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Furthering Connection & Collaboration in the Mathematical Sciences

Talented high school students have a chance to peer into the incredible world of
mathematics at the annual Arnold Ross Lectures. Named for esteemed scholar and
educator Arnold E. Ross (1906–2002), the lectures have been assisted over time by

an endowed fund established by Paul J. Sally, Jr. (1933–2013).

Your gi�  to the Arnold Ross Lectures endowment will honor the legacies of
Professors Ross and Sally and inspire young people to explore the mathematical sciences.
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Chief Editor of the Notices

Applications and nominations are invited for
the position of Editor of the Notices of the
American Mathematical Society, to commence 
with the January 2016 issue. The Society seeks 
an individual with strong mathematical research 
experience, broad mathematical interests, and a 
commitment to communicating mathematics to 
a diverse audience at a wide range of levels. The 
applicant must demonstrate excellent written 
communication skills.

The Editor has editorial responsibility for a major 
portion of the Notices within broad guidelines. The 
goal of the Notices is to serve all mathematicians 
by providing a lively and informative magazine 
containing exposition about mathematics and 
mathematicians, and information about the 
profession and the Society.

The Editor is assisted by a board of Associate 
Editors, nominated by the Editor, who help to 
fashion the contents of the Notices and solicit 
material for publication. Some writing, and all 
publication support, will be provided by AMS
staff  in Providence. The Editor will operate from 
his or her home institution with part-time
secretarial support. In order to begin working on 
the January 2016 issue, some editorial work
would begin in early 2015.

Nominations and applications (including
curriculum vitae) should be sent to the Executive 
Director, Donald E. McClure, at exdir@ams.org. 
Confi dential inquiries may also be sent directly to 
the Executive Director or to any other member of 
the search committee (Dan Abramovich,
Amber Puha, Carla Savage, or David Vogan).

To receive full consideration, nominations
and applications should be sent on or before 
November 1, 2014.
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Shouldn’t Differentiability 
Imply Continuity?
Regarding Niall Ryan’s “The Last(?) 
Word in Rigor” in the June/July 2014 
Notices: The author suggests defin-
ing derivatives by taking the limit, as 
positive dx goes to zero, of [f (x+dx/2)-
f (x-dx/2)]/dx, finding this superior to 
the left or right derivative. This would 
change the definition of differentia-
bility! While the author’s proposal 
indeed is elegant and symmetric, it 
fails to detect removable discontinui-
ties: the derivative of a function would 
remain unchanged if its values were 
altered arbitrarily on a discrete set. 
At least the left derivative guarantees 
left continuity, which I prefer to no 
continuity. The usual definition, al-
lowing dx to go to zero through both 
positive and negative values, is the 
one I find most elegant and the one 
I like best.

—Michael Maltenfort
College Adviser and 

 Lecturer in Mathematics
Northwestern University

malt@northwestern.edu

(Received July 19, 2014)

The Plight of the Researcher 
Working Outside the University
It is sad but true that nonacademic re-
searchers have a very difficult time in 
getting fair, open-minded readings of 
their papers. On the one hand, this is 
understandable, since I know from my 
own experience that the vast major-
ity of papers from such researchers 
are crackpot works. But on the other 
hand, that does not mean they are all 
crackpot works.

Over the history of mathematics, 
some of the best of the best worked 
entirely outside the university—Des-
cartes, Pascal, Fermat, Leibniz, and 
Galois, to name the most famous. In 
the nineteenth century, several of the 
leading mathematicians worked out-
side the university for large periods of 
their professional lives: Weierstrass, 
Dedekind, and Cayley, among others. 
In the twentieth century, the same 
was true for Chaitin and Mandelbrot, 
among others.

Nonacademic researchers cannot 
simply submit their papers directly 

to journal editors, because if the work 
concerns a very difficult problem, the 
editors simply decline to consider the 
papers—especially if the author does 
not have a degree in mathematics 
(mine is in computer science). This 
has been the case with a paper of mine 
(“A Solution to the 3x + 1 Problem” 
on http://occampress.com). The 
open-forum journals are willing to 
publish such papers, but publication 
in these journals counts for little in 
the academic community.

So the nonacademic researcher 
is forced to spend a considerable 
amount of his time writing letters 
and sending copies of his papers to 
individual mathematicians he selects 
from faculty lists on the Internet—a 
very inefficient and discouraging pro-
cess, since mathematicians, under-
standably, almost invariably ignore 
such material.

I am wondering what readers think.

—Peter Schorer
Occam Press  

peteschorer@gmail.com

(Received September 1, 2014) 

Opposing an NSA Boycott 
Some mathematicians are urging boy-
cotts and other political actions based 
on overwrought laments about the 
National Security Agency (NSA). For 
example, in a Letter to the Editor in 
the December 2013 issue of the No-
tices, Alexander Beilinson suggests 
that “the AMS sever all ties with the 
NSA” because “the NSA destroyed the 
security of the Internet and privacy 
of communications for the whole 
planet.” 

There is a long history of academ-
ics getting over-excited about rela-
tively inconsequential issues. Back in 
the 1970s, academics accused the 
NSA of crippling the Data Encryption 
Standard (DES) in order to spy on ev-
eryone. In fact DES was a big advance 
over anything else in the public do-
main and more secure than what IBM 
developed on its own. Years of analy-
sis have not turned up any backdoors 
in DES, and the most practical attack 
is a brute-force key space search. 

More recently it has been alleged 
that the NSA put a backdoor in  
a pseudo-random number generator. 

Maybe so, but this possibility was pub-
licly exposed long before Snowden, 
and there are no known security 
breaches attributable to it. In fact, the 
NSA has enabled improved Internet 
security, for example by promoting 
elliptic curve cryptography. 

Almost every day, news stories 
about deliberate and accidental pri-
vacy invasions occur, and they cannot 
be blamed on the NSA. Google and 
Facebook are huge multi-billion dollar 
companies that make all their money 
by inducing you to use free services, 
spying on you while you do, and then 
selling ads based on your preferences. 
When your privacy is not being sold, 
it is being stolen. Nearly everything 
about you is being tracked, recorded, 
archived, indexed, sold, and used for 
commercial purposes. Most of this is 
unregulated. New technologies are 
likely to accelerate this trend. 

