, Bishop proposed 
that the integers are the only basic, irreducible mathematical construct. His remarkable 1968 
book, "Foundations of Constructive Analysis", was devoted to the development of a large part of 
modern analysis, suitably modified, on this one concept. 

The object of the present book is to present a view of Errett Bishop, who died suddenly 
in 1983 at the age of 54, as a human being, a colleague, and a mathematician. An eloquent 
statement of his philosophy is contained in his paper, "Schizophrenia in Contemporary 
Mathematics", which resulted from his AMS Colloquium Lectures in 1973 and which occupies 
about one-third of the book. In addition, there are memorial articles by S. Warschawski, 
J. Wermer, J. Kelley, H. Royden, I. Glicksberg, A. Nerode/G. Metakides/R. Constable, and 
Metakides/Nerode/R. A. Shore. 
Contemporary Mathematics, Volume 39, April 1985, 99 pages (softcover) 
List price $16, Institutional member $13, Individual member $10. To order, please specify CONM/39N 

Shipping/Handling: 1st book $2, each add'! $1, max. $26; by air, 1st book $6, each add'! $3, max. $100 
Prepayment required. Order from American Mathematical Society, P.O. Box 1571, Annex Station 

Providence, RI 02901-1571, or call toll free 800-556-7774 to charge with VISA or MasterCard 
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INTERNATIONAL CONGRESS OF MATHEMATICIANS 

Berkeley, California, U.S.A. 

August 3-11, 1986 

The Public Information Committee for the 1986 
International Congress of Mathematicians (ICM-86) 
has solicited the views of a number of distinguished 
mathematicians on the significance of the Congress 
for the furtherance of mathematics and mathemat
ical activity. The following are extracts from some 
of the responses we received. 

"Mathematics underpins both the natural and 
social sciences and is an essential part of our 
scientific culture. Research in mathematics is 
conducted on a very wide front both in terms of 
its content and in its geographical distribution. 
Moreover new ideas of great depth and with 
long-term implications are being developed at 
the present time. 

"All this makes international meetings impor
tant occasions for mathematicians from all over 
the world to find out what is happening in their 
subject, to derive stimulus from the latest ideas 
and to benefit from new developments. The 
1986 International Congress in Berkeley will be 
a major event for the mathematical community, 
with several thousand mathematicians from all 
over the world expected to attend. While small 
specialist meetings play an important role, the 
grander occasions provided by the 4-yearly In
ternational Congresses are vital in helping to 
emphasize and maintain the overall unity of 
the subject and to provide overall guidance for 
the world's mathematicians on the direction of 
current research." 

Michael Atiyah 

"I have met many interesting foreign math
ematicians at past ICMs. One meeting in 
particular that stands out in my memory is 
the meeting of the International Congress in 
Edinburgh in the summer of 1958. There I saw 
the Russian mathematician Yu. M. Smirnov. 
As was pointed out in the comments under 
the photo in the April 1982 issue of the Amer
ican Mathematical Monthly, Smirnov and I, 
along with J. Nagata, had gotten independent 
solutions of the metrization problem. When 
Smirnov and I met in Edinburgh, we wanted 
to arrange a meeting to discuss mathematics. 
This was difficult since Smirnov had a busy 
agenda. Rather than seeing sites and taking 
excursions he had arranged his schedule to 
include mathematical discussions with other 
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visiting mathematicians. I was impressed with 
the extent to which he used his visit out
side Russia to learn of the work of outside 
researchers. Finally we found a time late at 
night after most activities had slowed when 
we could meet. What we discussed I do not 
remember. It was not a private meeting; many 
other Russians were present, not all of whom 
seemed to be mathematicians. There Smirnov 
showed me a copy of the booklet Summary of 
Lectures and Seminars, Summer Institute on 
Set Theoretic Topology, Madison, 1955. The 
Chinese had printed the booklet and sent some 
of the copies to Russia. Rather than resent 
the pirating of our booklet by the Chinese I 
was flattered by it. Since that time Smirnov 
and I have met many times. I admire his 
mathematical talent. I have had dinner at 
his home in Moscow along with his mentor 
Paul Alexandrov. We ex!=hange cards at the 
Christmas season. He and I remain friends. 

"It is my feeling that individual friendships 
between people enhance our chances for peace 
and good will between nations." 

R H Bing 

"'Mathematics is basic to other sciences, yet 
has a strong independent existence', 'Mathe
matics is truly international', 'Mathematics is 
a single subject'. I read these three statements 
to which every mathematician will agree re-
cently in an important committee report. The 
International Congress of Mathematicians is 
the place where these statements come to life. 
The 16 invited one-hour expository lectures 
and the approximately 130 invited 45-minute 
lectures in the 19 sections are supposed to be 
understandable to nonspecialists and to show 
the links between different fields. Some talks 
will stress the applications outside of mathe
matics. A survey of the most important results 
of the last years will be given. Every partici
pant will have the chance to get new insights 
for his own research work. Many mathemati
cians travel to many smaller meetings in many 
countries every year, but at the ICM and
perhaps-only at the ICM every member will 
have the opportunity to meet mathematicians 
outside of his normal circles and to get a re-



ally broad view of mathematics and the whole 
international family of mathematicians." 

F. Hirzebruch 

"As a former invited speaker, and as a partici
pant, I have attended some of the International 
Congresses of Mathematicians (ICM) since the 
1950 Harvard one. These meetings are of 
the highest level from the standpoint of cur
rent research in mathematical sciences and 
its applications. Each such congress offers 
a wealth of excellent lectures by top experts 
in a great variety of fields, by far more than 
a single person can digest. As a Brazilian 
mathematician, I am convinced that the ICM 
has a series of unique events to stimulate 
furthering research and university teaching in 
mathematics in developing countries. They are 
by far the most important meetings offered 
to the mathematical community of all parts 
of our world. Young and relatively young re
search mathematicians should particularly be 
encouraged and supported to attend, to have 
personal contact with speakers and leaders in 
their fields present there, getting acquainted 
with the frontier boundaries of our mathemati
cal accomplishments. It is not at all possible to 
do that otherwise through journals, preprints 
and less comprehensive gatherings. In view 
of the wide use of mathematics in concrete 
applications that benefit our modern society, 
on the one hand, and its lasting value as an 
intellectual activity, on the other hand, the high 
standard and the large size of the ICM make 
them a major attraction to mathematicians." 

Leopoldo Nachbin 

"Mathematics is the work of mathematicians, 
and most mathematicians work best in contact 
with other mathematicians. Thus it is im
portant that mathematicians meet, to discuss 
their mathematics, to exchange ideas, to learn 
of new progress, or just to get to know one 
another. 

"The ICM is, true to its name, truly interna
tional: you meet mathematicians there from 
all over the globe. Some, from countries that 
could not afford to send them, come with 
travel grants from the International Mathemat
ical Union. Thus the ICM gives its participants 
a unique opportunity to meet mathematicians 
whom they would not otherwise be able to 
meet. 
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"Do I attend the ICM? You bet I do: I went 
to my first one, in Zurich, Switzerland, in 
1932: and since then I have missed only one, 
in 1950-and I still kick myself for not having 
had the courage to borrow the money to go. 
So do come and let us meet at the ICM in 
Berkeley, California, in August 1986." 

Bernhard H. Neumann 

"Some benefits of ICM are The Proceedings 
Books, which give us, every four years, a 
well balanced view of what mathematicians 
are working on at the moment. The list 
of speakers, which is obtained after a long 
selection process (Committees, Panels, etc.) 
involving many different countries. The fact 
that it gives to the press an opportunity to 
speak about mathematics. This shows to the 
general public that mathematics is not a dead 
subject (as many wrongly believe), and that 
there is a lot of work to be done there- just 
as in physics and biology; this is important for 
high school students, for instance." 

Jean-Pierre Serre 

We believe that the views we have quoted 
make it plain that the Congress is an important 
event for us, enabling us to learn more about 
the developments in our subject and bringing us 
into contact with some of those who are doing 
very exciting work today. We hope that you 
will be convinced that you should attend ICM-86. 
Information about the Congress and registration 
may be obtained by writing to ICM-86, Post Office 
Box 6887, Providence, Rhode Island, U.S.A. 02940. 

Members of the Public 
Information Committee for ICM-86 

Yousef Alavi, Chair 
Western Michigan University 

Donald J. Albers 
Menlo College 

William G. Chinn 
City College of San Francisco 

Jane M. Day 
San Jose State University 

Peter J. Hilton 
State University of New York, Binghamton 

Lester H. Lange 
Sari Jose State University 

Jean J. Pedersen 
Santa Clara University 



TENTATIVE SCHEDULE 

The information on the ICM-86 program provided below is tentative, and subject to change. A copy of the final version 
of this timetable will be included in the Congress program. The number in parentheses following the name of the 
45-minute speaker represents the section number. 

12:00 - 20:00 

08:00 - 17:00 

09:00 - 10:30 

11:00- 12:30 

14:00 - 14:45 

14:00 - 18:00 

15:00 - 15:45 

16:00 - 16:45 

17:00 - 17:45 

17:00 - 18:00 

18:30 - 20:00 

Saturday, August 2 

Registration 

Sunday, August 3 

Registration 

Opening Ceremonies 
Greek Theater 

Addresses On Works Of Fields Medalists And Nevanllnna Prize Winner 

45-Minute Lectures In Sections 
Speaker and title to be announced (1) Renormalization: from magic to mathematics 
Immersed tori of constant mean curvature in Krzysztof Gawedzki (13) 
R3 (A counterexample to a conjecture of H. Some questions related to numerical methods 
Hopf) for stiff nonlinear ordinary differential 

Henry C. Wente (4) equations 
A survey of recent developments in three- Germund G. Dahlquist (14) 
dimensional topology 

Andrew J. Casson (5) 
Fixed points of symplectic mappings and 
periodic solutions of Hamiltonian systems 

Eduard J. Zehnder (12) 

Sessions for Short Communications 

45-Minute Lectures In Sections 
Modern developments in invariant theory Speaker and title to be announced (9) 

Vladimir L. Popov (2) Vortex methods in the analysis of turbulent 
Sullivan's fixed point conjecture and flow 
homotopical representation theory Alexandre J. Chorin {14) 

Haynes R. Miller (5) 
Inner functions: results. methods. problems 

A. B. Alexandroff (7) 

45-Minute Lectures In Sections 
Periods of abelian integrals. theta-functions. 
and differential equations of KdV type 

Enrico Arbarello (6) 
Boundary distortion under conformal mapping 

N. G. Makarov (7) 
Speaker and title to be announced ( 11) 

Dynamics of area preserving mappings 
John Norman Mather (12) 

Polyhedral combinatorics- Recent develop
ments 

Alexander Schrijver (15) 

45-Minute Lectures In Sections 
Milnor k-theory and Galois cohomology 

A. Merkurjev (2) 
L 'approche geometrique du probleme de 
Schottky 
The geometric approach of the Schottky 
problem 

Arnaud Beauville (6) 
A self-focusing solution to the Navier-Stokes 
equations with a speed-reducing external force 

Vladimir Scheffer ( 11) 

Pseudo-random sequences that pass all 
polynomial time statistical tests... and other 
tales of randomness 

Manuel Blum (16) 
Verbal problems in arithmetic teaching 

Zbigniew Semadeni (19) 

International Commission on Mathematical Instruction Session 

Chancellor's Reception 
Faculty Glade 
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08:00 - 17:00 

09:30 - 10:30 

10:00 - 18:00 

11:00- 12:00 

14:00 - 14:45 

14:00 - 18:00 

15:00 - 15:45 

16:00 - 16:45 

17:00- 17:45 

17:00- 18:00 

19:00 - 21:00 

08:00 - 17:00 

09:30 - 10:30 

10:00 - 18:00 

11:00- 12:00 

Monday, August 4 

Registration 

Plenary Address 
Complexity aspects of numerical analysis 

Stephen Smale 

Exhibits 
Pauley Ballroom. Student Union 

Plenary Address 
Quasiconformal mappings 

Frederick W. Gehring 

45-Minute Lectures In Sections 
Spectral theory of automorphic functions and Speaker and title to be announced {9) 
recent developments in analytic number theory The problem of the regularity of minimizers 

Henryk lwaniec {3) Mariano Giaquinta {11) 
Complex geometry in convex domains Multi-level approaches to large scale problems 

Laszlo Lempert (7) Achi E. Brandt {14) 

Sessions for Short Communications 

45-Minute Lectures In Sections 
Homogeneous structures 

Alistair Lachlan ( 1) 
Kloosterman zeta functions for GL(n) 

Dorian Goldfeld (3) 
The Weii-Petersson geometry of the space of 
Riemann surfaces 

Scott A. Wolpert {7) 
Speaker and title to be announced (9) 

Estimates for number of negative eigenvalues 
of SchrOdinger operators with singular 
potentials 

Victor lvril (11) 
Computational complexity in polynomial 
algebra 

D. Yu. Grigorev {16) 

45-Minute Lectures In Sections 
Definability problems in analysis 

Alexander S. Kechris (1) 
Quantum groups (Hopf algebras. deformation 
of universal enveloping algebras and integrable 
quantum systems) 

V. G. Drinfeld (B) 

Homoclinic bifurcations 
Floris Takens (12) 

Intersection theorems for finite sets 
Peter Frankl (15) 

Equilibrium analysis of large economies 
Werner Hildenbrand {17) 

45-Minute Lectures In Sections 
Some remarks on Peano arithmetic and its 
subtheories 

The problem of guaranteed accuracy in 
numerical methods of linear algebra 

A. J. Wilkie {1) 
Manifolds of nonpositive sectional curvature 
and manifolds without conjugate points 

Werner BaUmann {4) 

Sergei Konstantinovic Godunov {14) 
Speaker and title to be announced (15) 
The origins of the representation theory of 
semisimple Lie algebras 

Speaker and title to be announced {9) Thomas Hawkins {18) 

International Commission on Mathematical Instruction Session 

VIdeotapes of Plenary Addresses 

. ' 

Tuesday, August 5 

Registration 

Plenary Address 
Geometry of four dimensional manifolds 

Simon K. Donaldson 

Exhibits 
Pauley Ballroom. Student Union 

Plenary Address 
Underlying concepts in the proof of the Bieberbach conjecture 

Louis de Branges 
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14:00 - 14:45 

14:00 - 18:00 

15:00 - 15:45 

16:00 - 16:45 

17:00 - 17:45 

17:00 - 18:00 

19:00- 21:00 

08:00 - 17:00 

09:30 - 10:30 

10:00 - 18:00 

11:00- 12:00 

14:00 - 14:45 

14:00 - 18:00 

45-Minute Lectures In Sections 
Large cardinals and small sets (a survey) 

Menachem Magidor (1) 
Segal's Burnside- ring conjecture and the 
homotopy limit problem 

Gunnar E. Carlsson (5) 
Quantum strings and algebraic curves 

Yuri I. Manin (13) 

Mathematical. physical. and computational 
aspects of turbulence 

Steven A Orszag (14) 
Speaker and title to be announced ( 15) 
Mathematical teaching. computers. and 
calculators 

Jean-Pierre Kahane (19) 

Sessions for Short Communications 

45-Minute Lectures In Sections 
The two faces of infinity 

W. Hugh Woodin (1) 
Algebraic groups, Hodge theory and 
transcendence 

G. Wiistholz (3) 
Index theorem and the heat equation 

Jean-Michel Bismut (4) 
Actions of semisimple groups and discrete 
subgroups 

Robert J_ Zimmer (12) 

Free boundary problems and problems in 
noncompact domains for the Navier-Stokes 
equations 

Vsevolod A Solonnikov (11) 
The centrality of mathematics in the history 
of Western thought 

Judith V. Grabiner ( 19) 

45-Minute Lectures In Sections 
Speaker and title to be announced (3) 
Curves on higher dimensional complex 
projective manifolds 

Generalized Hamiltonian systems and optimal 
control theory 

Ivan A K Kupka (12) 
Computer-assisted proofs in analysis 

Oscar E Lanford Ill (14) 
Charles H. Clemens (6) 

Speaker and title to be announced ( 19) 

45-Minute Lectures In Sections 
Speaker and title to be announced (6) Speaker and title to be announced (15) 
Chirurgie sur les fonctions holomorphes? Geometric problems of robot motion planning 
Surgery on holomorphic mappings? Jacob T. Schwartz (17) 

Adrien Douady (7) 
Optimization of the ensured result for the 
dynamical systems 

Arkadii V. KryazhimskiT (12) 

International Commission on Mathematical Instruction Session 

VIdeotapes of Plenary Addresses 

Wednesday, August 6 

Registration 

Plenary Address 
Efficient algorithms in number theory 

Hendrik W. Lenstra. Jr. 

Exhibits 
Pauley Ballroom. Student Union 

Plenary Address 
New developments in the theory of geometric partial differential equations 

Richard M. Schoen 

45-Minute Lectures In Sections 
Description of the local automorphisms groups Speaker and title to be announced {14) 
of real hypersurfaces Markov random field image models and their 

N. G. Kruzhilin (7) applications to computer vision 
The supercuspidal representations ofGLn and Stuart A Geman (17) 
other p-adic groups 

Philip C. Kutzko (8) 
Gauge theories and nonlinear partial 
differential equations 

Clifford H. Taubes {11) 

Sessions for Short Communications 
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15:00 - 15:45 

16:00 - 16:45 

17:00 - 17:45 

17:00- 18:00 

19 00- 21 00 

08:00 - 13:00 

09:30 - 10:30 

10:00 - 13:00 

11:00- 12:00 

15:15- 22:00 

09 00- 16:00 

09:30- 10 30 

10:00 - 18:00 

11:00 - 12:00 

14:00 - 14:45 

45-l'v .• nute Lectures In Sections 
L-series and the Green's functions of modular 
curves 

Oscillations and concentrations in solutions to 
nonlinear partial differential equations 

Don B. Zagier (6) Ronald J. DiPerna (11) 
Rational approximation of analytic functions 

A. A. Gonchar (7) 
Renormalization group in statistical mechanics 
and field theory 

Beyond the affine Lie algebras 
Igor B. Frenkel (8) 

G. Gallavotti (13) 
Speaker and title to be announced (14) 

Heights and L-series 
Benedict H. Gross (3) 

Almost Lie groups 
Ernst A. Ruh ( 4) 

45-Minute Lectures In Sections 
Spatial stochastic growth models- survival 
and critical behavior 

Thomas M. Liggett (10) 
Speaker and title to be announced (16) 

Recent results in potential theory 
Thomas Wolff (9) 

45-Minute Lectures In Sections 
On p-adic Heeke algebras for GL(2) Stochastic flows and stochastic partial 

Haruzo Hid a (3) differential equations 
Singularities in some geometric variational Hiroshi Kunita (10) 
problems Phenomena of non integrability in Hamiltonian 

Robert M. Hardt (4) systems 
Geometrical aspects of representation theory V. V. Kozlov (12) 

V. A. Ginzburg (8) Reliable computation in the presence of noise 
Nicholas Pippenger (16) 

International Commission on Mathematical Instruction Session 

VIdeotapes of Plenary Addresses 

Thursday, August 7 

Registration 

Plenary Address 
String theory and geometry 

Edward Witten 

Exhibits 
Pauley Ballroom, Student Union 

Plenary Address 
Recent progress in arithmetic algebraic geometry 

Gerd Faltings 

Barbecue and Rodeo 
Cow Palace 

Friday, August 8 

Registration 

Plenary Address 
Soft and hard symplectic geometry 

Mikhael Gromov 

Exhibits 
Pauley Ballroom. Student Union 

Plenary Address 
Representations of reductive Lie groups 

David A. Vogan. Jr. 

45-Minute Lectures In Sections 
Some aspects of spectral geometry Ultraviolet stability problems in quantum field 

Jeff Cheeger (4) theory 
Concentration phenomena and linear structure Tadeusz Balaban (13) 
of finite dimensional normed spaces Zeros of Epstein zeta functions and the 

Vitali D. Milman (9) CRAY-1 supercomputer 
Conditionally positive definite functions in Dennis A. Hejhal (14) 
quantum probability 

A. S. Holevo (10) 

493 



14:00 - 18:00 

15:00- 15:45 

16:00 - 16:45 

17:00 - 17:45 

17:00 - 18:00 

19:00- 21:00 

09:00 - 16:00 

09:30 - 10:30 

10:00 - 15:00 

11:00- 12:00 

14:00 - 14:45 

14:00 - 18:00 

15:00 - 15:45 

Sessions for Short Communications 

45-Minute Lectures In Sections 
Fast algorithms for evaluating the Riemann 
zeta function and other number theoretic 
functions 

Andrew Odlyzko (3) 
Geometric representation theory of compact 
Lie groups 

Tammo tom Dieck (5) 
Regularity of the a-Neumann problem 

David W. Catlin (7) 

Modifications of functions. homeomorphisms 
of the circle and Fourier series 

A M. Olevskii (9) 
A nonparametric framework for statistical 
modelling 

Charles J. Stone (10) 
Parabolic equations in differential geometry 

Richard Hamilton (11) 

45-Minute Lectures In Sections 
The what. where and why of almost split 
sequences 

Maurice Auslander (2) 
Spectre de varietes riemanniennes et spectre 
de graphes 
Spectra of Riemanian manifolds and spectra of 
graphs 

Yves Colin de Verdiere (4) 

Applications of topology with control 
Frank S. Quinn. Ill (5) 

Vanishing theorems and positivity in algebraic 
fibre spaces 

Eckart E. Viehweg (6) 
Base change for automorphic forms on general 
linear groups 

Laurent C/ozel (B) 

45-Minute Lectures In Sections 
Representations of finite-dimensional algebras 

Peter Gabriel (2) 
A survey of Riemannian metrics with special 
holonomy groups 

Robert L. Bryant (4) 
Speaker and title to be announced (B) 
Diffusion and waves in random media 

George C. Papanicolaou (10) 

Theory permanents and proof of van der 
Waerden conjecture 

Georgii Petrovich Egorychev (15) 
Recent studies on the history of Chinese 
mathematics 

W.- T. Wu (1B) 

International Commission on Mathematical Instruction Session 

VIdeotapes of Plenary Addresses 

Saturday, August 9 

Registration 

Plenary Address 
Problems in harmonic analysis related to oscillatory integrals and curvature 

Elias M. Stein 

Exhibits 
Pauley Ballroom. Student Union 

Plenary Address 
Random processes in infinite dimensional spaces 

A. V. Skorokhod 

45-Minute Lectures In Sections 
Simple Lie algebras over fields of prime 
characteristic 

Robert Lee Wilson (2) 
Trees and hyperbolic geometry 

John W. Morgan (5) 

Corona problems. interpolation problems and 
inhomogeneous Cauchy-Riemann equations 

John B. Garnett (9) 
Axiomatising the observable behaviour of 
automata 

Robin Milner (16) 

Sessions for Short Communications 

45-Minute Lectures In Sections 
Reflection groups in Lobachevsky spaces and Speaker and title to be announced (11) 
algebraic surfaces Qualitative analysis of bursting oscillations in 

Viachevslav V. Nikulin (6) biological systems 
Integrable systems and infinite dimensional John Rinzel (17) 
algebras 

Tetsuji Miwa (B) 
Cyclic cohomology and noncommutative 
differential geometry 

Alain Cannes (9) 
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16:00 - 16:45 

17:00- 17:45 

17:00- 18:00 

19:00- 21:00 

20:00 - 22:00 

09:00 - 16:00 

09:30 - 10:30 

11:00- 12:00 

14:00 - 14:45 

14:00 - 18:00 

15:00 - 15:45 

16:00 - 16:45 

45-Minute Lectures In Sections 
Combinatorial methods in symplectic 
geometry 

Ya. M. Eliashberg (4) 
Representations of 3-manifold groups and 
applications in topology 

Peter B. Shalen (5) 
Harmonic analysis and partial differential 
equations 

Carlos E. Kenig (9) 

Schri:idinger operators with random or quasi 
periodic potentials 

Thomas Spencer (13) 
The search for provably secure cryptosystems 

Adi Shamir (16) 

45-Minute Lectures In Sections 
Local representation theory of finite groups 
Theorie locale des representations d'un groupe 
fini 

Michel BroUI§ (2) 
Recent progress on the geometry of surfaces 
in R3 and using computer graphics as a 
research tool 

William H. Meeks Ill (4) 
Numerical geometry of algebraic 3-folds 

V. V. Shokurov (6) 

Some new results in the theory of nonlinear 
elliptic and parabolic equations 

N. V. Krylov (11) 
The concept of construction and the 
representation of curves in seventeenth
century mathematics 

Henk J. M. Bos (18) 

International Commission on Mathematical Instruction Session 

VIdeotapes of Plenary Addresses 

Jazz Concert 

Sunday, August 10 

Registration 

Plenary Address 
Algebraic K-theory of fields 

Andrei Aleksandrovich Suslin 

Plenary Address 
Equation solving in terms of computational complexity 

Arnold Schonhage 

45-Minute Lectures In Sections 
Nilpotent orbits. primitive ideals. and The mechanism of Feigenbaum universality 
characteristic classes Jean-Pierre Eckmann (13) 

Walter Borho (2) Lower bounds for the monotone complexity of 
Nonlinear estimation and stochastic flows Boolean functions 

Mark H. A. Davis (10) A. A. Razborov (16) 
Justification of Feigenbaum's quantitative 
discovery in one-dimensional dynamical 
systems 

Dennis P. Sullivan (12) 

Sessions for Short Communications 

45-Minute Lectures In Sections 
Equivariant embeddings of homogeneous Quasiconvexity and partial regularity in the 
spaces calculus of variations 

Corrado de Concini (2) Lawrence C. Evans (11) 
A class of Markov random fields with finite Speaker and title to be announced (13) 
range Speaker and title to be announced (16) 

T. Arak (10) 

45-Minute Lectures In Sections 
On the commutant of absolute Galois group 

G. V. BelyT (2) 
Speaker and title to be announced (8) 
Subfactors of type 11 1 factors and related 
topics 

Vaughn F. R. Jones (9) 
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Uniformity and irregularity 
Joisef Beck ( 15) 



17:00-1745 

17:00 - 18:00 

19 00- 21:00 

20:00 -22:00 

09:00 - 14:30 

09:30- 10 30 

11:00- 12:00 

12:15 - 13 30 

45-Minute Lectures In Sections 
The classification of hyperfinite von Neumann 
algebras 

Face numbers of complexes 
Anders Bjorner (15) 

Uffe Haagerup (9) 
The classical problem of plateau and the 
geometry of the space of Riemann surfaces 

Anthony J. Tromba (11) 

Equations diophantiennes et /'evolution de 
/'algebra 
Diophantine equations and the evolution of 
algebra 

Spectral properties of metrically transitive 
operators 

I. Bashmakova (18) 

Leonid A. Pastur (13) 

International Commission on Mathematical Instruction Session 

VIdeotapes of Plenary Addresses 

Classical Concert 

Monday, August 11 

Registration 

Plenary Address 
Classifying general classes 

Saharon Shelah 

Plenary Address 
Analytical approaches to quantum field theory and statistical mechanics 

Jiirg M. Frohlich 

Closing Ceremonies 
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News and Announcements 

National Medals of Science Awarded 
On March 12, 1986, President Reagan awarded the 
.\Tational Medal of Science to twenty individuals 
in recognition of their achievements in scienc~, 
mathematics, and engineering. Included m th1s 
group were three mathematical scientists: Peter 
D. Lax, Herbert A. Simon, and Antom Zygmund. 

The National Medal of Science was estab
lished by Congress in 1959 to ~rovide spe~ial 
recognition to individuals for the1r ou~stand1?g 
contributions to knowledge in the physical , biO
logical , mathematical, engineering, behavioral, or 
social sciences. Selection is based on the total 
impact and importance of an individual's work 
on the present state of his or her chosen. fie~d. 
In addition. achievements of an unusually sJgmfi
cant natur~ are considered and judged in relation 
to their potential effects on the development of 
scientific thought. 
Peter D. Lax was honored for his "outstanding, 
innovative, and profound contributions to ~he 
theory of partial differential equations, applied 
mathematics, numerical analysis, and scientific 
computations. He has formed many of_ the 
underlying principles in the field of nonlin~ar 
hyperbolic equations; his approach to scatter~ng 
theory has yielded applications to the propagatiOn 
of sound and light." 

Peter D. Lax was born on May 1, 1926, in 
Budapest , Hungary. He received his Ph.D. in 
1949 from New York University, where he became 

Peter D. Lax 

497 

Assistant Professor in 1949. Between 1949 and 
1958 he advanced from Assistant Professor to full 
Prof~ssor. In 1963, he became the Director of the 
AEC Computing and Applied Mathematics Center 
of the Courant Institute of Mathematical Sciences. 
He was Director of the Courant Institute from 
1972-1980. Professor Lax was a staff member of 
the Los Alamos Science Laboratory in 1945. 

Professor Lax was a Fulbright Lecturer in 
1958 and a Sloan Fellow from 1959- 1963. He was 
awarded the Chauvenet Prize of the Mathematical 
Association of America in 1974 and the Norbert 
Wiener Prize in Applied Mathematics in 1975. 
Also he is a member of the National Academy 
of S~iences , the National Science Board ( 1980--
1986) and the Academie des Sciences. Professor 
Lax has served on many AMS committees and 
as Member-at-Large of the Council ( 1962-1964) , 
Vice President ( 1970-1971), and President ( 1979-
1980). 

Cathleen S. Morawetz, of the Courant Insti
tute of Mathematical Sciences, was asked by the 
Editors of Notices to comment on Lax's contribu
tions. She responded: 

Peter Lax has made deep contributions to 
both pure and applied mathematics . He 
has brought to bear, on several difficult and 
unwieldy problems arising in applications, 
the elegance and structure of mathematics 
and bent the results into useful answers. He 
has influenced a whole generation of young 
mathematicians, arousing their interest in 
mathematics and its application to practical 
problems. He has also made exceptional 
contributions to public service. As a member 
of the National Science Board, he chaired 
the "Lax Panel" which conducted a careful 
scrutiny of the computer power available to 
American scientists and called the country's 
attention to its extremely serious inadequacy. 

Three major areas of research work have 
been nonlinear hyperbolic equations, scatter
ing theory and nonlinear dispersive equations. 
Many of the underlying principles for nonlin
ear hyperbolic equations, including t_h_e r~le 
of conservation laws and many stability IS

sues in numerical models, are due to Lax. In 
scattering theory, Lax and Phillips' approach 
yielded a deeper understanding of the propa
gation of sound and light and ultimately to 
new methods in hyperbolic geometry. In non
linear dispersive equations, Lax discerned the 
intrinsic mathematical structure of the KdV
Schrodinger relationship and led researchers 
to new insight in dispersive problems. 



Herbert A. Simon was honored for his "funda
mental contributions to our understanding of 
human problem-solving behavior and decision
making within economic organizations. His work 
includes philosophy and methodology of science, 
economics, political science, applied mathematics, 
computer science, and cognitive psychology. The 
sheer breadth of his record, spanning so many 
areas and disciplines, would be pretentious were it 
not so innovative and scientifically distinguished." 

Herbert A. Simon was born on June 15, 1916, 
in Milwaukee, Wisconsin. In 1943, he received 
a Ph.D. in political science from the University 
of Chicago. He has held research and faculty 
positions at the University of California, Berkeley, 
and at the Illinois Institute of Technology. He 
has been a member of the faculty of Carnegie
Mellon University since 1949, where he is currently 
the Richard King Mellon University Professor of 
Computer Science and Psychology. 

Professor Simon's work was recognized by his 
election to the National Academy of Sciences in 
1967. He has received the Distinguished Scientific 
Contribution Award of the American Psycholog
ical Association and the A. M. Turing Award 
of the Association for Computing Machinery and 
was elected Distinguished Fellow of the American 
Economic Association. In 1978, he received the 
Alfred B. Nobel Memorial Prize in Economics "for 
his pioneering work on decision-making processes 
within economic organizations." Professor Simon 
was also the Gibbs Lecturer in 1984. 

Herbert A. Simon 
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Allen Newell of Carnegie-Mellon University 
was asked by the Editors of Notices to comment 
on Simon's contributions. He responded: 

Herbert A. Simon received the National 
Medal of Science for his work in understand
ing the nature of information processing in 
humans. This has been a central concern 
of his for thirty years and one that led to 
his co-founding the field of artificial intelli
gence in the mid-fifties. For the methods 
whereby humans solve novel problems is very 
much of a piece with how computers solve 
novel problems. But this is only one of 
the fields in which Simon has worked, as 
attested by his Nobel Prize in economics. 
In fact, a quick enumeration reveals that 
Simon has made contributions to at least 
a dozen fields- administrative science, artifi
cial intelligence, computer science, economics 
and econometrics, history and philosophy 
of science, management science and opera
tions research , philosophy, political science, 
psychology (both individual and social), so
ciology, and statistics. In all of these the 
contributions were technical and often exten
sive. In many, they made major impacts 
on the conduct of the field. In the social 
sciences his work has uniformly moved the 
fields towards greater use of quantification 
and mathematics. However, he has also been 
deeply involved in the substantive content of 
each discipline. For instance, he co-authored 
a leading textbook in public administration. 
Simon is indeed a scientist and intellectual 
for all seasons. But he will tell you that all of 
his work has been dedicated to a single aim, 
namely, to understand how humans can get 
along and prosper in this world with their 
limited resources for processing information. 
It would appear, however, that he is speaking 
mostly about the rest of us. 

Antoni Zygmund was honored for his "outstanding 
contributions to Fourier Analysis and its applica
tions to partial differential equations and other 
branches of analysis. He created the strongest 
school of analytical research in the contemporary 
mathematical world." 

Antoni Zygmund was born in Warsaw, Poland 
on December 26, 1900. He received his Ph.D. 
from the University of Warsaw in 1923, and hon
orary D.Sc. degrees from Washington University 
(1972), the University of Torun in Poland (1973), 
the University of Paris (1974), and the Univer
sity of Uppsala in Sweden (1976). From 1922 to 
1930 he was Instructor of Mathematics at Warsaw 
Polytechnical School, from 1926 to 1930 Privat 
Docent of the University of Warsaw, and during 
1930- 1939 Professor at Wilno University. He 
spent 1939-1940 as Visiting Lecturer at the Mas
sachusetts Insti tute of Technology, then became 



Assistant Professor at Mt. Holyoke College, where 
he advanced to Associate Professor by 1945. He 
was Professor at the University of Pennsylvania 
from 1945- 1947, then became Professor at the 
University of Chicago, where he has been Swift 
Distinguished Service Professor of Mathematics 
since 1967. 

Professor Zygmund served as Member-at
Large of the Council of the American Mathemat
ical Society from 1954- 1956, as Vice President 
from 1954 to 1955, and on many AMS commit
tees. He gave an invited address at the 1943 
Summer Meeting in New Brunswick, New Jersey. 
He delivered the Colloquium Lectures at the 1953 
Summer Meeting in Kingston, Ontario, gave a 
thirty minute address at the 1954 International 
Congress of Mathematicians in Amsterdam, and 
spoke at the Symposium on Singular Integrals in 
Chicago in April 1966. He was also an organizer 
of the Special Session on Differentiation Theory 
in Evanston, Illinois in November 1968. 

Professor Zygmund held a Rockefeller Foun
dation Fellowship at Oxford and Cambridge Uni
versities in 1929-1930 and a Guggenheim Foun
dation Fellowship in 1953-1954. He received the 
prize of the Polish Academy of Sciences in 1939. 
In 1979 he was awarded the AMS Steele Prize. He 
is a member of the National Academy of Sciences, 
the American Association for the Advancement 
of Science, the Polish Academy of Sciences, the 
Argentinian National Academy, the Spanish Na
tional Academy in Madrid, and the National 
Academy of Sciences in Palermo, Italy. 

Antoni Zygmund 
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Elias M. Stein of Princeton University was 
asked by the Editors of Notices to comment on 
Zygmund's contributions. He responded: 

Antoni Zygmund is one of the great analysts 
of our time, whose deep and many-faceted 
work and broad influence continue to have 
highly significant impact on many areas of 
mathematics. 

Perhaps his most famous work is the the
ory of singular integrals which he began in 
the 1950s (working jointly with Calderon). 
The results obtained have been of great 
importance in questions of Fourier analysis 
in Rn, real-variable theory, and most no
tably in the theory of partial differential 
equations, both in their analytic and topo
logical aspects. Zygmund's earlier work (in 
the 1930s and 1940s) dealt mainly with the 
theory of one-dimensional Fourier theories 
(the Riemann theory of trigonomet ric series, 
and Littlewood-Paley theory) , but even then 
his interests in analysis in Rn had already 
developed in work with Marcinkiewicz (his 
student). Among their results were the the
ory of the strong maximal function, with 
applications to multiple harmonic functions, 
and boundary behavior of functions of several 
complex variables. 

No descript ion of the importance of A. Zyg
mund to modern mathematics would be com
plete without mention of the strong school 
of mathematicians whose development he 
guided, and the major accounts he gave of 
Fourier analysis in his Trigonometric Series 
(1959), a greatly expanded version of the first 
edition Trigonometrical Series (1935). This 
work will surely be considered one of the 
classics of twent ieth century mathematics. 

AMS Postdoctoral Research Fellowship 
The Society has awarded one Postdoctoral Re
search Fellowship for 1986-1987. The recipient is 
Dinakar Ramakrishnan, who received his Ph.D. 
from Columbia University in August 1980. Ra
makrishnan was an instructor at the University 
of Chicago ( 1980-1982), an assistant professor at 
the Johns Hopkins University (1982- 1985), and a 
member of the Institute of Advanced Study ( 1982-
1983). He is currently an assistant professor at 
Cornell University. 

Professor Ramakrishnan received a Columbia 
University Faculty Fellowship (1975- 1977), and a 
Graduate Research Fellowship (1977- 1979). He 
was awarded an Alfred P. Sloan Fellowship in 
February 1986. Professor Ramakrishnan plans to 
spend his AMS Fellowship year at the Institute for 
Advanced Study and the Mathematical Sciences 
Research Institute. 