What is more, these companies 
often fail to protect your private 
information. Consider for exam-
ple the recent Heartbleed bug. The 
bug stemmed from a weakness in 
OpenSSL, which is widely used by 
most of the biggest Internet compa-
nies because it is free. They do not 
even pay the library maintainers to 
find and correct bugs. For a couple 
of years, anyone could have opened 
a supposedly secure connection to a 
Web server and scooped up a random 
64K bytes of the server’s secrets. 

It is hard to understand why it 
would be acceptable for giant com-
mercial companies to collect invasive 
personal information on you and to 
sell it to advertisers and others, but 
not for the NSA to check it against 
lists of foreign threats. Perhaps that is 
why there is very little public outrage 
over the Snowden leaks. 

If you think that the NSA should 
jump through more hoops to access 
the telephone meta-data of a terror-
ism suspect, then go ahead and com-
plain to your elected officials. But if 
personal privacy is your real concern, 
then the NSA is just a smokescreen. 
Much bigger threats are elsewhere. 

 
Roger Schlafly

 Scotts Valley, CA 
roger@darkbuzz.com 

(Received June 28, 2014) 
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The School of Basic Sciences at EPFL invites applications 
for professorial positions in mathematics. The fields of  
interest include, but are not limited to, algebra, algebraic  
geometry, geometric and global analysis, mathematical 
physics and number theory. 

We seek candidates with an outstanding research record and 
a strong commitment to excellence in teaching at all levels. 
While appointments are foreseen at the tenure-track assis-
tant professor level, in exceptional cases an appointment at 
a more senior level may be considered. 

Substantial start-up resources and research infrastructure 
will be available.

Applications should include a letter of motivation, curricu-
lum vitae, publication list, concise statement of research and 
teaching interests, as well as the names and addresses (in-
cluding email) of at least five referees and should be submitted 
via the website:

https://academicjobsonline.org/ajo/jobs/4248 

The evaluation process will start on November 1st, 2014, 
but later applications may also be considered.

Further enquiries should be made to:

Prof. Philippe Michel
Chairman of the Search Committee 
e-mail: math2014@epfl.ch 

The School of Basic Sciences actively aims to increase the 
presence of women amongst its faculty, and female candi-
dates are strongly encouraged to apply.
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FREY FAMILY
ENDOWED CHAIR IN 

QUANTITATIVE FINANCE
The Stony Brook Department of Applied
Mathematics and Statistics solicits
applications for the Frey Family
Endowed Chair of Quantitative Finance,
a tenured professorship. Candidates
must have a distinguished reputation
for research and graduate training in
mathematics, statistics or operations
research with application to the theory
and practice of quantitative finance. The
endowed chair will direct the depart-
ments growing quantitative finance
program (currently 75 Masters and
PhD students), including teaching and
advising as required; must articulate a
strong vision for the continued devel-
opment of the program; develop out-
reach initiatives to the investment com-
munity, including executive programs
and sponsored funding; participate in
and provide leadership for the strong
research program in QF; and supervise
and train PhD students.

The department is ranked among the
top 10 applied mathematics depart-
ments in the U.S.  Its 24 full-time and
15 adjunct faculty have a broad array of
research interests and collaborations in
applied mathematical sciences.  It has
access to several high-performance
computers.  The department graduates
about 20 PhDs, 105 MSs, and 140 BSs
annually. The University is located 50
miles from Manhattan and one mile
from the headquarters of Renaissance
Technologies.  Send application materi-
als including a cover letter addressing
qualifications for the position, CV, and
statement of research interests and
arrange to have at least three profes-
sional references sent to:  

Professor Joseph Mitchell, Chair
Department of Applied Mathematics

and Statistics
Math Building, Room P139A

Stony Brook University
Stony Brook, NY 11794-3600

Consideration of applications will begin
in fall 2014 and will continue until the
position is filled.  

For a full position description and/or
application procedures, visit
www.stonybrook.edu/jobs
(Ref. #F-8149-14-07-F.)  

Stony Brook University/SUNY is an
equal opportunity, affirmative action

employer. 

http://www.stonybrook.edu/jobs
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THE FEATURE COLUMN
monthly essays on mathematical topics

Each month, the Feature Column provides an online 
in-depth look at a mathematical topic. Complete with 
graphics, links, and references, the columns cover a wide 
spectrum of mathematics and its applications, often 
including historical figures and their contributions. The 
authors—David Austin, Bill Casselman, Joe Malkevitch, 
and Tony Phillips—share their excitement about develop-
ments in mathematics. 

Recent essays include:

William Thurston
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Arrangements and Duality or How I Learned to Slice 
a Ham and Cheese Sandwich

Fragments of Greek Mathematics

www.ams.org/featurecolumn

AMS members: Sign up for the AMS 
members-only Headlines & Deadlines 
service at www.ams.org/enews to 
receive email notifications when each 
new column is posted.
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Knots in the Nursery:
(Cats) Cradle Song
of James Clerk Maxwell
Daniel S. Silver

A
field of mathematics can acquire en-
ergy from a notable paper. I will wager
that knot theory is the only field that
was both propelled by a paper and
heralded by a poem. The paper, “On

knots,” was written by the Scottish mathematician
and physicist Peter Guthrie Tait in 1877. The poem,
(Cats) Cradle Song, was a witty response by James
Clerk Maxwell, another Scottish mathematician as
well as a physicist, who today ranks alongside
Newton and Einstein.

Many associate Maxwell only with the epony-
mous equations that relate electricity and mag-
netism. Sadly, scientists are seldom remembered
for their general intellect or sense of humor.1

Maxwell’s writing reveals an abundance of both.
Tracing Maxwell’s literary influences is trickier

than chasing down his scientific ones. Maxwell’s
biographer, Lewis Campbell, boasts of his sub-
ject’s wide-ranging tastes in literature: “[Maxwell’s]
acquaintance not only with scientific literature,
but with nearly every other class of books was
astonishing.” Lewis Carroll was among Maxwell’s
favorite authors.2

Maxwell’s enjoyment of books was matched by
his obsession with puns. They were more than
exercises for his sprinting mind. In a Cambridge
essay of 1858, Maxwell explained:

Daniel S. Silver is professor of mathematics and statistics
at the University of South Alabama. His email address is
silver@southalabama.edu.
1Einstein is the premier exception.
2Writing backwards, Maxwell asked Tait in 1873, “Why have
you forgotten to send Alice? We remain in Wonderland till
she appears.” Later he sends another note: “Θαγξ φoρ
Aλλες,” which, read phonetically, says, “Thanks for Alice.”