Dinakar Ramakrisbnan 

The AMS Research Fellowship fund was es
tablished in 1973 in response to the need for 
funds for postdoctoral research. The fellowships 
are awarded on the basis of mathematical merit 
to persons who are five to ten years past the 
Ph.D. , but below the academic rank of professor 
(regardless of their age) . Fellows must be citizens 
or permanent residents of a country in North 
America. The awards are intended to support 
research fellows for a period of one year and, at 
present , carry a stipend of $30,000 each with an 
expense allowance of $1 ,000. The competition was 
held under the supervision of the Society's Com
mittee on Postdoctoral Fellowships, consisting of 
J. William Helton, Peter J. Kahn, Neil I. Koblitz, 
Stephen Lichtenbaum, Kenneth C. Millett, and 
Ivar Stakgold {chairman). 

There were many strong candidates among 
the forty-three applicants. The fellowship is 
financed by the generous contributions of sup
porters of mathematical research, supplemented 
with Society funds appropriated according to a 
matching formula. The continuation of the AMS 
Research Fellowship program depends on con
tributions the Society receives. Every member 
of the Society is urged to contribute to the 
Fund. Contributions are, of course, tax de
ductible. Checks should be made payable to the 
American Mathematical Society, clearly marked 
"AMS Research Fellowship Fund," and sent to the 
American Mathematical Society, P.O. Box 1571, 
Annex Station, Providence, RI 02901. 

USCMI Pre-Congress Session 

As announced in the March 1986 Notices , the 
United States Commission on Mathematical In-

\; 
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struction {USCMI) will sponsor a series of invited 
survey talks on August 2, 1986. The series is 
meant to enhance the understanding and appreci
ation of some of the major research-related work 
to be discussed at ICM-86. There is no regis
tration fee for this USCMI Pre-Congress Session. 
It will take place from 2- 6 p.m. at the Wheeler 
Auditorium on the University of California at 
Berkeley campus. 

The presentation times, the speakers, and 
the titles of their talks are: 2 p.m., Robert Ed
wards, Highlights of low dimensional topology; 
3 p.m., Richard Karp, The polynomial-time fron
tier: Recent developments in computational com
plexity theory; 4 p.m. , Clifford Taubes, The 
physics and geometry of estimates in nonlinear 
partial differential equations; and 5 p.m., Andrew 
Ogg, Modular functions and number theory. 

For further information, contact the session 
organizer, Warren Page, New York City Technical 
College, 300 Jay Street, Brooklyn, New York 
11201. Telephone: {718) 643-3637, or {718) 643-
2470. 

AMS Membership Category Changes 

There have been two changes in AMS member
ship categories which the Society would like to 
bring to the attention of its members. At the 
urging of the AMS President, Irving Kaplansky, 
the Council has approved life memberships. In 
response to suggestions from the AMS member
ship, the Trustees Committee on Membership has 
formulated a scheme for multi-year memberships 
which was recently approved by the Council. (See 
the AMS Reports and Communications sections 
in the October 1985 and March 1986 issues of 
Notices.) 

Effective with the 1987 membership year, 
AMS members who are at least sixty-two years of 
age and who have been members of the Society 
for at least twenty years may elect to become life 
members. The dues for this class of membership 
have been set as a one-time payment equal to five 
times the higher ordinary member dues for the 
membership year in which the life membership 
becomes effective. This does not effect those 
persons who became life members before October 
25, 1941, when another version of life membership, 
with no age restriction, was discontinued. 

Also effective with the 1987 membership year, 
individual AMS members may elect to prepay their 
dues for up to five years. The details for this 
option had not yet been set by the Executive 
Committee and Board of Trustees at the time this 
issue of Notices went to the printer. The option 
will not apply to journal subscriptions. 

The request for early payment of your 1987 
dues, which you will be receiving shortly, will con
tain details about these new options. If you wish 
to take advantage of one of these new categories 



of membership, please be sure to make the appro
priate change in your dues category when making 
your payment. If you have any questions about 
either of these dues categories, please do not hesi
tate to call the Society's membership department 
at 800-556-7774, or write: American Mathemat
ical Society, Attn: Membership Secretary, P.O. 
Box 6248, Providence, RI 02940. 

Guggenheim Fellowships 

The John Simon Guggenheim Memorial Founda
tion has announced the award of 272 fellowships in 
its sixty-second annual competition. This year's 
list of awards includes eight in the mathematical 
sciences and related disciplines. 

Names of these recipients, their positions, in
stitutional affiliations, and their proposed studies 
are: Solomon Feferman, Professor of Mathemat
ics and Philosophy, Stanford University, (Proof 
theory of formal systems for mathematics, and 
editorial work on Kurt Godel's Nachlass); Har
vey M. Friedman, Professor of Mathematics and 
Philosophy, Ohio State University (Studies in the 
foundations of mathematics); Mark H. Holmes, 
Associate Professor of Mathematics, Rensselaer 
Polytechnic Institute (Mathematical modeling of 
mechanoreceptors); Vaughan F.R. Jones, Pro
fessor of Mathematics, University of California, 
Berkeley (Studies in algebra, analysis, and topol
ogy); Victor Kac, Professor of Mathematics, Mas
sachusetts Institute of Technology (Studies in 
representation theory); Carlos E. Kenig, Pro
fessor of Mathematics, University of Chicago 
(Studies in harmonic analysis and partial differ
ential equations); Charles D. Parsons, Professor 
of Philosophy, Columbia University (Studies in 
the philosophy of mathematics); and Jeffrey Scott 
Vitter, Associate Professor of Computer Science, 
Brown University, on leave at the Mathematical 
Sciences Research Institute (Mathematical analy
sis of algorithms and computational complexity). 

Sloan Research Fellowships Awarded 
Ninety young scientists of extraordinary promise 
have been selected under a program known as 
Sloan Research Fellowships to receive awards of 
$25,000 each, the Alfred P. Sloan Foundation 
announced. The fellows are working at forty
nine colleges and universities on problems at 
the frontiers of physics, chemistry, neuroscience, 
economics, and pure and applied mathematics. 

The Sloan Research Fellowships Program is 
by far the oldest of the Sloan Foundation and orie 
of the oldest fellowship programs in the country. 
It began in 1955 as a means of encouraging basic 
research by young scholars at a time in their 
careers when teaching duties can be most pressing 
and when other support can be difficult to obtain. 
Many fellows have gone on to distinguished careers 
both in their disciplines and in public life. Ten 
Sloan Fellows have won Nobel prizes later in their 
careers and hundreds have received other honors. 

This year's winners were selected from 450 
nominees by a committee of recognized scientists 
and economists. The ·mathematicians on the 
committee this year were Peter D. Lax, Courant 
Institute of Mathematical Sciences, New York 
University; Barry Mazur, Harvard University; 
and John Milnor, The Institute for Advanced 
Study. 

Twenty awards for mathematicians were 
made to: GREG W. ANDERSON, University 
of Minnesota; MICHAEL F. CHRIST, Prince
ton University; LAURENT CLOZEL, University of 
Michigan; J. BRIAN CONREY, Oklahoma State 
University; PETRE S. CONSTANTIN, University 
of Chicago; MARC CULLER, Rutgers University; 
LAWRENCE EIN, University of Illinois, Chicago; 
NICHOLAS M. ERCOLANI, Ohio State Univer
sity; ROBERT FRIEDMAN, Columbia University; 
DAVID GABAI, California Institute of Technol
ogy; HENRI A. GILLET, University of Illinois, 
Chicago; JONATHAN B. GOODMAN, New York 
University; GLEN R. HALL, Boston Univer
sity; PHILIP J. HANLON, University of Michi
gan; JOHN L. HARER, University of Michigan; 
HIDEKI KOSAKI, Tulane University; GREGORY 

Combined Membership List 
Shipping and Handling Charge 

As a privilege of membership, individual members of the Society are entitled to receive a 
free copy of the Combined Membership List ( CML) in even numbered years. While the CML 
is free, the Society can no longer absorb the cost of shipping it to members. If you wish 
to receive the 1986-1987 CML when it is published, kindly remit $2 when you return your 
membership listing update, or include it with your membership dues. If you choose to add 
this remittance to your dues, please indicate this clearly when paying your bill. 
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News from the Mathematical 
Sciences Institute 

Cornell University 

The Mathematical Sciences Institute, sponsored 
by the U.S. Army, announces a Workshop on 
Fracture in Polymers and Metals to be held 
August 4-8, 1986. Topics include: modeling 
of time dependent crack growth; micromechan
ics of local failure; constitutive models for 
material breakdown; analytical and numerical 
methods; and interdisciplinary tutorials. The 
workshop organizers are C. Y. Hui, Theoreti
cal and Applied Mechanics, Cornell University, 
Ithaca, NY 14853 and S. L. Phoenix, Me
chanical and Aerospace Engineering, Cornell 
University, Ithaca, NY 14853. 

F. LAWLER, Duke University; DINAKAR RA
MAKRISHNAN, Cornell University; JAMES A. 
SETHIAN, University of California, Berkeley; and 
STANISLAW J. SZAREK, Case Western Reserve 
University. -Alfred P. Sloan Foundation News 

Fulbright and Other Grants 
for Graduate Study Abroad 

The United States Information Agency (USIA) 
and the Institute of International Education (IIE) 
announced recently that the official opening of 
the 1987-1988 competition for grants for graduate 
study or research abroad in academic fields and 
for professional training in the creative and per
forming arts is scheduled for May 1, 1986. It is 
expected that approximately 700 awards to over 
70 countries will be available for the 1987-1988 
academic year. 

The purpose of these grants is to increase 
mutual understanding between the people of the 
United States and other countries through the 
exchange of persons, knowledge, and skills. The 
grants are provided under the terms of the Mutual 
Educational and Cultural Exchange Act of 1961 
(Fulbright-Hays Act) and by foreign governments, 
universities, corporations, and private donors. 

Applicants must be U.S. citizens at the time 
of application, will generally hold a bachelor's 
degree or its equivalent before the beginning date 
of the grant and, in most cases, will be proficient 
in the language of the host country. Except for 
certain specific awards, candidates may not hold 
the Ph.D. at the time of application. Candidates 
for 1987-1988 are ineligible for a grant to a 
country if they have been doing graduate work 
or conducting research in that country for six 
months or more during the 1986-1987 academic 
year. 

Creative and performing artists are not re
quired to have a bachelor's degree, but they must 
have four years of professional study or equivalent 
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experience. Candidates in medicine must have an 
M.D. or equivalent degree (e.g. D.D.S., O.D.) at 
the time of application. 

Selection is based on the academic, profes
sional, and/or artistic excellence of the applicant, 
the validity and feasibility of the proposed study 
plan, the applicant's language preparation, and 
personal qualifications. Preference is given to 
candidates who have not had prior opportunity 
for extended study or residence abroad. 

Application forms and further information 
may be obtained from the Institute of Interna
tional Education, 809 United Nations Plaza, New 
York, NY 10017, or from one of IIE's regional 
offices in Atlanta, Chicago, Denver, Houston, or 
San Francisco. The deadline date for receipt of 
completed applications is October 31, 1986. Re
quests for application materials postmarked after 
October 15, 1986, will not be honored. 

-liE News Release 

Fulbright Collaborative Research Grants 
The United States Information Agency (USIA) 
and the Institute of International Education (IIE) 
announce the May 1, 1986, opening of the com
petition for collaborative research grants abroad 
for teams of two or three U.S. graduate stu
dents or recent postdoctoral researchers under the 
Fulbright Program. 

The Fulbright Collaborative Research Grants 
will be available for study in all countries in the 
world, except most East European countries, the 
U.S.S.R., and Indochina, for the academic year 
1987-1988. There are no restrictions on fields 
of study. Prospective applicants should check 
with the IIE regarding country availability prior 
to applying. 

Applicants must be U.S. citizens at the time 
of application, must have received the majority of 
their high school and undergraduate education at 
educational institutions in the U.S., and must hold 
a B.A. degree or equivalent before the beginning 
date of the grant. Applicants with a Ph.D. at the 
time of application may have obtained the degree 
no earlier than June 1984. Applicants in medicine 
must have an M.D. degree or the equivalent 
(e.g., O.D., D.D.S.) at the time of application. 
Applicants in the creative and performing arts 
need not have a degree, but must have four 
years of relevant training and/ or experience. All 
applicants must have sufficient proficiency in both 
the written and spoken language of the host 
country to carry out research. 

The statements of proposed research submit
ted by team members may be identical, comple
mentary, or present different dimensions of the 
team's research. It is preferable that applications 
be submitted through a U.S. academic institu
tion or professional organization. In addition, 
evidence of affiliation abroad with a host country 
institution or with an ongoing project that will 



oversee the research must be presented with the 
application. 

Grants will normally be for six to ten months 
and will provide monthly fixed sum awards to each 
member of the team. Grantees will also receive 
basic health and accident insurance coverage as 
part of the award. It is expected that each 
member of the team will carry out their research 
in one foreign country for a minimum of six 
months during the same academic year, although 
all members of the team do not necessarily have to 
concurrently conduct research in the host country. 

Additional information and application forms 
may be obtained from the U.S. Student Programs 
Division, Institute of International Education, 
809 United Nations Plaza, New York, NY 10017, 
or from one of HE's regional offices in Atlanta, 
Chicago, Denver, Houston, or San Francisco. 
Completed applications from all team members 
must be submitted to liE's New York headquarters 
by January 16, 1987. -liE News Release 

Fulbright Teacher Exchange Program 
The United States Information Agency is pleased 
to announce the 1987-1988 Fulbright Teacher 
Exchange Program. 

The Teacher Exchange Program involves a 
one-on-one exchange for teachers at the elemen
tary, secondary, and postsecondary levels with 
suitable teachers overseas. The 1987-1988 over
seas exchange programs will involve Canada, the 
United Kingdom, France, the Federal Republic of 
Germany, Belgium/Luxembourg, Denmark, Nor
way, Switzerland, Colombia, and Argentina. The 
number of exchanges available and the eligibility 
requirements vary by country. 

The program also provides opportunities for 
teachers to participate in summer seminars from 
three to eight weeks in length. During the summer 
of 1987, seminars will be held in Italy and in the 
Netherlands. 

Applications will be available in the summer. 
The deadline for receipt of completed applications 
is October 15, 1986. For further information, write 
Fulbright Teacher Exchange Program, E/ ASX, 
United States Information Agency, 301 Fourth 
Street, S.W., Washington, D.C. 20547. Telephone: 
(202) 485-2555. 

Rollo Davidson Trust 
Rollo Davidson Prizes have been awarded to 
Peter Hall of the Australian National University, 
Canberra, and to Jean-Fran<;ois Le Gall of the 
Universite Pierre et Marie Curie, Paris. Peter 
Hall is being honored for his work on continuum 
percolation. Jean-Fran<;ois Le Gall received the 
award for his use of local-time arguments to obtain 
uniqueness theorems for stochastic differential 
equations and for his work on the multiple points 
of brownian motion. 
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The first Rollo Davidson Prize was awarded 
in 1976. Sixteen prizes have been awarded in 
all. The work of the Trust is supported by 
individual donations and by royalties associated 
with the books Stochastic Analysis and Stochastic 
Geometry, published in 1973 and 197 4 as memorial 
tributes to Rollo Davidson. Communications 
relating to the work of the Trust should be 
addressed to its Secretary, The Bursar, Churchill 
College, Cambridge CB3 ODS, England. 

L. V. Kantorovich 
1912-1986 

Leonid Vital'evich Kantorovich, of the Academy 
of Sciences of the U.S.S.R. in Moscow, died April 
7, 1986, at the age of 74. 

Kantorovich was born January 19, 1912, in 
St. Petersburg (now Leningrad). At the age of 14, 
he enrolled at Leningrad University, graduating in 
1930. By the age of 15, Kantorovich had already 
begun active research, obtaining important results 
in the descriptive theory offunctions in 1927-1928. 
Since that time, Kantorovich published more than 
260 articles and books on set theory, descriptive 
and constructive theory of functions, functional 
analysis, numerical mathematics, the theory of 
extremal problems, mathematical economics, and 
computer science. 

Kantorovich was appointed Professor of Math
ematics at Leningrad University in 1932, where 
he worked until 1960. In 1935, he was awarded 
the degree of Doctor of Physico-Mathematical 
Sciences for the totality of his scientific work. 
From 1930-1939, Kantorovich also taught at the 
Leningrad Institute of Civil Engineers. It was 
there that he encountered a practical problem 
of optimal cutting of timber and plywood that 
prompted his fundamental work in linear pro
gramming. Kantorovich's first publications on 
this subject appeared in 1939. From 1940-1960, 
Kantorovich also worked at the Leningrad Branch 
of the Steklov Institute of Mathematics (LOMI). 

The Laboratory for the Application of Sta
tistical and Mathematical Methods in Economics 
was established in the framework of the newly cre
ated Siberian Division of the U.S.S.R. Academy of 
Sciences in 1958. The joint heads of the laboratory 
were V. S. Nelmchinov and Kantorovich. 

In 1960, Kantorovich moved with the Lenin
grad group of the laboratory to Novosibirsk where 
the group was incorporated into the Institute of 
Mathematics as the Department of Mathematical 
Economics. Kantorovich was appointed Deputy 
Director and head of the Department of Mathe
matical Economics at the Institute. At the same 
time, he became the head of the Department of 
Computational Mathematics at Novosibirsk Uni
versity. He occupied these positions until he 
moved to Moscow in 1971. 

From 1971-1976, Kantorovich worked at the 
Institute for the Management of the National 



Economy and, from 1976 until his death, at 
the Institute of System Research. He was also 
a member of the State Committee for Science 
and Technology and chairman, . vice-chairman, 
and member of numerous scientific committees of 
various Ministries and State Committees. He was 
awarded the Stalin Prize, now called the State 
Prize, in 1949. In 1965 he shared the Lenin 
Prize, and in 1975 he shared the Nobel Prize in 
Economics. 

Kantorovich's scientific achievements were 
widely recognized throughout the world. Many 
universities awarded him honorary doctoral de
grees and numerous scientific societies and acade
mies elected him to membership. 

Directory of Women 
in the Mathematical Sciences 

In 1981 the AMS-MAA-SIAM Committee on 
Women in Mathematics published a Directory 
of Women in the Mathematical Sciences with 
financial support from the AMS, the MAA, SIAM, 
and several publishers. It superseded the original 
Directory of Women Mathematicians which was 
published by the AMS in 1973-1974 and which 
was followed by several supplements. The Associ
ation for Women in Mathematics {AWM) has now 
assumed the responsibility for publication of an 
updated edition of the Directory of Women in the 
Mathemetical Sciences. 

The questionnaire which appears in the back 
of this issue will form the basis for the new 
directory. Women who have earned a Ph.D. 
degree, or its equivalent, and candidates expecting 
to receive a Ph.D. at a later date will be kept on 
file. 

The purpose of the directory is to make it 
possible for employers, individuals arranging col
loquia, conferences or mathematics meetings, and 
officers of professional organizations seeking nom
inees for committees to find, in summary form, 
the curricula vitae of women in the mathematical 
sciences. 

The AWM has designed a questionnaire for 
the directory so that entries in subsequent issues 
will require little updating. Each listing will 
include the woman mathematical scientist's name, 
address, and employer or institution; position; one 
or two fields of mathematical interest; and titles 
of her two most important publications. 

Women who wish to be listed in the new 
directory should complete the questionnaire and 
send it immediately to the Directory of Women 
in the Mathematical Sciences, cjo R. Struik, 
Mathematics Dept., Campus Box 426, University 
of Colorado, Boulder, CO 80309. 

Mathematics into Type 
It is anticipated that Mathematics into Type by 
Ellen E. Swanson will be revised and updated in 
the near future. Sinc;e the book's last revision 
in 1979, mathematical typesetting has undergone 
numerous changes, due mostly to the availability 
of computers to authors as well as typesetters. 
The author is interested in comments from math
ematicians or their representatives who have used 
her book in the preparation of mathematical 
manuscripts. She would like feedback as to what 
sections of the book are most valuable, what 
areas need to be expanded, what areas, if any, 
are not useful, etc. Please send your comments 
to Ms. Ellen Swanson, c/o Editorial Department, 
American Mathematical Society, P.O. Box 6248, 
Providence, RI 02940. 

Erratum 
In "A New Knot Polynomial and von Neumann 
Algebras," by V.F.R. Jones, Notices, March 
1986, Volume 33, Number 2, page 223, please 
note the following correction. The example 
?trefoil = 212 - 14 + m212 should read ?trefoil = 
-2[2 -14 + m2l2. 

R H Bing 
1914-1986 

R H Bing, Professor of Mathematics, University of Texas at Austin, died on April 27, 1986, at the age 
of 71. He was President of the Society in 1977-1978. The news of his death reached the officers of the 
Society on the date that this issue of Notices was being sent to the printer. An article will appear in 
the August issue. 
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National Science Foundation 
News 8 Reports 

Reprogramming NSF FY 1986 Funding 
It was reported in the March issue of Notices that 
the anticipated impact of the Gramm-Rudman
Hollings legislation on the Division of Mathemat
ical Sciences would be a funding reduction of 
approximately $2.2 million. This resulted from 
a 4.3% reduction in the overall National Sci
ence Foundation (NSF) budget and would have 
been implemented through a variety of measures, 
including a 10% reduction in continuing and 
new grant awards. Director Erich Bloch viewed 
this funding decrease as particularly damaging 
to mathematics research and chose to request 
the reprogramming of the NSF budget to exclude 
the allocation to the Division of Mathematical 
Sciences from the reduction. This request was 
approved by a congressional committee and the 
$2.2 million slated to be cut was restored. A 
few other programs also received favorable treat
ment, and as a result the remaining programs 
in the Foundation will sustain a 4.8% cut. One 
should remember that the constitutionality of the 
Gramm-Rudman-Hollings Act is still in question 
and that the whole budget cutting process may 
be a mental exercise. However, it appears that 
mathematics does not need to worry about the 
legality of the legislation as it affects FY 1986. 
This preferential treatment may not be repeated 
next year. 

It should be pointed out that the $4 mil
lion increase (8.4%) over last year's budget in 
the Division of Mathematical Sciences does not 
move rapidly toward solving the funding problems 
highlighted in the David Report. Statistics from 
the AAUP indicate a 6. 7% increase in salaries at 
Ph.D. granting institutions. As a result, salary 
support may exhaust the budget increase to the 
Division of Mathematical Sciences, with little left 
for additional grants. 

Computer-Related Activities 
to be Coordinated 

Erich Bloch, director of the NSF, plans to es
tablish a new organizational unit, consolidating 
several computer-related activities into a Direc
torate for Computer and Information Science and 
Engineering ( CISE). 

In another organizational change, Mr. Bloch 
said the NSF's Division of Astronomy will be 
moved to the Directorate for Mathematical and 
Physical Sciences (MPS) from the Directorate for 
Astronomical, Atmospheric, Earth, and Ocean 
Sciences (AAEO). The latter unit's name will be 
changed to the Directorate of Geosciences (DOG). 
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The new directorate would include the Divi
sion of Computer Research, now in the Directorate 
for Mathematical and Physical Sciences; the Divi
sion of Information Science and Technology, now 
in the Directorate for Biological, Behavioral, and 
Social Sciences; the Office of Advanced Scientific 
Computing, now in the Office of the Director; and 
some programs from the Directorate for Engineer
ing. 

The new directorate is being established 
to create closer ties among such activities as 
computer science, information science, computer 
engineering, supercomputers, and networking. 

C. Gordon Bell, a widely known computer 
architect, will head CISE when it is officially es
tablished on July 1. Mr. Bell was chief technical 
officer of Encore Computer Corporation, a. com
puter manufacturer in Marlboro, Massachusetts, 
from July 1983 to January 1986. He helped de
velop the highly successful minicomputers of the 
Digital Equipment Corporation (DEC), including 
the PDP-4, PDP-5, and PDP-8 as well as larger 
computers such as the PDP-6 and the DEC system 
10. These computers established DEC as a leading 
manufacturer of minicomputers and of computers 
used in scientific research throughout the world. 

As vice president of engineering at Digital 
Equipment Corporation, Mr. Bell led the design 
work for the VAX-11 which set the world standard 
in research laboratories and departments for sci
entific and engineering calculations. From 1966 to 
1972, he was a member of the faculty of Carnegie
Mellon University where he conducted the first 
experiments on multiple processor architecture 
and cooperated on fundamental work related to 
the classification of computational systems and 
their design. 

Minority Graduate Fellowships Awarded 
The NSF recently announced the award of fifty
five fellowships to minority students of outstand
ing ability for graduate studies in the sciences, 
mathematics, and engineering. 

More than 670 American Indian, Black, Pa
cific Islander, and Hispanic students submitted 
applications in a nationwide competition for these 
fellowships, which are awarded on the basis of 
merit. 

Panels of scientists, assembled by the N a
tiona! Research Council of the National Academy 
of Sciences, reviewed and evaluated the applica
tions, with final selections made by the NSF. In 
addition to the fellowships awarded, NSF accorded 
Honorable Mention to 192 applicants. 

Each fellowship provides a stipend of $11,100 
per year for full-time graduate study. An an-



nual cost-of-education allowance of $5,250 is also 
provided to the U.S. institution by NSF in lieu 
of all tuition fees. The cost-of-education al
lowance for U.S. institutions· was reduced from 
the previously announced level of $6,000 to ac
commodate the deficit reduction provisions of the 
Gramm-Rudman-Hollings Act. 

NSF Minority Graduate Fellows may attend 
any appropriate nonprofit U.S. or foreign institu
tion of higher education. Three years of graduate 
study are supported by each fellowship. The 
fellowships may be used over a five year period, 
so students can incorporate teaching or research 
assistantships into their education during periods 
in which they are not receiving their fellowship 
support. 

The new Minority Fellows come from 25 
states and the District of Columbia. Of the 
55 awards, 23 were made to women. The dis
tribution among ethnic groups was as follows: 
American Indians, 4; Blacks, 17; Hispanics and 
Pacific Islanders, 34. There were 19 awards in the 
behavioral and social sciences, 11 in engineering, 
10 in the life and medical sciences, 15 in mathe
matics and physical sciences, including chemistry, 
physics, and earth sciences. 

The 1987-1988 recipients in the mathematical 
and computer sciences are listed below (institu
tions listed in parentheses are those awarding 
bachelor's degrees, those listed outside the paren
theses are those at which graduate study will be 
pursued): RITA TERESE DURAN (Trinity Univer
sity), Northwestern University; SELMA MARIA 
GOMEZ (Harvard University), Harvard Univer
sity; JACQUELINE M. HUGHES (University of 
Cincinnati), University of California, Berkeley; 
RICARDO A. PINCHEIRA (Vanderbilt Univer
sity), University of California, Berkeley. 

-NSF News Release 

Graduate Fellowship Awards Announced 
Five hundred and five outstanding college students 
are being offered fellowships for graduate study in 
the natural and social sciences, mathematics, and 
engineering, the NSF recently announced. 

Nearly 4,900 students submitted applications 
in the nationwide competition for the NSF Grad
uate Fellowships, which are awarded on the basis 
of merit. 

Panels of scientists, assembled by the Na
tional Research Council of the National Academy 
of Sciences, evaluated the applications; final se
lections were made by NSF. In addition to the 
fellowship awards offered, NSF awarded Honorable 
Mention to 1,417 applicants in recognition of their 
potential for scientific and engineering careers. 

The fellowships provide a stipend of $11,100 
per year for full-time graduate study. An an
nual cost-of-education allowance of $5,250 is also 
provided by NSF in lieu of all tuition fees to 
the U.S. institution selected by each fellow. The 
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cost-of-education allowance for U.S. institutions 
was reduced from the previously announced level 
of $6,000 to accommodate the deficit reduction 
provisions of the Gramm-Rudman-Hollings Act. 

NSF Graduate Fellows may attend any ap
propriate nonprofit U.S. or foreign institution of 
higher education. 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 during periods 
in which they are not receiving their fellowship 
stipends. 

The new fellows come from 45 states and the 
District of Columbia. Of the 505 award offers, 
173 were made to women. By scientific discipline, 
the distribution of awards was as follows: 107 in 
engineering; 18 in mathematics; 9 in applications 
of mathematics; 33 in computer science; 40 in 
physics and astronomy; 41 in chemistry; 26 in 
earth sciences; 134 in biological sciences, including 
biochemistry; and 97 in the social sciences and 
psychology. 

The recipients in the mathematical and 
computer sciences are listed below (institutions 
listed in parentheses are those awarding bach
elor's degrees, those listed outside the paren
theses are those at which graduate study will 
be pursued): GREGORY DOMINIC ABOWD (Uni
versity of Notre Dame), University of Illinois, 
Urbana-Champaign; ROBERT NEIL ASHCROFT 
(Cornell University), Massachusetts Institute of 
Technology; SCOTT ELLIOT AXELROD (Rut
gers University), Princeton University; BRENT 
ARNOLD BANISTER (Washington State Univer
sity), Washington State University; WALTER 
BRIAN BARNAS (Dartmouth College), Prince
ton University; CHARLES ANTHONY BIER (Rice 
University), Princeton University; CHRISTINA 
LOUISE BLACK (Cornell University), Stanford 
University; PABLO ALBERTO CALDERON (Uni
versity of Buenos Aires), New York University; 
JOHN BRUCE CARTER (Rice University), Rice 
University; MARA CHIBNIK (Brown University), 
Harvard University; ROBERT EDWARD CYPHER 
(Stanford University), University of Washington; 
ART DUVAL (California Institute of Technol
ogy), University of Wisconsin, Madison; MARK 
ALAN EPSTEIN (University of Chicago), Uni
versity of Chicago; STEPHEN JEFFRAY FROMM 
(Princeton University), Massachusetts Institute of 
Technology; DOUGLAS AZIZ GALBI (Princeton 
University), University of California, Berkeley; 
ERANN GAT (Virginia Polytechnic Institute and 
State University), Stanford University; RICHARD 
GRANT GIBSON (Central Missouri State Univer
sity), University of California, Berkeley; ADAM 
MICHAEL GOTTLIEB (Harvard University), Mas
sachusetts Institute of Technology; MICHELAN
GELO GRIGNI (Duke University), Massachusetts 
Institute of Technology; EDWARD FRANKLIN 
GROVE (Brown University), University of Cal-



ifornia, Berkeley; KARL ROBERT G UTSCHERA 
(Harvard University), Princeton University; MAX 
HAILPERIN (Massachusetts Institute of Technol
ogy), Stanford University; MARK DAVID 
HANSEN (Cornell University), Harvard Univer
sity; MICHAEL JOHN HANSON (University of 
Washington), Stanford University; MARTHA 
JEAN HILLER (Massachusetts Institute of Tech
nology), Massachusetts Institute of Technology; 
EVERETT WILLIAM HOWE (California Institute 
of Technology), University of Illinois, Urbana
Champaign; JOSEPH DAVID JACOBS (Northwest 
Missouri State University), Stanford University; 
DANIEL ELLIOTT LOEB (California Institute of 
Technology), Massachusetts Institute of Technol
ogy; HAW-MINN Lu (Massachusetts Institute of 
Technology), Massachusetts Institute of Tech
nology; PETER MATTHEW MAGYAR (Princeton 
University), Harvard University; CHRISTOPHER 
M. MALONE (Harvard University), Stanford Uni
versity; RICHARD STUART MARGOLIN (Yale 
University), Princeton University; NICHOLAS 
FREITAG MCPHEE (Reed College), Stanford 
University; DEBORAH F. MINEHART (Harvard 
University), University of California, Berkeley; 
ROBERT DEVORE MITCHELL (Case Western 
Reserve University), University of Wisconsin, 
Madison; CRETAN RAM MURTHY (Rice Univer
sity), Cornell University; LEE AARON NEWBERG 
(Massachusetts Institute of Technology), Prince
ton University; MICHAEL DOWNES PETERSON 
(Princeton University), Massachusetts Institute 
of Technology; KAREN LEE PIEPER (Rice Uni
versity), Stanford University; KEITH ANDREW 
RAMSAY (University of Chicago), Princeton Uni
versity; PAUL JONATHAN RESNICK (Univer
sity of Michigan), Carnegie-Mellon University; 
RONALD ROSENFELD (Tel Aviv University), Mas
sachusetts Institute of Technology; EDWARD 
ERIC ROTHBERG (Stanford University), Stan
ford University; JAMES ROBERT RUSSELL (Mas
sachusetts Institute of Technology), Stanford 
University; ERIC JOHN SCHWABE (Carnegie
Mellon University), Massachusetts Institute of 
Technology; DAVID SHAO (Michigan State Uni
versity), Cornell University; STEPHANIE FRANK 
SINGER (Yale University), Stanford University; 
MICHAEL JUDE SLIFKER (University of Pennsyl- . 
vania), Cornell University; ROBERT HAL SLOAN 
(Yale University), Massachusetts Institute of 
Technology; LINCOLN TODD SMITH (Univer~ 
sity of Illinois, Urbana-Champaign), University of 
Michigan; EDITH NELSON STARR (Harvard Uni
versity), Massachusetts Institute of Technology; 
IAN LANCE TAYLOR (Yale University), Mas
sachusetts Institute of Technology; CYNTHIA 
PAIGE THARPE (James Madison University), 
Duke University; RICHARD ALARIC VAUGHAN 
(University of Virginia), Stanford University; 
BYRON LEE WALDEN (Vanderbilt University), 
University of California, Berkeley; FRANK YU
HENG WANG (Princeton University), Harvard 
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University; JACOB ANDREAS WEGELIN (Uni
versity of Washington), University of Chicago; 
ELIZABETH SUSAN WOLF (University of Cali
fornia, Berkeley), Stanford University; DAVID S. 
WOLFE (Cornell University), University of Cal
ifornia, Berkeley; NEAL ERIC YOUNG (Cornell 
University), University of California, Berkeley. 

-NSF News Release 

Small Business Innovation 
Research Awards 

The NSF has made 124 initial phase awards of 
up to $40,000 each under its Small Business In
novation Research (SBIR) program. The awards, 
which total approximately $4.8 million, are for 
advanced research in essentially all NSF science 
and engineering areas. 

One hundred and seven firms in 27 states 
received the awards which were selected from 938 
proposals received under the 1985 SBIR solicita
tion. 

SBIR grants support high risk, potentially 
high payoff research in science-based or tech
nology firms with 500 or fewer employees. A 
second objective is to accelerate the conversion 
of federally supported research into commercial 
applications with private investment. 

SBIR is a unique approach to federal R&D 
designed at NSF in 1977. The program is intended 
to increase opportunities for small business to par
ticipate in NSF research as well as to use small 
high-technology companies to convert research 
into technology. This three-phase program be
came the model for the Small Business Innovation 
Development Act (P.L. 97-219) which was signed 
into law by President Reagan on July 22, 1982. 
The act requires all federal agencies with $100 
million or more in external R&D budgets to con
duct a similar SBIR program on their own R&D 
needs. During the first three years under the act, 
twelve participating agencies received more than 
35,000 proposals and have made approximately 
3,500 awards. 

The 124 new NSF awards are for Phase 
I of the three-phased SBIR program. These 
awards provide up to $40,000 and 6 months to 
determine, as much as possible within these lim
itations, whether the research idea is technically 
feasible and whether the small firm can perform 
high quality research before further government 
support takes place. 

Phase II is the principal research effort for 
those projects that are most promising after the 
first phase. These awards at NSF have averaged 
$200,000 for 1-2 years. Phase III involves the 
follow-on private funding from venture capital or 
large industrial firms for product development and 
commercialization. No SBIR funds are provided 
in Phase III. 



Of the 124 awards ranging over 21 disciplines, 
the following 9 awards were made in the math
ematical and computer sciences. The winning 
firms, their locations, and project titles are: 

Weidlinger Associates, Palo Alto, Califor
nia, Numerical Methods for Inverse Problems in 
Three-Dimensional Geophysical Modeling; XOX 
Corporation, Minneapolis, Minnesota, Intersec
tion of Higher Dimensional Shapes for Geomet
ric Modeling; Computer Technology Associates, 
Inc., Englewood, Colorado, A New Approach in 
Automated Theorem Proving; Daniel H. Wag
ner, Associates, Sunnyvale, California, Dealing 
With Uncertainty in Expert Systems; Datawise, 
Inc., Orlando, Florida, An Algorithm for Sup
porting Views in the Microcomputer Environ
ment; Incremental Systems Corporation, Pitts
burgh, Pennsylvania, Incremental Semantic Anal
ysis and Overload Resolution for Ada; Machine 
Vision International, Ann Arbor, Michigan, In
tegrated Computer Vision Research for Manu
facturing; Scientific Computing Associates, Inc., 
New Haven, Connecticut, Building an Interactive 
Software System for Scientific Computation on 
Supercomputers; and Scientific Computing Asso
ciates, Inc., New Haven, Connecticut, Building a 
Linda Compiler and Communication Kernel for 
Parallel Programming on Hypercube- Connected 
Multicompilers. -NSF News Release 

U.S.-China Cooperative Science Program 

The purpose of the U.S.-China Cooperative Sci
ence Program is to promote opportunities for 
cooperation in basic science between scientists of 
the United States and of the People's Repub
lic of China on projects of mutual interest and 
benefit. The underlying rationale of the pro
gram is that scientific cooperation on the basis 
of equality, reciprocity, and mutual benefit can 
strengthen the scientific capabilities of both coun
tries, advance world scientific knowledge, promote 
understanding between the United States and 
China, establish enduring relationships between 
American and Chinese scientists and institutions. 
and, in general, contribute to broad national goal~ 
on both sides. 

The program supports joint research projects 
of up to two years' duration in all fields of science 
(including social sciences) and engineering nor
mally supported by NSF. Proposals should follow 
format and budgetary guidelines provided in the 
program announcement (NSF 82-50: U.S.-China 
Cooperative Science Program) which may be ob
tained by calling (202) 357-7393 or writing to 
1!.S.-China Cooperative Science Program, Divi
SIOn of International Programs, National Science 
Foundation, 1800 G Street, N.W., Room 1214, 
Washington, DC 20550. 

It is the policy of the NSF to encourage 
minorities and women to compete in this program. 
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NSB Cites Serious Flaws 
in Undergraduate Science, 

Math, and Engineering Education 

Undergraduate education in science, mathemat
ics, and engineering contains "serious deficiencies" 
that are harming this country's economy and secu
rity, according to a recent report of the National 
Science Board (NSB), the NSF's policymaking 
body. 

The report cited three areas that require 
immediate attention "of the highest priority" by 
the NSF and other federal agencies, by the states, 
and by the private sector. The areas of gravest 
concern, according to the report, are laboratory 
instruction, faculty preparation, and courses and 
curricula. 

The report was prepared by the NSB's Com
mittee on Undergraduate Science and Engineering 
Education, chaired by Dr. Homer A. Neal, provost 
at the State University of New York at Stony 
Brook. The Committee held four public hear
ings at which industry, government, and academic 
leaders presented their views on undergraduate 
education. 

The Committee recommended that the NSF's 
annual expenditures at the undergraduate level 
in science, mathematics, and engineering edu
cation reach a "total of $100 million in new 
funds by FY 1989" with appropriate distribution 
among the following areas of highest priority: 
laboratory development, instructional instrumen
tation and equipment, faculty professional en
hancement, course and curriculum development, 
comprehensive improvement projects, undergrad
uate research participation, minority institutions 
program, and information for long-range planning. 

"The Committee has concluded that the 
Foundation's role must be strong leadership of 
a nation-wide effort, an effort that will require 
participation by public and private bodies at all 
levels," the report says. 

According to the NSB report, responsibility 
for the academic health of undergraduate educa
tion lies primarily with the nation's colleges and 
universities and their governing bodies. Respon
sibility for the financial health of the educational 
institutions lies primarily with states, municipal
ities, and the many supporters of private higher 
education. 

Single copies of the NSB Committee's report 
may be obtained from the Office of Legislative 
and Public Affairs, Room 527, National Science 
Foundation, 1800 G Street, N.W., Washington, 
D.C. 20550. Telephone: (202) 357-9498. 

-NSF News Release 



For Your Information 

National Mathematics Awareness Week 

During March, mathematicians across the coun
try received a mailing asking for their assistance 
in the passage of legislation that would estab
lish April 14-20, 1986, as National Mathematics 
Awareness Week. This plea was answered by 
an overwhelming response by the mathematical 
community and resulted in the April lOth passage 
of House Joint Resolution 519. This resolution 
was introduced to the House by Representatives 
Don Fuqua (D-Fla.), Manuel Lujan, Jr. (R
N.Mex.), Doug Walgren (D-Pa.), and Sherwood 
Boehlert (R-N.Y.). An identical bill, Senate Joint 
Resolution 261, was introduced to the Senate by 
Senator Pete Domenici (R-N.Mex.) on January 
29, 1986, and passage was subsequently secured 
in February. 

The method by which such recognized days, 
weeks, and months become official is a significant 
process. Before legislation can be sent to the floor 
of the House, a majority of members must sign on 
as cosponsors. Passage is usually obtained only 
a few days before the official starting date of the 
event. As a result, only a fraction of the bills 
requesting the recognition of special events ever 
receive congressional approval. It was interesting 
that, even with a spring recess for Congress in 
early April, the required number of 218 cosponsors 
was obtained on April 8 and, by the time of 
passage on April 10, 242 members of the House 
signed on to the bill. The bill was brought to 
the floor by Representative Robert Garcia (D
N.Y.), whose involvement was largely prompted 
by the letters and phone calls he received from his 
constituency. Also instrumental in bringing this 
effort to completion was Representative William 
Ford (D-Mich.). 

The passage of this bill is a prime exam
ple that the mathematical community can, by 
working together, make its voice heard in the 
chambers of Washington, and positively effect the 
future well-being of mathematics. 

Activities during Mathematics Awareness 
Week included the distribution of a public ser
vice announcement to over 200 television stations 
across the country. This unusual and colorful 
announcement opened and closed with fractal 
representations created by H. 0. Peitgen. Other 
highlights of the week were the Natural History 
Museum's exhibit on the History of Mathematics 
Teaching in the U.S. at the Smithsonian Institu
tion and the presentation of the Franklin Medal to 
Benoit Mandelbrot for "his development of fractal 
geometry." 

The week concluded with a congressional re
ception on Capitol Hill at which Senator Domenici 
was presented with a framed fractal in recognition 
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of his efforts on behalf of Mathematics Awareness 
Week. Domenici responded with a few comments 
on the problems facing mathematics due to bud
get restraints in Congress and expressed his desire 
to do more to stimulate mathematics and to im
prove young minds. Recognizing that the budget 
crisis is constraining new program development, 
he went on to say that, with the return of financial 
stability, it will be possible to act more vigorously 
and with less worry as to cost. 

Mathematics Awareness Week served as a 
focal point, highlighting the accomplishments of 
mathematics and American mathematicians. At 
this time of crisis for the mathematical profes
sion, public awareness is essential for regaining 
adequate funding for mathematics research and 
for increasing the attractiveness of mathematics 
as a professional career. 

Congressional Strategy 
for the Mathematical Community 
Jennifer W !song Vance, Esquire 

The Congress has shown a growing interest over 
the past few years in many areas of science and 
mathematics: recruitment of students, supply of 
college teachers, public understanding of science 
and mathematics, collegiate curriculum, and con
tinued support for mathematics research. 

Congressional interest in these issues is im
portant not only because it suggests future pos
sible roles for the mathematics community in 
congressional relations, but also because it may 
signal the beginning of a shift in the way sci
ence and mathematics policy is developed in this 
country. 

Goals of the Mathematical Community 
It is easy to identify specific goals of the math
ematical community that directly support major 
policy priorities of Congress-scientific advance
ment, increased economic productivity, and a 
secure national defense. The impact of math
ematical research on society, the significance of 
mathematics education at all levels of training, 
and the general education of the citizenry bear 
directly on these congressional goals. 

r--lennifer Vance is an attorney specializing 
I in fed~ral practice in education and science who 

I 
has been retained by the Joint Policy Board 
for Mathematics for assistance in dealing with 
congressional issues. From 1975 to 1982 she 

! was a Senior Legislative Associate for the House 
Committee on Education and Labor, and from 
1982 to 1985 she worked on science education 
policy and congressional liaison for the National 
Science Foundation. 



To support these goals, the mathematical 
community needs to document for Congress the 
consequences of the present crisis in training new 
mathematicians, the importance of recent devel
opments in mathematics-especially those that 
bear on scientific computation-and the risks 
associated with continued under-funding of math
ematics research and mathematics education. 

Goals of the Congress 
Whereas in the past the Executive Branch (e.g., 
primarily the National Science Foundation) has 
been responsible for establishing priorities within 
the general science budget, recent changes in 
the congressional process may alter the tradi
tion whereby Congress has deferred in budget 
allocations to the scientific community. Serious 
budget deficits, which resulted in the passage of 
the Gramm-Rudman-Hollings amendment, may 
have a dramatic impact both on total funding 
for science and mathematics and on the way the 
budget decisions are made. 

Members of Congress are growing more in
terested in the technical aspects of science policy 
as they seek new ways to lower unemployment, 
restore the balance of international trade, im
prove the education of students, and revitalize 
the industrial work force. At the same time 
there has been a breakdown in the peer review 
system, with repeated direct appeals to Congress 
by individual universities for support of specific 
scientific projects. 

The mathematical community may be sur
prised to learn of the very strong interest within 
the Congress in mathematics and science educa
tion. Close to $150 million has been appropriated 
to the Department of Education for a mathe
matics and science education program directed 
across the spectrum from the elementary to the 
postsecondary level. Needs in mathematics are 
specifically cited in the fiscal year 1986 Depart
ment of Defense appropriations reports where 
it concerns the University Research Initiative-a 
new $100 million program to create science and 
technology centers. And, more generally, there is 
increasing interest in collegiate mathematics and 
science education both within Congress and at 
the National Science Foundation. 

Dealing with Congress 
Strong relationships with key congressional staff, 
both in committees and in members' personal 
offices, are very important for building a base 
of informed understanding necessary for effective 
action. Unfortunately, the tenure of congressional 
staff is often short, so constant renewal of contact 
is required to maintain continuity. 

The congressional process itself is also very 
important. One must know the rules that gov
ern the operation of the House and the Senate, 
the authorization, appropriation and budget pro
cesses, and the ad hoc political nuances that affect 
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legislative issues. Misunderstanding the congres
sional process can create significant obstacles to 
achieving one's goals. 

Another very important factor is the role 
and cohesiveness of the mathematical community. 
Recent examples, particularly in the area of as
tronomy, have shown that the Congress responds 
well to field-initiated consensus and ordering of 
priorities. A few years ago the astronomers 
provided the Congress with a report in· which 
they documented policy and project priorities, 
thus enabling the Congress to understand bet
ter the importance of various projects and the 
relationship among them. 

Congress is able to devote only a small 
amount of time to understanding any particular 
issue. The clearer the mathematical community 
can paint the global picture, the better Congress 
will understand the consensus of mathematicians. 
These understandings will help enable Congress 
to resist pork barrel requests that distort the 
balance of funding and undermine sound national 
policy. 

The David Report, Renewing U.S. Math
ematics: Critical Resource for the Future, is an 
excellent document that continues to be effectively 
used with Congress to expand their understanding 
of the history of mathematics research funding. 
Other shorter and more specific reports need to 
be written to clarify funding needs and priorities 
within and among various branches of mathemat
ics and mathematics education. 

The Legislative Process 
If one seeks to exert influence within the legisla
tive process, it is important to understand some 
of the general patterns of activity on Capitol 
Hill. At the risk of being over-simplistic, the 
following observations provide a framework for 
understanding specific strategies. 

First, Washington is a town driven by in
formation and misinformation. Those able to 
carefully articulate their case in precise and eas
ily understandable terms are most likely to be 
understood-an important contribution to suc
cess in reaching their objectives. 

Second, the federal budget deficit is the single 
most important issue affecting the way Congress 
views policy. Congress is no longer thinking about 
the New Deal or the Great Society. Now it is 
primarily concerned with the ordering of priorities 
against a background of fiscal restraint. 

Third, although political "deals" continue to 
be part of the Congressional process, legislative 
decisions will increasingly come under sharper 
fiscal and intellectual scrutiny. 

Last, and most important, the legislative 
agenda is often crisis driven. What may be subject 
to careful deliberation over several months in the 
private sector is often condensed on Capitol Hill to 
short one-page summaries prepared overnight. It 
is very important for the mathematical community 



to develop the contact that will enable it to 
respond in timely fashion when these crises occur. 

Recommendations to the 
Mathematical Community 

The ability of the mathematical community to 
reach its important long-term goals will require 
consistent effort directed primarily at creating an 
awareness among policy makers-virtually all of 
whom are nonmathematicians-of the importance 
of mathematics to the well-being of the intellec
tual, scientific, and technological infrastructure of 
the nation. The community must: 

• increase its understanding of the congres
sional authorization, appropriation, and bud
get process and the impact these have on 
mathematics budget and funding; 

• help members of Congress and their staffs 
understand the importance of mathematics 
to the well-being of the nation; 

• identify several key members of Congress who 
have shown particular interest in mathemat
ics and cultivate their support by increasing 
their understanding of mathematics. 
The problems of communicating the role 

of mathematics to the Congress are formidable. 
But mathematics itself can carry the day: it is 
recognized as useful, it is widely supported by 
everyone interested in educational reform, and it 
isn't burdened with controversial baggage that 
would make politicians avoid it. What is needed 
is for the mathematical community to develop 
a consensus on a legislative program and then 
present it to Congress. 

Graduate S /E Enrollment Shows 
Smallest Increase Since 1977 

This report presents data collected in the Na
tional Science Foundation's (NSF's) Survey of 
Graduate Science and Engineering Students and 
Postdoctorates, Fall 1984. Estimates are based 
on responses from all 325 doctorate-granting in
stitutions in the United States and a stratified 
random sample of the 299 U.S. institutions with 
one or more master 's-level programs in science 
and engineering (S/E) fields. Data are believed 
to be accurate within ± 3 percent at the 95-
percent confidence level. Responses were received 
from 93 percent of the departments surveyed, and 
estimates for nonresponse made up less than 6 
percent of the graduate S/E total shown in this 
report. Unless otherwise specified, "graduate S/E 
enrollment" includes all students enrolled either 
full- or part-time in programs leading to graduate 
S/E degrees. 

Highlights 

All Graduate Institutions. The estimated 415,000 
S/E graduate students enrolled in all institutions 
of higher education in fall1984 represented almost 
no change from the prior year. Various factors 

511 

which have contributed to the slowdown in en
rollment growth are expected to continue, and an 
increase of less than 1 percent is estimated for 
fall 1985 graduate S/E enrollment. By contrast, 
the 1977-1983 yearly increase averaged 2 per
cent. The current leveling off follows the general 
slowdown in the rate of expansion of academic 
enrollment at all levels. 

The leveling off in overall graduate S /E en
rollment occurred primarily as a result of smaller 
enrollment among nondoctorate institutions cou
pled with a slight drop in the enrollment growth 
rate in doctorate-granting institutions. 

Graduate engineering enrollment rose by 2 
percent to about 95,000 in 1984, compared to 
a 5-percent average annual growth rate between 
1977 and 1983. Graduate science enrollment was 
virtually unchanged from 1983, after an average 
increase of 2 percent per year during 1977-1983. 

Doctorate-Granting Institutions. Graduate S/E 
enrollment in doctorate-granting institutions 
reached 363,000 in 1984, up 2 percent from 
1983. This compares to a 3-percent average 
annual growth rate over the previous six years. 
This growth reflects a 1-percent rise in the num
ber of students enrolled full-time and a 2-percent 
increase in part-timers since 1983, compared to 
average annual rates of increase of 2 percent and 
4 percent respectively, during 1977-1983. 

Among individual S/E fields, full-time grad
uate enrollment in computer science continued 
to increase at the fastest rate. The 9-percent 
increase from 1983 to 1984 represented a sharp 
reduction from the 14-percent average annual in
crease reported in the 1977-83 period. In view 
of the slackening of the growth rate in total S /E 
enrollment, however, the 1983-1984 increase in
dicates that the market for computer scientists 
is still relatively strong. Graduate engineering 
enrollment growth also slowed, from a 7-percent 
average annual rise between 1977 and 1983 to 2 
percent in 1984. 

The number of women enrolled full time 
grew by 2 percent in 1984, a rate of growth that 
was about one-half the 4-percent average of the 
1977-1983 period. The number of men rose by 
1 percent, equalling the rate of the previous six 
years. 

Full-time S/E graduate students receiving 
their primary support from the Federal Govern
ment increased by 1 percent, repeating the growth 
rate of the previous year. The 48,000 total re
ported for 1984 is 10 percent below the 1980 peak 
of nearly 53,000. NSF and the National Institutes 
of Health (NIH) were primarily responsible for the 
1983-1984 growth, up 4 percent and 3 percent, 
respectively. Full-time 8/E graduate students re
ceiving their main support from their institutions 
rose by 4 percent, and from other U.S. sources, 
by 6 percent. Decreases were reported in self and 
family support (1 percent) and foreign support 
categories (8 percent). 



All support categories (research assistants, 
teaching assistants, etc.) except "other types of 
support" showed slight increases in 1984. The 
1-percent increase in the number of fellowships 
and traineeships awarded was the first growth 
since 1977. 

The 61,000 foreign students enrolled full 
time in graduate S /E programs in doctorate
granting institutions in 1984 represented a 2-
percent increase, down considerably from their 
8-percent annual rise during the 1977-1983 period. 
The number of U. S. citizens rose by 1 percent. 

Total Graduate S /E Enrollment. Total graduate 
enrollment in S/E programs in all institutions in 
the United States in fall 1984 is estimated at 
415,000, virtually the same as in 1983 (Chart 1). 1 

A slowdown in the rate of graduate enrollment 
growth was also reported by the Council of Gradu
ate Schools, which showed a slight decline in 1984 
in graduate enrollment in all fields at master's
granting institutions and an increase of less than 1 
percent in doctorate-granting institutions, for an 
overall level of enrollment almost unchanged from 
1983.2 Data from the Department of Education's 
Center for Statistics (CS) also show an increase of 
less than 1 percent in total graduate enrollment. 

Chart 1. Graduate enrollment in the sciences and engineering 
in all institutions 
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Full-time Graduate Students in Doctorate Insti
tutions. The remainder of this report concen
trates on full-time graduate S/E enrollment in 
doctorate-granting institutions, which comprises 
59 percent of total graduate S/E enrollment in all 
institutions. 

The 247,000 graduate students enrolled full 
time in programs leading to a master's or doc
torate S /E degree represented an increase of 1 
percent over the 1983 total, compared to nearly 2 
percent in the number of part-timers. Both groups 
showed substantial declines from their 1977-1983 
average annual growth rates of 2 percent and 4 
percent, respectively. 

S/E Fields 
Although full-time enrollment in most S/E fields 
was up slightly from the 1983 levels, the rates of 
increase were significantly lower than those of the 
1977-1983 period. Engineering enrollment, which 
showed an average annual growth of 7 percent over 
the previous three years, rose by only 2 percent 
in 1984. In the computer sciences, the 1983-1984 
growth was 9 percent, compared to 14 percent 
per year from 1977 through 1983. Only in the 
social sciences was an actual decline recorded-2 
percent-continuing a drop which began in 1981 
(table 1). 

The slowdown in graduate engineering enroll
ment growth may be partly attributable to the 
declining rates of growth in the number of for
eigners enrolled. From 1983 to 1984, the number 
of foreign graduate engineering students increased 
at only about one-half the 3-percent growth rate 
of U.S. citizens. As indicated below, about two 
out of every five graduate students in engineering 
in recent years have been non-U.S. citizens; how
ever, the proportion has declined slightly since 
1981. According to the American Society for En
gineering Education, undergraduate enrollment 
fell by nearly 3 percent in 1984, primarily in 
the freshman and sophomore classes. 3 Graduate 
engineering enrollment may therefore level off or 
decline in the next few years. 

The patterns of growth by field differ signif
icantly for men and women. For men, computer 
science was still the fastest growing field, up 10 
percent since 1983; for women, however, engi
neering showed the highest 1983-1984 increase, 
up 7 percent. Both of these rates represent 
sharp declines from the 1977-1983 period, when 
the number of men enrolled in graduate com
puter science programs grew at an average annual 
rate of 12 percent and the number of women in 
engineering rose by 16 percent per year. 

Sources and Types of Support 
The number of full-time graduate students re
ceiving their primary support from the Federal 
Government increased by 1 percent from 1983 to 
1984, the same rate as the previous year, an aver
age annual decline of 4 percent from the 52,900 in 
1980. Growth in graduate students supported by 



Table 1. Full-time graduate science/engineering enrollment 
in doctorate-granting institutions by field: 1984 

Field 1984 

Percent 

change, 
1983-84 

Total, all S/E fields 

Engineering 
Sciences . 

Physical sciences. 
Environmental sciences . 
Mathematical sciences 
Computer sciences ... 
Life sciences 

Psychology. 
Social sciences . 

SOURCE Na110nal St1ence Foundation 

246.800 

54.800 
192.000 

25.100 
11.300 
10.600 
10, tOO 
66.200 

9.300 
36.000 
20,900 

21.600 
47.100 

3 
-2 

-1 
2 

1 

-2 

NSF ( 4 percent) and NIH (3 percent) accounted for 
most of the rise in the federally supported grad
uate student total. The largest relative growth, 
fl percent, was reported in students supported 
by "other U. S. sources," including industry and 
nonprofit institutions. These sources, however, 
still accounted for only about 7 percent of all 
full-timers. As in earlier years, institutional funds 
supported the largest number of S/E graduate 
students-two out of every five. The number rely
ing primarily on self and family support declined 
1 percent, the first drop since 1979, while those re
ceiving their primary support from foreign sources 
showed an 8-percent decrease in 1983-1984. 

The number of graduate students relying 
on fellowships increased for the second consecu
tive year, with institutional fellowships and those 
from other U.S. sources accounting for most of 
the increase. Students holding federally funded 
fellowships declined slightly, with increases in the 
number of NSF and NIH fellowships offset by de
creases in those supported by other agencies. The 
latest data on federal support for fellowships and 
traineeships indicate a 6-percent rise in the dollar 
amount obligated for fellowships and traineeships 
from 1983 to 1984.4 The growth in NSF -supported 
fellows reflects a 36-percent rise in the amount 
budgeted for fellowships. 5 

Research assistants showed the largest rela
tive increase, 5 percent over the 1983 figure. This 
increase is consistent with a 5-percent constant
dollar rise in academic R&D expenditures from 
FY 1983 to FY 1984.6 Major growth came from 
non-federal sources, with smaller growth in fed
erally supported research assistantships. On the 
basis of data presented in the FY 1985 and 1986 
budget documents, the number of NSF -supported 
research assistants is expected to level off after 
steady growth since 1981.7 As in previous years, 
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Chart 2. Full-time graduate science/engineering enrollment 
in doctorate-granting institutions 

by source and type of major support 
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almost all teaching assistants-99 percent of the to
tal reported-depended primarily on institutional 
funding (chart 2). 

Citizenship 
Although the total number of foreign students 
continued to rise, the 1983-1984 increase of 2 per
cent was well below the 8-percent average annual 
growth rate over the 1977-1983 period. By com
parison, the 1983-1984 rise in foreign enrollment 
at all levels of higher education in all fields was 
less than 1 percent. Factors contributing to the 
1983-1984 reduction in the rate of growth include 
the strength of the U.S. dollar, which has made it 
more costly for foreigners to come to the United 
States to study, and the decline in oil prices, 
which has reduced the foreign exchange available 
to the OPEC countries. These nations accounted 
for 21 percent of the foreign students enrolled 
in American institutions of higher education in 



1984.8 Foreigners were more heavily concentrated 
in graduate engineering programs than were U.S. 
students but were underrepresent.ed in psychology 
and the life and social sciences in comparison 
to their proportion of total graduate enrollment 
(Chart 3). 

Chart 3. Foreign full-time graduate science/engineering 
enrollment in doctorate-granting institutions 
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Detailed Statistical Tables for Academic Sci
ence/Engineering: Graduate Enrollment and Sup
port, Fall 1984 will be available early in 1986. 
For further information on the tables, contact the 
Editorial and Inquiries Unit, Division of Science 
Resources Studies, Telephone: (202) 634-4622. 

1 Because the sampling error at the total level is sig
nificantly larger than the apparent growth rate in total 
graduate S/E enrollment from 1983 to 1984, universe data 
presented in this report should be used with caution. 

2 CGS Cammunicator, Special Report, Vol. XVIII, No. 
2, February 1985, p. 6. 

3 "Engineering Enrollments, Fall 1984," in Engineering 
Educati.an, Vol. 76, No. 2, November 1985, p. 104. 

4National Science Foundation, Federal Support to Uni
versities, Colleges, and Selected Nonprofit Instil:uJ:Wns, Fiscal Year 
1984 (Washington, D.C., 1985), unpublished data. 

5National Science Foundation, Justification of Estimates 
of A~ to the Congress, Fiscal Year 1985 (Washing
ton, D.C., 1985), p. 43. 

6National Science Foundation, Academic Science/Elnr 
gineering: R&D F'u.nds, Fiscal Year 1984 (Detailed Statistical 
Tables) (in press) (Washington, D.C., 1986), table B-6. 

7 National Science Foundation, Justification of Appropri
ations to the Congress, Fiscal Year 1985, p. 17, and Fiscal Year 
1986, p. 20, op. cit. 

8This proportion represents a sharp decline from the 
24 percent in 1983/84 and 26 percent in 1982/83. See Insti
tute of International Education, Open Doors: 1989/84 (New 
York: Institute of International Education, 1984), p. 23. 
Open Doors: 1984/85 is currently in press. 
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COMBINATORIAL 
METHODS IN 
TOPOLOGY AND 
ALGEBRAIC GEOMETRY 
John R. Harper and Richard 
Mandelbaum, Editors 

This collection marks the recent 
resurgence of interest in combinatorial 
methods, resulting from their deep and 
diverse applications both in topology 
and algebraic geometry. Nearly thirty 
mathematicians met at the University of 
Rochester in 1982 to survey several of 
the areas where combinatorial methods 
are proving especially fruitful: topology 
and combinatorial group theory, knot 
theory, 3-manifolds, homotopy theory 
and infinite dimensional topology, and 
four manifolds and algebraic surfaces. 
This material is accessible to advanced 
graduate students with a general course 
in algebraic topology along with some 
work in combinatorial group theory 
and geometric topology, as well as to 
established mathematicians with interests 
in these areas. For both student and 
professional mathematicians, the book 
provides practical suggestions for research 
directions still to be explored, as well 
as the aesthetic pleasures of seeing the 
interplay between algebra and topology 
which is characteristic of this field. 

In several areas the book contains the 
first general exposition to be published 
on the subject at hand. In topology, for 
example, the editors have included M. 
Cohen, W. Metzler and K. Sauerman's 
article on "Collapses of K x I and group 
presentations" and Metzler's "On the 
Andrews-Curtis-Conjecture and related 
problems." In addition, J. M. Montesino 
has provided summary articles on both 
3- and 4-manifolds. 

1980 Mathematics Subject Classifications: 
14Jxx, 20Fxx, 55Pxx, 55Sxx, 57Mxx, and 
others. 
ISBN 0-8218-5039-3, LC 85-11244 
ISSN 0271-4132 

376 pages (softcover), October 1985 
List price $32, Institutional member $26, 

Individual member $19 
To order, please specify CONM/44NP 

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 02901-1571, or 
call 800-556-7774 to use VISA or MasterCard. 



Mathematical Text Processing 
Richard S. Palais 

Technical Word Processing 
Originally I had planned to review Macintosh 
technical word processing software this month. 
However, several important software packages are 
"about to be released" and, since I would like 
to try out the released versions before writing 
my review, I have decided to postpone this 
review column until at least the August issue of 
Notices. Also planned for the August issue is an 
article by Larry Siebenmann on 'lEX preprocessors 
including, in particular, his own "Sweet-'lEX". 

I would like to thank all those who have 
written or telephoned to me with comments, 
criticisms, questions, and information. I will try 
to respond to your comments in later columns, 
but now I would like to mention some comments 
that took me entirely by surprise. 

I have always taken it as axiomatic that one 
should have in hand a reasonable first draft of 
a mathematical paper before sitting down with a 
word processor. But two readers maintain that 

they work best by creating their papers from 
scratch on a word processor. Moreover they claim 
that by my unstated assumptions I had omitted 
from discussion what they felt was a potentially 
large class of TWP users and that I had failed to 
give due consideration to software that was best 
adapted to their use. They also felt that this 
latter software was often simpler, less expensive, 
and easier to use than the more sophisticated 
software I concentrated on in my article; namely 
software that was meant to produce publication 
quality copy. 

I still feel that all but a few mathematicians 
would be ill advised to choose this mode of 
creating their papers, but I would like to hear 
from others who find that the method works for 
them, and perhaps someone who does will write 
a short article on this approach. Please address 
correspondence to Richard S. Palais, Department 
of Mathematics, Brandeis University, Waltham, 
MA 02154. 

LARGE-SCALE COMPUTATIONS IN FLUID 
MECHANICS 
Bjorn E. Engquist, Stanley Osher and Richard C. J. Somerville, Editors 
The purpose of the AMS-SIAM Summer Seminar on Applied Mathematics held at Scripps in 1983 
was to bring together scientists interested in computational fluid mechanics and numerical analysts 
and mathematicians working in large-scale computations. 

The numerical modeling included geophysical problems of the atmosphere, ocean, and interior of the 
earth, and planetary, solar, and stellar atmospheres. Applications ranged from idealized turbulence 
in laboratory convection models to operational weather prediction. Engineering applications included 
aerodynamics, combustion, and flow in porous media. Recent advances in numerical analysis which 
have applications to these problems were stressed. These include shock capturing algorithms, spectral 
methods, boundary treatments, vortex methods; and parallel computing. 

ISBN (Set) 0-8218-1122-3; (Part 1) 0-8218-
1129-0; (Part .II) 0-8218-1130-4, LC 84-24534, 
ISSN. 0075-8485 

387 pp. (Part 1), 422 pp. (Part 2) (hardcover), July 
1985 

Set: lndlv. mem. 166, List $110, Inst. mem. $88 
Part 1: Indlv. mem. 140, List S66, lnst. mem. S53 
Part .11: Indlv. mem. 140, List $66, Inst. mem. $53 
To order, please specify LAM/22NA (set), 

LAM/22.1NA (part 1), LAM/22.2NA (part 2) 
Shipping/Handling: let book $2, each add'! Sl, S25 

max. By air, 1st book $5, each add'! S3, $100 
max. 

PREPAYMENT REQUIRED. Order from 
American Mathematical Society 
PO Box 1571 
Annex Station 
Providence, RI 02901-1571 

or call 800-556-777 4 to use VISA 
or MasterCard. 
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Letters to the Editor 

Effective Text Editors 

The two articles about mathematical and tech
nical word processing which appeared in the 
January 1986 Notices were quite interesting. As 
Richard Palais said in the second paragraph of his 
article, he was writing from "the viewpoint of the 
working mathematician who would like to convert 
handwritten mathematics into a computer file, 
and then use that file to produce printed copy." 
The report of the Boston Computer Society com
pared technical word processors from pretty much 
the same viewpoint. Unfortunately the authoring 
and editing side of technical word processing is 
receiving no consideration. This failure is partly 
responsible for a counterproductive trend which is 
occurring with the spread of word processors into 
mathematics departments. Many departments 
are choosing word processors solely on the basis 
of ease of use by secretaries and the quality of 
the technical output produced. More and more 
mathematicians in these departments are using 
the same word processors to prepare their papers 
from scratch as opposed to first creating hand
written (or typewritten) documents. They are 
using word processors which are not particularly 
well suited to the tasks of writing and editing. 
Ironically, the secretaries for whom the word pro
cessors were chosen are being eliminated from the 
document preparation process. 

Readers may wonder about the different word 
processor needs for authoring and editing as 
opposed to converting existing copy into printed 
output. Here are examples related to the search 
capability of word processors. Search is extremely 
important for authoring and editing. For example 
search is used: 

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 re
ceipt of the letter in Providence and publication of the 
earliest issue of Notices in which it could appear. 

Publication decisions are ultimately made by ma
jority vote of the Editorial Committee, with ample pro
vision for prior discussion by committee members, by 
mail or at meetings. Because of this discussion period, 
some letters may require as much as seven months before 
a final decision is made. 

The committee reserves the right to edit letters. 
Notices does not ordinarily publish complaints 

about reviews of books or articles, although rebuttals 
and correspondence concerning reviews in Bulletin of the 
American Maih.ematicol Society will be considered for pub
lication. 

Letters should be mailed to the Editor of Notices, 
American Mathematical Society, Post Office Box 6248, 
Providence, Rhode Island 02940, and will be acknowl
edged on receipt. 
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for checking if a word or string occurs m a 
manuscript, 

for moving to a particular location in a 
manuscript by searching for a string which is 
more or less unique to the location, 

as part of search-replace to change occur
rences of one string to another. This is 
called global search-replace when the word 
processor automates the process of changing 
repeated occurrences. 

While comparing IBM PC based technical 
word processors last spring I noticed that a word 
processor tended to have good authoring and edit
ing facilities throughout its design or lack them 
throughout. One technical word processor, which 
a number of departments have adopted for use 
by their secretaries, searched many times more 
slowly than some others. It also lacked global 
search-replace. When facing the situation of in
serting a numbered theorem early in a long paper 
and renumbering all the subsequent theorems, 
formulas and internal references, a fast word pro
cessor with a few other good authoring and editing 
features could do in five minutes what this slow 
one took hours to do. Another exar.1ple is back 
search, meaning search done from the current 
editing location in a manuscript back toward the 
beginning. The slow word processor lacked back 
search. When creating a first draft of a paper the 
current editing location is generally at or near the 
end-so-far. If a word processor lacks back search 
the writer must frequently move back toward the 
top of the manuscript before searching. Back 
search is not so important for preparing finished 
output from existing copy. These are just two 
examples; there are many others. 

Word processors are seeing increasing use for 
authoring, because once learned, they are excel
lent writing tools. For example, even using the 
slow word processor mentioned above, electronic 
cut and paste is many times more convenient than 
cut and paste by hand. Having to move toward 
the top of a document before searching is still 
a lot more convenient than not having search at 
all. Especially when working on a long paper. 
But the extra step of moving toward the top is 
annoying if you are used to a word processor 
with back search. Good authoring and editing 
features contribute enormously to the pleasure 
and productivity obtained from a word processor. 

Moss Sweedler 
IBM, Thomas J. Watson 
Research Center 
(Received January 27, 1986) 



Presidential Young Investigators 

I served on the screening panel in mathematical 
sciences this fall for the Presidential Young Inves
tigators (PYI) awards. I was surprised by the low 
number of applicants in pure mathematics. The 
PYI is a very important NSF award and it is im
portant that outstanding junior mathematicians 
apply. I think there are some obstructions that 
need to be removed. 

(a) Under the present rules, the PYI is only 
for applicants who have been out for a short 
number of years and involves a commitment by 
the sponsoring institution. These rules remove 
from consideration new Ph.D.'s holding 3 year 
terminal positions at leading institutions. This 
should be addressed by the NSF as it impacts 
unfairly on mathematics in contrast to some of 
the physical sciences. 

(b) The PYI awards are not sufficiently pub
licized in the mathematical community. Some 
potential applicants are discouraged by the ( theo
retical) requirement of obtaining matching indus
trial support although in practice this requirement 
can be waived. I would urge all departments to 
consider nominations for the PYI. 

Ph.D. Thesis Style 

Peter B. Gilkey 
University of Oregon 
(Received January 28, 1986) 

Upon encountering once again a very lengthy 
Ph.D. thesis that contained some excellent mate
rial, some, but not that much, I felt some public 
discussion of thesis style was merited. I would 
like to address the advisors who believe that 
long-winded theses are a mandatory tradition, a 
tradition that I feel is wasteful of time and people. 
The degree recipient is at a difficult and crucial 
point in her or his career. Typically the recipient 
will almost immediately be holding down a full 
time job such as teaching a couple of courses that 
he or she has not previously taught. Still that 
thesis must be turned into publishable papers. 
For most mathematicians, especially those with 
no experience in writing papers for publication, 
the task of converting the thesis into one or more 
papers will often take months. One of the most 
important skills a budding research mathemati
cian must learn is how to write papers, and I feel 
the time to begin that education is as a student, 
when one's writings are being supervised. I ask 
my students to write papers and to staple them 
together and call it a thesis. Of course pages 
must be renumbered and maybe the references 
will be collected together before binding. A com
mon reason given for padding of a thesis with 
unpublishable material is that one must be sure 
that the writer understands the details of what 
has been written, but that is as true of papers 
as it is of theses. For those who feel additional 
elementary material must be included, please let 
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it be a separate section so that it is readily dis
carded. If material then winds up being repeated 
in different sections, so what? That is allowed in 
theses. 

We like to imagine that the young mathe
matician has years to prove herself or himself. 
Six years to develop credentials to get tenure is 
the standard, but it only applies to those who 
have gotten the job. Careers can be and are 
permanently sidelined much earlier even when 
the student does everything right, but does not 
find three faculty members who are willing to 
understand the thesis work and write letters of 
recommendation about the research accomplish
ments. I often see people being selected for-or 
rejected from-assistant professorships or instruc
torships before the thesis is finished. Many of 
these positions come with heavy teaching loads, 
perhaps little hope for summer support, and per
haps no experienced researchers in the field of 
specialization to talk to. Any upgrading of that 
job must be done quickly if at all. We all recognize 
that good second jobs go preferentially to people 
at the best universities. Publications and research 
quality preprints can be the critical asset. Time 
can be wasted with impunity only in fields such 
as physics where people average perhaps 3 years 
with postdoctoral fellowships. Let us teach our 
students how to write what it is necessary to 
write and not worry that a thin thesis will reflect 
poorly on us as advisors. 

James A. Yorke 
The University of Maryland 
(Received January 20, 1986) 

Funding for Computational Mathematics 
The mathematical community is singularly unwill
ing to apply its analytical skills to itself. We have 
unconsciously made lack of funding an axiom. 
Our financial expectations are, on the whole, out 
of touch with the rest of science and engineering 
(salaries, grants, equipment, travel). Particularly 
pernicious is the claim that the mathematical 
community has no large-scale funding needs such 
as the big dollar projects in physics, astronomy, 
etc. We greatly need to create a computational 
infrastructure to support applied and computa
tional mathematics. 

The recent article in Notices, "Future Direc
tions" reveals the same assumed limits. All of our 
top schools should now have in place programs 
in Numerical Analysis, Parallel Computation and 
Discrete Mathematics, with supporting computa
tional facilities. Getting one small group at each 
of ten or twenty schools over the next few years is 
a very limited goal! We need Numerical Analysts 
now, not in ten years. 

The Notices survey claims average spending 
of $50,000 per Mathematics department per year. 
What is the corresponding figure for physics, 
chemistry, engineering? In industry, the typical 
workstation (for someone with less training than a 



Ph.D. mathematician) goes for $50,000 plus (per 
person-well, maybe two or three). 

To take advantage of the NSF's supercomput
ing efforts, departments need a VAX-class mini
computer as local link to the high speed network 
accessing the supercomputers. Most Computer 
Science, Physics, Chemistry, and Engineering 
departments have several such VAX-equivalents. 
Most Mathematics departments have none. Elec
tronic mail networks are becoming an important 
means of communication (and publication). We've 
just excluded ourselves from the realm of modern 
scientific discourse! 

How do faculty become aware of computa
tional methods? How do computers make their 
way into the curriculum? In physics and other 
fields, lab computers train the faculty in computer 
use, keeping them abreast of the state-of-the-art. 
This eventually leads to classroom applications. 
Mathematics departments are not acquiring com
parable computer expertise. What expertise we 
have tends to be on out-of-date, cheap micro
computers. We are not accumulating distilled 
knowledge in the form of software, nor making 
use of computers in the classroom. This further 
turns off gifted students, who perhaps are reacting 
to a perceived bias towards "pure" math. 

This dearth of equipment is related to our 
historic lack of funding: we never asked for it. 
People rave about Mu-Math, which is expensive 
and inadequate compared to MACSYMA or SMP. 
The same is true of technical word processing soft
ware, where even the official formatting system is 
arguably user-unfriendly. Much of the discussion 
reveals an acceptance of the status quo, math
ematicians adjusting their expectations to what 
they have (Apple II computers). This is a shame, 
because computers finally have the power to do 
things of interest to mathematicians, if we could 
only obtain them. 