DOI: http://dx.doi.org/10.1090/noti1171

Now, as in a pun two truths lie hid under
one expression, so in an analogy one truth
is discovered under two expressions. Every
question concerning analogies is therefore
the reciprocal of a question concerning puns,
and the solutions can be transposed by
reciprocation.

Evidence of Maxwell’s humor leaps from the
many letters and postcards he wrote to Tait, his
lifelong friend. It is found also in poems that
he wrote for the amusement of his colleagues.
Sometimes biting, always witty and enigmatic, the
poems mirrored the personality of their author.

(Cats) Cradle Song was composed just before
Maxwell was diagnosed with a disease that would
take his life at the age of forty-eight. Unlike A
Paradoxical Ode, Maxwell’s dark, last poem, (Cats)
Cradle Song is sunny and lighthearted. Its purpose
was to have a bit of good-natured fun at Tait’s
expense.

Our purpose is to have some fun exploring
the lines of (Cats) Cradle Song. We will try to
capture some of the playful spirit that brought
knot theory into being. References to mathematical
ideas that were novel at the time will emerge. Some
of the ideas would endure and inspire succeeding
generations.

A Knotty Backstory
Tait thought of a knot just as mathematicians do
today, as a closed loop in ordinary 3-dimensional
space. Similarly, a link is a collection of knots,
no two intersecting. One should think of loops
of highly elastic material. Two knots or links are
thought to be the same if one can be deformed into
the other without breaking. Showing that two knots
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James Clerk Maxwell

or links are different can be a formidable task, but
one that can be surmounted with ideas from algebra,
combinatorics, or hyperbolic geometry. The past
three decades have seen an abundance of new knot-
theoretic tools, some of them having relationships
with methods of mathematical physics. Today,
knot theory is one of the most active areas of
topology.

Knots have bound the attention of mathemati-
cians for more than two centuries. While Carl
Friedrich Gauss considered knots mathematically,
the first sustained study of them began with Tait
about the year 1876. And it began oddly.

Tait’s enthusiasm for knots was sparked by
Hermann von Helmholtz. The German physician
and physicist had shown that knots of ether, a
subtle, frictionless fluid thought to permeate the
universe, would persist eternally. In Tait’s language,
knots of ether “will for ever remain stamped with
that vortex-motion at least until the creative act
which produced it will take it away again.”

Tait had many enthusiasms. Pipe smoking was
another. In his mind, smoke rings were a crude
but instructive model of etherial vortices. He
fashioned a pair of devices to manufacture smoky
rings and demonstrated them for his colleague
William Thomson, later Lord Kelvin. What he made
were two simple wooden boxes, each with a large
opening in the back and a small hole in front. A
piece of India rubber was stretched over the backs.
Inside the boxes Tait placed dishes of common salt
and sulphuric acid. When he struck the back of
each box, rings of hydrogen chloride gas emerged.

Peter Guthrie Tait

As the reagents combined, so too did Thomson’s
thoughts. Observing the poisonous rings perform
their silent acrobatics, Thomson concluded that
chemical elements must in fact be knotted vortices
of ether. Different knots then must constitute
different elements. So was born the vortex atom
theory.

But the theory was nearly stillborn. In June 1868,
French mathematician Joseph Bertrand announced
in the journal Comptes Rendus what he believed
to be a major flaw in Helmholtz’s article. Tait
seemed ready to abandon the vortex atom theory.
To Thomson he wrote:

Did you see the Comptes Rendus? In that
for the 22nd June (I think) Bertrand states
that there is a mistake in the beginning of
H2’s Vortex paper3 which renders ALL HIS
RESULTS ERRONEOUS. So, of course, you
may drop your vortex-atom-paper, and come
home to useful work. B. does not point out
the mistake, nor have I been able to find
it—but H2 will perhaps be able to tell you.

The analogy between fluid flow and electromag-
netism had already persuaded Maxwell to follow
closely the developments in the vortex atom theory.
Aware of his interest, Thomson suggested that Tait

3Experimental initialism such as this was popular among
British scientists of the nineteenth century. In his book Flat-
land (1884), the author Edwin Abbott Abbott referred to
himself as “A Square.” Maxwell often replaced his initials

with ∂p
∂t , short for the equation JCM= ∂p

∂t , expressing a law
of thermodynamics.
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Figure 1. Borromean rings from Tait’s paper “On
knots.”

ask for Maxwell’s opinion of Bertrand’s criticism.
A fortnight brought reassurance from Maxwell:

I do not see the Comptes Rendus, nor do I
perceive, without the aid of Bertrand, the
‘légère faute’ in H2. In fact I consider it
impossible to commit one at the beginning of
such a theory. You must either tell a ‘rousing
whid’4 or be infallible.

Maxwell added that he had checked the equa-
tions in Helmholtz’s paper and found them to be
correct. If Maxwell is responsible for extending
the life of the vortex atom theory, then he should
receive credit also for Tait’s eventual plan to
develop a mathematical theory of knots.

Nobody knows why a decade passed before Tait
began his project of knot classification. Neverthe-
less, by 1877 he was completely immersed in it.
After reading several short papers about knots
to the Royal Society of Edinburgh, Tait began to
organize his results for a large work. “On knots”
would be the first mathematics publication with
the word “knots” in its title.

Until now Tait had been unaware of work done by
Johann Benedict Listing, a German mathematician
and former student of Gauss. It was Listing
who coined the word “topology.” He had used
it in the title of a publication, “Vorstudien zur
Topologie” (1847). A later paper by Listing, “Der
Census räumlicher Complexe,” contains first steps
in the direction of homology theory, steps that
Maxwell embraced in his Treatise on Electricity and
Magnetism (1873). In an amusing postcard dated
January 22, 1877, Maxwell informed Tait that, if
he was looking for Listing’s work on knots, then
he was reading the wrong paper:

You are reading a paper in 4◦ in Gött. Comm.
[“Der Census räumlicher Complexe”]. The

4The phrase “rousing whid” is from the poem Death and
the Doctor by Scottish poet Robert Burns. Tait would have
appreciated the reference to the work of a fellow
countryman.

knots are in an older paper [“Vorstudien zur
Topologie”]…. There is good stuff in the 4◦

paper but knot nots.5

Tait, aware of Maxwell’s mastery of the literature,
asked his friend for comments about a draft of
“On knots.” On June 30, Tait wrote to Maxwell:

Would it bother you if I sent you the M.S.S. of
my paper Knots prepared for Trans R.S.E.?
If not I wish you would look it over. I have
got so thoroughly on one groove that I fear I
may be missing or unduly exalting something
which will appear excessively simple to any
one but myself. You are just the party to
detect this.

In the letter, Tait confessed that he was baffled
about questions of linking:

Here for instance, is one of my difficulties.
What are we to call the “belinkedness” of
the arrangement [Figure 1], where there is
no linking at all & yet you can’t separate the
rings? If you change any one sign [crossing] a
ring comes off, but one degree of linkedness
is introduced! This is neither Knot nor Link.
What is it?

The link that Tait described had once been
favored by the sculptor Michelangelo, who used it
(with the letter “M” ) to mark his stones. Its current
name, “Borromean rings,” derives from its heraldic
use by the Borromeo family of northern Italy.

In his letter, Tait continued:

The M.S.S. is with the printer, and I could
have moved the Council R.S.E. to inflict it on
you—but I don’t like to bother you unless
you are pleased to be bothered. Neill says
his type is at present all locked6 by Plarr’s &
Milne Home’s papers so that you can have
the M.S.S. for 3 weeks if you like.

Whether Tait received any helpful comments
from Maxwell is not clear. At the least, he got a
poem. (Cats) Cradle Song appears in biographies
both of Maxwell and Tait.

5Here is typical Maxwellian humor. Not satisfied with the
simple pun “not knots,” Maxwell has interchanged the roles
of the two words.
6In this precomputer age, publications were set up in lead
type.
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(Cats) Cradle Song,
By a Babe in Knots.

PETER the Repeater,
Platted round a platter

Slips of slivered7paper,
Basting them with batter.

Flype ’em, slit ’em, twist ’em,
Lop-looped laps of paper;

Setting out the system
By the bones of Neper.

Clear your coil of kinkings
Into perfect plaiting,

Locking loops and linkings
Interpenetrating.

Why should a man benighted,
Beduped, befooled, besotted,

Call knotful knittings plighted,
Not knotty but beknotted?

It’s monstrous, horrid, shocking,
Beyond the power of thinking,

Not to know, interlocking
Is no mere form of linking.

But little Jacky Horner
Will teach you what is proper,

So pitch him, in his corner,
Your silver and your copper.

Untangling (Cats) Cradle Song
Cat’s-cradle, a children’s string game known around
the world, had come to England recently.8 It
is mentioned in Anthony Trollope’s The Last
Chronicle of Barset, a popular novel first published
in 1867 and conceivably one that Maxwell had read.
Maxwell, the restless punster, separates “Cats” in
parentheses and emphasizes “Cradle Song.” His
poem is a friendly tease of a grown man playing
with knots. Maxwell, a playmate, signs himself “a
Babe in Knots.” Possibly, “a Babe in Knots” is a
wordplay on “babe in arms.” However, it might
also be Maxwell’s variation of “Babes in the Wood,”
the name of a traditional story about children lost
in a dangerous forest.9

7In some publications the word “silvered" appears in place
of “slivered.” The version here agrees with that found in The
Life of James Clerk Maxwell.
8Writing about cat’s-cradle in 1906, ethnologist Alfred Had-
den concluded that it must have been introduced into
England “within relatively recent years as there are no
references to it in the older literature.”
9In 1879, watercolorist Randolph Caldecott illustrated the
story for George Routledge and Sons, London. Maxwell’s

Peter the Repeater

Peter the Repeater is, of course, Peter Guthrie Tait,
“repeater” being one who recites a lesson. Maxwell
might have been alluding to the popular English
nursery rhyme about “Peter Pumpkin Eater.”10

Flype ’em, Slit ’em, Twist ’em

In the poem, Tait is “platting” or braiding strips of
paper, twisting, gluing and slitting them. “On knots”
is more explicit: “Give the slip one half twist (i.e.,
through 180◦) before pasting the ends together.
The edges now form one continuous curve.” What
Tait described would later be called a Möbius band,
named after August Ferdinand Möbius, one of two
mathematicians who discovered it simultaneously
in 1858. The other mathematician was Listing.
His drawing, found in “Der Census räumlicher
Complexe”, was the first published image of the
band.

Tait explored variations. For example, on page
297 of “On knots,” he wrote: “Give one full twist
before pasting. Each edge forms a closed curve. The
curves are, in fact, once linked with each other.” He
continued: “Now suppose that, in any of the above
examples, after the pasting, we cut the slip of
paper up the middle throughout its whole length.”
The Möbius band remains connected while the
band with a full twist becomes “two interlinking
single coils, each having one whole twist.”

When a band with three half twists is cut up
the middle, the result is “a trefoil knot, and when
flattened it has three whole twists.” This and
the other variations, using any number of half-
twists, were explained in “Der Census räumlicher
Complexe”, yet Tait failed to acknowledge it in his
paper. In Listing’s obituary, which Tait wrote for
Nature in 1883, grudging amends are made. After
comparing Listing’s examples to “a well-known
juggler’s11 trick,” Tait added:

This remark of Listing’s forms the sole basis
of a work which recently had a large sale in
Vienna: —showing how, in emulation of the

favorite cousin Jemima Wedderburn Blackburn was an-
other famous watercolorist of the period. I conjecture that
Maxwell knew Caldecott and had his forthcoming book in
mind.
10Just a few years earlier, in 1868, James Riddell published
a collection of verse, Aberdeen and Its Folk. In it one finds
an early, disturbing version:

Peter, my neeper
Had a wife,

And he couidna’ keep her.
He pat her i’ the wa’,

And lat a’ the mice eat her;

Maxwell would have had interest, since he held his first
professorship at the University of Aberdeen.
11In nineteenth century Britain, the word “juggler” meant
someone who entertains people, often with tricks.
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Figure 2. Title page of Simony’s publication, 3rd
edition, Vienna.

celebrated [Henry] Slade, to tie an irreducible
knot on an endless string!