Within the year we'll see a lap-top portable 
IBM PC/AT compatible with internal hard disk. 
Within at most two years, the price will be 
in the $1500 range a student (or prof) can af
ford. Research-class machines will also be less 
expensive. Yet the mathematical community is 
relatively ignorant of this, because we lack a 
"critical mass" of 10% or more who are regular, 
knowledgeable, computer users. Many mathe
maticians purposely ignore anything related to 
computers. 

The Notices survey indicated relative satis
faction with computer resources. Naive! No 
graduate student is going to try to do research on 
a non-existent or hard-to-access computer, with
out NSF and faculty support. Thus I am not 
surprised that the supply of computers seems to 
roughly match demand. Not asked: would you 
use a computer if one were available? Note that it 
is very hard to switch fields. Even in the presence 
of an abundance of computational resources, one 
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might take several years to begin doing research 
using a computer. 

Conclusions: 
( 1) The David report understated our com

puter equipment needs by a considerable factor. 
Funding is needed to build a computational infras
tructure in mathematics, but we lack a consensus 
that this is, in fact, necessary. 

(2) A mechanism is needed to get faculty 
at undergraduate institutions involved in research 
and instructional development. Researchers not 
using computers must have a way to gain com
puter expertise without compromising their re
search productivity or grants. 

A tangential question: why do we have two 
Institutes for Retraining in Computer Science, and 
none for, say, Retraining in Numerical Analysis, 
Scientific Computation, Statistical Computation, 
Computational Combinatorics and Graph Theory, 
or Mathematics and Computer Graphics? Does 
Numerical Analysis lack the hype or glamour of 
Computer Science? 

Thank you for the opportunity to raise these 
issues in public. I'm quite aware that much of the 
above may be contentious and controversial. My 
purpose is to initiate discussion. 

Peter J. Welcher 
U. S. Naval Academy 
(received February 7, 1986) 

GROUP ACTIONS ON 
RINGS 
Susan Montgomery, Editor 

Ring theorists and researchers in invariant 
theory and operator algebra met at 
Bowdoin for the 1984 AMS-IMS-SIAM 
Joint Summer Research Conference to 
exchange ideas about group actions on 
rings and to stimulate general interaction 
among their various fields. Collecting 
together the proceedings of that meeting, 
this interdisciplinary volume reveals 
many topics common to the three fields: 
K-theory, dual actions, semi-invariants, 
and crossed products. A high percentage 
of the papers here are expository; of 
particular significance are the papers 
by the four survey lecturers, Formanek, 
Hochster, Passman and Reiffel. 

1980 Mathematics SubJ'ect Classifications: 
16, 13, 14L, 46L 
ISBN 0-8218-5046-6, LC 85-11242 
ISSN 0271-4132 

289 pages ( softcover), September 1985 
List price $27, Institutional member $22, 

Individual member $16 
To order, please specify CONM/43NP 



Queries 
Edited by Hans Samelson and Stuart Antman 

QUESTIONS ARE WELCOMED from AMS members regarding mathematical matters such as 
details of, or references to, vaguely remembered theorems, sources of exposition of folk theorems, 
or the state of current knowledge concerning published or unpublished conjectures. This is not 
intended as a problem corner, except for occasional lists of problems collected at mathematical 
meetings. 

REPLIES from readers will, when appropriate, be edited into a composite answer and published 
in a subsequent column. All answers received will be forwarded to the questioner. 

QUERIES and RESPONSES should be typewritten if at all possible and sent to Queries Column, 
American Mathematical Society, P. 0. Box 6248, Providence, Rhode Island 02940. 

Queries 

351. David Halprin (P. 0. Box 186, North Carl
ton, Victoria 3054, Australia). Has any reader 
seen reference to, or use of, the "Condition for 
Immobility of a Point," and also the "Condition 
for Immobility of a Straight Line" (as derived and 
used by Ernesto Cesaro), appearing anywhere 
other than in Cesaro's own book, Lectures in 
intrinsic (natural) geometry, and in some of his 
papers? Especially does any reader know of a 
better (more rigorous, yet simpler in derivation) 
proof? It appears to be a very useful mathemati
cal tool, no longer in use, but with much untapped 
potential in geometry, differential geometry and 
calculus of variations. 

352. Ashot E. Djrbashian (Inst. of Math. of Ar
menian Acad. Sci., Marshal Baghramian st. 24b, 
Erevan 19, Armenian SSR, USSR, 375019). Con
sider a vector-valued function F = (h, ... , fn), 
defined in a region G C R n, for which the equa
tions 

3fk - 3fJ 
ax] axk' 

1:::; j,k:::; n 

are satisfied. 
This is one of the possible generalizations of 

the notion of analytic function in Rn and it is 
natural to call the components of F conjugate 
harmonic functions (see, e.g., E. M. Stein and 
G. Weiss, Introduction to Fourier analysis on 
Euclidean spaces, Princeton, New Jersey, 1971). 

Is anything known about conjugate kernels of 
the Poisson kernel in the unit ball of R n, n 2: 3? 

353. Aldo P. Peretti (Murillo 1121-9° D, (1414) 
Buenos Aires, Argentina). (a) What is the 
expression for 

n n 

II II (1 +Xi+ YJ) 
i=l J=l 

as a polynomial in the elementary symmetric 
functions of the Xi and of the YJ? 
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(b) Is the infinite product expansion 

1 - ! = (1 - !) . (1 + - 1-) 
e 2 3·2-3 

. ( 1 - -,-4 -. 3-:----c· 2=--_-1--:-4---::-3 -+---,4) 

. (1 + 1 ) ... 
5·4·3·2-5·4·3+5·4-5 

correct? 

354. R. N. Gupta (Centre for Advanced Study 
in Mathematics, Panjab University, Chandigarh
I60014, India). Let VF be a vector space with 
an infinite countable basis Vt, v2, ... , Vn, .... Let 
E = Hom~(V, V) acting on the left of V. It is 
easily seen that, up to isomorphism, V is the 
only simple left E module such that ann(V) = 0. 
Let I= {a E E 3 (aV:F) < oo}. Does there 
exist a unique simple left E module S such that 
ann(S) =I? 

355. David Shelupsky (Department of Physics, 
City College, CUNY, New York, NY 10031). A 
number of films recently shown on educational 
television refer to the results of using numerical 
models for the distribution of wind and tem
perature in the Earth's atmosphere. Are there 
such readily available models compact enough for 
classroom presentation? Are there idealizations 
(e.g., using an Earth whose surface is entirely 
covered with dry land or with water) that can 
be treated analytically or, at least, with a small 
computer? 

Responses 

The editors would like to thank all those who sent 
in replies. 

280. (vol. 30, p. 491, August 1983, Howard 
Kleiman) Polynomial-time mapping of the travel
ing salesman problem onto the hamiltonian circuit 
problem. Reply: If the directed (i.e., asymmetric) 
traveling salesman problem can be solved in poly
nomial time, then so can its subproblem consisting 
of the undirected (i.e., symmetric) traveling sales
man problem with distances restricted to {1, 2}. 
For an equivalence between this subproblem and 



that of obtaining a hamilton circuit in an undi
rected graph, see pp. 35, 36 in M. R. Garey and D. 
S. Johnson, Computers and intractability: A guide 
to the theory of NP-completeness, W. H. Freeman 
& Co., New York, 1979. Note that the technique 
in the reference is also valid for an equivalence 
between the directed traveling salesman problem 
with distances restricted to {1, 2} and that of 
obtaining a hamilton circuit in a directed graph. 
Further insight is provided in E. L. Lawler et al. 
(editors), The traveling salesman problem, John 
Wiley & Sons, New York, 1985. (Contributed by 
R. H. Warren) 

325. (vol. 32, p. 379, June 1985, Bertram Ross) Do 
difference operators of fractional order exist? (See 

first reply in these Notices, vol. 33, p. 53.) Reply: 
See the report, Discretized operational calculus, 
I: Theory, by C. L. Lubich (Inst. F. Math. and 
Geom., Univ. Innsbruck, A-6020 Innsbruck, Aus
tria) and his paper Discretized fractional calculus 
(to appear in SIAM J. Math. Anal.). (Contributed 
by H. J. J. te Riele) 

335. (vol. 32, p. 608, October 1985, Sherwood 
Washburn) The diophantine equation 6y2 = 
x( x + 1) (2x + 1). (See earlier response, vol. 
33, p. 336, March 1986.) Correction: The an
nounced elementary solution by M. W. Bunder 
has a serious gap in it. It is in fact unlikely that 
an elementary solution is possible. (Contributed 
by J. J. Schaffer and J. C. Owings, Jr.) 

"This book is a must for anyone deeply interested in Geometric Function Theory ... 
-A. W. Goodman 

Univ. of South Florida 

"An interesting and valuable collection of articles . . . The first book to mention the amazing proof of 
the Bieberbach conjecture by Louis de Branges. Every function-theorist should ... buy this ... 

Topics in 
Complex Analysis 
Dorothy Brown Shaffer, Editor 

- David A. Brannan 
The Open University, U. K. 

The unifying theme of the lectures, presented at the AMS meeting in October, 1983, at Fairfield 
University was Geometric Function Theory. Some of the papers concern: the class I:, its support 
points and extremal configuration; support points for the class S, Loewner chains and the process of 
truncation; estimates on the radial growth of the derivative of univalent functions; and a conjecture 
of Bombieri proved for some cases. Because the proof of the Bieberbach conjecture was not known 
at the time of preparation of the papers, many of the authors, as well as experts in the field, were 
interviewed regarding the effect of the proof of the conjecture. Their ideas regarding future trends 
in research in complex analysis are presented in the epilogue. A graduate level course in complex 
analysis provides a sufficient background for understanding this material. 

ISBN 0-8218-5037-7. LC 84-24550. ISSN 0271-4132 
March 1985, 142 pages (softcover) 
Individual member $11. Institutional member $14. List price $18 
To order. please specify CONM/38NA 
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 American Mathematical Society. PO Box 1571. 
Annex Station. Providence, Rl 02901-1571. or call 800-556-7774 to use VISA or MasterCard. 
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Election Information 

The Nominating Committee and the Preferential Ballot 

The method of counting the ballots for places 
on the Nominating Committee (but not for 
the election of officers) is the one known as 
the "single transferable vote." As this was 
codified in British law, there were certain 
ambiguities and elements of chance. These 
have been removed in a subsidiary document, 
also followed, known as the "senatorial rules." 
The reader who wishes general background on 
preferential ballots and on the single transfer
able vote may read Voting in Democracies by 
Enid Lakeman and James D. Lambert (Faber 
and Faber, 1955). The reader who wishes to 
go further and to become familiar with the 
case advanced against preferential ballots may 
read books by F. A. Hermens, such as Europe 
between Democracy and Anarchy (University 
of Notre Dame, 1951). There is a criticism 
of the preferential ballot by Steven J. Brams 
in Notices, vol. 29, pages 136-138 (February 
1982). 

In a preferential ballot, the voter ranks his 
choices and indicates the ranks with consecu
tive integers, beginning with one for the can
didate of his first choice. The voter may order 
any desired number of candidates. However, 
the voter may reach a point where ignorance 
or indifference makes further ordering impos
sible. A ballot becomes not transferable and 
thus of no further use (see the next paragraph) 
when an integer is used twice or is skipped 
in indicating the order of choice, so that the 
tellers are not effectively informed. 

The precise rules by which the votes are 
counted are stated in Appendices IV and V 
of the cited text of Lakeman and Lambert. 
This is a passage of thirty-three pages of def
initions, rules, interpretations, and examples. 

It is too much to attempt a complete summary 
here. The spirit is that every ballot shall count 
somewhere if possible; if it is not needed (as 
when the candidate is either elected without 
it or defeated with it), it shall be transferred 
to the next choice. There is a "quota", the 
number of votes required to elect a candidate. 
With N ballots and m places to be filled, the 
quota Q is the smallest integer J such that 
at most m candidates can receive at least J 
votes, that is Q = [1 + N/(m + 1)]. Ballots are 
distributed according to first choice votes, any 
candidate receiving the quota being declared 
elected. Then votes are transferred, repeatedly 
if necessary, first using up excesses over the 
quota, the largest excess first, and then elim
inating candidates with insufficient votes, the 
smallest first. In transferring either an excess 
number of votes or an insufficient number of 
votes, numbers of votes with total equal to the 
number to be transferred are assigned to the 
remaining candidates, the assigned number for 
a candidate being proportional to the number 
of next choice votes for that candidate. Trans
fers follow the order of preference of the voters. 
The process is determinate, but it is too long 
to explain completely here. 

Please do not correspond with the writer 
or the editors about the ambiguities that are 
unresolved in the above abbreviated descrip
tion. Instead, read Appendices IV and V 
already referred to, where eleven pages of 
rules, essentially a teller's flow chart, appear 
to leave no ambiguities. 

Everett Pitcher, Secretary 

1986 Election Information 
The names of candidates for the election of 1986 would appear in this issue of Notices if it were possible 
to follow the plan of past years. However, the spring meeting of the Council, at which nominations are 
made, was unusually late this year and occurred after this issue of Notices went to press. Thus names 
of candidates will not appear until the August issue. 
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Logan, October 10-11, Utah State University 

First Announcement of the 828th Meeting 

The eight hundred and twenty-eighth meeting of 
the American Mathematical Society will be held 
at Utah State University in Logan, Utah, on 
Friday and Saturday, October 10-11, 1986. 

Invited Addresses 
By invitation of the Committee to Select Hour 
Speakers for Far Western Sectional Meetings, 
there will be two invited one-hour addresses. The 
speakers and the titles of their talks are: 

PETER LI, University of Utah, Harmonic 
functions on complete manifolds. 

KENNETH C. MILLETT, University of Cali
fornia, Santa Barbara, New combinatorial methods 
in three dimensional topology. 

Special Sessions 
By invitation of the same committee, there will 
be five special sessions of selected papers. The 
topics of these sessions, the names and affiliations 
of the organizers, and partial lists of the speakers, 
are as follows: 

Applications and computational aspects of 
numerical continuation methods, EUGENE ALL
GOWER, Colorado State University. The tentative 
speakers are Eusebius Doedel, Kurt Georg, Her
bert Keller, Hans Mittelmann, T.-Y. Li, Alexan
der Morgan, Aubrey Poore, Chris Tiahrt, and 
Layne Watson. 

Analysis on manifolds, S. Y. CHENG, Uni
versity of California, Los Angeles. Some of the 
speakers are Michael Anderson, Robert Brooks, 
Hui-Dong Cao, Robert Greene, Douglas Moore, 
V. Oliker, Luen-Fai Tam, Andrejs Treibergs, and 
Johan Tysk. 

Representations of reductive groups, DAVID 
H. COLLINGWOOD, University of Oregon. Some 
of the speakers are Brian Boe, J. Chang, Tom 
Enright, Devra Garfinkle, Henryk Hecht, R. Irv
ing, J. Johnson, Dragan Milicic, Ivan Mirkovic, 
Hugo Rossi, R. Scaramuzzi, Brad Shelton, Peter 
Trombi, and Joseph Wolf. 

Random fields, random measures and ap
plications, ED WAYMIRE, Oregon State Univer
sity. The speakers are Kenneth S. Alexander, 
Florin Avram, Rabi Bhattacharya, Michael D. 
Brennan, Peter Brockwell, Robert M. Burton, 
Colleen Cutler, Richard Darling, Stuart Ethier, 
Peter Gaenssler, Evarist Gine, Thomas G. Kurtz, 
Charles M. Newman, Mina Ossiander, Richard 
F. Serfozo, Winfried Stute, Murad Taqqu, and 
Stanley C. Williams. 

Geometric topology, DAVID WRIGHT and 
J. W. CANNON, Brigham Young University. 
The speakers are Colin Adams, Ric Ancel, 
Mladen Bestvina, Steven Bleiler, John Bryant, Ed 
Burgess, J. W. Cannon, Bill Eaton, Bill Floyd, 

546 

David Gabai, Dennis Garity, Matt Grayson, Jim 
Henderson, Jim Hoste, Stephen Humphries, Louis 
Kaufman, Chris Lacher, Duane Loveland, Jerr 
Levine, Vo Thanh Liem, John Luecke, Dale Rolf
son, T. Benny Rushing, Martin Scharlemann, Jon 
Simon, Mike Starbird, Abigail Thompson, Keith 
Wolcott, and David Wright. 

Most of the papers to be presented at these 
special sessions will be by invitation. However, 
anyone submitting an abstract for the meeting 
who feels that his or her paper would be particu
larly appropriate for one of these special sessions 
should indicate this clearly on the abstract form 
and submit it by July 28, 1986, three weeks before 
the deadline for contributed papers, in order that 
it may be considered for inclusion. Participants 
are reminded that a charge of $16 is imposed for 
retyping abstracts that are not in camera-ready 
form. 

Contributed Papers 
There will also be sessions for contributed ten
minute papers. Abstracts should be prepared 
on the standard AMS form available from the 
AMS office in Providence or in Departments of 
Mathematics. Abstracts should be sent to the 
Editorial Department, American Mathematical 
Society, Post Office Box 6248, Providence, Rhode 
Island 02940, so as to arrive before the August 
18, 1986, abstract deadline. Participants are 
reminded that a charge of $16 is imposed for 
retyping abstracts that are not in camera-ready 
form. Late papers will not be accommodated. 

Registration 
The meeting registration desk will be located on 
the main floor of the Eccles Conference Center. 
The desk will be open from 10:00 a.m. to 4:30 
p.m. on Friday, and from 8:00 a.m. until noon 
on Saturday. The registration fees are $10 for 
members of the AMS, $16 for nonmembers, and 
$5 for students or unemployed' mathematicians. 

Petition Table 
A petition table will be set up in the registration 
area. Additional information can be found in a 
box in the New Orleans meeting announcement 
on page 72 of the January 1986 issue of Notices. 

Accommodations 
A block of rooms is being held for conference 
participants at the University Inn. This is a 
full-service hotel complex located on campus. 
Other motels are located within 1.5 to 3 miles of 
campus in downtown Logan. Participants should 
make their own reservations directly with the 
University Inn or other motel of their choice. 



Rates are subject to possible change and do not 
include local taxes. 
University Inn 

Utah State University, Logan, UT 84322 
Telephone: 801-750-1153 

Single $28 Double $32 
Baugh Motel 

153 South Main Street, Logan, UT 84321 
Telephone: 801-752-5220 

Single $26 and up Double $30 and up 
Best Western Weston's Lamplighter 

250 North Main Street, Logan, UT 84321 
Telephone: 801-752-5700 

Single $28 Double $32 
Holiday House 

447 North Main Street, Logan, UT 84321 
Telephone: 801-752-9141 

Single $26 and $28 Double $31 and $33 

Food Services 
The cafeteria in the Taggart Student Center 
will be open during both days of the meeting. 
In addition, there are numerous restaurants along 
Main Street, and a restaurant list will be available 
at the registration desk. 

Travel and Local Information 
Logan is located approximately 90 miles north 
of Salt Lake City. Salt Lake City is served by 
Amtrak, Greyhound and major airlines. Most 
car rental agencies have counters at the airport 
terminal. 
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Persons driving from Salt Lake City to Logan 
should take 1-15 north to Brigham City, exit at 
363 and take US highway 89-91 to Logan. In 
Logan, turn east off Main Street to 400 North 
and then turn left off 400 North to 700 East to 
the University Campus. 

Parking is available in the visitor parking ter
race on 700 North, adjacent to the University Inn, 
and to the east of campus at 1200 East. Terrace 
parking will be validated for conference partici
pants and the University Inn guests. Parking is 
permitted virtually anywhere on weekends. 

Regularly scheduled limousine service be
tween Salt Lake City and Logan is available 
through Key North Limousine. Current one-way 
prices are $36.40 for one person and $25 each for 
two or more persons. Up to six departure times 
per day are offered weekdays, and four times 
per day on weekends, with additional limousines 
added as needed. Reservations must be made no 
later than 24 hours in advance by calling Key 
North Limousine, 801-394-7743. 

Logan is at an elevation of 4000 feet. Autumn 
days are cool and frost is likely at night. Rain or 
snow is possible, but unlikely. 

Salt Lake City, Utah 
Hugo Rossi 
Associate Secretary 



Charlotte, October 17-18, Adam's Mark Hotel 
First Announcement of the 829th Meeting 

The eight hundred and twenty-ninth meeting of 
the American Mathematical Society will be held 
at the Adam's Mark Hotel in downtown Charlotte, 
North Carolina, on Friday and Saturday, October 
17-18, 1986. This meeting will be hosted by the 
University of North Carolina at Charlotte. 

Invited Addresses 
By invitation of the Committee to Select Hour 
Speakers for Southeastern Sectional Meetings, 
there will be three invited one-hour addresses. 
The speakers are as follows: 

PATRICK EBERLEIN, University of North 
Carolina, Chapel Hill, Structure of manifolds of 
non-positive curvature. 

STEVEN C. FERRY, University of Kentucky, 
title to be announced. 

FRANK RAYMOND, University of Michigan, 
Ann Arbor, title to be announced. 

Special Sessions 
By invitation of the same committee, there will 
be four special sessions of selected twenty-minute 
papers. The topics of these sessions and the 
names and affiliations of the organizers, are as 
follows: 

Singularities and algebraic geometry, GARY 
KENNEDY, Duke University. 

Geometric topology, JOHN MAYER, Univer
sity of Alabama, Birmingham. 

Group actions on manifolds, DAVID ROYS
TER, University of North Carolina, Charlotte. 

Twistor theory and four-dimensional geome
try, ALBERT L. VITTER III, Tulane University. 
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Most of the papers to be presented at these 
special sessions will be by invitation. However, 
anyone submitting an abstract for the meeting 
who feels that his or her paper would be particu
larly appropriate for one of these special sessions 
should indicate this clearly on the abstract form 
and submit it by July 30, 1986, three weeks before 
the deadline for contributed papers, in order that 
it may be considered for inclusion. Participants 
are reminded that a charge of $16 is imposed for 
retyping abstracts that are not in camera-ready 
form. 

Contributed Papers 
There will also be sessions for contributed ten
minute papers. Abstracts should be prepared 
on the standard AMS form available from the 
AMS office in Providence or in Departments of 
Mathematics. Abstracts should be sent to the 
Editorial Department, American Mathematical 
Society, Post Office Box 6248, Providence, Rhode 
Island 02940, so as to arrive before the August 
20, 1986, abstract deadline. Participants are 
reminded that a charge of $16 is imposed for 
retyping abstracts that are not in camera-ready 
form. 

Information concerning registration, accom
modations, food service, etc., will be available in 
the August issue of Notices. 

New Orleans, Louisiana 
Frank T. Birtel 
Associate Secretary 



Denton, October 31- November 1, North Texas State University 
First Announcement of the 830th Meeting 

The eight hundred and thirtieth meeting of the 
American Mathematical Society will be held at 
North Texas State University in Denton, Texas, 
on Friday, October 31 and Saturday, November 1, 
1986. 

Invited Addresses 
By invitation of the Committee to Select Hour 
Speakers for Central Sectional Meetings, there 
will be four invited one-hour addresses. The 
speakers are as follows: 

PAUL FONG, University of Illinois at Chicago, 
Modular representations of finite groups. 

RAVI S. KULKARNI, Indiana University, 
Bloomington, title to be announced. 

ALEXANDER NAGEL, University of Wiscon
sin, Madison, title to be announced. 

MARY WHEELER, Rice University, title to 
be announced. 

Special Sessions 
By invitation of the same committee, there will be 
several special sessions of selected twenty-minute 
papers. The topics of the sessions, and the names 
and affiliations of the organizers, are as follows: 

Banach spaces and related topics, ELIZABETH 
BATOR, RUSSELL BILYEU and PAUL LEWIS, 
North Texas State University. 

Connections between combinatorics, algebra 
and geometry, NEAL BRAND and JOSEPH KUNG, 
North Texas State University. 

Differential equations, ALFONSO CASTRO, 
Southwest Texas State University, and JOHN 
NEUBERGER, North Texas State University. 

Mathematics for large scale computing, J. 
C. DIAZ, University of Oklahoma. 

Computational mathematics, WARREN FER
GUSON, JR., Southern Methodist University. 
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Geometric structures on manifolds and Klein
ian groups, RAVI S . KULKARNI. 

Invariant theory, V. LAKSHMIBAI, Texas 
A & M University. 

Most of the papers to be presented at these 
special sessions will be by invitation. However, 
anyone submitting an abstract for the meeting 
who feels that his or her paper would be particu
larly appropriate for one of these special sessions 
should indicate this clearly on the abstract form 
and submit it by August 4, 1986, three weeks 
before the deadline for contributed papers, in 
order that it may be considered for inclusion. 
Participants are reminded that a charge of $16 
is imposed for retyping abstracts that are not in 
camera-ready form. 

Contributed Papers 
There will also be sessions for contributed ten
minute papers. Abstracts should be prepared 
on the standard AMS form available from the 
AMS office in Providence or in Departments of 
Mathematics. Abstracts should be sent to the 
Editorial Department, American Mathematical 
Society, Post Office Box 6248, Providence, Rhode 
Island 02940, so as to arrive before the August 
25, 1986, abstract deadline. Participants are 
reminded that a charge of $16 is imposed for 
retyping abstracts that are not in camera-ready 
form. It appears unlikely that late papers can be 
accommodated. 

Information concerning registration, accom
modations, food service, etc. will be published in 
the August issue of Notices. 

Urbana, Illinois 
Robert M. Fossum 
Associate Secretary 



Invited Speakers 
and Special Sessions 
Invited Speakers at AMS Meetings 

The individuals listed below have accepted invi
tations to address the Society at the times and 
places indicated. For some meetings, the list of 
speakers is incomplete. 

Logan, October 1986 
Peter Li Kenneth C. Millett 

Charlotte, October 1986 
Patrick Eberlein 
Steven C. Ferry 

Frank Raymond 

Denton, October 1986 
Paul Fong 
Ravi S. Kulkarni 

Alexander Nagel 
Mary Wheeler 

San Antonio, January 1987 
Marc Culler 
Peter D. Lax 

(Colloquium Lecturer) 
Robert J. McEliece 

David J. Saltman 
Lesley M. Sibner 
Thomas Spencer 

(Gibbs Lecturer) 

Newark, April 1987 
Robert V. Kohn 
Rodolfo Rosales 

Birgit Speh 
Lars S. Wahlbin 

Organizers and Topics 
of Special Sessions 

The list below contains all the information about 
Special Sessions at meetings of the Society avail
able at the time this issue of the Notices went 
to the printer. The section below entitled Infor
mation for Organizers describes the timetable for 
announcing the existence of Special Sessions. 

October 1986 Meeting in Logan 
Far Western Section 

Deadline far arganizers: Expired 
Deadline for consideration: July 28, 1986 

Eugene L. Allgower, Applications and compu
tational aspects of numerical continuation 
methods 

S. Y. Cheng, Analysis on manifolds 
David Collingwood, Representations of reductive 

groups 
Ed Waymire, Random fields, random measures 

and applications 
David Wright and J. W. Cannon, Geometric 

topology 
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October 1986 Meeting in Charlotte 
Southeastern Section 

Deadline for arganizers: Expired 
Deadline for consideration: July 90, 1986 

Gary Kennedy, Singularities and algebraic geom-
etry 

John Mayer, Geometric topology 
David Royster, Group actions on manifolds 
Albert L. Vitter, III, Twistor theory and four-

dimensional geometry 

October 1986 Meeting in Denton 
Central Section 

Deadline for organizers: Expired 
Deadline for consideration: August 4, 1986 

Elizabeth Bator, Russell Bilyeu, and Paul Lewis, 
Banach spaces and related topics 

Neal Brand and Joseph Kung, Connections be
tween combinatorics, algebra and geometry 

Alfonso Castro and John W. Neuberger, Differ
ential equations 

J. C. Diaz, Mathematics for large scale computing 
Warr~n Ferguson, Jr., Computational mathemat

~cs 

Ravi S. Kulkarni, Geometric structures on mani
folds and Kleinian groups 

V. Lakshmibai, Invariant theory 

Fall1986 Meeting 
Eastern Section 

No meeting will be held 

January 1987 Meeting in San Antonio 
Associate Secretary: Robert M. Fossum 

Deadline far arganizers: Expired 
Deadline for consideration: September 2.4, 1986 

Ronald J. DiPerna, Nonlinear partial differential 
equations 

Burton Fein, David J. Saltman, and Murray 
Schacher, Brauer groups and Galois theory 

Michael Gage and Edwin Lutwek, Geometric 
inequalities 

Philip J. Hanlon, Combinatorics and group repre-
sentations 

Paul D. Humke, Complex analysis 
Lesley M. Sibner, Gauge theory 
Lynn McLinden and Jay S. Treiman, Theoretical 

optimization 
Gregory P. Wene, Mathematical physics 

Spring 1987 Meeting 
Eastern Section 

Deadline for organizers: October 15, 1986 
Deadline for consideration: To be announced 

Spring 1987 Meeting 
Central Section 

Deadline far organizers: October 15, 1986 
Deadl''ne for consideration: To be announced 



Spring 1987 Meeting 
Far Western Section 

Deadline for organizers: October 15, 1986 
Deadline for c0118ideration: To be announced 

Spring 1987 Meeting 
Southeastern Section 

Deadline for organizers: October 15, 1986 
Deadline for c0118ideration: To be announced 

Information for Organizers 
Special Sessions at Annual and Summer meetings are 
held under the general supervision of the Program 
Committee. They are administered by the Associate 
Secretary in charge of the meeting with staff assistance 
from the Society office in Providence. 

Some Special Sessions arise from an invitation 
to a proposed organizer issued through the Associate 
Secretary. Others are spontaneously proposed by 
interested organizers or participants. Such proposals 
are welcomed by the Associate Secretaries. 

The number of Special Sessions at a Summer 
or Annual Meeting is limited to twelve. Proposals, 
invited or offered, which are received at least nine 
months prior to the meeting, are screened for suitabil
ity of the topic and of the proposed list of speakers, 
and for possible overlap or conflict with other pro
posals (specific deadlines for requesting approval for 
Special Sessions at national meetings are given above). 
If necessary, the numerical limitation is enforced. 

Proposals for Special Sessions should be submit
ted directly to the Associate Secretary in charge of the 
meeting (at the address given in the accompanying 
box). If such proposals are sent to the Providence 
office, addressed to Notices, or directed to anyone 
other than the Associate Secretary, they will have 
to be forwarded and may not be received before the 
quota is filled. 

In accordance with an action of the Executive 
Committee of the Council, no Special Session may 
be arranged so late that it may not be announced 
in Notices early enough to allow any member of the 
Society, who wishes to do so, to submit an abstract for 
consideration for presentation in the Special Session 
before the deadline for such consideration. 

Special Sessions are effective at Sectional Meet
ings and can usually be accommodated. They are 
arranged by the Associate Secretary under the super
vision of the Committee to Select Hour Speakers for 
the section. The limitation on the number of sessions 
depends on the space and time available. The same 
restriction as for national meetings applies to the 
deadline for announcing Special Sessions at sectional 
meetings: no Special Session may be approved too 
late for its announcement to appear in time to allow a 
reasonable interval for members to prepare and sub
mit their abstracts prior to the special early deadline 
set for consideration of papers for Special Sessions. 

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 Mathematics. 
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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 submitted for considera
tion for presentation at a Special Session must be 
received by the Providence office {Editorial Depart
ment, American Mathematical Society, Post Office 
Box 6248, Providence, RI 02940) by the special dead
line 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. 

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) 

Hugo Rossi, Associate Secretary 
Department of Mathematics 
University of Utah 
Salt Lake City, UT 84112 
(Telephone 801-581-8159) 

Central Section 
Robert M. Fossum, Associate Secretary 
Department of Mathematics 
University of Illinois 
1409 West Green Street 
Urbana, IL 61801 
(Telephone 217-333-3975) 

Eastern Section 
W. Wistar Comfort, Associate Secretary 
Department of Mathematics 
Wesleyan University 
Middletown, 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 orga

nizing Special Sessions at AMS meetings are advised to 
seek approval at least nine months prior to the sched
uled date of the meeting. No Special Sessions can be 
approved too late to provide adequate advance notice to 
members who wish to participate. 



Call For Topics For 1988 Conferences 

Suggestions are invited from mathematicians, ei
ther singly or in groups, for topics of the various 
conferences that will be organized by the Soci
ety in 1988. The deadlines for receipt of these 
suggestions, as well as some relevant information 
about each of the conferences, are outlined below. 
An application form to be used when submitting 
suggested topic(s) for any of these conferences 
(except the Short Course Series) may be obtained 
by writing to the Meetings Department, American 
Mathematical Society, P.O. Box 6248, Providence, 
Rhode Island 02940, or telephoning 401-272-9500, 
extension 296. 

Individuals willing to serve as organizers 
should be aware that the professional meeting 
staff in the Society's Providence office will provide 
full support and assistance before, during, and 
after each of these conferences. Organizers should 
also note that for all conferences, except Summer 
Research Conferences, it is required that the 
proceedings be published by the Society, and that 
proceedings of Summer Research Conferences are 
frequently published. A member of the Organizing 
Committee must be willing to serve as editor of 
the proceedings. 

All suggestions must include (1) the names 
and affiliations of proposed members and chair
man of the Organizing Committee; (2) a two- or 
three-page detailed outline of the subject(s) to be 
covered, including the importance, timeliness of 
the topic, and estimated attendance; (3) a list 
of the recent conferences in the same or closely 
related areas; (4) a tentative list of names and 
affiliations of the proposed principal speakers; (5) 
a list of likely candidates who would be invited 
to participate and their current affiliations; and 
(6) any other observations which may affect the 
size of the conference and the amount of support 
required. Any suggestions as to sites and dates 
should be made as early as possible in order to 
allow adequate time for planning. By action of 
the AMS Board of Trustees, the Meetings De
partment of the Society is responsible for the final 
selection of the site for each conference and for 
all negotiations with the host institution. Indi
viduals submitting suggestions for the conferences 
listed below are requested to recommend sites or 
geographic areas which would assist the Meetings 
Department in their search for an appropriate 
site. In the case of Joint Summer Research 
Conferences in the Mathematical Sciences, a one-, 
two-, or three-week conference may be proposed. 

Refer to the accompanying box titled Topics 
of Current and Recent Conferences for lists of 
topics. 
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Topics of Current and 
Recent Conferences 

AMS-SIAM Symposium in 
Applied Mathematics 

1980- Mathematical psychology and psychophysiology, 
organized by STEPHEN GROSSBERG of Boston Uni
versity. 
1983- Inverse problems, organized by D. W. 
MCLAUGHLIN of the University of Arizona. 

AMS Summer Institute 
1983- Nonlinear functional analysis and applications, 
organized by FEI,IX BROWDER of the University 
of Chicago. 
1984- Geometric measure theory and the calculus of 
variations, organized by WILLIAM K. ALLARD of 
Duke University and FREDERICK J. ALMGREN, 
JR. of Princeton University. 
1985 -Algebraic geometry, organized by DAVID 
EISENBUD of Brandeis University. 
1986- Representations of finite groups and related top
ics, organized by JON A THAN L. ALPERIN of the 
University of Chicago. 

AMS-SIAM Symposium on Some 
Mathematical Questions in Biology 

1983- Muscle physiology, organized by ROBERT M. 
MIURA of the University of British Columbia. 
1984- DNA sequence analysis, organized by 
ROBERT M. MIURA of the University of British 
Columbia. 
1985- Plant biology, organized by ROBERT M. 
MIURA of the University of British Columbia. 
1986- Modeling circadian rhythms, organized by 
GAIL A. CARPENTER of Northeastern Univer
sity. 
1987- Models in population biology, organized by 
ALAN HASTINGS of the University of California, 
Davis. 

AMS-SIAM Summer Seminar 
1983- Large scale computations in fluid mechanics, 
organized by RICHARD C. J. SOMERVILLE, 
Scripps Institution of Oceanography. 
1984- Nonlinear systems of P DE in applied mathe
matics, organized by BASIL NICOLAENKO of Los 
Alamos National Laboratories. 
1985- Reacting flows: Combustion and chemical re
actors, organized by G. S. S. LUDFORD of Cornell 
University. 



1988 Symposium In 
Pure Mathematics 

This four-day symposium in pure mathemat
ics usually takes place in even-numbered years, 
sometimes in conjunction with a spring sectional 
meeting. Since none is scheduled in 1986, how
ever, the next such symposium is due to be 
held in the spring of 1987 at a location to be 
announced. Subject to final approval by the 
AMS Board of Thustees, the topic selected by 
the Committee on Summer Institutes and Special 
Symposia is The mathematical heritage of Her
man W eyl. Other topics in recent years have been 
Relations between combinatorics and other parts 
of mathematics (1978); The mathematical heritage 
of Henri Poincare (1980); Several complex vari
ables (1982); and Pseudodifferential operators and 
Fourier integral operators with applications to par
tial differential equations (1984). Proceedings are 
published by the Society as volumes in the series 
Proceedings of Symposia in Pure Mathematics. 

Deadline For Suggestions: August 15, 1986 

1988 AMS Summer Institute 
Summer institutes are intended to provide an 
understandable presentation of the state of the art 
in an active field of research in pure mathematics, 
and usually extend over a three-week period. 
Dates for a summer institute must not overlap 
those of the Society's summer meeting, which in 
1988 is the AMS Centennial Celebration from 
August 8-12, and there should be a period of at 
least one week between them. Proceedings are 
published by the Society as volumes in the series 
Proceedings of Symposia in Pure Mathematics. 

Deadline For Suggestions: August 15, 1986 

1988 AMS-SIAM Summer Seminar 
The goal of the summer seminar is to provide an 
environment and program in applied mathematics 
in which experts can exchange the latest ideas and 
newcomers can learn about the field. Proceedings 
are published by the Society as volumes in the 
series Lectures in Applied Mathematics. 