Henry Slade was a famous American psychic,
believed by many to have paranormal abilities.
Slade had given seances in England in the summer
of 1876. When his deceptions were discovered, he
was tried, convicted of fraud, and sentenced to
three months of hard labor. Slade managed to avoid
prison by a legal technicality, and he proceeded
to Germany and Austria, where Spiritualism was
growing in popularity.

Johann Zöllner, a professor of physics and
astronomy at the University of Leipzig, had un-
wavering faith in Slade. He believed that spirits
resided in four-dimensional space. That any knot
can be undone in a such a space had become
known.12 Zöllner was convinced that Slade was

12In “On knots” Tait gives a reference to a paper of Klein
(Mathematische Annalen, ix. 478) in which the result is not
specifically mentioned. Klein, realizing that he could prove

tying knots in endless strings with the aid of an
extra dimension. The work that Tait reported had
sold so well in Vienna was an illustrated pamphlet
by a friend of Zöllner, the mathematician Oscar
Simony (see Figure 2).

Tait was always the scientist. In an article in
Contemporary Review, “On the teaching of natural
philosophy,” he declared: “There is nothing so well
fitted like mathematics to take the nonsense out of a
man.” Still, Tait’s views on the possibility of a spatial
fourth dimension must have been complicated.
He had recently published a bizarre book, The
Unseen Universe, with co-author Balfour Stewart, in
which he proposed that we live alongside infinitely
many parallel universes of material approximating
perfect ether. In these universes, Tait believed,
thoughts and souls might dwell.

Maxwell, ever cautious about speculation, espe-
cially on matters of faith, was more doubtful about
the possibility of a spatial fourth dimension. In a
letter to a friend in 1871, he wrote:

The peculiarity of our space is that of its
three dimensions none is before or after
another. As is x, so is y and so is z.

If you have 4 dimensions this becomes a
puzzle, for first, if three of them are in our
space, then which three?

Setting Out the System by the Bones of Neper

The main goal of “On knots” was enumeration. Tait
would first have to find a way to encode knots.

Since ancient times, knots and links have been
depicted by diagrams on flat surfaces, projections
with the generic property that at most two segments
cross anywhere and do so transversely. The artistic
“hidden line” device can indicate which segment
crosses over the other when the knot or link is
viewed from the direction of the projection. Tait
restricted his attention to diagrams with crossings
that go alternately over and under as we travel along
the knot or link in either direction. A knot with such
a diagram is said to be alternating. In “On knots”
Tait did not ask whether every knot is alternating.
He believed that the answer was no, but he had
no means to prove it. Examples of nonalternating
knots were later given by C. Bankwitz in 1930 and
by Kurt Reidemeister in 1932.

Tait employed a simple code to describe knots.
He was apparently unaware that it had been used
many years before by Gauss:

If we affix letters to the various crossings, and
going continuously round the curve, write
down the name of each crossing in the order
in which we reach it, we have, as will be

the fact, had written to Tait about it. In his collected works,
Klein added a footnote to his paper, stating that the result
should follow.
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proved later the means of drawing without
ambiguity the projection of the knot.

The problem of classifying knots that can be drawn
with a given number of crossings now became
one of combinatorics. Unfortunately, some codes
cannot be realized.13 Those codes that do represent
a knot are not unique representations. In order to
eliminate duplication, Tait sought tricks that would
produce another diagram for a knot from a given
one. One trick involved turning over part of the
diagram while leaving the rest unchanged. “Flype”
was the name that Tait chose for this operation,
thereby reviving an old Scottish word meaning
roughly to turn outside in, as one might do with
a wet glove. Tait made several conjectures that
remained unproved for more than a century until
deeper methods became available. His conjecture
that any two alternating diagrams of the same
knot are related by a finite sequence of flypes was
finally proved in 1991 by William Menasco and
Morwen Thistlethwaite.14

In “On knots” Tait mentioned briefly that he
had devised a time-saving system using pieces of
cardboard “somewhat resembling” John Napier’s
Radbology. The latter was a system of marked ivory
rods with which multiplication and division can be
reduced to the simpler operations of addition and
subtraction. It was a creation of John Napier, the
inventor of logarithms, more than two hundred
fifty years earlier. Napier, whose Scottish name
admitted a disturbing variety of spellings, often
signed himself “Neper.” His ivory rods became
widely known as “Neper’s bones.”

Clear Your Coils

Tait pictured a knot diagram as a rope (with its
ends connected) wound on top of an invisible flat
surface. Thrust your arm through an empty space
in the surface and lift. The result is what Tait
meant by a “coil.” If all the cords travel in the same
direction around your arm, then the coil is “clear."
Tait referred to a clear coil as a “perfect plait”. In
modern parlance, a clear coil is a closed braid.

Of course it might be impossible to clear the
coil. A cord might double back and twist about
itself, forming a “kink.” Or two cords doubling
back in opposite directions might pass through
each other and “lock.”15

13This difficulty motivated Louis Kauffman in 1991 to
develop a theory of virtual knots.
14Tait made several conjectures about knots. Another, that
a diagram of an alternating link with no reducible cross-
ings has in fact the fewest possible crossings, was proved
independently in 1987 by Kauffman, Menasco, and Kunio
Murasugi. A reducible crossing is one that can be removed
by simply twisting the diagram.
15Tait, it seems, almost stumbled onto braid theory, a study
introduced by Emil Artin in 1925. What Tait did not seem to

Beduped, Befooled, Besotted

Like Maxwell, Tait was well educated. He astounded
friends by reciting from memory lengthy Greek and
Latin verse. In “On knots” we see him struggling to
find the best phrase to describe a new mathematical
phenomenon.