Deadline For Suggestions: August 15, 1986 
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1988 Joint AMS-IMS-SIAM Summer 
Research Conferences in the 

Mathematical Sciences 
These conferences are similar in structure to those 
held at Oberwolfach, and represent diverse areas 
of mathematical activity, with emphasis on areas 
currently especially active. Careful attention 
is paid to subjects in which there is important 
interdisciplinary activity at present. Topics for the 
fifth series of one-week conferences, being held in 
1986, are Mathematics in general relativity, Large 
scale data analysis via computer graphics, Time 
reversal of Markov processes and potential theory, 
Artin's braid group, Discrete and computational 
geometry, and Representation theory of Lie groups. 
If proceedings are published by the Society, they 
will appear as volumes in the series Contemporary 
Mathematics. 

Deadline For Suggestions: February 1, 1987 

Call for Topics for 
1988 AMS Short Course Series 

The AMS Short Courses consist of a series of intro
ductory survey lectures and discussions ordinarily 
extending over a period of one and one-half days 
immediately prior to the Joint Mathematics Meet
ings held in January and August each year. Each of 
the courses is devoted to a specific area of applied 
mathematics or to areas of mathematics used in 
the study of a specific subject or collection of prob
lems in one of the physical, biological, or social sci
ences. Topics in recent years have been Approxima
tion Theory (January 1986), Actuarial Mathematics 
(August 1985), Fair Allocation (January 1985), En
vironmental and Natural Resource Mathematics (Au
gust 1984), Mathematics of Information Processing 
(January 1984). Proceedings are published by the 
Society as volumes in the series Proceedings of Sym
posia in Applied Mathematics, with the approval of 
the Editorial Committee. 
Deadline for Suggestions: July 1, 1986 for Jan
uary 1988 course, and December 1, 1986 for 
August 1988 course. 
Submit suggestions to: Professor Stefan A. Burr, 
Chairman, AMS Short Course Subcommittee, De
partment of Computer Sciences, CUNY, City Col
lege, New York, New York 10031. 



Special Meetings 
THIS SECTION contains announcements of meetings 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 scheduled 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. 

IN GENERAL, announcements of meetings 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 special meetings 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 should be received in Providence 
SIX MONTHS prior to the scheduled date of the meeting. 

1985-1986. Academic Year Devoted to Nonlinear Dif
ferential Equations, Mittag-Leffler Institute, Djursholm, 
Sweden. (January 1985, p. 89) 

1985-1986. Special Year in Complex Analysis, Univer
sity of Maryland, College Park, Maryland. (August 1985, 
p. 522) 

1985-1986. Special Year in Differential Geometry, Uni
versity of Illinois, Urbana-Champaign, Illinois. (October 
1985, p. 674) 

1985-1986. Special Year in Operator Theory, Indiana 
University, Bloomington, Indiana. (August 1985, p. 522) 

1985-1986. Special Year in Singularities and Algebraic 
Geometry, University of North Carolina, Chapel Hill, 
North Carolina. (June 1985, p. 397, note change in years 
since previous listings.) 

1985-1986. Year in Mathematical Logic, University of 
Notre Dame, Notre Dame, Indiana. (October 1985, p. 674) 

August 19, 1985-July 31, 1986. Program on Stochastic 
Differential Equations and Their Applications, University 
of Minnesota, Minneapolis, Minnesota. (Note date change 
from June 1985, p. 397) 

October 1985--0ctober 1986. Material Instabilities in 
Continuum Mechanics, Heriot-Watt University, Edinburgh, 
Scotland. (June 1985, p. 397) 

1986-1987. Academic Year Devoted to Algebraic Geome
try, Mittag-Leffler Institute, Djursholm, Sweden. (January 
1986, p. 130) 

JUNE1986 

1-5. First Japan Conference on Graph Theory and its 
Applications, Tokai University, Hiratsuka, Japan. (October 
1985, p. 677) 

1-8. Ninth International Conference on Analytic Func
tions, Maria Curie-Sklodowska University, Lublin, Poland. 
(January 1986, p. 132) 

2-4. The Second Symposium on Computational Geometry, 
IBM T. J. Watson Research Center, Yorktown Heights, 
New York. (October 1985, p. 677) 

2-4. Workshop on Differentiability Properties of Real
Valued Functions, Universite de Montreal, Quebec, Canada. 
(March 1986, p. 366) 
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2--6. Greco Calcul Forme!, Marseille, France. 
Information: A. Zeller-Meirer, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

2--6. Mathematical Modeling, Salisbury State College, 
Salisbury, Maryland. (January 1986, p. 132) 

2--6. NSF-CBMS Regional Conference on Hierarchical and 
Empirical Bayes, Bowling Green State University, Bowling 
Green, Ohio. 
Information: J. H. Albert, Department of Mathematics, 

Bowling Green State University, Bowling Green, Ohio 
43403. (Note change from March 1986, p. 366) 

2--6. NSF-CBMS Regional Conference on Mathematical 
Modelling in the Energy and Environmental Sciences, West 
Virginia University, Morgantown, West Virginia. 
Informati.on: C. L. Irwin or I. Christie, Department of 

Mathematics, West Virginia University, Morgantown, 
West Virginia 26506. (Note change from March 1986, 
p. 366) 

2-6. Seventeenth Yugoslav Congress of Theoretical and 
Applied Mechanics, Zadar, Yugoslavia. (January 1986, 
p. 132) 

2-11. Twenty-third Symposium on Functional Equations, 
Gargnano, Italy. 
Information: C. Pagani, Dipartimento Matematica, Politec-

nico, 9 via Bonardi, I-20133 Milano, Italy. 

2-12. Eleventh Annual International Conference on Op
erator Theory, Bucharest, Romania. (March 1986, p. 366) 

3--6. IMACS International Symposium on Modeling and 
Simnlation of Lumped and Distributed Control, Lille, 
France. (January 1986, p. 132) 

4--6. Japan-United States Joint Seminar on Discrete 
Algorithms and Complexity Theory, Kyoto, Japan. (March 
1986, p. 366) 

4--6. 1986 National Educational Computing Conference, 
Town and Country Hotel, San Diego, California. (October 
1985, p. 677) 

5-12. International Conference on Mathematical Problems 
from the Physics of Fluids, Roma, Italy. 
Information: G. Benfatto, Dipartimento Matematica, Uni

versita di Tor Vergata, Via 0. Raimondo, I-00173 Roma, 
Italy. 



8-12. Internationaler Workshop: Geometrische und Quan
titative Komplexe Analysis, Wuppertal, Federal Republic 
of Germany. 
lnfarmatian: Workshop Komplexe Analysis, D. Lindner, 

FB Mathematik, Univ.-GHS Wuppertal, Gau6str. 20, 
D-5600 Wuppertal 1, Federal Republic of Germany. 

8-13. Alpine--United States Seminar on Inverse and Ill-
posed Problems, Saint Wolfgang, Austria. (March 1986, 
p. 366) 

8-14. International Symposium on Topological and Geo
metric Methods in Field Theory, Espoo, Finland. 
lnfarmatian: J. Mickelsson, Res. Inst. theor. Phys., 20-C 

Siltavuorenpenger, SF-00170 Helsinki, Finland. 

9--13. Discrete Mathematics, Salisbury State College, 
Salisbury, Maryland. (January 1986, p. 132) 

9--13. 1986 Gordon Research Conference on Theoretical 
Biology and Biomathematics, Tilton School, Tilton, New 
Hampshire. (March 1986, p. 366) 

9--14. Applications Harmoniques, Marseille, France. 
Infarmatian: A. Zeller-Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

9-14. Symposium on Ill-Posed and Inverse Problems, 
Lake St. Wolfgang, Austria. 
Infarmatian: H. Eng!, Kepler-Univ., A-4040 Linz, Austria. 

9-14. Workshop on Universal Algebra and Lattice Theory, 
Berkeley, California. (March 1986, p. 366) 

9--19. Stochastic Differential Systems with Applications 
to Control Theory, Electrical/Computer Engineering, and 
Operations Research, University of Minnesota, Minneapo
lis, Minnesota. (June 1985, p. 402) 

9--20. First China-U.S.A. International Conference on 
Graph Theory and its Applications, Jinan, Shandong 
Province, China. (March 1986, p. 366) 

9--August 22. Gordon Research Conferences, New Hamp
shire. 
Program: Meetings on a variety of topics at various locations 

in New Hampshire will extend the Frontiers of Science 
by fostering a free and informal exchange of ideas 
among persons actively interested in the subject under 
discussion. For a description of the conferences and for 
applications to the conferences, see below. 

lnfarmatian: Before June 8: A. Cruickshank, University of 
Rhode Island, Kingston, Rhode Island 02881-0801, 401-
783-4011 or 401-783-3372. After June 8: A. Cruickshank, 
Director, Gordon Research Conferences, Colby-Sawyer 
College, New London, New Hampshire 03257, 603-526-
2870. 

12-14. Institute of Mathematical Statistics Central Re
gional Meeting, Purdue University, West Lafayette, Indi
ana. (March 1986, p. 366) 

12-14. 1986 Annual Summer Meeting of the Canadian 
Mathematical Society, Memorial University, Saint John's, 
Newfoundland. (March 1986, p. 366) 

12-16. Workshop on Analysis, National University of 
Singapore, Singapore, Republic of Singapore. 
Program: Lectures will be given on Interpolation of Linear 

Operators on Product Measure Spaces, Singular Inte
gral Operators and Pseudo-Differential Operators, and 
Probabilistic and Volume Methods in the Geometry of 
Banach Spaces by S. Igari, A. Miyachi, and G. Pisier 
respectively. 

lnfarmatian: Organizing Committee, Analysis Workshop, 
Department of Mathematics, National University of Sin
gapore, Singapore 0511, Republic of Singapore. 

15-20. Fourth International Symposium on Statistical 
Decision Theory and Related Topics, Purdue University, 
West Lafayette, Indiana. (January 1986, p. 133) 

15-21. Function Spaces and Applications, Lund, Sweden. 
(March 1986, p. 366) 
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16-18. Forefronts '86, Rensselaer Polytechnic Institute, 
Troy, New York. 
Program: Invited speakers will explore the common infras

tructure of computing technology upon which applica
tions of large-scale computation are based. 

lnfarmatian: H. Raveche, Dean of the School of Science, 
Rensselaer Polytechnic Institute, Troy, New York 12180-
3590, 518-266-6305. 

16-19. 1986 National Computer Conference, Las Vegas, 
Nevada. (March 1986, p. 366) 

16--20. Colloque International du CNRS en L'Honneur de 
A. Lichnerowicz "Geometrie et Physique", Paris, France. 
Infarmatian: M. Stefan, IRMA, 7 rue Rene Descartes, F-

67084 Strasbourg Cedex, France. 

16--20. Fifteenth International Symposium on Rarefied 
Gas Dynamics, Grado, Gorizia, Italy. (October 1985, 
p. 677) 

16-20. Septieme Colloque International "Simulation 
d'Ecoulements par Elements Finis", Antibes, France. 
Infarmatian: INRIA, Serv. des Relations exterieures, Roc-

quencourt, B.P. 105, F-78153 Le Chesnay Cedex, France. 

16--20. Tenth United States National Congress of Applied 
Mathematics, University of Texas at Austin, Texas. (March 
1986, p. 366) 

16--20. The 1986 Johns Hopkins Mathematical Sciences 
Lecture Series, The Johns Hopkins University, Baltimore, 
Maryland. (March 1986, p. 366) 

16--21. Theorie des Nombres, Marseille, France. 
Infarmatian: A. Zeller-Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

16--4 July. Dynamique des Structures, Centre d'Etudes 
du Breau-Sans-Nappe, Ablis, France. 
Infarmatian: Secretariat des Ecoles d 'Ete, Electricite de 

France, 1, Avenue du General de Gaulle, 92140 Clamart, 
France. Telephone: (1) 47 65 36 44. 

17-21. Analysis Conference, National University of Singa
pore, Republic of Singapore. (October 1985, p. 677) 

18-20. Colloque sur les Proprietes Structurelles des 
Systemes Lineaires Multivariables, Paris, France. 
Infarmatian: M. Malabre, LAN ENSM, 1 rue de Ia Noe, 

F-44072 Nantes Cedex, France. 

19--21. Second Meeting on the Mathematics of Fuzzy 
Systems, Napoli, Italy. 
Infarmatian: A. Di Nola, Institute Matematiques, Faculte 

d'Architecture, 3 Via Monteoliveto, I-80134 Napoli, Italy. 

2()-.July 5. Third Workshop on Nonlinear Evolution 
Equations and Dynamical Systems, Baia Verde, Gallipoli, 
Italy. 
Infarmatian: M. Boiti, Dip. Fis., Universita, via Arnesano, 

I-73100 Leece, Italy. 

22-29. Society of Women Engineers 1986 National Con
vention, Sheraton Hartford and Parkview Hilton, Hartford, 
Connecticut. (October 1985, p. 678) 

23-27. NSF-CBMS Regional Conference on Stochastic 
Processes in the Neuro Sciences, North Carolina State 
University, Raleigh, North Carolina. 
Infarmatian: C. E. Smith, Department of Statistics, North 

Carolina State University, Raleigh, North Carolina 27695. 
(Note change from March 1986, p. 367) 

23-28. Colloque International de Theorie des Graphes et 
Combinatoire, Luminy, France. 
Infarmatian: Colloque Theorie des Graphes, ER 175, c/o 

M. Ulrich, C.A.M.S.-M.S.H., 54 boul. Raspail, F-75270 
Paris Cedex 06, France. 

23-28. La Combinatoire, Marseille, France. (January 1986, 
p. 133) 
24-27. Seventh International Conference on Analysis and 
Optimization of Systems, Antibes, France. (October 1985, 
p. 678) 



25-July 3. Secondo Corso del CIME: Mathematical Eco
nomics, La Querceta, Montecatini Terme, Italy. 
lriforrnJJti.on: CIME, c/o Ist. Mat. U. Dini, 67-A viale 

Morgagni, I-50134 Firenze, Italy. 

29-July 4. Ninth Dundee Conference on the Theory of 
Ordinary Partial Differential Equations, Dundee, Scotland. 
(March 1986, p. 367) 

3Q-July 2. Seventh European Workshop on Applications 
and Theory of Petri Nets, Oxford, Great Britain. 
InforrnJJti.on: G. Cutts, Dept. Comp. Studies, Sheffield City 

Polyt., Pond Str., GB-Sheffield S11WB, England. 

3Q-July 4. NSF-CBMS Regional Conference on The 
Formation Space of Algebraic and Geometric Structures, 
University of California, Los Angeles, California. 
lnforrnJJti.on: J. J. Millson, Department of Mathematics, 

University of California, Los Angeles, California 90024. 
(Note change from March 1986, p. 367) 

3Q-July 4. Tenth Prague Conference on Information The
ory, Statistical Decision Functions and Random Processes, 
Institute of Information Theory and Automation of the 
Czechoslovak Academy of Sciences, Prague, Czechoslo
vakia. (October 1985, p. 678) 

3Q-July 6. The First KIT Mathematics Workshop, Korea 
Institute of Technology (KIT), Taejon, Korea. 
Program: The workshop will consist of series of lectures by 

invited speakers and one hour special sessions by some 
of the participants. 

Invited Speakers: W. Baily, D. Buchsbaum, T. Ono, K. H. 
Dovermann, T. Petrie, C. N. Lee, and R. Lashof. 

InforrnJJti.on: J. K. Koo, Mathematics Workshop, Korea 
Institute of Technology, 400 Kusong-dong, Chung-gu, 
Taejon, Korea 300-31. 

3Q-July 12. Quatrleme Ecole d'Ete de Didactique des 
Mathematlques, Orleans, France. 
lnforrnJJti.on: R. Douady, IREM Univ. Paris -7, 2 place 

Jussieu, F-75251 Paris Cedex 05, France. 

3Q-July 26. Ecole d'Ete du CIMPA: Lea Mathematiques 
Appliquees a Ia Mechanique, Monastir, France. 
InforrnJJti.on: Centre intern. Math. Pures et Appl., 1 av. 

Edith Cavell, F -06000 Nice, France. 

JULY 1986 

1-2. Mathematics in Major Accident Risk Assessment, 
Oxford, England. (January 1986, p. 133) 

1-3. Sixteenth Symposium on Fault-Tolerant Computing, 
Wien, Austria. 
lnforrnJJti.on: H. Kopetz, Interkonvention Hofburg, P.O. Box 

80, A-1107 Wien, Austria. 

1-3. Structural Failure, Product Liability and Technical 
Insurance, Vienna, Austria. (January 1986, p. 133) 

1-4. A European Turbulence Conference, Lyon, France. 
(January 1986, p. 133) 

1-4. Euromech 212: Nonlinear Waves in Solids, Toledo, 
Spain. 
InforrnJJti.on: E. Alarcon, Univ. Politecn., E.T.S. Ingen. 

industr., 2 J. Gutierrez Abascal, E-28006 Madrid, Spain. 

2-4. Conference on Differential Equations in Banach 
Spaces, Bologna, Italy. 
IriforrnJJti.on: G. Dore, Universite de Bologna, 5 Piazza Porta 

S. Donato, I-40127 Bologna, Italy. 

2-12. LMS Symposium on Non-classical Continuum Me
chanics: Abstract Techniques and Applications, University 
of Durham, Durham, England. (November 1985, p. 812) 

3-5. Fourth Geometry Symposium at Siegen on Discrete 
and Combinatorial Geometry, Universitat Siegen, Siegen, 
Federal Republic of Germany. (March 1986, p. 367) 

5-£. Incontro di Analisi Funzionale, Firenze, Italy. 
InforrnJJti.on: C. Franchetti, Ist. Mat. appl., 3 viaS. Marta, 

I-50139 Firenze, Italy. 
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6-13. Deuxieme Universite d'Ete sur l'Histoire des 
Mathematiques, Toulouse, France. 
Infarmation: M. Guillemot, IREM de Toulouse, Univ. P. 

Sabatier, 118 route de Narbonne, F-31062 Toulouse 
Cedex, France. 

7-9. The Fourth IMA Conference on the Mathematical 
Theory of the Dynamics of Biological Systems, University 
of Oxford, Oxford, England. (October 1985, p. 678) 

7-9. The Mathematical Theory of the Dynamics of Bio
logical Systems, Oxford, England. 
Infarmation: The Deputy Secretary, The Institute of Math

ematics and its Applications, Maitland House, Warrior 
Square, Southend-on-Sea, Essex SS1 2JY, England. 

7-11. Nonstandard Analysis and its Applications, Univer-
sity of Hull, England. (January 1986, p. 133) 

7-11. The Fourth International Conference on Bound
ary and Interior Layers-computational and Asymptotic 
Methods, Institute of Mathematics, Siberian Branch of 
the U.S.S.R. Academy of Sciences, Novosibirsk, U.S.S.R. 
(October 1985, p. 678) 

7-12. Fifth Brazilian Conference on Topology, Universi
dade de Sao Paulo, Siio Carlos, Brasil. 
Infarmation: P.F.S. Porto, Universidade de Siio Paulo, Caixa 

Postal 668, 13560 Siio Carlos, SP-Brasil. Telephone: 
(0162)71-2238. 

7-19. Abidjan Symposium of Mathematics, University of 
Abidjan, Abidjan, Ivory Coast. 
'I'Mme: Methods of Group Theory and their Applications. 
Program: The morning sessions will be devoted to lecture 

courses and the afternoon sessions to discussions and 
presentation of contributed scientific papers by partici
pants. 

InforrnJJti.on: S. Toure, Institute de Recherches Mathema-
tiques, 08 Post Office Box 2030 Abidjan 08, Ivory Coast. 

7-25. Seminaire de Mathematiques Superieures-NATO 
Advanced Study Institute-Variational Methods in Nonlin
ear Problems, Universite de Montreal, Montreal, Canada. 
(January 1986, p. 133) 

7-25. Tendances dans les Architectures Normalisees de 
Reseaux, Centre d'Etudes du Breau-Sans-Nappe, Ablis, 
France. 
InforrnJJti.on: Secretariat des Ecoles d'Ete, Electricite de 

France, 1, Avenue du General de Gaulle, 92140 Clamart, 
France. Telephone: (1) 47 65 36 44. 

8-11. Practical Bayesian Statistics, Cambridge, United 
Kingdom. (March 1986, p. 367) 

9-19. A Workshop on Stochastic Analysis, Silivri Center, 
Silivri, Turkey. 
Program: First week will be devoted to lectures on Stochas

tic Partial Differential Equations, Stochastic Calculus 
of Variations (Malliavin Calculus) and an introductory 
lecture on Brownian Motion and Diffusions. The second 
week will be devoted to presentation of contributed pa
pers on topics related to the above subjects and their 
applications. 

Infarmation: H. Korezlioglu, Ecole Normale Superieure des 
Telecommunications, 46 rue Barrault, 75634 Paris Cedex 
13, France. 

14-17. First International Conference on Numerical Grid 
Generation in Computational Fluid Dynamics, Landshut, 
Federal Republic of Germany. 
lnforrnJJti.on: J. Hauser, Dept. mech. and electr. Eng., Col

lege, 32-34 Stetheimerstr., D-8300 Landshut, Federal 
Republic of Germany. 

14-18. Chaotic Motion in Nonlinear Dynamic Systems, 
Udine, Italy. 
IriforrnJJti.on: Segr. CISM, Palazzo del Torso, 18 Piazza 

Garibaldi, I-33100 Udine, Italy. 

14-18. Introduction to Working Statistics, Ohio State 
University, Columbus, Ohio. 
Program: This short course presents the basic concepts 

underlying statistical data analysis including necessary 



probability concepts, effective methods of collecting data, 
and simple descriptive techniques for initial interpreta
tion of data. 

Inforrnat:ian: L. B. Larew, Ohio State University, Depart
ment of Conferences and Institutes, Office of Continuing 
Education, Fawcett Center for Tomorrow, 2400 Olen
tangy River Road, Columbus, Ohio 43210, 614-422-8571. 

14-18. NSF-CBMS Regional Conference on Harmonic 
Analysis and Probability, Depaul University, Chicago, 
Illinois. 
Inforrnat:ian: R. L. Jones, Department of Mathematics, 

De Paul University, Chicago, Illinois 60614. (Note change 
from March 1986, p. 367) 

14-19. Logic Colloquium 1986, University of Hull, Hull, 
England. (March 1986, p. 367) 

14-25. Partial Differential Equations, Eighth Latin Amer
ican School of Mathematics, Instituto de Matematica Pur a 
e Aplicada, Rio de Janeiro, Brazil. (October 1985, p. 678) 

14-26. Oscillation, Bifurcation and Chaos: An Interna
tional Conference in Differential Equations, The University 
of Toronto, Toronto, Canada. (November 1985, p. 812) 

15-17. Symposium on Recent Advances in Simulation of 
Complex Systems, Tokyo, Japan. (January 1986, p. 133) 

15-19. Treizieme Colloque Automates, Langages et Pro
grammation, Rennes, France. 
lnforrnat:ian: E. Lebret, IRISA-INRIA, Campus de Beaulieu, 

F -35042 Rennes Cedex, France. 

16-25. Eighth International Congress on Mathematical 
Physics, Marseille, France. (March 1986, p. 367) 

21-25. Introductory Biostatistics, Ohio State University, 
Columbus, Ohio. 
Program: This short course provides an introduction to 

basic concepts and techniques in statistics applied to life 
sciences. 

InjOT1JULtion: L. B. Larew, Ohio State University, Depart
ment of Conferences and Institutes, Office of Continuing 
Education, Fawcett Center for Tomorrow, 2400 Olen
tangy River Road, Columbus, Ohio 43210, 614-422-8571. 

21-25. Ninth Escola de Algebra, University of Brasilia, 
Brasilia, Brasil. (March 1986, p. 367) 

21-25. Third International Conference on Logic Program
ming, London, England. 
lnforrnat:ian: K. Clark, Imp. Coli. of Sc. and Techn., London, 

England. 

21-26. International Congress on Computational and Ap
plied Mathematics, University of Leuven, Belgium. (Octo
ber 1985, p. 678) 

21-31. Workshop on Functional Integration with Empha
sis on the Feynman Integral, Universite de Sherbrooke, 
Sherbrooke, Quebec, Canada. 
Program: Two expository lectures of six hours each, ten 

lectures of one hour, and contributed papers of thirty 
minutes. The proceedings should appear in a special issue 
of the Rendiconti del Circola Matematico di Palermo. 

Inforrnat:ian: P. Morales and J. Dubois, Departement de 
Mathematiques et d'Informatique, Universite de Sher
brooke, Sherbrooke, Quebec, Canada J1K 2Rl. Tele- · 
phone: 819-821-7035 and 819-821-7032 respectively. 

22-26. Conference on Constructive Function Theory, Uni
versity of Alberta, Edmonton, Alberta, Canada. (August 
1985, p. 525) 

23-31. 1986 Corvallis Conference: Quadratic Forms and 
Real Algebraic Geometry, LeSell Stuart Center, Ore
gon State University, Corvallis, Oregon. (November 1985, 
p. 812) 

26-31. Fourteenth Canadian Symposium on Operators 
and Operator Algebras, University of Victoria, Victoria, 
British Columbia. (March 1986, p. 367) 

27-30. Tenth Summer Symposium on Real Analysis, Uni
versity of British Columbia, Vancouver, British Columbia, 
Canada. (November 1985, p. 812) 
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27-August 1. International Conference on Algebraic 
Topology, Humboldt State University, Arcata, California. 
(March 1986, p. 367) 

27-August 1. Thirteenth International Biometric Confer
ence, Seattle, Washington. (June 1985, p. 402) 

27-August 2. Eugene Strens Memorial Conference on 
Intuitive and Recreational Mathematics and its History, 
The University of Calgary, Calgary, Alberta, Canada. 
(March 1986, p. 367) 

28-August 1. Applied Discrete Data Analysis, Ohio State 
University, Columbus, Ohio. 
Program: This short course introduces various statistical 

methods for analyzing data organized in tables of count. 
InfOT1JULtion: L. B. Larew, Ohio State University, Depart

ment of Conferences and Institutes, Office of Continuing 
Education, Fawcett Center for Tomorrow, 2400 Olen
tangy River Road, Columbus, Ohio 43210, 614-422-8571. 

28-August 1. NSF-CBMS Regional Conference on Prob
abilistic Methods in Combinatorics, Fort Lewis College, 
Durango, Colorado. 
Inforrnat:ian: R. A. Gibbs, Department of Mathematics, Fort 

Lewis College, Durango, Colorado 81301. (Note change 
from March 1986, p. 368) 

28-August 1. Conference on Singularities, University of 
Iowa, Iowa City, Iowa. (January 1986, p. 133) 

28-August 1. International Conference on Harmonic Mea
sure and Potential Theory in Euclidean Spaces, University 
of Toledo, Toledo, Ohio. (March 1986, p. 368) 

28-August 1. Operator Algebras Conference, University 
of California at Santa Barbara, Santa Barbara, California. 
(March 1986, p. 368) 

28-August 1. The Seventh International Conference on 
Nonlinear Analysis and Applications, The University of 
Texas, Arlington, Texas. (October 1985, p. 678) 

28-August 2. Extremal Families of Sets, Designs and Fi
nite Geometries, Universite de Montreal, Quebec, Canada. 
(March 1986, p. 368) 

29-August 1. Conference on Continuous Time, Fractional 
and Multiobjective Programming, St. Lawrence University, 
Canton, New York. (November 1985, p. 813) 

30-August 1. Computers and Mathematics, Stanford 
University, Stanford, California. (March 1986, p. 368) 

30-August 1. Conference on Universal Algebra and Lattice 
Theory, National Institutes of Health, Bethesda, Maryland. 
(October 1985, p. 678) 

30-August 2. Computers in Mathematics, Stanford Uni
versity, Palo Alto, California. (November 1985, p. 813) 

AUGUST 1986 

2. United States Commission on Mathematical Instruction 
Pre-Congress Series of Invited Survey Talks, New York 
City Technical College, Brooklyn, New York. (March 1986, 
p. 368) 

3-11. International Congress of Mathematicians, Berkeley, 
California. (February 1984, p. 159) 

4-8. Workshop on Micromechanical Aspects of Creep 
Fracture in Metals and Polymers, Mathematical Sciences 
Institute, Cornell University, Ithaca, New York. 
lnfOT1JULtion: Program Coordinator (Hui or Phoenix), Math-

ematical Sciences Institute, Cornell University, Caldwell 
Hall, Ithaca, New York 14853. 

6-9. First IMACS Symposium on Computational Acous
tics, Yale University, New Haven, Connecticut. (January 
1986, p. 134) 

11-16. Second International Conference on Teaching 
Statistics, University of Victoria, Victoria, British Colum
bia, Canada. (January 1985, p. 93) 



12-14. SIAM Conference on Linear Algebra in Signals, 
Systems and Control, Park Plaza Hotel, Boston, Mas
sachusetts. (March 1986, p. 368) 

12-16. Structure, Coherence and Chaos in Dynamical 
Systems, The Technical University of Denmark, Lyngby, 
Denmark. (March 1986, p. 368) 

13-16. Second International Conference on Fibonacci 
Numbers and their Applications, San Jose State University, 
San Jose, California. 
Program: Talks on branches of mathematics and science re

lated to the Fibonacci numbers and their generalizations 
will be given. 

In/O'f'17I.Oi:ion: C. Long, Department of Mathematics, Wash
ington State University, Pullman, Washington 99163 
or G. Bergum, The Fibonacci Quarterly, Department 
of Mathematics, South Dakota State University, Post 
Office Box 2220, Brookings, South Dakota 57007-1297. 

13-29. Workshop on Jordan Structures, University of 
Ottawa, Ottawa, Ontario, Canada. 
Program: Informal lectures and discussion sessions. 
lnf0'f'171.0i:ion: E. Neher or M. Racine, Department of Math-

ematics, University of Ottawa, Ottawa, Ontario K1N 
9B4, Canada. 

18-22. Bifurcation, Analysis Algorithms Applications, 
Universitat Dortmund, Dortmund, Federal Republic of 
Germany. (October 1985, p. 679) 

18-29. Opening Workshop on Basic Methods of Numerical 
Analysis and Introduction to State of the Art Research, 
University of Minnesota, Minneapolis, Minnesota. (March 
1986, p. 368) 

19--24. Third International Conference on Applied Systems 
Research, Information, and Cybernetics and International 
Symposium on Mathematics and Logie, Baden-Baden, 
Federal Republic of Germany. (March 1986, p. 369) 

2Q-September 6. Seizieme Ecole d'Ete de Caleul des 
Probabilites, Saint-Flour, France. 
Inf0'f'171.0i:ion: P. L. Henniquin, B.P. 45, F-63170 Aubiere, 

France. 

23-25. Optimisation and Simulation of Large Seale Sys
tems, Reading, United Kingdom. (January 1986, p. 134) 

23-26. International Symposium on Probability and 
Bayesian Statistics, Innsbruck, Austria. (January 1986, 
p. 134) 

25-29. Congres Franco Chilien de Matbematiques Ap
pliquee&, Santiago, Chile. 
Inf0'f'171.0i:ion: C. Carasso, Faculty of Sciences, 23 rue du 

Docteur Paul Michelon, 42023 Saint-Etienne cedex 2, 
France or R. Correa, Universidad de Chile, Departa
mento Matematicas, Casilla 170 Correo 3, Santiago, 
Chile. 

25-29. Sixth Prague Topological Symposium, Prague, 
Czechoslovakia. (June 1985, p. 402) 

25-30. Analyse Harmonique, Marseille, France. (March 
1986, p. 369) 

25-September 13. Microprogram on Nonlinear Diffusion 
Equations and their Equilibrium States, Mathematical 
Sciences Research Institute, Berkeley, California. (October 
1985, p. 679) 

25-September 20. Ecole d'Automne 1986 du CIMPA: 
"L' Analyse Fonetionelle et Applications", Nice, France. 
lnf0'f'171.0i:ion: CIMPA, 1 av. Edith Cavell, F-06000 Nice, 

France. 

31-September 6. International Meeting on Ring Theory, 
Grenada, Spain. 
Inf0'f'171.0i:ion: B. Torrecillas, dept. de Algebra y Funda

mentos, Fac. de Ciencias, Univ. de Grenada, E-18071 
Grenada, Spain. 
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SEPTEMBER 1986 

1-3. Elft Symposium iiber Operations Research, Darm
stadt, Federal Republic of Germany. 
Inf0'f'171.0i:ion: Elft SOR, FB Mathematik, TH Darmstadt, 

SchloBgartenstr. 7, D-6100 Darmstadt, Federal Republic 
of Germany. 

1-5. Analyse Harmonique, Marseille, France. 
Inf0'f'171.0i:ion: A. Zeller-Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

1-5. COMPSTAT 1986 Seventh Symposium on Compu
tational Statistics, Universita "La Sapienza," Rome, Italy. 
(March 1986, p. 369) 

1-5. Representations des Groupes et Analyse Complexe 
(Journees S.M.F.), Marseille, France. 
InJO'f'17I.Oi:ion: P. Torasso et M. Rais, Dept. de Matbematiques, 

Univ. de Poitiers, 40 av. du Recteur Pineau, F-86022 
Poitiers Cedex, France. 

1-5. Tenth World Computer Congress, Trinity College, 
Dublin, Ireland. (March 1986, p. 369) 

1-5. Theorie des Nombres, Marseille, France. (March 
1986, p. 369) 

2-3. Mathematical Modelling of Non-Destructive Evalua
tion, Cambridge, Great Britain. 
InJO'f'17I.Oi:ion: The Secretary and Registrar, IMA, Maitland 

House, Warrior Square, Southend-on-Sea, GB- Essex 
SS1 2JY, England. 

3-5. Symposium on Control Theory, Somerville Col
lege, University of Oxford, Oxford, England. (March 1986, 
p. 369) 

3-6. Workshop on Sign-Pattern Analysis of Linear 
and Nonlinear Systems, Universite de Montreal, Quebec, 
Canada. (March 1986, p. 369) 

4-7. Polish Symposium on Interval and Fuzzy Mathe
matics, Technical University of Poznan, Poznan, Poland. 
(October 1985, p. 679) 

7-9. The Mathematics of Surfaces, University College, 
Cardiff, United Kingdom. (January 1986, p. 134) 

8-13. Algebra-Tagung Halle 1986, Martin Luther Uni
versitat, German Democratic Republic. (October 1985, 
p. 679) 

8-14. First World Congress of the Bernoulli Society 
for Mathematical Statistics and Probability, Tashkent, 
U.S.S.R. (October 1985, p. 679) 

11-13. Spinors in Physics and Geometry, International 
Centre for Theoretical Physics, Trieste, Italy. 
InJO'f'17I.Oi:ion: J. Eells, International Centre for Theoretical 

Physics, Post Office Box 586, Miramare, Strada Costiera 
11, 34100 Trieste, Italy. Telephone: 2240-1. 

12-17. International Conference on Graphs, Steiner Sys
tems and their Applications, Santa Tecla, Catania, Italy. 
Program: The program will consist of invited lectures and 

contributed papers (talks). Topics include graph theory, 
block-designs theory, their applications. 

InJO'f'17I.Oi:ion: Professor M. Gionfriddo, Dipartimento di 
Matematica, Universita, viale A. Doria numero 6, 95125 
Catania, Italy. 

14-20. Nonlinear Random Vibration, Oberwolfach, Fed
eral Republic of Germany. 
Infarmation: M. Barner, Institutsdirektor, Geschaftsstelle, 

Alberst.rasse 24, D-7800 Freiburg, Federal Republic of 
Germany. 

14-20. Seehst Pannonisehes Symposium iiber Mathema
tisehe Statistik, Bad Tatzmannsdorf, Austria. 
Infarmation: W. Wertz, Inst. fiir Statistik u. Wahrscheinlich

keitsth., TU Wien, Wiedner Hauptstr. 8-10, A-1040 
Wien, Austria. 



15-19. International Conference on Stochastic Program
ming, Charles University, Prague, Czechoslovakia. 
Topics: Stochastic programming including related parts of 

mathematical statistics, probability theory and math
ematical programming; applications of stochastic pro
grams and experience with their numerical solution. 

lnfamwtian: T. Cipra, Department of Statistics, Charles 
University, Sokolovska 83, 186 00 Prague, Czechoslo
vakia. 

15-19. Workshop on Global Differential Geometry, Inter
national Centre for Theoretical Physics, Trieste, Italy. 
lnfamwtian: J. Eells, International Centre for Theoretical 

Physics, Post Office Box 586, Miramare, Strada Costiera 
11, 34100 Trieste, Italy. Telephone: 2240-1. 

15-20. Journees de Probability, Marseille, France. 
lnfamwtian: A. Zeller Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

15-26. Workshop on Computational Fluid Dynamics 
and Reacting Gas Flows, Institute for Mathematics and 
its Applications, University of Minnesota, Minneapolis, 
Minnesota. (March 1986, p. 369} 

17-19. The Impact of Mathematical Analysis on the 
Solution of Engineering Problems, University of Maryland, 
College Park, Maryland. (March 1986, p. 369} 

18-19. Second Catalan International Symposium on 
Statistics, Barcelona, Spain. 
lnfamwtian: Seer. Symp. Cons. Inform., 1 Doc. de Catalunya, 

187 Urgell, E-08036 Barcelona, Spain. 

21-0ctober 4. Mathematics and Computer Science in 
Medical Imaging, II Ciocco, Italy. 
ln/amwtian: M. A. Viergever, Delft Univ. of Techn., Dept. 

of Mathematics & Informatics, P.O. Box 356, NL-2600 
AJ Delft, Netherlands. 

22-26. Euromech 216: Integrable Systems in Nonlinear 
Analytical Mechanics, Leeds, England. 
lnfamwtian: A. P. Fordy, Centre for nonlinear studies, Univ. 

of Leeds, GB- Leeds L52 9JT, England. 

22-26. IFAC-IMACS Symposium on Simulation of Control 
Systems, Vienna, Austria. (January 1986, p. 134} 

22-26. Theorie Analytique des Nombres, Luminy, France. 
lnfamwtian: A. Zeller-Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

22-27. Orthogonal Polynomials and Their Applications, 
Segovia, Spain. (November 1985, p. 813} 

23-25. Optimisation and Simulation of Large Scale Sys
tems, University of Reading, Reading, Berkshire, United 
Kingdom. (January 1986, p. 134} 

23-26. International Symposium on Probability and 
Bayesian Statistics, Innsbruck, Austria. 
lnfamwtian: Prof. R. Viertl, Inst. fiir Statistik und Wahr· 

scheinlichkeitsth., TU Wien, A-1040 Wien, Austria. 