Tait defined the term “order of knottiness”
(or simply “knottiness") of any knot to be the
smallest number of crossings needed to depict
it. For example, a trivial knot, i.e., a planar circle,
has knottiness zero. Tait showed that knottiness
equal to 1 or 2 is impossible. A trefoil knot has
knottiness equal to 3, since it can be represented
by a diagram with 3 crossings.16

Knot theorists today use the term “crossing
number” instead of “knottiness.” Regardless of
what word one uses, the quantity is difficult to
compute. It is a testimony to the man’s courage
that Tait introduced a second, much scarier,
term, “beknottedness,” and promised to explore
it in a second paper. By beknottedness Tait
meant the smallest number of crossing changes
(interchanging over- and underarcs of a diagram)
required to change a diagram to that of a trivial
knot. “Belinkedness,” Tait explained, is defined for
links in a similar fashion. Here is the babe entering
a dangerous wood.

Beknottedness is frightening for two reasons.
First, one must be able to recognize the trivial
knot after changing some number of crossings of
a diagram. Even today, no efficient algorithm for
this recognition problem is known.17 Second, in
order to obtain a useful quantity, one must find
the minimum beknottedness over all diagrams of
the knot.

Tait and Maxwell were both “beduped” and
“befooled” as they thought about beknottedness.
On a piece of paper in a scrapbook that Tait kept,
we find an undated note (Figure 3) in which Tait
struggles with the concept. On top of the paper
we read: “Hitherto measured Bek. [Beknottedness]
by least no. of signs to be changed to take all off.
Seems unnatural.” The words “silver” and “copper”
appear below the first pair of diagrams. They refer
to imaginary silver and copper coins, which Tait
used in various ways as markers. He gives bucolic
instructions in “On knots”:

realize is that every knot can be put into the form of a closed
braid, a theorem proved by J. W. Alexander in 1923.
16Tait could not prove that the trefoil knot is different from
the planar circle. This fact seemed obvious to him. It would
be shown rigorously in 1905 by W. Wirtinger using group
theory.
17In 1961, W. Haken showed that the problem is at least de-
cidable. His algorithm and later ones require time that is, in
the worst cases, exponential in the number of crossings of
the knot diagram.
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Figure 3. Tait’s notes on beknottedness. (Reproduced with permission of James Clerk Maxwell
Foundation.) Photo: Susan G. Williams.

Regarding the [knot] projection as a wall
dividing the plane into a number of fields, if
we walk along the wall and drop a coin into
each field as we reach it, each field will get as
many coins as it has corners…. To make this
process give the distinction between crossing
over and cross under, we may suppose the
two coins to be of different kinds,—silver and
copper for instance…. Or, still more simply,
we may dispense altogether with the copper
coins, so that going round, we pitch a coin
into the field to the right at each crossing
over, to the left at each crossing under.

Maxwell will have fun with pitching coins in the
last stanza of his poem.

We digress in order to point out a knot-
theoretical surprise in Tait’s note (Figure 3). He
has cut a directed knot diagram at a crossing and
reconnected the four ends in the two possible
ways that respect the direction of the diagram:
a “reduced knot” and a link result, each having
a diagram with one less crossing than the origi-
nal. Tait writes: “Rules are given for finding the
beknottedness of the original knot from that of
the reduced one, and the belinkedness of the link.
Thus we get down stage by stage.” Tait adds: “I

1192 Notices of the AMS Volume 61, Number 10



have not yet been able to condense this rule.”18

In On knots, Part II, Tait discusses beknottedness,
and it is likely from what he writes that his notes
were written prior to its publication. However, in
the later paper he says nothing about the rule he
had been seeking.

Had Tait succeeded in condensing his rule, he
would have produced the first “skein relation” for
knots. Fifty years later, J. W. Alexander would do
this. John Conway would introduce the term “skein
relation” in 1967, and later developments by Louis
Kauffman and Vaughan Jones would make the
theory of skein relations one of the most powerful
tools of modern knot theory, helping to answer
conjectures (such as Tait’s Flyping Conjecture)
and building bridges between knot theory and
mathematical physics.

It’s Monstrous, Horrid, Shocking

Maxwell had a special interest in the Borromean
rings, the link that had so perplexed Tait. No two
of its rings are linked, yet the configuration cannot
be pulled apart. In the language of Tait, the rings
were “interlocked” but not “linked.” In his Treatise,
Maxwell had written about a related but simpler
example, two rings with signed or algebraic linking
number equal to zero but again impossible to
separate, known today as a Whitehead link (Figure
4). Maxwell knew that linking numbers could be
computed using an integral formula that Gauss
had discovered in 1833 while investigating celestial
mechanics. By reinterpreting the integral, Maxwell
had realized that, if electric current runs through
one ring of the Whitehead link, then no work is done
moving a charged particle along the other. Maxwell,
an exceptionally able mathematician, sensed a
deep idea here. Finer tools than those which he or
Tait possessed would be needed to understand it
fully.

Little Jacky Horner

Maxwell returns to children’s themes in the final
stanza of (Cats) Cradle Song. Tait has been trans-
formed from a reciter of lessons, as in the initial
stanza, to a child sitting in a corner, pulling fruit
from a pie.

18One of the referees comments: “Tait had the idea of us-
ing an UNORIENTED skein expansion that is exactly the one
that sits behind the structure of the Kauffman Bracket state
sum model for the Jones polynomial. It was very difficult
for researchers (such as myself) to think about unoriented
diagrams. The Figure 5 shows that a certain simplicity of ap-
proach had been present with Tait, and later lost to others
until they found their way back to it!”

Figure 4. Whitehead link from Maxwell’s Treatise.

Little Jack Horner
Sat in the Corner,

Eating a Christmas pie;
He put in his thumb,

And pulled out a plum,
And said, ‘What a good boy am I.’

The nursery rhyme was already well known in
Britain by the eighteenth century.19 Lord Byron
refers to Jack Horner in his satiric poem Don Juan,
Canto XI, published in 1823, a popular work that
Maxwell would possibly have read.