26-28. Congress on Variational Methods in Differential 
Problems, Trieste, Italy. 
lnjO'T"TTUltion: E. Mitidieri, 1st. Mat., Univ., 1 piazzale Eu-

ropa, 1-34127 Trieste, Italy. 

29-30. Computers in Mathematical Research, University 
College, Cardiff, United Kingdom. (January 1986, p. 134} 

29-0ctober 1. Fifth Meeting on Mathematical Physics, 
University of Coimbra, Coimbra, Portugal. 
Topics: Differential geometry, variational methods, dif

ferential equations in mathematical physics, analytic 
mechanics, and field theories. 

Call for Summaries: Those interested in contributing a 
short talk should submit a summary to the Organizing 
Committee by June 30, 1986. Send summary to the 
address below. 

lnfamwtian: Grupo de Ffsica-Matematica, Departamento 
de Matematica, Apartado 3008, 3000 Coimbra, Portugal. 
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29-0ctober 2. Wirtschaftsmathematik in Beruf und Aus
bildung, Klagenfurt, Austria. 
lnfamwtian: Fiinft Kiirtner Symposium fiir Didaktik der 

Mathematik, lnst. fiir Mathematik, Univ. fiir Bildung
swiss., Universitatsstr. 65--67, A-9022 Klagenfurt, Aus
tria. 

OCTOBER 1986 

1--4. Concurrence Imparfaite et Modeles de Marche, 
Luminy, France. 
lnfamwtian: A. Zeller-Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

3-4. The Fourteenth Annual Mathematics and Statistics 
Conference, Miami University, Oxford, Ohio. 
Theme: Discrete Mathematics. 
Speakers: R. Graham, A. Tucker, and H. Wilf. 
lnf=tion: G. Gilbert, Department of Mathematics and 

Statistics, Miami University, Oxford, Ohio 45056, 513-
529-5818. 

5-9. International Symposium on Information Theory, 
University of Michigan, Ann Arbor, Michigan. (March 
1986, p. 363} 
9-11. Interdisciplinary Conference on Inference, 0 hio 
University, Athens, Ohio. 
Program: The program will include tutorials and con

tributed papers. The topics should deal with inference, 
as it applies to computer science, linguistics, mathemat
ics, philosophy, and psychology. 

Infamwtian: M. Swardson, Department of Mathematics, 
Ohio University, Athens, Ohio 45701, 614-594-6603. 

13-November 29. Topology and Number Theory, Univer
site de Montreal, Quebec, Canada. (March 1986, p. 369} 
15-18. Convegno su Ipergruppi, Altre Strutture Multi
voche e Applicazioni, Udine, Italy. 
lnf=tion: P. L. Corsini, 1st. Mat., 3 via Mantrice, I-33100 

Udine, Italy. 
17-18. Fifteenth Annual Midwest DiftTerential Equations 
Conference, Marquette University, Milwaukee, Wisconsin. 
(March 1986, p. 369} 
2Q-24. Les Sondages, Marseille, France. 
lnfamwtian: A. Zeller Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

24-25. Second Eastern Small College Computing Confer
ence, University of Scranton and the Hilton at Lackawanna 
Station, Scranton, Pennsylvania. (March 1986, p. 369} 
24-25. The Sixth Southeastern-Atlantic Regional Con
ference on Differential Equations, Clemson University, 
Clemson, South Carolina. 
Program: Lectures will be given by J. Burns, G. Fix, and 

J. Herod. In addition, there will be sessions for twenty 
minute contributed talks. 

lnfamwtian: T. Proctor, Mathematical Sciences Depart
ment, Clemson University, Clemson, South Carolina 
29634-1907, 803-656-3434. 

NOVEMBER 1986 

2--6. Fall Joint Computer Conference, Dallas, Texas. 
(March 1986, p. 370} 
3-7. Workshop on Numerical Algorithms for Modern Par
allel Computer Architectures, Institute for Mathematics 
and its Applications, University of Minnesota, Minneapolis, 
Minnesota. (March 1986, p. 370} 
9-15. Austrian Symposium on History of Mathematics, 
Neuhofen an der Ybbs, Austria. 
Topics: "Mathematics-stimulated or stimulating? and "On 

the interaction between 'pure' and 'applied' mathematics 
through the ages." 

lnf=tion: Ch. Binder, Inst. fiir techn. Mathematik, Tech
nische Universitat Wien, Wiedner Hauptstrasse 6-10, 
A-1040 Wien, Austria. 



1G-15. Workshop on Artin £-functions and Related 
Topics, Universite de Montreal, Quebec, Canada. (March 
1986, p. 370) 

1G-28. Workshop on Representation Theory of Lie Groups, 
International Centre for Theoretical Physics, Trieste, Italy. 
Inforrootion: J. Eells, International Centre for Theoretical 

Physics, Post Office Box 586, Miramare, Strada Costiera 
11, 34100 Trieste, Italy. Teleph~ne: 2240-1. 

18-22. Didactique des Mathernatiques, Marseille, France. 
Inforrootion: A. Zeller Meier, CIRM, Luminy Case 916, 

Route Loon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

24-28. Geometrie Symplectique, Marseille, France. 
Inforrootion: A. Zeller Meier, CIRM, Luminy Case 916, 

Route Leon-Lachamp 70, F-13288 Marseille Cedex 9, 
France. 

DECEMBER 1986 

3-5. Forty Second Annual Conference on Applied Statis
tics, Atlantic City, New Jersey. {March 1986, p. 370) 

3--6. Theory of Robots Symposium, Vienna, Austria. 
(January 1986, p. 134) 

15-17. Cryptography and Coding, Cirencester, Glos., 
England. 
Inforrootion: The Secretary and Registrar, IMA, Maitland 

House, Warrior Square, Southend-on-Sea, GB- Essex 
SS1 2JY, England. 

****** 

JANUARY 1987 

January-May. Nonlinear PDE's, Brigham Young Univer
sity, Provo, Utah. 
Program: During the winter semester N. Alikakos, G. Cagi

nalp, and P. Fife will lead seminars in topics related to 
continuum models of phase transistion, singular pertur
bations and reaction-diffusion equations. 

Inforrootion: P. Bates, Department of Mathematics, 
Brigham Young University, Provo, Utah 84602. 

FEBRUARY 1987 

13-18. Annual Meeting, American Association for the 
Advancement of Science, Chicago, Illinois. (March 1986, 
p. 370) 

MARCH1987 

22-25. Institute of Mathematical Statistics Central Re
gional Meeting, Dallas, Texas. {March 1986, p. 370) 

23-30. NSF-CBMS Conference on Mathematical Statis
tics, Ohio State University. 
InfamwiJian: S. Leurgans, Department of Mathematics, 

Ohio State University, Columbus, Ohio 43210. 

MAY 1987 

25-29. The Ninth International Symposium on Noise 
in Physical Systems, Universite de Montreal, Quebec, 
Canada. (March 1986, p. 370) 

JUNE1987 

8-19. Singapore Group Conference Theory, National 
University of Singapore, Republic of Singapore. (March 
1986, p. 370) 
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15-July 3. Microprogram on Commutative Algebra, Math
ematical Sciences Research Institute, Berkeley, California. 
(October 1985, p. 679) 
23-26. Sixth IMACS International Symposium on Com
puter Methods for PDE's, Lehigh University, Bethlehem, 
Pennsylvania. (January 1986, p. 134) 
23-27. International Conference on Generalized Func
tions, Convergence Structures and Their Applications, 
Dubrovnik, Yugoslavia. 
Inforrootion: Inst. of Math., GFCA-87, Dr Ilije DjuriCica 4, 

YU-21000 Novi Sad, Yugoslavia. 
29--July 4. Joint IMA-GAMM-SIAM-SMAI Conference 
on First Joint International Conference on Industrial 
and Applied Mathematics, Paris, France. (January 1986, 
p. 134) 

JULY 1987 

13-17. Fourteenth International Colloquium on Automata, 
Languages, and Programming, University of Karlsruhe, 
Federal Republic of Germany. (March 1986, p. 370) 
19--24. Conference on Potential Theory, Charles Univer
sity, Prague, Czechoslovakia. 
Program: One-half and one hour lectures will be given 

on various aspects of potential theory including the 
applications of potential theory in other areas. 

Inforrootion: Potential Theory, Faculty of Mathematics and 
Physics, Charles University, Sokolovska 83, 186 00 Praha 
8, Czechoslovakia. 

AUGUST 1987 

9--15. International Conference on Abelian Groups, Perth, 
Western Australia. 
InfamwiJian: P. Schultz, Department of Mathematics, Uni

versity of Western Australia, Nedlands, Western Aus
tralia 6009, Australia. Telephone: 380 3838. 

17-20. International Conference on Rings, Modules, and 
Radicals, Hobart, Tasmania. 
Infarmatinn: B. Gardner, Mathematics Department, Uni

versity of Tasmania, General Post Office Box 252C, 
Hobart, Tasmania 7001, Australia. 

24-28. Conference on Differential Equations "Equadiff 
'87", Democritus University of Thrace, Greece. (January 
1986, p. 134) 
24-28. International Conference on Web Geometry and 
Related Fields, Szeged University, Szeged, Hungary. 
Organizing Committee: S. S. Chern (Honorary Chairman), 

M.A. Akivis, V. V. Goldberg, P. Nagy, K. Strambach. 
Infarmatinn: P. Nagy, Bolyai Institute, Szeged University, 

Aradi Vertanuk tere 1, H-6720 Szeged, Hungary. 
24-28. Second International Conference on Combinatorial 
Mathematics and Computing, Canberra, Australia. (March 
1986, p. 370) 
24-28. Sixth National Conference on Artificial Intelli
gence, Seattle, Washington. (March 1986, p. 370) 

SEPTEMBER 1987 

9--12. lnternationale Konferenz iiber Anwendungen und 
Modellbildung im Mathematikunterricht, Kassel, Federal 
Republic of Germany. 
InfamwiJian: W. Blum, Univ. GHS Kassel, FB Mathematik, 

Heinrich-Plett-Str. 40, D-3500 Kassel, Federal Republic 
of Germany. 

13-19. Journees Arithmetiques 1987, Ulm, Federal Re
public of Germany. 
Infarmatinn: E. Wirsing, Univ. Ulm, Abt. Mathematik 

II, Postfach 4066, D-7900 Ulm, Federal Republic of 
Germany. 

20-26. DMV-Jahrestagung 1987, Berlin, Federal Republic 
of Germany. 
InfamwiJian: D. Sauer, DMV, Albertstr. 24, D-7800 Freiburg, 

Federal Republic of Germany. 



NEW AMS PUBLICA liONS 

PARTIALLY ORDERED ABELIAN 
GROUPS WITH 
INTERPOLATION 
K. R. Goodearl 
(Mathematical Surveys and Monographs, 
Volume 20) 

In the past decade a new branch of ordered 
algebraic structures has grown, motivated by 
K-theoretic applications and mainly concerned 
with partially ordered abelian groups satisfying the 
Riesz interpolation property. This monograph is 
the first source in which the algebraic and analytic 
aspects of these interpolation groups have been 
integrated into a coherent framework for general 
reference. The author provides a solid foundation 
in the structure theory of interpolation groups 
and dimension groups (directed unperforated 
interpolation groups), with applications to ordered 
K-theory particularly in mind. 

Although interpolation groups are defined as purely 
algebraic structures, their development has been 
strongly influenced by functional analysis. This 
cross-cultural development has left interpolation 
groups somewhat estranged from both the 
algebraists, who may feel intimidated by compact 
convex sets, and the functional analysts, who may 
feel handicapped by the lack of scalars. This book, 
requiring only standard first-year graduate courses 
in algebra and functional analysis, aims to make the 
subject accessible to readers from both disciplines. 

High points of the development include the 
following: characterization of dimension groups 
as direct limits of finite products of copies of 
the integers; the double-dual representation of 
an interpolation group with order-unit via affine 
continuous real-valued functions on its state space; 
the structure of dimension groups complete with 
respect to the order-unit norm, as well as monotone 
sigma-complete dimension groups and dimension 
groups with countably infinite interpolation; and 
an introduction to the problem of classifying 
extensions of one dimension group by another. The 
book also includes a development of portions of 
the theory of compact convex sets and Choquet 
simplices, and an expository discussion of various 

applications of interpolation group theory to rings 
and C* -algebras via ordered Ko. A discussion of 
some open problems in interpolation groups and 
dimension groups concludes the book. 

Of interest, of course, to researchers in ordered 
algebraic structures, the book will also be a valuable 
source for researchers seeking a background in 
interpolation groups and dimension groups for 
applications to such subjects as rings, operator 
algebras, topological Markov chains, positive 
polynomials, compact group actions, or other 
areas where ordered Grothendieck groups might be 
useful. 

1980 Mathematics Subject Classifications: 
06F20. 46A55. 19K14. 19A49. 16A30 16A54. 
46L05. 46L80 
ISBN 0-8218-1520-2. LC 86-7876 
ISSN 0076-5370 

358 pages (hardcover). due June 1986 
Individual member 141. List price $68. 

Institutional member $54 
To order. please specify SURV /20N 

GROUP RINGS, CROSSED 
PRODUCTS AND GALOIS 
THEORY 
Donald S. Passman 
(CBMS Regional Conference Series, Number 64 
Supported by the National Science Foundation) 

For readers with a basic graduate level background 
in algebra, these ten articles provide a readable 
introduction to three major interrelated subjects 
of noncommutative algebra. The theme is the 
interplay between group theory and ring theory, 
dealing specifically with group rings, crossed 
products, and the Galois theory of rings. The 
author has carefully included most definitions, 
to keep the required background minimal. 
Furthermore, each article contains a selection 
of results on the given topic, a limited number 
of proofs or sketches, and at least a few open 
problems. 

Contents 
ll -methods in group rings 
The Jacobson radical of group rings 
Zero divisors in group rings 

(continued) 
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Polycyclic group rings 
Crossed products of finite groups 
Crossed products of infinite groups 
Computing the symmetric ring of quotients 
Galois theory and crossed products 
Galois theory of prime rings 
Rings and fixed rings 

1980 Mathematics Subject Classifications: 
16A27, 16A74 
ISBN 0-8218-0714-5, LC 86-1177 
ISSN 0160-7642 

80 pages (softcover), due May 1986 
All individuals S7, List price $12 
To order, please specify CBMS/64N 

NEW CONSTRUCTIONS OF 
FUNCTIONS HOLOMORPHIC IN 
THE UNIT BALL OF en 
Walter Rudin 
(CBMS Regional Conference Series, Number 63 
Supported by the National Science Foundation) 

The starting point for the research presented 
in this book is A. B. Aleksandrov's proof that 
nonconstant inner functions exist in the unit ball 
B of en. The construction of such functions has 
been simplified by using certain homogeneous 
polynomials discovered by Ryll and Wojtaszczyk; 
this yields solutions to a large number of problems. 

The author has organized the lectures, presented 
at a CBMS Regional Conference held at Michigan 
State University in June 1985, into a body of 
results discovered in the preceding four years in 
this field, simplifying some of the proofs and 
generalizing some results. The book also contains 
results that were obtained by Monique Hakina, 
Nessim Sibony, Erik Lpw and Paula Russo. Some 
of these, surprisingly, are new even in one variable. 

An appreciation of techniques not previously used 
in the context of several complex variables will 
reward the reader who is reasonably familiar with 
holomorphic functions of one complex variable and 
with some functional analysis. 

Contents 
The pathology of inner functions 
RW-sequences 
Approximation by £-polynomials 
The existence of inner functions 
Radial limits and singular measures 
£-functions in the Smirnov class 
Almost semicontinuous functions, and I u + vfl 
Approximation in L 1/ 2 

The L 1-modification theorem 
Approximation by inner functions 
The LSC property of H= 
Max-sets and nonapproximation theorems 
Inner maps 
A Lusin type theorem for A(B) 
Continuity on open sets of full measure 
The closure of A( B) in (LHjP(B) 
Open problems 

1980 Mathematics Subject Classifications· 
32A07, 32A35, 32A40, 32H99 
ISBN 0-8218-0713-7, LC 86-1205 
ISSN 0160-7642 

96 pages (softcover), due May 1986 
All individuals SB. List price $13 
To order, please specify CBMS/63N 

EXTREMAL GRAPH THEORY 
WITH EMPHASIS ON 
PROBABILISTIC METHODS 
Bela Bollobas 
(CBMS Regional Conference Series, Number 62 
Supported by the National Science Foundation) 

Problems in extremal graph theory have 
traditionally been tackled by ingenious methods 
which made use of the structure of extremal 
graphs. In this book, an update of his 1978 book 
Extremal Graph Theory, the author focuses on the 
more recent trend towards probabilistic methods. 
He demonstrates both the direct use of probability 
theory and, more importantly, the fruitful adoption 
of a probabilistic frame of mind when tackling main 
line extremal problems. 

Essentially self-contained, the book does not merely 
catalog results, but rather includes considerable 
discussion on a few of the deeper results. The 
author addresses pure mathematicians, especially 
combinatorialists and graduate students taking 
graph theory, as well as theoretical computer 
scientists. He assumes a mature familiarity with 
combinatorial methods and an acquaintance with 
basic graph theory. The book is based on the 
NSF-CBMS Regional Conference on Graph Theory 
held at Emory University in June, 1984. 

Subdivisions 
Contractions 

Contents 

Small graphs of large girth 
Large graphs of small diameter 
Cycles in dense graphs 
The evolution of random graphs 
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The size Ramsey number of a path 
Weakly saturated graphs 
List colourings 

1980 Mathematics Subject Classifications: 
05C35, 05C25, 05C10, 05C40, 05C65, 60C05 
ISBN 0-8218-0712-9, LC 85-30670 
ISSN 0160-7642 

72 pages (softcover), due May 1986 
All Individuals 17, List price $12 
To order, please specify CBMS/62N 

DIFFERENTIAL ANALYSIS IN 
INFINITE DIMENSIONAL 
SPACES 
Kondagunta Sundaresan and Srinivasa 
Swaminathan, Editors 
(Contemporary Mathematics, Volume 54) 

This volume focuses on developments made in the 
past two decades in the field of differential analysis 
in infinite dimensional spaces. New techniques such 
as ultraproducts and ultrapowers have illuminated 
the relationship between the geometric properties 
of Banach spaces and the existence of differentiable 
functions on the spaces. The wide range of topics 
covered also includes gauge theories, polar subsets, 
approximation theory, group analysis of partial 
differential equations, inequalities, and actions on 
infinite groups. 

Addressed to both the expert and the advanced 
graduate student, the book requires a basic 
knowledge of functional analysis and differential 
topology. 

Contents 
M. S. Berger, The impact of gauge theories on 
nonlinear infinite dimensional analysis 
Sean Dineen, Polar subsets in infinite dimensional 
spaces-small sets in large spaces 
M. P. Heble, Approximation of differentiable 
functions on a Hilbert space. II 
C. C. A. Sastri, Group analysis of some partial 
differential equations arising in applications 
Mau-Hsiang Shih and Kok-Keong Tan, Minimax 
inequalities and applications 
T. N. Subramanian, Slices for actions of infinite 
dimensional groups 
K. Sundaresan, Convex functions on Banach 
lattices 
K. Sundaresan and S. Swaminathan, 
Differential analysis and geometry of Banach 
spaces-isomorphism theory 
J. H. M. Whitfield and V. Zizler, A survey of 
rough norms with applications 

1980 Mathematics Subject Classifications: 
58B10, 58C25, 46E15, 41A65 
ISBN 0-8218-5059-8, LC 86-3510 
ISSN 0271-4132 

136 pages (softcover), due June 1986 
Individual member 111, List price $18, 

Institutional member $14 
To order, please specify CONM/54N 

THE SELBERG TRACE 
FORMULA AND RELATED 
TOPICS 
Dennis A. Hejhal, Peter Sarnak, 
and Audrey Anne Terras, Editors 
(Contemporary Mathematics, Volume 53) 

This volume provides both a good introduction 
to current work and a collection of survey articles 
on the Selberg trace formula and its applications. 
As the proceedings of a joint AMS-IMS-SIAM 
Summer Research Conference, these twenty papers 
represent a diverse set of attitudes toward the 
trace formula, including those from mathematical 
physics, classical analytic and modern adelic 
number theory, modern geometric representations, 
and classical harmonic analysis. 

The background required varies considerably 
from introductory papers to those requiring 
familiarity with representation theory, the theory of 
automorphic forms. and number theory. 

Contents 
Jeffrey Adams and Joseph F. Johnson, 
Endoscopic groups and stable packets of certain 
derived functor modules 
Dorothy Wallace Andreoli, A preliminary 
version of the Selberg trace formula for 
PSL(3, 1) x PSL(3, R)/S0(3, R) 
James Arthur, Rebecca A. Herb, and Paul 
S. Sally, Jr., The Fourier transform of weighted 
orbital integrals on SL(2, R) 
Daniel Bump, Solomon Friedberg, and Dorian 
Goldfeld, Poincare series and Kloosterman sums 
J.-M. Deshouillers and H. lwaniec, The 
non-vanishing of Rankin-Selberg zeta-functions at 
special points 
Jugen Elstrodt, Fritz Grunewald, and Jens 
Mennicke, Eisenstein series for imaginary 
quadratic number fields 
Yuval Z. Flicker, Unitary quasi-lifting: preparations 
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David Fried, Fuschian groups and Reidemeister 
torsion 
Paul B. Garrett, Theta-correspondences on 
unitary groups 
Paul Gerardin and Wen-Ch' ing Winnie Li, 
Establishing correspondences without the trace 
formula 
George T. Gilbert, Multiplicity theorems for GL(2) 
and GL(3) 
A. Good, The convolution method for Dirichlet 
series 
Martin C. Gutzwiller, Physics and Selberg's trace 
formula 
Ki-ichiro Hashimoto, Representations of the finite 
symplectic group SP(4, Fp) in the spaces of Siegel 
modular forms 
Dennis A. Hejhal, Roots of quadratic congruences 
and eigenvalues of the non-Euclidean Laplacian 
M. N. Huxley, Exceptional eigenvalues and 
congruence subgroups 
Herve Jacquet, An introduction to the trace 
formula from the adelic point of view 
N. Mandouvalos, The theory of Eisenstein series 
for Kleinian groups 
M. Scott Osborne, The continuous spectrum: 
some explicit formulas 
M. Scott Osborne, Selberg's trace formula and 
a character identity for generalized Heinsenberg 
groups 
J. D. Rogawski, Some remarks on Shalika germs 
Peter Sarnak, On cusp forms 
Audrey A. Terras, Some simple aspects of the 
theory of automorphic forms for GL(n, Z) 
V. S. Varadarajan, The eigenvalue problem on 
negatively curved compact locally symmetric 
manifolds 
Marie-France Vigneras, Correspondances entre 
representations automorphes de GL(2) sur une 
extension quadratique de GSp(4) sur D. conjecture 
locale de Langlands pour GSp(4) 
Garth Warner, Traceability on the discrete 
spectrum 
Rainer Weissauer, Stable modular forms 
Floyd L. Williams, Finite spaces of non-classical 
Poincare theta series 

1980 Mathematics Subject Classifications: 
10020, 10024, 10040, 12A85, 22E40, 22E45, 
22E50, 22E55, 30F35, 30M10, 30N10 
ISBN 0-8218-5058-x, LC 86-3512 
ISSN 0271-4132 

568 pages (softcover), due June 1986 
Individual member 125, List price $42, 

Institutional member $34 
To order, please specify CONM/53N 

THE 8-CONJECTURE: 
CHARACTERIZATION OF 
CHEVALLEY GROUPS 
John H. Walter 
(Memoirs of the AMS, Number 345) 

This memoir provides a well-organized and efficient 
approach to proving the B-conjecture, a theorem 
which is an essential step in the classification of 
finite simple groups. This conjecture asserts that 
the 2-components of the centralizer of an involution 
in a finite simple group are quasisimple, and is 
proven using the signalizer functor method. 

The first part of this publication contains many 
interesting theorems on the characterization of 
group, which are needed for the proof of the 
principal result in Part II. 

The memoir is aimed at specialists in the theory 
of finite simple groups. It presumes a thorough 
knowledge in the arguments and principal results 
of classification theory. 

Contents 

Part I. Characterization of Chevalley groups and 
some locally c -unbalanced groups 
Introduction 
1. Preliminary concepts and results 
2. 2-Components of type PSL(2, q) and A7 
3. Characterization of groups of type C which are 

not Chevalley type 
4. Characterization of Chevalley groups 

Part II. The B-Conjecture; signalizer functors 
Introduction 
1. Properties of uneven 2-components 
2. Verification of A-oddness 
3. Regular elementary 2-groups and the generation 

of layers 
4. Construction of proper subgroups by signalizer 

functors 
5. Properties of a minimal counterexample 
6. Proof of Theorem I 
References 
Index 
Index of notation 

1980 Mathematics Subject Classification: 
20005 
ISBN 0-8218-2345-0, LC 86-3388 
ISSN 0065-9266 

204 pages (soft cover), 1986 
Individual member 111, List price $19, 

Institutional member $15 
To order, please specify MEM0/345N 
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HOMEOMORPHISMS OF 
3-MANIFOLDS WITH 
COMPRESSIBLE BOUNDARY 
Darryl McCullough and Andy Miller 
(Memoirs of the AMS, Number 344) 

This memoir studies the group G(M) of isotopy 
classes of self-homeomorphisms for a P2-irreducible 
3-manifold M with compressible boundary. When 
M is orientable, G(M) is proved to be finitely 
generated, and the subgroup J(M) generated 
by Dehn twists about discs, annuli, and tori 
is shown to have finite index. Moreover, any 
orientation-preserving self-homeomorphism 
inducing the identity on 7ri{M) is proved to be 
isotopic to a product of Dehn twists about properly 
imbedded 2-discs. When M is nonorientable, the 
authors develop a different set of techniques to 
obtain appropriate extensions of these results. 

Aimed at mathematicians and graduate students 
with an interest in geometric topology, especially 
the topology of 3-manifolds, this memoir requires 
a knowledge of the basic "classical" techniques of 
3-manifold topology. 

Contents 
Incompressible neighborhoods 
Standard homeomorphisms of an orientable 

product-with-handles 
The mapping class group of an orientable 

product-with-handles 
Finite generation and the Johannson subgroup for 

mapping class groups of orientable 3-manifolds 
The homomorphism H(\I,Xo)---> Aut(7ri{V,x0 ) 

The homomorphism H(M,Xo)---> Aut(7r1 (M,x0 ) 

The nonorientable case 

1980 Mathematics Subject Classifications: 
57M99, 57R50, 55P10, 55S37 
ISBN 0-8218-2346-9, LC 86-3387 
ISSN 0065-9266 

116 pages (softcover), April 1986 
Individual member 18, List price $14, 

Institutional member Sll 
To order, please specify MEM0/344N 

OVERGROUPS OF SYLOW 
SUBGROUPS IN SPORADIC 
GROUPS 
Michael Aschbacher 
(Memoirs of the AMS, Number 343) 

This memoir systematically describes the maximal 
overgroups of noncyclic Sylow subgroups of 
the sporadic finite simple groups. The author 
associates with this collection of overgroups a 
geometric structure which can be used to study 
the group and its permutation representations. 
He includes reasonably self-contained proofs of 
the existence and uniqueness of the relevant 
subgroups. Though the text is aimed primarily at 
simple group theorists, the tables which describe 
the maximal subgroups will be useful to any 
mathematician seeking information about the 
subgroups, permutation representations, or the 
geometry of the sporadic groups. 

Contents 
1. Introduction 
2. Preliminary lemmas 
3. A generation lemma 
4. A lemma on the representations of SL2(q) 
5. Certain subgroups of symplectic groups 
6. Groups generated by transvections 
7. Some subgroups of alternating groups 
8. Large p-subgroups of finite groups 
9. Centralizers of semisimple elements in groups 

of Lie type 
10. Centralizers of unipotent elements in groups of 

Lie type 
11. 3-structure in Sz and Ly 
12. 2-structure in certain sporadic groups 
13. 3-structure in J3 
14. 3-structure in F3 
15. Some subgroups of the Monster 
16. Some groups with abelian Sylow groups 
17. Groups of GF(p)-type 
18. Almost simple groups of GF(p)-type 
19. Random lemmas on groups of GF(p)-type 
20. The proof of Theorem B 
21. Large extraspecial subgroups of width 1 
22. Large extraspecial 5-subgroups of width 1 
23. Nonlocal overgroups of large symplectic 

subgroups 
24. Small Sylow 3-groups 
25. Overgroups of elementary abelian p-groups 
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26. Small overgroups of large symplectic 
p-subgroups 

27. Geometries 
28. Parabolics 
29. Overgroups of Sylow p-groups in groups of 

G F(p)-type 
30. Overgroups of large symplectic 2-subgroups 
31. The Todd module 
32. Geometries for 2 E6 (2) and M(22) 
33. A 112-dimensional module GF(2)J4-module 
References 
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EXPLICIT DETERMINATION OF 
AREA MINIMIZING 
HYPERSURFACES, II 
Harold R. Parks 
(Memoirs of the AMS, Number 342) 

The author presents a method for explicitly 
determining an oriented area minimizing 
hypersurface with a given boundary. The method, 
which uses the least gradient approach, is presented 
as quickly as possible after the introduction of the 
necessary notation. As an essential hypothesis, the 
author assumes that the given boundary lies on the 
surface of a bounded convex subset of Rn. This 
strengthens an earlier result of the author, where 
the uniqueness of the area minimizing hypersurface 
is no longer required, and the given boundary is 
replaced by an appropriate approximation. The 
goal of the remainder of the book is to determine 
how accurate an approximation ensures that all the 
topological complexity of the minimizing surface 
has been expressed in the approximating set. 

Aimed at the research mathematician interested 
in the calculus of variations in general and area 
minimizing problems in particular, the text requires 
a working knowledge of basic geometric measure 
theory. 

Introduction 
Notation 
The method 
Interior topology 

Contents 

Adaptation of Schoen and Simon's results 
Behavior near a corner 
Results when the boundary is an extreme polygon 

1980 Mathematics Subject Classification: 
49F22 
ISBN 0-8218-2339-6, LC 86-1039 
ISSN 0065-9266 

96 pages (softcover). March 1986 
Individual member 17, List price $12. 

Institutional member $10 
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ILL-POSED PROBLEMS OF 
MATHEMATICAL PHYSICS AND 
ANALYSIS 
M. M. Lavrent' ev, V. G. Romanov, 
and S. P. Shishat-skil 
(Translations of Mathematical Monographs, 
Volume 64) 

Aimed at specialists in applied mathematics, 
physics, and geophysics, this volume fills some 
of the gaps in the monographic literature on the 
theory of ill-posed problems. The theory has 
developed intensively in the past two decades, aided 
by the advent of modern computing technology. 
It is connected with a wide variety of applied 
problems, including interpretation of readings of 
many physical instruments and of geophysical and 
astronomical observations, optimization of control, 
management, and planning, and the synthesis of 
automatic systems. 

The authors begin by presenting a number of 
examples which lead to ill-posed problems arising 
with the processing and interpretation of data of 
physical measurements. Basic postulates and some 
results in the general theory of ill-posed problems 
follow. The exposition also includes problems of 
analytic continuation from continua and discrete 
sets, analogous problems of continuation of 
solutions of elliptic and parabolic equations, the 
main ill-posed boundary value problem for partial 
differential equations, and results on the theory of 
Volterra equations of the first kind. A very broad 
presentation is given of modern results on the 
problem of uniqueness in integral geometry and on 
inverse problems for partial differential equations. 

(continued) 
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Contents 
Physical formulations leading to ill-posed problems 
Basic concepts of the theory of ill-posed problems 
Analytic continuation 
Boundary value problems for differential equations 
Volterra equations 
Integral geometry 
Multidimensional inverse problems for linear 

differential equations 

1980 Mathematics Subject Classifications: 
35R30, 45D05 
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296 pages (hardcover), May 1986 
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ONE-DIMENSIONAL INVERSE 
PROBLEMS OF MATHEMATICAL 
PHYSICS 
(American Mathematical Society Translations, 
Series 2, Volume 130) 

This monograph deals with the inverse problems 
of determining a variable coefficient and right side 
for hyperbolic and parabolic equations on the basis 
of known solutions at fixed points of space for 
all times. The problems are one-dimensional in 
nature since the desired coefficient of the equation 
is a function of only one coordinate, while the 
desired right side is a function only of time. The 
authors use methods based on the spectral theory 
of ordinary differential operators of second order 
and also methods which make it possible to reduce 
the investigation of the inverse problems to the 
investigation of nonlinear operator equations. The 
problems studied have applied importance, since 
they are models for interpreting data of geophysical 
prospecting by seismic and electric means. 

In the first chapter the authors prove the one-to-one 
correspondence between solutions of direct Cauchy 
problems for equations of different types, and they 
present the solution of an inverse problem of heat 
conduction. In the second chapter they consider 
a second-order hyperbolic equation describing 
a wave process in three-dimensional half-space. 
The third chapter investigates formulations of 
one-dimensional inverse problems for the wave 
equation in multidimensional space. 

Contents 

Introduction 

Chapter I. Solutions of Direct and Inverse Problems 
and Some of Their Relations 
1. Convolution formulas 
2. Connections between solutions of second-order 

equations of various types 
3. Direct and inverse problems for the heat 

equation and the method of incomplete 
separation of variables 

Chapter II. Source Problems 
1. A linearized formulation of the problem of 

determining q(z) and f(t); the case J1(z) = 1 
2. The linearized problem. The case of a coefficient 

of the leading derivative 
3. The problem in the exact formulation; the case 

J1(z) = 1 
Chapter Ill. A One-Dimensional Inverse Problem 
for the Wave Equation 
1. Generalized solutions of boundary value 

problems for the wave equation 
2. The concept of a solution of an inverse problem 

in the case of information given on a finite 
segment 

3. "Local" existence of a unique solution of the 
inverse problem with a "distributed" source 

4. A method of constructing a "global" solution of 
the inverse problem with a "distributed" source 

5. Uniqueness and stability of the solution of the 
inverse problem with a "distributed" source 

6. Uniqueness of the solution of the inverse problem 
with a source of perturbation concentrated at a 
point 

Appendix 
1. The Laplace transform 
2. The exponential Fourier transform 
3. The Fourier cosine transform 
4. The method of spectral theory of second-order 

ordinary differential operators 
5. Connections between solutions of linear 

differential equations in Banach spaces 
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Miscellaneous 

Personal Items 

James Eells of the University of Warwick, 
Coventry, England, has been appointed head 
of mathematics at the International Centre for 
Theoretical Physics in Trieste, Italy. He will 
share his time between the University and the 
Centre. 

B. K. Ghosh, Professor and former Chairman 
of the Department of Mathematics at Lehigh 
University, has been selected by the Alexander 
von Humboldt Foundation to receive a Senior 
U.S. Scientist Award. He will visit the Institute 
of Mathematical Statistics at the University of 
Munster during the academic year 1986-1987. 

Paul R. Halmos of Santa Clara University 
was awarded the honorary degree of Doctor of 
Humane Letters by Kalamazoo College, at a 
Scholars' Day Convocation held on March 14, 
1986. 

Robert H. Lewis of Fordham University has 
been promoted to Associate Professor at that 
institution. 

Julius M. Zelmanowitz, Professor of Math
ematics at the University of California, Santa 
Barbara, assumed the post of Associate Vice 
Chancellor for Academic Affairs in September, 
1985. 

Deaths 

Daniel T. Finkbeiner II, Professor Emeritus 
of Kenyon College, Gambier, Ohio, died on March 
28, 1986, at the age of 66. He was a member of 
the Society for 38 years. 

Henri G. Garnir of Angleur, Belgium, died 
on November 18, 1985, at the age of 58. He was 
a member of the Society for 24 years. 

Emmert A. Gassman of Mount Carmel, Illi
nois, died on January 13, 1986, at the age of 80. 
He was a member of the Society for 20 years. 

Tadeusz Mackowiak of Wrodaw University, 
Poland, died on February 4, 1986, at the age of 
37. He was a member of the Society for 6 years. 

A. A. H. Omar of Cairo, Egypt, died on 
December 11, 1985, at the age of 37. He was a 
member of the Society for 9 years. 

Wolfram Schwabhiiuser of the University of 
Stuttgart, Federal Republic of Germany, died on 
December 27, 1985, at the age of 54. He was a 
member of the Society for 17 years. 

Kurt Vogel, Professor Emeritus of the Uni
versity of Munich, Federal Republic of Germany, 
died on October 27, 1985, at the age of 97. He 
was a member of the Society for 22 years. 

PARTICLE SYSTEMS, 
RANDOM MEDIA AND 
LARGE DEVIATIONS 
Richard Durrett, Editor 

"The boolc is an excellent introduction to the exciting recent developments which combine ideas 
from physics with mathematical techniques from the theory of probability." 

- Frank L. Spitzer 
Cornell University 

This volume of proceedings of the 1984 AMS Summer Research Conference The Mathematics of Phase 
Transitions provides a handy summary of results from some of the most exciting areas in probability theory 

today: interacting particle systems, percolation, random media (bulk properties and hydrodynamics), the 

Ising model and large deviations. Thirty-seven mathematicians, many of them well-known probabilists, 

collaborated to produce this readable introduction to the main results and unsolved problems in the field. 

In fact, it is one of the very few collections of articles 'yet to be published on these topics. To appreciate 

many of the articles, an undergraduate course in probability is sufficient. The book will be valuable to 

probabilists, especially those interested in mathematical physics and to physicists interested in statistical 

mechanics or disordered systems. 

ISBN 0-8218-5042-3. LC 85-6181. ISSN 0271-4132 
391 pages. August 1985 
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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. 