It is likely that, in Maxwell’s mind, Jack was doing
more than playing with his food: he was computing.
At the time, most mathematicians hearing the
name “Horner” would have immediately thought
of Horner’s method in algebra.20

Jack, sitting in the corner of a knot diagram,
would need the silver and copper coins in order to
calculate. And by showing us what is proper, as
Maxwell promises, the child will lift the fog of our
knotful confusion—eventually.
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Shreeram Abhyankar
(July 22, 1930–
November 2, 2012)
Shashikant Mulay and Avinash Sathaye, Coordinating Editors

Shreeram Abhyankar

S
hreeram Abhyankar was an influential
mathematician and an inspiring teacher.
His infectious enthusiasm for research
and steadfast devotion to teaching have
been truly inspirational not only for us,

his students, but for all who came in contact
with him. His attractive and accessible lectures,
delivered in his inimitable style, presented their
mathematical content with such clarity that the
audience was not just impressed, but sensed an
irresistible invitation to try their hand at the topic.
Whether it was algebraic geometry or algebra,
he always preferred concrete over abstract and
was admirably adept at detecting key elementary
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motivations that opened the doors to a novel
mathematical treasure. As a self-proclaimed high
school algebraist, he proved the beauty and power
of high school algebra through his research while
extolling its virtues with missionary zeal in his
expositions. He solemnly wrote:

Polynomials and power series
May they forever rule the world.

Most remarkably, he did not erect any ego-
tistical barriers around his personality, never
exuded any exclusiveness, and welcomed all stu-
dents/researchers to his Gurukul (guru’s extended
family). One never felt the weight of his accom-
plishments in his company. Although not related
by blood, we were a part of his family and he was
a beloved member of ours; we will miss him dearly
for the rest of our lives.

In this article, contributing authors describe the
impact of Abhyankar’s multifaceted mathematical
work and their remembrances of him. Abhyankar’s
better half, Yvonne, presents a short biographical
sketch and a glimpse into their life together.
We, the coordinating editors, feel fortunate to
have received the contributions and are sincerely
grateful to the contributors.

Yvonne Abhyankar
On November 2, 2012, Ram went to sit at his desk
after taking a short nap after breakfast and waking
up to answer a call from his brother in Pune. I
left the room for a few minutes, and when I came
back I found him leaning back in his desk chair
and I could not rouse him. The Purdue paramedics
came quickly, and he was taken to the hospital,
but nothing could be done. He had died of “natural

Yvonne Abhyankar’s email address is ymabh@hotmail.com.
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causes” according to the death certificate. We had
known each other for about fifty-eight years and
were married for over fifty-four.

I went to college at Barnard College, which was
affiliated with Columbia. As a Barnard student it
was possible to take courses at Columbia, so in
1955 I registered for a math course at Columbia.
The instructor turned out to be Ram. After some
weeks he suggested we go out, and then for a time
we went out quite often. Of course, as my friends
tell me, this was a highly improper thing to do.
Eventually we drifted apart. After some time I heard
that Ram had been in a car accident in Maine, so I
wrote him a short letter hoping that he would soon
be well. Somehow we continued corresponding. He
had, by that time, begun teaching at Cornell. I was
by then a graduate student at Boston University.
Since Ram had studied at Harvard, getting his
Ph.D. under Oscar Zariski, he came frequently to
Boston to see Zariski, and since I was also there, he
visited me. In this way our courtship and lifelong
friendship began.

He told me that he was born in Ujjain, but
spent most of his life in Gwalior, where his father
taught mathematics at a college and later became
its principal. Mathematics was the household
business, and Ram was surrounded by it since he
was a child. Ram fell in love with mathematics as
soon as he learned to count and would spend hours
on end in the pursuit of further knowledge. Ram
became so obsessed with mathematics at a young
age that it worried his father; once Ram’s father
locked up his math books. This disturbed young
Ram greatly; with the help of his uncle he would
wake at the crack of dawn before anyone else and
sneak away and unlock the hidden treasure.

Family was always very important to Ram. Ram
was surrounded by a large extended family growing
up. He was the second eldest; he had two sisters
and three living brothers and many cousins. He
told many stories of his life growing up with his
siblings.

His father and uncles were able to teach him
the foundations of mathematics, but Ram knew
that he needed to find a teacher who could teach
him more. Ram had studied first in Gwalior, but
then he shifted to Bombay and studied at what was
then known as the Royal Institute of Science. Since
his father was a mathematician, Ram felt it would
be better to say that he wanted to go to Bombay to
study physics. He referenced the Gateway of India
in Bombay as his gateway as well, for he knew
that he needed to leave his beloved country to
find his true passion. While in Bombay he attended
lectures at the new Tata Institute. Among the guest
lecturers he mentioned was Professor Stone, who
was visiting from Chicago. He also met Masani, who

had recently received a Ph.D. from Harvard. These
encounters solidified Ram’s belief that he had to
leave India. In 1950 this was not an easy task, as
he could not afford to go without financial help.
He managed to get some study grants from India,
and thus his journey began. He got free passage
on a ship to the US. He fell ill on the ship going
to the US and ended up in a seamen’s hospital in
England, fortunately after socialized medicine had
been established there. Ram took some time to
recover enough to finish his trip to Harvard.

By the time he reached Cambridge, it was quite
late in the semester. Upon arrival Ram immediately
went to the mathematics department at Harvard.
It was a Saturday morning when he arrived at the
department. He enquired whom he could see, and
the secretary suggested seeing Professor Oscar
Zariski, who happened to be in the department,
perhaps getting his mail. Ram often spoke of this
first meeting. Zariski apparently asked him various
questions about mathematics and at the end asked
what courses Ram proposed to take. On seeing
the list, which had been suggested by Masani,
Zariski proposed that Ram take more advanced
courses except for one in projective geometry
which Zariski was teaching. Zariski later said it
was a beautiful subject but not one to do research
in. Later Ram told me that this turned out to be
incorrect. Zariski asked Ram what his father did,
and Ram reported that he was a college math
professor. Then, not knowing that one should
not ask personal questions, Ram enquired what
Zariski’s parents did and was told that his father
was dead and that his mother had a cloth shop.
Zariski suggested that Ram come to his house and
pick up some books since Ram had arrived after
the semester had begun so he thought this might
be helpful. In this way Ram found the mentor that
he had so greatly wanted and his embarkation into
algebraic geometry began.