American Mathematicians Visiting Abroad 
Name and Home Country Host Institution Field of S12ecial Interest Period of Visit 

Babbitt, Donald G. (U.S.A.) Universite de Dijon, France Mathematical Structures Arising 11/86- 6/87 
in Quantum Theory 

Blackwell, John H. Oxford, United Kingdom Heat Conduction in Media with 10/86 
(Canada) Change of Phase 

Buckley, B. (Canada) Institute National de Recherche Optimization 1/87- 7/87 
en Informatique et 
Automatique, France 

Dennis, S.C.R. (Canada) University of Poi tiers, France; Fluid Mechanics 7/86; 1/87- 9/87 
University College, England 8/86; 10/87- 12/87 

Gamelin, Theodore W. University of Saarbrucken, West Function Algebras, Analytic 7/86- 6/87 
(U.S.A.) Germany Functions 

Ghosh, B. K. (U.S.A.) University of Munster, West Mathematical Statistics 9/86- 6/87 
Germany 

Groetsch, C. W. (U.S.A.) Australian National University Integral Equations 7/86- 8/86 
Hamacher, Horst W. Technical University Graz, Combinatorial Optimization 10/86- 7/87 

(U.S.A.) Austria 
Michelson, Daniel (U.S.A.) Hebrew University, Israel Partial Differential Equations, 7/86- 6/87 

Numerical Analysis 
Nagano, Tadashi (U.S.A.) Sophia University, Japan Differential Geometry 6/86- 7/87 
Naylor, Derek (Canada) King's College, England Integral Transforms and 1/87- 12/87 

Eigenfunction Expansions 
Rasmussen, Henning University of Edinburgh, Fluid Mechanics 5/86- 9/86 

(Canada) Scotland 
Sillith, Penny (U.S.A.) Max Plank Institute, West Nonlinear Analysis/Geometry 9/86- 6/87 

Germany 
Stakgold, Ivar (U.S.A.) Ecole Polytechnique Federale Nonlinear Analysis 2/87- 5/87 

de Lausanne, Switzerland 
Talman, James D. (Canada) University of Oslo, Norway Theoretical Atomic Physics 9/86- 6/87 

Visiting Foreign Mathematicians 
Andreatta, Marco (Italy) University of Notre Dame Algebraic Geometry 8/86- 1/87 
Andreka, Hajnal (Hungary) Iowa State University Universal Algebra, Logic 8/86- 5/87 
Avellaneda, Marco M. Courant Institute, New York Partial Differential Equations, 9/86- 5/87 

(Argentina) University Probability 
Beauville, Arnaud (France) Columbia University Algebraic Geometry 9/86- 12/86 
Ben-David, Shai (Israel) University of Toronto Set Theory 7/86- 6/87 
Berman, Abraham (Israel) University of California, Santa Linear Algebra 1/87- 6/87 

Barbara 
Brenier, Yann (France) University of California, Los Applied Mathematics 1/87- 3/87 

Angeles 
Canuto, Giuseppe (Italy) Princeton University Algebraic Geometry 9/86- 6/87 
Cao, Z. (China) Florida State University Fuzzy Sets Theory 8/86- 8/87 
Catanese, Fabrizio (Italy) Columbia University Algebraic Geometry 1/87- 5/87 
Ciecielski, Krzysztof Auburn University 

(Poland) 
Set Theory 9/86- 6/87 

Coen, Salvatore (Italy) Johns Hopkins University Several Complex Variables 7/86- 6/87 
Constanda, Christian Iowa State University 

(Scotland) 
Analysis 8/86- 5/87 

Conway, John H. (England) Princeton University Finite Mathematics 9/86- 6/87 
DeConcini, Corrado (Italy) Brandeis University; Algebraic Geometry 9/86- 12/86 

Harvard University 1/87- 6/87 
Eastham, Michael S. P. University of Western Ontario 

(England) 
Differential Equations 9/86 

Epstein, David (England) University of Minnesota Geometry 9/86- 12/86 
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Name and Home Country Host Institution Field of S~ecial Interest Period of Visit 

Escobar, Jose (Colombia) Courant Institute, New York Differential Geometry and Partial 9/86- 6/87 
University Differential Equations 

Floer, Andreas (West Courant Institute, New York Differential Equations 9/86- 5/88 
Germany) University 

Foata, Dominique (France) University of Pennsylvania Combinatorics 7/86- 12/86 
Fraenkel, Edward (England) University of Minnesota Analysis 7/86- 12/86 
Friedman, Menachem Florida State University Computational Mathematics 8/86- 8/87 

(Israel) 
Frohlich, A. (United University of Western Ontario Algebraic Number Theory 8/86- 10/86 

Kingdom) 
Graham-Eagle, James (New University of Delaware Functional Analysis, Partial 9/86- 5/88 

Zealand) Differential Equations 
Grillakis, Manoussos Courant Institute, New York Partial Differential Equations 9/86- 5/88 

(Greece) University 
Gyiiri, Ervin (Hungary) Vanderbilt University Combinatorics 9/86- 5/87 
Gardner, B. J. (Australia} Dalhousie University Ring Theory 8/86- 1/87 
Han, Yong Shen (People's Washington University Analysis 9/86- 5/87 

Republic of China) 
Hills, Roger N. (Scotland) University of California, Los Applied Mathematics 9/86- 6/87 

Angeles 
Hilton, Anthony J. W. Auburn University Graph Theory and Combinatorics 9/86- 6/87 

(England) 
Hirano, Yasuyuki (Japan) University of Cincinnati Ring Theory 4/86- 3/87 
Hsu, Pei (People's Republic Courant Institute, New York Probability 9/86- 6/87 

of China) University 
Iacob, Andrei (Israel) Brandeis University Symplistic Geometry and 9/86- 5/87 

Mechanics 
Jarosz, Krystof (Poland) University of California, Santa Banach Space Theory, Banach 9/86- 6/87 

Barbara Algebras 
Journe, Jean-Lin (France) Princeton University Analysis 2/87- 6/87 
Kasch, Friedrich (West University of California, Santa Ring Theory 10/86- 12/86 

Germany) Barbara 
Kato, Akio (Japan) University of Toronto Set Theoretic Topology 8/86- 7/87 
Koslowski, Jiirgen (West Vanderbilt University Category Theory 9/86- 5/87 

Germany) 
Lascar, Bernard (France) University of California, Los Analysis, Partial Differential 9/86- 6/87 

Angeles Equations 
Lin, Fang-Hua (People's Courant Institute, New York Partial Differential Equations 9/86- 5/87 

Republic of China) University 
Little, C.H.C. (New University of Waterloo Graph Theory 9/86- 8/87 

Zealand) 
Liu, Guizhen (People's Simon Fraser University Combinatorics 7/86- 6/87 

Republic of China) 
Looijenga, Eduard Columbia University Algebraic Geometry 1/87- 5/87 

(Netherlands) 
Ma, Daowei (People's Washington University Analysis 9/86- 5/87 

Republic of China) 
Magidor, Menachem (Israel) University of California, Los Logic 9/86- 6/87 

Angeles 
Martin, Paul A. (England) University of Delaware Scattering Theory 9/86- 5/87 
Mawhin, Jean (Belgium) University of Colorado, Boulder Differential Equations 9/86- 12/86 
Mohar, Bojan (Yugoslavia) Simon Fraser University Combinatorics 9/86- 8/87 
Moszkowski, Paul (France) University of Pennsylvania Combinatorics 7/86- 6/87 
Motohashi, Yoichi (Japan) University of Colorado, Boulder Number Theory 1/87- 5/87 
Nemeti, Istvan (Hungary) Iowa State University Universal Algebra, Logic 8/86- 5/87 
Nochetto, Ricardo (Italy) University of Minnesota Numerical Analysis 8/86- 6/87 
Ozluk, Ali E. (Turkey) Simon Fraser University Discrete Mathematics 9/86- 8/87 
Paivarinta, Lassi J. University of Delaware Scattering Theory 2/87- 5/87 

(Finland) 
Fakes, Anthony G. Colorado State University Probability 1/86- 12/86 

(Australia) 
Papageorgiou, Demetrius Courant Institute, New York Fluid Dynamics 9/86- 5/87 

(England) University 
Paulraja, P. (India) University of Waterloo Cycles in Graphs and Digraphs 9/86- 8/87 
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Name and Home Country Host Institution Field of SQecial Interest Period of Visit 

Peikert, Ronald University of Minnesota Computer Algebra 7/86- 1/87 
(Switzerland) 

Pisanski, Tomaz Simon Fraser University Combinatorics 5/87- 8/87 
(Yugoslavia) 

Power, Steve (United University of Alabama Operator Algebras, Operator 1/87- 5/87 
Kingdom) Theory and Function Theory 

Przytycki, J ozef (Poland) University of Toronto Algebraic Topology 9/86- 8/87 
Rademacher, Hans-Bert University of Pennsylvania Differential Geometry 7/86- 6/87 

(West Germany) 
Ramanan, S. (India) Harvard Uttiversity Algebraic Geometry 9/86- 1/87 
Rend!, F. (Austria) University of Waterloo Combinatorial Optimization 9/86- 8/87 
Roan, Shi-Shyr (Taiwan) Brandeis University Complex Algebraic Geometry 9/86 - 12/86 

and Complex Manifolds 
Romanowska, Anna Iowa State University Lattice Theory 8/86- 5/87 

(Poland) 
Sakai, Katsuro (Japan) University of California, Santa Geometric Topology 6/86- 12/86 

Barbara 
Scott, Alastair J. (New University of Wisconsin, Statistics 8/86- 1/87 

Zealand) Madisoii 
Shinkai, Kenzo (Japan) University of Minnesota Partial Differential Equations 8/86- 2/87 
Sibony, Nessim (France) University of California, Los Analysis 1/87- 6/87 

Angeles 
Smedsaas, Tom (Sweden) University of California, Los Numerical Analysis 9/86 - 12/86 

Angeles 
Stock, Josef (West University of California, Santa Ring Theory 9/86- 6/87 

Germany) Barbara 
Sudo, Masaki (Japan) Johns HopJ<:ins University Number Theory 8/86- 12/86 
Szpiro, Lucien (France) Columbia University Number Theory 9/86- 12/86 
Tangerman, Folkert M. Courant Institute, New York Dynamical Systems 9/86- 5/88 

(Holland) University 
Teicher, Mina (Israel) Columbia University Algebraic Geometry 1/87- 5/87 
Thomann, Enrique Courant Institute, New York Partial Differential Equations 9/86- 6/87 

(Argentina) University 
van der Geer, Gerard Harvard U11iversity Algebraic Geometry 1/87- 5/87 

(Netherlands) 
Viterbo, Claude M. Courant Institute, New York Symplectic Geometry 9/86- 1/87 

(France) University 
Wajnryb, Bronislaw (Israel) University of Toronto; 

Columbia University 
Algebraic Topology 9/86- 12/86 

Wilson, John (Great University of California, Santa Group Theory 1/87- 3/87 
Britain) Barbara 

Yu, Chen (China) University of Notre Dame Algebra 8/86- 5/87 
Zhu, Kehe (People's Washingtoll University Analysis 9/86- 5/87 

Republic of China) 
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AMS Reports and Communications 

Recent Appointments 

Committee members' terms of office on standing 
committees expire on December 31 of the year 
given in parentheses following their names, 
unless otherwise specified. 

Joel M. Cohen has been appointed to the 
Committee to Select Hour Speakers for the Eastern 
Sectional Meetings by President Irving Kaplansky. 
Continuing members of the committee are W. 
Wistar Comfort (ex officio), Roger Keith Dennis 
(1987), Clifford J. Earle, Jr., (1986), and Srinivasa 
S. R. Varadhan, chairman (1986). 

A joint AMS-MAA Committee on Arrange
ments for the San Antonio Meeting (January 
22- 25, 1987) has been appointed by Presidents 
Lynn A. Steen (MAA) and Irving Kaplanksy 
(AMS). Committee members are Donald F. Bai
ley, Robert M. Fossum (ex officio), William J. 
LeVeque (ex officio), Kenneth A. Ross (ex officio), 
Gregory Wene, chairman, Lawrence R. Williams, 
and Bennir A. Zinn. 

Kenneth M. Hoffman, Thomas R. Kramer, 
Louise A. Raphael, T. Christine Stevens, and 
Marcia P. Sward have been appointed by President 
Irving Kaplansky to be the selection panel for the 
Congressional Fellow for 1986-1987. Professor 
Kramer is chairman. 

Statistics on Women Mathematicians 
Compiled by the AMS 

At its August 1985 meeting, the Council of the 
AMS approved a motion to regularly assemble 
and report in Notices information on the relative 
numbers of men versus women in at least the 
following categories: membership in the AMS; 
invited hour addresses at AMS meetings; speakers 
at special sessions at AMS meetings; and members 
of editorial boards of AMS journals. 

It was subsequently decided that this infor
mation would be gathered by determining the sex 

of the individuals in the above categories based on 
name identification and that additional informa
tion on the number of Ph.D.'s granted to women 
would also be collected using the AMS Annual 
Survey. Since name identification was used, the 
information for some categories necessitated the 
use of four classifications: 

Male - names that were obviously male; 
Female - names that were obviously female; 
Unknown - names that could not be identified 

as clearly male or female (i.e., only 
initials given); and 

Foreign - foreign names that could not be 
identified as clearly male or female. 

The following is the first reporting of this in
formation. Updated reports will appear annually 
in Notices. 

Members of the AMS Residing in the U.S. 

Total: 
Male: 

Male: 12,527 72% 
Female: 2,200 13% 
Unknown: 2,157 12% 
Foreign: 497 3% 
Total checked: 17,381 

Invited Hour Address Speakers 
at AMS Meetings (1975-1985) 

Male: 372 85% 
Female: 10 2% 
Unknown: 19 4% 
Foreign: 36 8% 
Total checked: 437 

Speakers at Special Sessions 
at AMS Meetings (1981-1985) 

Male: 2,545 77% 
Female: 169 5% 
Unknown: 386 12% 
Foreign: 187 6% 
Total checked: 3,287 

Trustees and Council Members 
1985 1984 1983 

71 70 63 64 
61 86% 62 89% 55 87% 58 

Female: 10 14% 8 11% 8 13% 6 

1982 

91% 
9% 

Members of Editorial Boards of AMS Journals 
1985 1984 ____!2§_L ___l2§_L ___!m_ ~ ___l_[ZlL_ ____m§__ ____mz_ ____!_[ffi_ 

Total: 102 93 90 83 85 82 82 67 59 58 
Male: 94 92% 85 91% 84 93% 77 93% 79 93% 77 94% 78 95% 64 96% 56 95% 55 95% 
Female: 8 8% 8 9% 6 7% 6 7% 6 7% 5 6% 4 5% 3 4% 3 5% 3 5% 

Ph.D.'s Granted to U.S. Citizens 
1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 

Total: 396 433 455 519 567 578 596 634 689 722 
Male: 315 80% 346 80% 366 80% 431 83% 465 82% 491 85% 503 84% 545 86% 602 87% 636 88% 
Female: 81 20% 87 20% 89 20% 88 17% 102 18% 87 15% 93 16% 89 14% 87 13% 86 12% 
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Classified Advertisements 
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 RATE IS $.65 per word with a minimum of $30.00. The same ad in 6 consecutive issues is $3.50 per word. 
Type will be set solid unless centering and spacing are requested. A centered line of any length or the equivalent in white 
space is $6.00. 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 
August issues of the Notices. 
SITUATIONS WANTED ADVERTISEMENTS from involuntarily unemployed mathematicians are accepted 
under certain conditions for free publication. Call toll-free 800-556-7774 and speak to Wahlene Siconio for further 
information. 

SEND AD AND CHECK TO: Advertising Department. AMS, P. 0. Box 6248. Providence. Rhode Island 02940. 
Individuals are requested to pay in advance. institutions are not required to do so. 

POSITIONS AVAILABLE 
Northern Michigan University invites applicants for a 

temporary position in the Department of Mathematics 
& Computer Science. The person filling this position is 
expected to teach undergraduate mathematics or statistics 
or computer science. depending on preparation. and must 
have at least a Master's degree in one of these areas. 

Applicants should send a resume, transcripts and three 
letters of recommendation to: 

Dr. Terrance L. Seethoff. Head 
Department of Mathematics & Computer Science 
Northern Michigan University 
Marquette. Ml 49855-5340 
(906)227-2020 
Applicant screening will begin June 1. 1986. 
It is expected that this position will be filled by June 30. 

1986. An affirmative action/equal opportunity employer. 

THE UNIVERSITY OF PITTSBURGH 
Applications invited for tenure-track or visiting faculty 

positions anticipated in 1986. Preferred area: POE's, 
analysis, applied mathematics. statistics. Present teach
ing load: 2 classes per term. 2-term 8-month academic 
year. Ph.D .. publications and active research program. 
effective teaching ability required. C.V .. 4 letters of rec
ommendation. reprints, preprints should be sent to W. 
E. Deskins. Chairman, Department of Mathematics and 
Statistics. University of Pittsburgh, Pittsburgh, Pennsyl
vania 15260. 

U. P. is an Equal Opportunity/Affirmative Action Em
ployer. 

STANFORD UNIVERSITY 

Department of Computer Science 
Applications are invited for a tenure-track professor 

with interest in any area of theoretical computer science. 
Applicants must have a record of strong research and 
an interest and competence in teaching. Candidates 
should send curriculum vitae with suggested references to 
Professor Andrew C. Yao, Computer Science Department, 
Stanford University, Stanford, CA 94305. Further inquiries 
can be made to the above address or to ARPAnet address: 
Yao<OSU-SCORE. 

Stanford is an Equal Opportunity 1 Affirmative Action 
employer and welcomes applications from women and 
minorities. 
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STANFORD UNIVERSITY 

Departments of 
Computer Science and Mathematics 

Applications are invited for a joint tenure-track pro
fessor with interest in numerical analysis and scientific 
computing for a newly proposed Applied Mathemat
ics/Scientific Computing program. Applicants must have a 
record of strong research and an interest and competence 
in teaching. Candidates should send curriculum vitae with 
suggested references to Professor Gene H. Golub. Com
puter Science Department. Stanford University, Stanford. 
CA 94305. Further inquiries can be made to the above 
address or to ARPAnet address: Golub<OSU-SCORE. 

Stanford is an Equal Opportunity/ Affirmative Action 
Employer and welcomes applications from women and 
minorities. 

Several tenure track positions at all levels anticipated 
for academic year 1986-1987. All areas considered. ap
plied mathematics preferred. Requirements are Ph.D .. 
strong research credentials. evidence of active interest 
in quality teaching. and U.S. citizenship or permanent 
resident status. Rank and salary commensurate with 
experience. Applicants should send vita. statement of 
current research activities and three letters of recommen
dation to Professor Alan Doerr. Personnel Committee. 
UNIVERSITY OF LOWELL. Mathematics Department. 1 
University Avenue, Lowell. MA 01854. Positions contin
gent upon funding. The University of Lowell is an Equal 
Opportunity/Affirmative Action. Title IX. 504 Employer. 

FLORIDA INTERNATIONAL UNIVERSITY 
DEPARTMENT OF MATHEMATICAL 
SCIENCES, Miami, FL 33199 

The Department of Mathematical Sciences announces 
tenure-track positions at all levels beginning August. 1986. 
Candidates must have a Ph.D. in Mathematics, research 
potential and demonstrated teaching ability. Teaching load 
is 15 semester hours per academic year: summer teaching 
available. Preferred areas of specialization include har
monic analysis, algebra. and mathematical logic: qualified 
candidates in other areas considered. Send resumes and 
3 letters of reference to Recruitment Committee. Dept of 
Math Sciences. Florida International University, Miami. FL 
33199. FlU is a member of the State University of Florida 
and an equal opportunity /affirmative action employer. 



POSITIONS AVAILABLE 

FACULTY POSITIONS IN MATHEMATICS 
FLORIDA INTERNATIONAL, UNIVERSITY 

The Department of Mathematical Sciences at Florida 
International University announces several tenure-track as
sistant professorships, and one opening at the associate or 
full professor level beginning August 1986. Requirements: 
Ph.D. in Mathematics. research potential. demonstrated 
teaching ability. Senior position requires demonstrated 
research record. Teaching load: 15 semester hours per 
academic year: summer teaching available. Preferred 
specialties: harmonic analysis, several complex variables. 
mathematical logic. algebra. combinatorics: other areas 
considered. Send resume by January 30. 1986 to: Re
cruitment Committee, Dept of Mathematical Sciences. 
Florida International University, Miami. FL 33199. FlU is 
a member of the State University System of Florida and 
an Equal Opportunity/Affirmative Action Employer. 

THE AUSTRALIAN NATIONAL UNIVERSITY invites 
applications from suitably qualified women and men for ap
pointment to the following position: POSTDOCTORAL 
FELLOW/RESEARCH FELLOW, DEPARTMENT OF 
MATHEMATICS. RESEARCH SCHOOL OF PHYSICAL 
SCIENCES. The Department of Mathematics (Head: Pro
fessor D. W. Robinson. FAA} carries out research in 
several areas. namely Operator Algebras: Semigroups 
and Mathematical Physics: Partial Differential Equations 
and Geometry: Foundations: Lie Groups and Algebraic 
Groups: Ordinary Differential Equations and Control The
ory: Global Analysis: Group Theory. Closing date: 31 July 
1986. Ref: PS. 25.3.3. Salary will be in accordance with 
qualifications and experience within the range: Postdoc
toral Fellow Grade 1 (at a fixed point) $23,473-$26.889 
p.a.: Research Fellow $27.233-$35.777 p.a. Appoint
ment. unless otherwise stated. will be: Research Fellow 
normally up to three years with the possibility of ex
tension to maximum of five years: Postdoctoral Fellow 
normally two years. with the possibility of extension to 
maximum of three years. Grants towards travel. as
sistance with housing. superannuation. Maternity leave 
is available. The University reserves the right not to 
make an appointment or to make an appointment by 
invitation at any time. Applicants should quote the refer
ence number when submitting applications to R. V. Dubs 
Registrar. GPO Box 4, Canberra. ACT. 2601 Australia. 
THE UNIVERSITY IS AN EQUAL OPPORTUNITY 
EMPLOYER. 

OTTO SZASZ VISITING PROFESSORSHIP 

The Department of Mathematical Sciences of the Uni
versity of Cincinnati expects to establish. pending final 
budgetary approval. a visiting professorship named in 
honor of the late Otto Szasz. The professorship will be 
tenable for a period of one year. Applicants with strong 
research accomplishments in an area compatible with one 
of the existing research groups of the Department may 
address inquiries to C. W. Groetsch. Head. Department 
of Mathematical Sciences. Mail Location 25. University of 
Cincinnati. Cincinnati. Ohio 45221. 

The University of Cincinnati is an AA/EOE. 

UNIVERSITY OF CRETE, GREECE 
Department of Mathematics 

Applications are invited from Greek-speaking mathe
maticians. holding the Ph.D. degree. for visiting positions 
at all ranks for both semesters of the whole Academic 
Year 1986-7. Send expression of interest. vita and 
representative research work to Professor Susanna Pa
padopoulou. Chairperson. Mathematics Department. Uni
versity of Crete. lraklion. Greece. 
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UNIVERSITY OF CINCINNATI, 
DEPT. OF MATH. SCIENCES 
MAIL LOCATION #25, 
CINCINNATI, OH 45221 

The University of Cincinnati expects to rnake several 
tenure-track appointments at the assistant professor level. 
Preference will be given to candidates with potential to 
strengthen the existing research areas in the Department. 
All candidates must have outstanding potential for re
search. scholarship, and teaching. Send vita and direct. 
3 letters of reference to C. W. Groetsch. Head. Depart
ment of Mathematical Sciences, M.L. #25. University of 
Cincinnati, Cincinnati. OH 45221. U.C. is an AA/EOE. 

Tenure-track and visiting positions in mathematics. 
applied mathematics and statistics are available beginning 
September 1986. Excellent teaching and a commitment 
to research are required. Some 3-year instructorships 
may also be open. The department offers B.S. and M.S. 
degrees. MTU is a state supported university emphasizing 
science and engineering. To apply, write: Dr. Martyn 
R. Smith, Head. Mathematical and Computer Sciences. 
Michigan Technological University, Houghton. Ml 49931. 

Michigan Technological University is an equal opportu
nity educational institution/equal opportunity employer. 

TEXAS A&M UNIVERSITY 
Applications are invited for tenure-track positions in 

Mathematics starting September 1. 1986. Candidates 
must have a Ph.O. in Mathematics and salaries are com
petitive. We are especially interested in applicants in 
algebra. applied mathematics. and non-linear analysis. 
There is a possibility of appointments at Professor. Asso
ciate Professor. and Assistant Professor ranks. Visiting 
positions are also expected. Send vita and arrange for 
three reference letters to be sent to 

Dr. H. E. Lacey, Head 
Department of Mathematics 
Texas A&M University 
College Station. TX 77843-3368 

Texas A&M is an equal opportunity employer. 

The University of Wyoming 
Head-Department of Mathematics 

The Department of Mathematics at the University of 
Wyoming invites applications for the position of Depart
ment Head. The University is the sole four-year institution 
of higher education in the state of Wyoming with an en
rollment of 10,000 students. The mathematics program 
offers degrees in mathematics. applied mathematics. and 
several joint-degree options at the bachelor. master and 
doctoral levels. The department has a growing major 
research component in applied mathematics including a 
petroleum research institute with funding from major in
dustrial supporters. Other active research areas in the 
department include numerical analysis. partial differen
tial equations. functional analysis. optimization theory. 
dynamical systems. rigidity theory, and combinatorics. 

Candidates should have a strong research record com
patible with department interests and a commitment to 
excellence in instruction. Applicants should submit a 
current curriculum vita and the names of at least three 
suitable references to 

W. G. Bridges. Chair 
Search Committee 
Mathematics Department 
University of Wyoming 
Laramie. WY 82070 

Applications will be considered through January 31. 
1986. The University of Wyoming is an equal opportunity 
employer. 



POSITIONS AVAILABLE 

MERRIMACK COLLEGE 

Department of Math/CS 
Chairperson and two other positions (one in mathe

matics and one in Computer Science or a combination) 
available Fall 1986. For chairperson, a PhD in CS is 
preferred but a Masters accompanied by appropriate expe
rience will be considered. Rank and salary commensurate 
with qualifications. For the other positions, a PhD in 
Math and/or a Masters in CS with demonstrated teaching 
experience preferred. Tenure slots available. Send resume, 
salary requirement and references to: R. E. Ozimkoski. 
Dept. of Math/CS. Merrimack College, North Andover. 
MA 01845. An Equal Opportunity Employer. 

MATHEMATICS EDITOR 
Cambridge-based international scientific publisher has 

an opening for Mathematics Editor. This job entails 
the development and expansion of an already existing 
strong graduate-level program in pure and applied math
ematics. Applicants are expected to be able to assume 
responsibility for the development of such a program. to 
work. under initial guidance, independently and to main
tain good personal and professional ties with members of 
the mathematical community. Prior publishing experience 
is desirable but not essential: substantial exposure to 
graduate-level mathematics is required. Salary commen
surate with educational background/experience. Excellent 
benefit package. Send resume and salary history to: 
AMS. #1 June Classifieds, P. 0. Box 6248, Providence. 
Rl 02940. 

The University of B. C.-Department of Mathematics: 
Applications are invited for a tenure track position to fill 
a vacancy in Geometry /Topology for the academic year 
commencing 1 July, 1986. This position is subject to final 
budgetary approval. Candidates must have a Ph.D. and 
demonstrated excellence in research and ability to teach 
undergraduate and graduate courses in the Department. 
Salary commensurate with experience and research record. 
Applicants must include a complete C.V. and arrange for 
at least three letters of reference to be mailed directly to: 

Head, Department of Mathematics 
The University of British Columbia 

Vancouver, Canada V6T IY 4 
Applications received after May 31, 1986 will be con

sidered only if a position remains unfilled. 
In accordance with Canadian immigration requirements, 

priority will be given to Canadian citizens and permanent 
residents of Canada. 

AUSTIN PEAY STATE UNIVERSITY, DEPT. 
OF MATHEMATICS AND COMPUTER 
SCIENCE, CLARKSVILLE, TN 37044 

A tenure-track position in computer science will be avail
able September 1986. A doctorate in computer science or 
a doctorate in a related field with substantial experience 
in computer science is required. All areas of specialization 
will be considered. The department offers a curricu
lum structured according to ACM guidelines. Computing 
equipment includes a DEC VAX 11/780 dedicated to aca
demic use. a DEC PDP 11. a microcomputer laboratory, 
and a hardware laboratory. The successful applicant will 
be expected to participate in curriculum development and 
academic advisement in addition to teaching responsibili
ties. Send letter of application. resume. transcripts. and 
three letters of recommendation to Dr. William Stokes, 
Chairman. APSU is an Equal Opportunity, Affirmative 
Action Employer. 
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UNIVERSITY OF BRITISH COLUMBIA-DEPART
MENT OF MATHEMATICS. Applications are invited for a 
tenure track position for the academic year commencing 1 
July, 1986. This position is subject to final budgetary ap
proval. Candidates must have a Ph.D. and demonstrated 
excellent research potential in an area of interdisciplinary 
applied analysis. preferably related to one or more of the 
following fields: geophysical fluid dynamics, non-linear 
waves, nonlinear diffusion, continuum mechanics. applied 
differential equations, applied optimization, biomathemat
ics. or resource modelling. In addition to carrying out 
undergraduate and graduate instruction. the successful 
applicant will become an active member of the Institute of 
Applied Mathematics, which offers interdisciplinary M. Sc. 
and Ph.D. degrees. Salary commensurate with experience 
and research record. Applicants must include a complete 
C.V. and arrange for at least three letters of reference to 
be mailed directly to: 

Head. Mathematics Department 
The University of British Columbia 

Vancouver. Canada V6T 1 Y 4 

Applications received after May 31. 1986 will be consid
ered only if a position remains unfilled. In accordance with 
Canadian immigration requirements, priority will be given 
to Canadian citizens and permanent residents of Canada. 

THE UNIVERSITY OF ALABAMA 
DEPARTMENT OF MATHEMATICS 

As part of ongoing development in applied mathemat
ics, we have received funding for a new position in applied 
mathematics. Salary will be negotiable. up to a maxi
mum of $35,000 and rank will depend upon qualifications. 
We invite applications from experienced mathematicians 
in applied mathematics with excellent records in research 
and teaching. We are looking for someone who will help 
us develop our research grouP. and our graduate pro
grams in applied mathematics. Applications or inquiries 
should be sent to: Alan Hopenwasser. Chairman. Depart
ment of Mathematics. P. 0. Box 1416. University, AL 
35486. THE UNIVERSITY IS AN EQUAL OPPORTU
NITY/ AFFIRMATIVE ACTION EMPLOYER. 

UNIVERSITY OF TORONTO 
Department of Mathematics 
Toronto, Ontario MSS LAl 

Canada 
The Department of Mathematics. University of Toronto 

is looking for strong applicants in pure or applied math
ematics to nominate as candidates for NSERC Research 
Fellowships beginning July 1. 1987. These are five year 
research positions (subject to a review in the third year) 
with teaching load of at most one course per year. One 
of the five years may usually be taken as a sabbatical. 
Successful candidates may in special circumstances be 
considered directly for a tenure-stream position. 

Applicants should be mathematicians with a relatively 
recent doctorate and who have demonstrated their ability 
with some substantive post-thesis research accomplish
ment. They must be Canadian citizens or landed im
migrants by November 1, 1986. University of Toronto 
encourages both men and women to apply for these 
fellowships. 

Applicants should send an up to date curriculum vitae 
and a short description of their research program to 
Professor T. Bloom. Chairman, and arrange to have sent 
three letters of reference. This material should arrive 
before Monday, September 15. 1986. The Department's 
choice of candidates will be made in late September, and 
the final decision by NSERC is announced (by NSERC) in 
the spring. 



POSITIONS AVAILABLE 

THE UNIVERSITY OF TEXAS OF THE 
PERMIAN BASIN 

Department of Mathematics and Computer 
Science 

Odessa, TX 79762-8301 
Opening for Assistant or Associate Professor. starting 

in the fall of 1986. The candidate must hold a Ph.D .. 
in Mathematics or Computer Science. U.T. Permian 
Basin is an upper level institution with no Freshmen or 
Sophomore students. The total enrollment is about 2000 
with approximately 130 of these majoring in Computer 
Science or Mathematics. Contact: Dr. James A. Nickel. 
Chairman. The University of Texas of the Permian Basin 
is an AA/EOE. 

THE AUSTRALIAN NATIONAL UNIVERSITY 
invites applications from suitably qualified men and 

women for appointment to the position of POSTDOC
TORAL FELLOW /RESEARCH FELLOW in the DE
PARTMENT OF MATHEMATICS. RESEARCH SCHOOL 
OF PHYSICAL SCIENCES. The Department of Mathe
matics (Head: Professor D. W. Robinson. FAA) carries 
out research in several areas. namely Operator Algebras; 
Semigroups and Mathematical Physics; Partial Differen
tial Equations and Geometry; Foundations; Lie Groups 
and Algebra Groups; Ordinary Differential Equations and 
Control Theory; Global Analysis; Group Theory. Two 
positions are available for one year from dates between 
1 September 1986 and 28 February 1987 and preference 
will be given to applicants working in Partial Differ
ential Equations. Geometric Measure Theory or related 
fields of research in mathematical analysis. Enquiries 
may be made to Professor Leon Simon. Department of 
Mathematics. Closing date: 31 July 1986. Ref: PS. 
2.4.1. Salary will be in accordance with qualifications 
and experience within the range; Postdoctoral Fellow 
Grade 1 (at a fixed point) $23.473-$26.889 p.a.; Research 
Fellow $27.233-$35.777 p.a. Grants towards travel. as
sistance with housing. superannuation. Maternity leave 
is available. The University reserves the right not to 
make an appointment or to make an appointment by 
invitation at any time. Applicants should quote the refer
ence number when submitting applications to R.V. Dubs 
Registrar. GPO Box 4. Canberra. ACT. 2601 Australia. 
THE UNIVERSITY IS AN EQUAL OPPORTUNITY 
EMPLOYER. 

SHEPHERD COLLEGE 
Shepherdstown, West VIrginia 25443 

MATHEMATICS: FALL. 1986. For tenure-track ap
pointment. PhD required. or date commitment for degree 
completion; one-year temporary appointment possible for 
other candidates. Commitment to quality teaching at a 
growing. undergraduate. state-supported liberal arts col
lege with over 3700 enrollment. located on the banks of 
the Potomac River. 90 minutes drive from Washington. 
DC. Applications reviewed beginning June 2 and received 
until position filled. Send vita and three letters of recom
mendation. at least one referring to teaching abilities. to 
Dr. Peter Morris. Shepherd College. Shepherdstown. WV 
25443. AA/EOE 

FOR SALE 
Math/Stats Library: List from R. Chesters. Suite 1900. 2 
First Canadian Place. Toronto. Canada M5X 1E3. 

MATH SCI PRESS, 53 Jordan Rd. Brookline MA. 
02146. 617-738-0307. Just published: Proceedings of 
the Berkeley-Ames Conference on Nonlinear Problems in 
Control and Fluid Dynamics. L. R. Hunt and C. F. Martin. 
(eds). 450 pages. $50. (Lie Groups. Se~ies B: Syste~s 
Information and Control. vol. II). Toptcs 1n the Geometnc 
Theory of Linear Systems. by Robert Hermann. $50. 
(Interdisciplinary Mathematics. v. 22). The Geometric 
theory of ordinary Differential Equations and Algebraic 
Functions. by G. Valiron. $75. (Lie Groups. v. 14). 
Topics in the Geometry Theory of Integrable Systems. 
$65. by Robert Hermann (Interdisciplinary Mathematics. 
v. 23.). Write or call for special prices on back list. 

Foundations of Semiological Theory of Numbers 
H. A. Pogorzelski and W. J. Ryan 

Volume 1 {1982). General Semiology, 597 pp .. $29.95 
Volume 2 {1985). Semio. Functions. 695 pp .. $34.95 

(Eight Volumes Projected) 
UMO Press. Univ. of Maine. Orono. ME 04469 

(Post free within US if check included) 

Mathematics library. Request list. Bert Ross. Univer
sity of New Haven. West Haven. CT 06516. 

HELDERMANN VERLAG. Nassauische Str. 26. 
D-1000 Berlin-West 31. Just published: M. Jiinger.Poly
hedral combinatorics and the acyclic subdigraph problem. 
$15. G. Reinelt. The linear ordering problem - algorithms 
and applications. $15. A. B. Romanowska and J. D. H. 
Smith. Modal theory - an algebraic approach to order. 
geometry. and convexity. $16. G. Mazzola. Grupp~n und 
Kategorien in der Musik. $20. R. Lowen. On the extstence 
of natural nontopological. fuzzy topological spaces. $14. 
Ask for full catalogue! 
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A special textbook by Gilbert Strang 

INTRODUCTION TO 
APPLIED MATHEMATICS 

[750 pages. $36] 

Please order directly from Wellesley-Cambridge Press. 
Box 157. Wellesley. MA 02181 617-235-9537 

Proceedings of the Nineteenth 
Nordic Congress of Mathematicians, 

University of Iceland, August 13-17,1984 
Detailed advertisement with list of contents in the 

January 1986 Notices. p. 181. Send order and pay
ment ($20) to: Icelandic Mathematical Society. Science 
Institute. Dunhaga 3. IS-107 Reykjavik. Iceland. 

BOOKS WANTED 
Required back volumes of journals in mathematics. 

Contact Librarian with the list of journals and terms of 
offer. Institute of Mathematical Sciences. Taramani S.O .. 
Madras-600 113. India. Telegram: Matscience. Madras. 

WANTED 
English language/mathematical symbols typewriter old 

inexpensive ok. Send sample script. Peter Bralver.13110 
Bloomfield Street. Sherman Oaks. CA 91423. 



The American Mathematical Society 
publishes books and journals at the 
graduate and research levels in pure and 
applied mathematics. About 70 new books 
are published annually and a backlist of 
about 1,300 titles is maintained. Fifteen 
journals are published, including primary 
research journals, translation journals, and 
the prestigious abstracting journal 
Mathematical Reviews, which contains 
40,000 reviews annually of mathematics 
books and research journals from around 
the world. 

PROCEEDINGS AND MONOGRAPHS 
CBMS Regional Conference Series in 

Mathematics 
Colloquium Publications 
Conference Proceedings. Canadian 

Mathematical Society 
Contemporary Mathematics 
Lectures in Applied Mathematics 
Lectures on Mathematics in the Life 

Sciences 
Mathematical Surveys and Monographs 
Memoirs of the American Mathematical 

Society 
Proceedings of Symposia in Applied 

Mathematics 
Proceedings of Symposia in Pure 

Mathematics 
Selected Tables in Mathematical Statistics 
SIAM-AMS Proceedings 

TRANSLATIONS - BOOK SERIES 
American Mathematical Society 

Translations - Series 1 
American Mathematical Society 

Translations - Series 2 
Proceedings of the Steklov Institute of 

Mathematics 
Selected Translations in Mathematical 

Transactions of the Moscow Mathematical 
Society 

Translations of Mathematical Monographs 
REVIEWS VOLUMES 
Reviews in Graph Theory 
Reviews in Group Theory 
Reviews in Number Theory 
Reviews in Ring Theory 
Reviews of Papers in Algebraic and 

Differential Topology. Topological 
Groups. and Homological Algebra 

Reviews in K-theory 
INDEXES AND DICTIONARIES 
Indexes of Mathematical Papers 
Index to Mathematics of Computation 
Index to Translations Selected by the 

American Mathematical Society 
Mathematical Reviews Cumulative Author 

Indexes and Subject Indexes 
Romanian-English Dictionary 
Russian-English Dictionary of the 

Mathematical Sciences 

Abstracts of Papers Presented to the AMS 
Bulletin of the American Mathematical 

Society - New Series 
Current Mathematical Publications 
Mathematical Reviews 
Mathematics of Computation 
Memoirs of the AMS 
Notices of the AMS 
Proceedings of the AMS 
Transactions of the AMS 

Mathematics of the USSR - lzvestiya 
Mathematics of the USSR - Sbornik 
Proceedings of the Steklov Institute of 

Mathematics 
Soviet Mathematics - Doklady 
Theory of Probability and Mathematical 

Statistics 
Transactions of the Moscow Mathematical 

Society Statistics and Probability 
1-~\\EM..th +. C:-t 

For a complete catalogue of all 
AMS titles. call in the continental 
us 1-800-556-7774. 
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American Mathematical Society 
PO Box 6248 
Providence. Rhode Island 02940 
USA 



Universiteit van Amsterdam 

The Department of Mathematics of the University of Amsterdam invites 
applicants for the position of 

professor of algebra (m/0* 
Full-time. Vacancynumber N. 0889. 
Applicants should have extensive knowledge of algebra, an excellent research 
record and a feeling for the links between algebra and other mathematical 
disciplines. Good teaching qualities and ability to collaborate with colleagues are 
requested. 

Research activity of the applicant must be in algebra, for example 
• algebraic number theory 
• algebraic geometry 
• group theory, e.g. algebraic groups. 

Applicants must be willing to acquire a working knowledge of the Dutch language 
within two years after appointment. 

Applicants are requested, quoting vacancynumbe~; to send a curriculum vitae, list 
of publications and the names of three references- before August, 1st. 1986- to the 
Chairman of the Appointment Committee, Dr. P. van Emde Boas, Mathematisch 
Instituut, Roetersstraat 15, 1018 WB Amsterdam, The Netherlands. 

*T#Jmen in particular are invited to apply. 

MATH TEXT 
Versic;m 1. 85 

CARNEGIE MELLON UNIVERSITY 
HEAD, DEPARTMENT OF MATHEMATICS 

The easiest, most natural 
technical word processor available. 
Fully what-you-see-is-what-you-get. 

Nominations and applications are invited for 
the position of Professor and Head of the De
partment of Mathematics. Candidates should 
have an international reputation for mathemat
ical research and be able to provide leadership 
to a diverse and growing department of applied 
and pure mathematics with strong programs on 
both graduate and undergraduate levels. 

{" I { sin 2n£ } d (f) 

0 ef + ln(5) + 12 ~ 

Configurable for IBM compatibles, 
the Z-100, Tandy 2000, and TI-PC. 

Many supported printers. 

$199 (Demo disk: $5) 

NOW COMPLETELY 
Produced, distributed and 

supported by 

HUFF Sc:>ft"lf\Ja.:re 
410 S. Fraser Street 

State College, PA 16801 
(814)239-0885 
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Nominations and applications should be 
addressed to: 

Professor Victor J. Mizel 
Head of Search Comittee 
Department of Mathematics 
Carnegie Mellon University 
Pittsburgh, PA 15213 
(412) 268-2562/2545. 

Carnegie Mellon University is an equal 
opportunity /affirmative action employer. 



The Swiss Federal Institute of Technology 

at Lausanne, Switzerland 

invites applications for three newly created 

professorships in 

NUMERICAL ANALYSIS AND SIMULATION 

APPLIED STATISTICS 

ARTIFICIAL INTELLIGENCE 

Applications deadline: June 30th, 1986 

Beginning of activity: Fall 1986 or later 

Further information at the following 

address: 

Secretariat general de I'Ecole polytechnique 

federale de Lausanne, CE-Ecublens, 

1015 Lausanne, Suisse 

At the Swiss Federal Institute of Technol

ogy in Zurich a chair of 

MATHEMATICS 

is to be filled. 

Duties of the new professor include teach

ing and research in the field of numerical 

and applied mathematics. He will be respon

sible for undergraduate and graduate courses 

for students of mathematics, natural sciences 

and engineering. 

The applicants should have a Ph.D., success

fully completed own research projects in the 

field of applied mathematics and a proven 

ability to perform and direct high quality 

research and development. Willingness to 

teach at all university levels and to cooperate 

with colleagues is expected, 

Applications with curriculum vitae and list 

of publications should be submitted before 

June 30, 1986, to the President of the ETH 

Zurich, Prof. H. Ursprung, ETH-Zentrum, 
CH-8092 Zurich. · 
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New 

SUPERCOMPUTERS 
Algorithms, Architectures, and 
Scientific Computation 
Edited by F. A. MATSEN and T. TAJIMA 

Twenty-six articles dealing with high-level lan
guages, cosmology, biology, seismology, elementary 
particles, field theory, magnetism, superconductivity, 
quantum chemistry, and reservoir engineering-the 
proceedings of an international conference on su
percomputers conducted at the University of Texas 
at Austin in March 1985. 

488 pages, 102 line drawings, 
17 tables, 1 photograph 
ISBN 0-292-70388-0 
$35.00 hardcover 

(512) 471-4032 

~University of 
Box 7819 Austin, Texas 78713 

JOrMath"' 
a text-formatter for mathematical 

papers, books and theses 

I·~-1 _I_] [{' log(l·x) ]-I Lim 1(1+1_) 2' = __!_ Jo ~ dx -1 

n+OO .!.:.!L_ _I_ 2 II] I 

L t 7r2;2 
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• matrices, big symbols sized and 
placed automatically 

• concise command syntax; macros 
further reduce typing 

• automatic numbering; bibliographic 
references, chapters, equations, 
cross-references 

• table of contents, indexes 
• automatic justification, word

splitting 
• automatic numbering and place

ment of footnotes 
• multiple fonts, sizes, special symbols 
• output on CRT, dot-matrix printers, 

daisywheels, laser printers, 
photo-typesetters 

• use on micros <CP 1M:" PC"'-OOS, 
MS"'-0051 or mainframes <any IBM:" 
VAX/VMS"'l 

• Write or call SHANTHA SOFTWARE, INC. 
so west 97 st., Room 11-N 
New York, NY 10025 212-222-SNIP 

Try toll-free: 950-1088-pause-FORMATH 



OUTSTANDING JOURNALS IN 
MATHEMATICS 

JOURNAL OF JOURNAL OF 
COMPLEXITY MATHEMATICAL 
A Unifying Theme 
of the Sciences 

Editor: J. F. Traub 
Columbia University,New York City 

Journal of Complexity publishes original 
research papers that contain substantial 
mathematical results on complexity as 
brC?adly conceived. In the area of compu
tatiOnal complexity, Journal of Complexity 
focuses on problems that are approxi
mately solved and for which optimal 
algorithms or lower-bound results are 
available. The journal also presents 
p_apers that provide major new algo
nthms or make important progress on 
upper bounds. 

Volume 2 (1986), 4 issues 
ISSN 0885-064X 
U.S.A. and Canada: $80.00 
All other countries $93.00 
U.K.: £69.00 

ANALYSIS AND 
APPLICATIONS 
Classical Analysis 
and Its Applications 
Editors: Ralph P. Boas, Northwestern 

University, Evanston, Illinois 
George Leitmann, 

University of California, Berkeley 
Journal of Mathematical Analysis and 

Applications presents mathematical 
papers that treat classical analysis and its 
numerous applications. The emphasis is 
on articles devoted to the mathematical 
treatment of questions arising in physics, 
chemistry, biology, and engineering, par
ticularly those that stress analytical 
aspects and novel problems and their 
solutions. 
Volumes 113-120 (1986), 16 issues 
ISSN 0022-247X 
U.S.A and Canada: $912.00 
All other countries: $990.00 
U.K.: £733.50 

~ample copies and personal subscription rates are available on request. For more 
mformation, please write or call: 
ACADEMIC PRESS, INC. or ACADEMIC PRESS, INC. 
Journal Promotion Dept. (LONDON) LTD. 
1250 Sixth Avenue @ Journal Marketing Dept. 
San Diego, CA 92101 24-28 Oval Road 
U.S.A. London NW1 7DX, England 
(619) 230-1840 01-267-4466 

Academic Press, Inc. 
Harcourt Brace Jovanovich, Publishers 

San Diego Orlando New York 
Austin Boston London Sydney S6029 

Tokyo Toronto 

l#jl#il#jl#jl#il#jl#jl#jl#jl#jl#ll#jl#jl#ll#jl#jl#ll#ll#jl##wl#li 

580 



~,New Volumes 
Contemporary Mathematicians 

With each volume published in the Contemporary Mathematicians series, Birkhauser Boston makes available the 
collected or selected writings of some of this century's most outstanding mathematicians. The contributions 

are brought together in organized, annotated volumes, with accompanying comments which provide valuable 

insight on the history of the papers and their influence on modern mathematics. 

KURT OTTO FRIEDRICHS: Collected Mathematical Papers 
edited by Cathleen Morawetz 
The vast majority of the collected papers of Friedrichs are in partial differential equations and spectral theory where 

the author had the greatest impact. He had also made fundamental contributions in the theory of asymptotics: two 
papers, including Friedrich's Gibbs Lecture are included. The profound contributions Freidrichs made to applied 

mathematics are represented by some papers in elasticity and magneto-hydrodynamics. 

Available in June I Cloth 

Vol. I I 496 pages I 0-81 76-3268-9 I $64.00 tent. 
Vol. II I 448 pages I 0-81 76-3269-7 I $64.00 tent. 

JAKOB NIELSEN: Collected Mathematical Papers 
edited by Vagn Lundsgaard Hansen and Fleming Topsoe 
Jakob Nielson was one of the developers of combinatorical group theory and the topology of surfaces. His papers, 

available for the first time in English translation, will play a fundamental role in recent investigations on low 

dimensional topology. 
Contents include Nielsen's thesis containing the seeds to his later research on the topology of surface 

transformations. His four long memoirs in Acta mathematica from 1927, 1929, 1932, and 1942, with the details of 
his pioneering work on surface transformations, appear in English from the original German text, along with his 

famous paper on free groups from 1921 originally published in Danish. Also included is a set of hitherto 

unpublished notes from two inaugural lectures given by Nielsen in Breslau in 1921, in which he formulated many of 

the problems on surface transformations to which he devoted so much of his research later in life. 

Available in June I Cloth 

Vol. I I 4 72 pages I 0-81 76-3140-2 I $60.00 tent. 
Vol. II I 432 pages I 0-81 76-3151-8 I $60.00 tent. 

FRITZ JOHN; Collected Papers 
edited by Jurgen Moser 
The deep and original ideas of Fritz John have had a great influence on the development of various fields in 

mathematical analysis. John's fundamental papers on convexity, uniqueness, ill posed problems, numerical analysis, 

quasi-isometry, and blow-up have all started new developments. Each is followed by commentary by a leading 

expert in the field and worth careful and attentive study. 

Available I Cloth 
Volume 1 I 648 pages I 0-8176-3266-2 I $97.50 

Volume 2 I 760 pages I 0-8176-3267-0 I $97.50 

Forthcoming 

GARRETT BIRKHOFF: Selected Papers on Algebra and Topology 
Available in July I Cloth I 0-1876-3114-3 

Birkhauser Boston .., 
380 Green Street, Cambridge, MA 02139 M 
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See the world 
of mathematics through 

the minds of experts 

An Introduction to Mathematical 
Logic and Type Theory 
To Truth through Proof 
PETER B. ANDREWS 

An Introduction to Differentiable 
Manifolds and Riemannian 
Geometry 

This book facilitates the study of logic as a vehicle 
for formal reasoning. It presents issues related to 
the problem of constructing formal proofs as mod
els of informal reasoning, and details information 
used in computerized systems which involve au
tomated deduction. 
In Paperback 
June 1986, 320 pp. 
$29.95/ISBN: 0-12-058536-7 
$55.00/ISBN: 0-12-058535-9- Casebound 

Complex Cobordism and Stable 
Homotopy Groups of Spheres 
DOUGLAS C. RAVENEL 

Second Edition 
WILLIAM M. BOOTHBY 
In Paperback 
1986, 448 pp. 
$32.95/ISBN: 0-12-116053-X 
$59.00/ISBN: 0-12-116052-1- Casebound 

Eilenberg-Mac Lane: 
Collected Works 
SAMUEL ElLENBERG and 
SAUNDERS MAC LANE 
In Paperback 
1986, 856 pp. 
$39.50/ISBN: 0-12-234021-3 
$69.50/ISBN: 0-12-234020-5- Casebound 

This is a unified account of the application of 
complex cobordism to the stable homotopy 
groups of spheres. It presents self-contained, 
well-documented treatments of the relevant pre
requisites in homotopy theory, homological 
algebra, and formal group law theory. 

A favorite text-now available in paperback! 

In Paperback 
Fourier Series and Integrals 

1986, 440 pp. 
$45.00/ISBN: 0-12-583431-4 

H. DYM and H. P. McKEAN 
In Paperback 
1972, 295 pp. $90.00/ISBN: 0-12-583430-6- Casebound 
$31.00/ISBN: 0-12-226451-7 
$57.50/ISBN: 0-12-226450-9- Casebound 

Orlando 
12066 HR!GD 

To Order Call Collect 

(305) 345-2731 

ACADEMIC PRESS 
Harcourt Brace Jovanovich, Publishers 

Orlando, Florida 32887 
San Diego New York Austin Boston London Sydney 
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''If it weren't for AMS Members' 
Life Insurance, I'd be underinsured ... 
by thousands of dollars!'' 
" .. .With the future I have planned-mar
riage, a home, a family-my company policy 
just wouldn't be enough. So I bought low
cost term life insurance through my 
membership." 

Starting a personal insurance program 
when you're young and healthy is smart, 
because it's easier to qualify. For a low 
cash outlay, your program is off to a good 
start. And even though rates go up as you 
get older, they are still affordable because 
of our group's buying power. 

Further, should you change jobs-as long 

as you remain a member-your group term 
life insurance goes with you ... everywhere. 

Are VQY underinsured? Think about your 
future. Then, to build up your insurance pro
gram, call or write the Administrator. 

UP TO $158,000 IN 
TERM LIFE INSURANCE PROTECTION IS 

AVAILABLE TO AMS MEMBERS. 
Plus these other group insurance plans: 

Excess Major Medical 
1 n-Hospital Insurance 

Disability Income Protection 
H1gh-Umit Accident Insurance 

Contact Adminlstraor, 
American Malhemalical Society Group 
Insurance Program 
Smith-Sternau Organization. Inc 
1255 23rd Street , N.W. 
Washington , D.C. 20037 

800 424·9883 Toll Free 
in Washington. D.C. area. 202 296 -8030 
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THE LONDON MATHEMATICAL SOCIETY 

Burlington House, Piccadilly, London WlV ONL 

Incorporated by Royal Charter 

The Society was established in 1865 for the promotion and 
extension of mathematical knowledge. Members of the 
American Mathematical Society are very welcome to join the 
London Mathematical Society under the Reciprocity Agreement, 
which enables certain formalities to be dispensed with and a 
reduced subscription to be applied. For the year 1985/86 the 
reduced subscription is £3.00 (US$5.00). 

Members of the American Mathematical Society may commence or 
continue their reciprocity membership of the London 
Mathematical Society during periods of temporary residence 
in the United Kingdom. They may then take advantage of all 
the facilities offered to London Mathematical Society 
members, such as use of the Society's extensive Mathematical 
Library at University College, London. They are also 
welcome to attend Society meetings, which take place about 
seven times a year. 

Members of the American Mathematical Society resident 
outside the United Kingdom may be chiefly interested in 
subscribing to the periodicals of the L.M.S. These are the 
Bulletin, the Journal and the Proceedings of the London 
Mathematical Society. One volume of the Bulletin is 
published per year, and two volumes each of the Journal and 
Proceedings. Members of the American Mathematical Society 
may purchase periodicals at special rates on condition that 
they are for personal use of members and not for the supply 
of libraries or similar institutions. 

The London Mathematical Society also publishes a series of 
Monographs, Lecture Notes, Students Texts and the 
proceedings of its Instructional Conferences. Members may 
purchase these books at a discount of 25%. 

Full particulars of the activities of the L.M.S. and 
application forms for reciprocity membership may be obtained 
from the Administrative Assistant of the L.M.S. at the above 
address. 
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A REVOLUTIONARY TEXT PROCESSOR FOR THE SCIENTIFIC COMMUNITY. 

TELH/~ r 
For IBM PC's* and Compatibles. DOS 2.0 or higher. 

256K, IBM Color, IBM EGA, or Hercules** Board Required. 
Registered trademarks- *International Business Machines Corp. and **Hercules Computer Technology Inc. 

A COMPLETE AND FULLY-CAPABLE TECHNICAL WORD PROCESSOR. 

WHAT YOU SEE ON YOUR DISPLAY SCREEN IS WHAT YOU GET ON YOUR PRINTER AND 
ENTERING MATHEMATICAL TEXT IS SIMPLE. 

• Automatically formats mathematical expressions and adjusts them in size and position 
as they are edited. 

• Builds fractions, roots, subscripts, superscripts, matrices, integrals, and·sums on one 
virtual line. 

• Offers selection of different math enclosures suc-h as parentheses, braces, 
thin and thick brackets, and absolute values. 

• Enhances characters through boldface, underline, italics, 
enlarged type, inverse or combinations thereof. 

• Allows use of up to ten distinct and separate fonts 
per document. 

• Includes an easy-to-use font creation program. 

• Creates documents of typeset quality. 

• Supports most popular printers. 
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Personal 

1EX 
AT LAST: Mathematical Typesetting 

Capability for PC Users! 

Inc the producers of PC '!EX offer a complete line of software, 
hardware and fonts for journal quality output. 

T.EX is a state-of-the-art typesetting program developed by Professor Donald E. Knuth at 
Stanford University. T.EX is being supported as a standard language for mathematical type
setting by the American Mathematical Society. The AMS has developed a special package 
of mathematical typesetting tools for T.EX, called AMS-T.EX, which greatly simplifies the 
setting of complex mathematical formulas. 

T.EX inputs a standard ASCII computer file, and generates output which can be directed to 
print on a variety of devices, from dot matrix printers to laser printers to phototypesetters. 
This entire ad was typeset using PCT.EX and printed on the Corona LP300 Laser Printer. 
At the recent AMS Conference in New Orleans, we asked mathematicians to suggest com
plex formulas which we then typeset using T.EX· The following was submitted by Bernard 
Harris, Department of Statistics, University of Wisconsin. 

Pm,n,N,p(S = j) = (~) -m (~) ~-(-1}1 (N ~ j) 
j = 0, 1, ... ,N; 
m=0,1, ... ; 
N= 0,1, ... ; 
n = 0, 1, ... ,N; 
0:::; p:::; 1. 

PC'!EX A full T.EX82, version 1.5, including INITEX, Tb.'I'.EX(a full featured docu
ment preparation system), Tb.T.EX User's Guide, AMS-'I'.EX, and Mike Spivak's PCT.EX 
Manual and VANILLA macro package. $249. 

Drivers are available for the following dot matrix printers: Epson FX, RX and LQ printers, 
IBM Graphics Printer, and the Toshiba 1340, 1350, P351 printers. Each driver includes 
over 230 T.EX and LaT.EX fonts. $100. each. 

Drivers are available for the following laser printers: Apple Laser Writer (Postscript), 
QMS Lasergrafix 800, 1200, Imagen 8,12,24/300, and Corona LP300. Each driver 
includes a complete set of T.EX and LaT.EX fonts. $300. each. 

Screen preview capability for the following graphics adapters: Requires the Hercules 
Graphics Card, IBM Enhanced Graphics Adapter, or Tecmar Graphics Master. $250. 

Join hundreds of satisfied PCT.EX users. Write or call us today for complete product infor
mation. Inquire about educational and corporate discounts, and site licensing. 

System requirements: DOS 2.0 or better, 512K RAM, 10M hard disk. Preview requires appropriate graphics adapter. Corona 
Laser Printer requires additional 512K RAM disk. Include $8. shipping and handling for each U.S. order. (Shipping to 
Canada: $15. International Air Mail: $40.) California orders, add 6% aales tax. MasterCard, Visa accepted. 

Personal 

TEX 
Inc 

20 Sunnyside, Suite H 
Mill Valley, CA 94941 

{415) 388-8853 Telex 510-601-0672 

Distributors: Canada: Ahearn & Soper, Rexdale, Ontario, (416) 675~3999; UK: UniTEX Systems, Sheffield, {0742) 351 489; 
Germany: Kettler EDV-Consulting, Lenggries, {08042) 8081; France: Probe Informatique, Trappes, (062) 2603; 
Ireland: Uni'!EX, Dublin, 772941 xl983; 

Trademarks: PCTEX, Personal T£X, Inc.; T£X, American Mathematical Society; IBM PC and AT, IBM Corp. Manufacturer's 
product names are trademarks of individual manufacturers. 
This ad was generated using PCT£X, and printed on a Corona Laser Printer. 
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MATHEMATICAL SCIENCES RESEARCH INSTITUTE 
BERKELEY, CALIFORNIA 

The Institute solicits applications for memberships in the Institute for the 1987-88 year, which begins 
in September 1987. 

In 1987-88 two programs will be featured. 

Classical analysis. The following areas will receive particular attention: singular integrals and 
pseudo-differential operators, Fourier analysis in Euclidean space, Hardy space theory, applications of 
probability theory to Fourier analysis, and applications of harmonic analysis to partial differential 
equations and several complex variables. The program committee consists of C. Fefferman, E. Stein 
(chairman), and G. Weiss. 

Representations of Lie groups. The program will focus on the representations of semisimple Lie 
groups. Among topics to be emphasized are: 

( 1) The systematic use of asymptotics and homological methods, 

(2) The development of new geometric methods, 

(3) Recent advances in the understanding of the structure of Harish-Chandra modules, 

(4) The structure of the unitary dual. 

The program committee consists of W. Schmid, D. Vogan, and J. Wolf (chairman). 

Although these two areas will be emphasized, applications from candidates in all fields will be 
welcome. 

The academic year 1987-88 will conclude with a "microprogram" on the Structure of Banach Spaces, 
running from June 27 to July 15, 1988. The program committee consists ofJ. Bourgain, W. Johnson, Y. 
Lindenstrauss, G. Pisier, and H. Rosenthal (chairman). The mathematical public is cordially invited to 
participate. At a later time there will be a separate poster giving details. 

The Institute does not use formal application forms. However, an information sheet for prospective 
applicants is available on request. Write to the Mathematical Sciences Research Institute, 1000 
Centennial Drive, Berkeley, CA 94720. Applicants' files should be completed by December 15, 1986. 
Please note that this is a half month earlier than the deadline of previous years. 

For 1988-89 the Institute plans yearlong programs on Combinatorial Group Theory and Geometry 
and on Symplectic Geometry and Mechanics. Suggestions for programs for future years are welcome. 

The Institute is committed to the principles of Equal Opportunity and Affirmative Action. 
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STATISTICAL 
SCIENCE 

a review journal of the institute of mathemadcal stadsdcs 

EXECUTIVE EDITOR: Morris H. DeGroot, Carnegie-Mel/on University 
EDITORS: David R. Brillinger, University ol California, Berkeley 

J. A. Hartigan, Yale University 
Ingram Olkin, Stanford University 

On the occasion of its fiftieth anniversary, the Institute of Mathematical Statistics announces publication of Statistical 
Science, a new quarterly review journal in statistics and probability. Statistical Science will present the full range of 
contemporary statistical thought at a modest technical level accessible to the broad community of practitioners, teachers, 
researchers, and students in statistics and probability. 

featuring 
/ 

Volume I Number I February 1986 

Freedman & Navidi on 
MODELS FOR ADJUSTING THE CENSUS 

Efron & Tibshirani on 
THE BOOTSTRAP 

Le Cam on 
THE CENTRAL LIMIT THEOREM 
AROUND 1935 

Geisser on 
THE COLLECTED WORKS OF 
GEORGE E. P. BOX 

Genest & Zidek on 
COMBINING PROBABILITY 
DISTRIBUTIONS 

Interviews with 
DAVID BLACKWELL & T. W. ANDERSON 

' / 

• discussions of methodological and theoreti
cal topics of current interest and importance, 

• surveys of substantive research areas with 
promising statistical applications, 

• evaluations of research papers in specific 
areas of statistics and probability, 

• discussions of classic articles from the 
literature with commentary on their impact 
on contemporary thought and practice, 

• comprehensive book reviews, and 

• interviews with distinguished statisticians 
and probabilists. 

/ 

Statistical Science joins the Institute's distinguished journals, The Annals of Statistics and The Annals of Probability, in 
February 1986 and is included as a privilege of membership. Nonmember subscriptions are available to individuals and 
organizations. All subscriptions to the Annals include a subscription to Statistical Science for 1986. For additional 
information on how to receive Statistical Science, please write to the IMS Business Office. 

IMS Business Office 
3401 Investment Boulevard #7 
Hayward, California 94545 (USA) 
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PUBLICATIONS OF L'ENSEIGNEMENT MATHEMATIQUE 

MONOGRAPHS SERIES 

A. WEll: Essais historiques sur Ia 
theorie des nombres. - 55 pages, 28 Swiss 
Francs. 

THEORIE ERGODIQUE - Proceedings 
of a Seminar. - Lectures by P. Arnoux, P.-L. 
Aubert, P. de La Harpe and K. Jhabvala, M. Misiure
wicz, C. Series, B. Weiss. 112 pages, 40 Swiss Francs. 

N<EUDS, TRESSES ET SINGU
LARITIES - Proceedings of a 
Seminar 
Lectures by S. Akbulut and H. King, M. Boileau and 
C. Weber, L. Rudolph, A. H. Durfee, W. Ebeling, 
D. Lines, F. Michel, M. Morales, H. A. Morton, W. D. 
Neumann. 260 pages, 75 Swiss Francs. 

P. ERDOS AND R. L. GRAHAM: Old 
and new problems and results in com
binatorial number theory. - 128 pages, 
43 Swiss Francs. 

LOGIC AND ALGORITHMIC- An 
International Symposium 
Lectures by H. Wang, W. Baur and M. Rabin, 
A Borodin, A. Bott, S. Cook, G. Coray, C. Elgot and 
J. Shepherdson, P. Erdos, M. Fischer and M. Paterson, 
M. FOrer, H. Gaifman, J.-Y. Girard, J. Heintz and 
C.-P. Schnorr, A. Karp and A. Lipton, S. Kochen 
and S. Kripke, S. Koppelberg, J. Paris and C. Dimi
tracopoulos, W. Paul, A. Prestel, A. Schonhage, 
L. Valiant, M. Ziegler. 392 pages, 95 Swiss Francs. 

IMU LECTURES- Series of survey Lectures given under the 
sponsorship of the International Mathematical Union 

W. M. SCHMIDT: Approximation to 
algebraic numbers. - 70 pages, 30 Swiss 
Francs. 

D. MUMFORD: Stability of projective 
varieties. - 74 pages, 32 Swiss Francs. 

A. G. VITUSHKIN: On representation 
of functions by means of superposi

F. HIRZEBRUCH: Hilbert modular sur- tions and related topics. - 68 pages, 
faces.- 103 pages, 37 Swiss Francs. 30 Swiss Francs. 

NEW 

Masaki KASHIWARA: Introduction to microlocal analysis 
These survey lectures were given at the University of Bern in June 1984, under the sponsorship of the 
International Mathematical Union. They explain the microlocal point of view (consideration of the cotangent 
bundle) for the study of linear differential equations. 38 pages, 1986; 25 Swiss Francs. 

Georges de RHAM: <Euvres mathematiques (Collected Works). 
752 pages, 1981; 110 Swiss Francs. 

EM 
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Directory of Women in the Mathematical Sciences 

Questionnaire for Women who Hold the Ph.D. 
or Have Equivalent Training, and Ph.D. Candidates 

(PLEASE TYPE. Handwritten forms may not be used.) 

1. A. Name {last name first)--------------------------

B. Cross listing of name {if desired) ------------------------

2. Mailing Address {Preferred) 

*Current Status D (Employed) D {Retired) D {Graduate Student) D {Unemployed) 
(*This information is for record keeping and will not be printed in the Directory.) 

3. Name of employer or institution------------------------
(1£ retired, give last institution where employed.) 

Address of employer or institution ------------------------

Title of position-------------------------------

4. Highest academic degree conferred------------------------

Year degree conferred _____ _ Institution------------------

5. Fields of mathematical interest (Write 1 for primary field, 2 for other. Only two will be printed.) 

A. __ Algebra H. __ Logic and foundations 
B. __ Analysis I. __ Number theory 
C. __ Applied mathematics J. __ Operations research 
D. __ Combinatorics K. __ Statistics and Probability 
E. __ Computer science L. __ Topology 
F. __ Functional analysis M. __ Other 
G. __ Geometry 

6. Publications: Bibliographic information for two most important publications. In addition to the 
title, give MR number and date only, if available; otherwise for an article, use MR abbreviation for 
journal, give volume number and date. 

i. ----------------- 11. -----------------

Return this form as soon as possible to Directory of Women in the Mathematical Sciences, c/o R. Struik, 
Math. Dept., Campus Box 426, University of Colorado, Boulder, CO 80309. 
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American Mathematical Society 
P. 0. Box 6248 
Providence, Rhode Island 02940 
(401) 272-9500 c Charge by 

Phone 
800-556-7774 

Ordered by---------------- Mail to (if different)------------

Use your peel-off Notices label. 

QTY CODE AUTHOR and TITLE 

Shipping and Handling D Surface D 

Total due (All orders must be prepaid) 

Shipping and Handling 

Books are sent via surface mail (UPS to U.S. addresses and 
printed matter elsewhere) unless air delivery is requested. The 
shipping and handling charges for book orders are shown at 
the right. 

I ournal back numbers, Mathematical Reviews indexes and 
review volumes are sent via surface mail to any destination 
unless air delivery is requested. Postage for surface mail is paid 
by the AMS. Air delivery rates, which will be quoted upon 
request, must be paid by the purchaser. 
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Surface 

Air 

First 
Book 

$2 

$5 

PRICE 

$ 

Air 

$ 

Each 
Additional Maximum 

$1 $ 25 

$3 $100 
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Transform Analysis of 
Generalized Functions 
By O.P. MISRA and J.L. LAVOINE 

NORTH-HOLLAND MATHEMATICS STUDIES, 119 

Notas de Matematica (1 06) Editor: Leopolda Nachbin 

Transform Analysis of Generalized Functions concentrates 
on finite parts of integrals, generalized functions and 
distributions. It gives a unified treatment of the 
distributional setting with transform analysis, i.e. Fourier. 
Laplace, Stieltjes, Mellin, Hankel and Bessel Series. 

Included are accounts of applications of the theory of 
integral transforms in a distributional setting to the solution 
of problems arising in mathematical physics. Information 
on distributional solutions of differential, partial differential 
equations and integral equations is conveniently collected 
here. 

The volume will serve as introductory and reference 
material for those interested in analysis, applications, 
physics and engineering. 

1986 xiv+ 332 pages. Price: US $48.251Dfl. 140.00 
ISBN 0-444-87885-8 

Harvey Friedman's Research 
on the Foundations of 
Mathematics 
Edited by L.A. HARRINGTON, M.D. MORLEY, 
A. SCEDROV and S.G. SIMPSON 

STUDIES IN LOGIC AND THE FOUNDATIONS OF 
MATHEMATICS, 117 

This volume discusses various aspects of Harvey 
Friedman's research on the foundations of mathematics 
over the past fifteen years. It should appeal to a wide 
audience of mathematicians, computer scientists, and 
mathematically oriented philosophers. 

Much of Friedman's work enjoys a quality of broad 
accessibility and communicability to anyone who is even 
slightly interested in the foundations of mathematics. 

1985 xvi +408 pages. Price: US $55.50/Dfl. 150.00 
ISBN 0-444-87834-3 

Logic, Methodology and 
Philosophy of Science VII 
Proceedings of the Seventh International Congress, 
Salzburg, Austria, 11-16 July 1983 

Edited by A. BARCAN MARCUS, G.J.W. CORN and 
P. WEINGARTNER 

STUDIES IN LOGIC AND THE FOUNDATIONS OF 
MATHEMATICS, 114 

Logic, Methodology and Philosophy of Science presents 
the results of recent research into the foundations of science. 

This volume contains 41 invited papers presented at the 
Congress, covering the areas of Logic, Mathematics, 
Linguistics, Natural Sciences and Humanities. Also 
included is a discussion of current problems in the Ethics 
of Science. 

1986 xiv + 738 pages. Price: US $125.00/Dfl. 400.00 
ISBN 0-444-87656-1 

By YU.I. MANIN 

NORTH-HOLLAND MATHEMATICAL LIBRARY, 4 

In the ten years since this book was first published in 
English, there has been important progress in a number of 
related topics. The class of algebraic varieties cloee to the 
rational ones has crystallized as a natural domain for the 
methods developed and expounded in this volume. 

The original text has been left intact, except for a few 
corrections, and brought up to date by the addition of an 
Appendix and recent references. 

This Appendix sketches some of the most essential new 
results, constructions and ideas, including the solutione of 
the Liiroth and Zariski problems, the theory of the descent 
and obstructions to the Hasse principle on rational 
varieties, and recent applications of K-theory to 
arithmetic. 

1986 X+ 326 pages. Price: US $64. 75/Dfl. 175.00 
ISBN 0-444-87823-8 
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New . . from Springer-Verlag 

The Best Books in Number Theory 
The Arithmetic of Elliptic 
Curves 
J.H. Silverman 

This book is an introduction to the modern the
ory of diophantine equations through the study 
of elliptic curves. It will be useful to the gradu
ate student who wishes to learn the basic facts 
about the arithmetic of elliptic curves, and to the 
research mathematician who needs a ready refer
ence source. Major theorems covered include the 
Weil conjecture for elliptic curves, the Mordeii
Weil theorem, and Siegel's theorem. In addi
tion, there are numerous examples and exercises 
to aid the reader in learning the subject. 

1986/400 pages/13 illustrations/hardcover $4X.OO 
(Graduate Texts in Mathematics, Vol. /061 
ISBN: 0-387-96203-4 

Disquisitiones Arithmeticae 
English Edition 
Carl Friedrich Gauss 
Translated by A.A. Clarke. S.J. 

This is a revised new printing of the English 
translation of Gauss' classical introduction to al
gebraic number theory. One of the most impor
tant books published in the history of mathemat
ics. it provides the foundations of modern 
number theory. Many fundamental concepts are 
presented here for the first time, such as class 
numbers and genera. Disquisitiones Arithmeti
cae had a deep influence on the further develop
ment of number theory. and can still be studied 
with great benefit. for its content as well as for 
its inspiring style. 

1986/472 pages/hardcover $5X.<Xl 
ISBN: 0-387-96254-9 

Lectures on Number 
Theory 
A. Hurwitz and N. Kritikos 

This book is based on a series of lectures given 
by Adolf Hurwitz on elementary number theory. 
Beginning with the basic properties of the inte
gers, Lectures on Number Theory discusses 
congruences, quadratic reciprocity, and the clas
sical theory of binary quadratic forms including 
applications of continued fractions. Exercises 
and examples supplement the text throughout. 

1986/273 pages/softcover $19.XO 
( Universitext I 
ISBN: 0-387-96236-0 

Introduction to 
Arithmetical Functions 
P.J. McCarthy 

This is an introduction to the theory of arithmet
ical functions, a very classical and active part of 
the theory of numbers. In a form accessible to 
graduate students after a first course in number 
theory, this book presents a wide range of re
sults, together with bibliographic notes and ref
erences to the original literature. Over 400 exer
cises accompany the text and form an essential 
part of the development of the subject. 

1986/365 pages/6 illustrations/softcover $35.50 
( Universitext I 
ISBN: 0-3X7-96262-X 

Class Field Theory 
J. Neukirch 

Contents: Group and Field Theoretic Founda
tions. General Class Field Theory. Local Class 
Field Theory. Global Class Field Theory. Zeta 
Functions and L-Series. 

19X6/ 140 pages/hardcover $38.00 
(Grund/ehren der mathematischen Wissen
schafien. Vol. 2110 I 
ISBN: 0-3X7-15251-2 

ffiuvres-Collected Papers 
(in 3 volumes) 
J.P. Serre 

This three-volume set collects most of the math
ematical papers of Jean-Pierre Serre up to 1984. 
including several previously unpublished papers 
and many which are difficult to find in the 
literature. 

1986/2064 pages (in 3 volumes: not available 
separately)/hardcover $19X.OO 
ISBN: 0-3X7-15621-6 

To order, write to 
Springer-Verlag New York, Inc., 
Attn: G. Kiely S313. 
175 Fifth Avenue. 
New York. NY 10010 
or visit your local mathematics bookstore. 

Springer-Verlag 
New York Berlin Heidelberg Tokyo 
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