His early days at Harvard were mathematically
invigorating but financially challenging, as one
grant that he believed he had existed only on paper
and the money did not arrive at Harvard. Thus he
had some financial difficulties and was obliged to
eat all his meals at the college since he could charge
them. From his second year onward he got financial
aid from Harvard. Ram told many stories of his
stay at Harvard and his good fortune in meeting
Zariski. He also spoke often of Mrs. Zariski and
how kind she had been to him on many occasions.
After we were married we often visited the Zariskis
in Cambridge, and later they spent time at Purdue.

In 1958 Ram and I decided to get married. Ram
came from a culture of arranged marriages, and
clearly I did not fit into this scenario. He wrote
his father a letter asking permission to marry me,
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and his father agreed to the marriage. When I
enquired what he would have done had his father
said no, he said he would have married me anyway.
We married on June 5, 1958, which he thought
convenient, as it was also my birthday. After getting
married we went to Paris for a month. J.-P. Serre
arranged the hotel and also told Ram that he did
not expect him to do much mathematics during
that month, though that had been the original plan,
saying that after all he was a Frenchman. He found
us a room at a hotel, Montalembert, which was a
modest hotel. One of the nice things was that one
could have breakfast at any time. Later, when we
returned to Paris, as we did often, it had turned
into a really elegant, fancy hotel which we could no
longer easily afford. At the time we were in Paris
on our honeymoon we could afford wonderful
meals. After our honeymoon in Paris we went to
Gwalior, India, where Ram’s parents had lived for
many years, and were again married in a Hindu
ceremony. It had been seven years since Ram had
been in India, and his mother was so excited to
see him that she fell down some stairs, fortunately
not injuring herself. Ram’s parents welcomed me
with open arms. Most of his family spoke English,
so it was very easy for me to communicate with
them. Ram’s mother on the other hand did not
speak English, and so I decided to learn Marathi.

By the time we were married Ram had a job at
Johns Hopkins, and I registered as a student there
and got a master’s in physics. After some years at
Hopkins, Ram accepted a job at Purdue. Here Ram
established his career and built his mathematical
legacy. Over the years he had twenty-one graduate
students and many unofficial students. Ram mostly
worked from home, and his collaborators would
spend many hours at our house. Over the years
he also got to meet faculty in engineering and
computer science, and gradually they began to
learn mathematics from him as well. During our
marriage Ram lectured in many places, was a
visiting professor in several universities, and we
traveled a lot, first the two of us and later, when
we had children, we traveled with them.

In 1970 our son, Hari, was born and in 1973
our daughter, Kashi. Ram was determined to have
his children speak his language, Marathi, and also
know something of the culture of India. For this
we spent many years in India. Ram loved having
his children around; he said their noise helped
him concentrate on his work. After the children
grew up and left the house he found it hard to be
without them, so we traveled more than ever. When
our children married and each had two daughters,
Ram very much enjoyed playing with them. Our
son and his family visited West Lafayette just the

Igusa, Abhyankar and Nagata, 1957.

week before Ram died. Hari said he somehow felt
a strong urge to come. Kashi and her younger
daughter were to come the week after he died, and
we both were very much looking forward to their
upcoming visit.

Ram greatly enjoyed teaching and having stu-
dents, and just as Zariski had invited him to his
house, Ram, who generally worked at home, had
students coming over very often. This continued
until he died very suddenly on November 2, 2012.
He was fortunate in that he could continue to
teach and have students until he died. He greatly
enjoyed doing mathematics and also collaborating
with other mathematicians in his research. In fact,
the day after he died, a student, who had not heard
the sad news, appeared at our house to discuss
mathematics with him. Ram never wanted to retire
and he had his wish fulfilled.

A number of his former students and friends
came to our house when they heard the news,
as they were very much a part of his family. A
former student, Avinash Sathaye, who was like a
son to him, in addition to being a mathematician
is also very well versed in Sanskrit, and so helped
a great deal by conducting the funeral. Ram was
cremated as is the Hindu tradition, and his ashes
were scattered in the Wabash River by Hari while
Kashi and I looked on. While he remained mentally
as acute as ever until he died, in retrospect I
realize that he had been physically declining for
some time. Walking any distance had become
difficult; he needed a wheelchair when we traveled
by air. Without being able to do mathematics he
would have been miserable. He often said that
mathematics was his religion and it was his life.
He spent most of his day thinking and breathing
mathematics.
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Nagata and Abhyankars, 1958.

Chanderjit Bajaj
I greatly valued the opportunity to have Dr. Shree-
ram Abhyankar as one of my mathematical mentors
and collaborators. While I and several others are
deeply saddened by his death on November 2,
2012, we are greatly indebted for his many contri-
butions to mathematics (both pure and applied,
with the latter sometimes unbeknownst to him)
and for the many ways he imparted his love of this
great subject to others. His wisdom and continual
encouragement to pursue mathematics are most
appreciated.

Shortly after I started graduate school at Cornell
in 1981 to study theoretical computer science,
my advisor, Dr. John Hopcroft, introduced me to
Tarski’s theorem [37], where algorithmic quantifier
elimination yielded a decision procedure for the
first order theory of reals. A goal was to explore
more efficient algorithms, albeit exponential in
the number of alternating quantifications, for
the decidability of quantified real algebraic and
semialgebraic equations, as several problems in
geometric motion planning [36] and geometric
optimization [24] were reducible to it. Little did
I know at the time that Shreeram Abhyankar, a
famous algebraic geometer and chaired professor
of mathematics, had been resurrecting and advanc-
ing the theory of polynomials/power series [17],
factorizations, weighted expansions and birational
mappings [14], [13], and the algorithmic formulae
(resultants) of elimination theory [18] pioneered
by Cayley, Sylvester, popularized by Salmon and
later van der Waerden [38], and of course Macaulay
[35]. Quantifier elimination would recur several
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times in my career and also influence the scientific
careers of many computer scientists, applied math-
ematicians, including those interested in geometric
finite element modeling, computer-aided curve and
surface geometric design, algorithmic robotics and
control, all united by a search for efficient charac-
terizations and solutions of systems of algorithmic
polynomial equations and power series [30].

When I took up my first faculty job in the
computer science department of Purdue University
in 1984, my office quite fortuitously turned out to
be on the same floor as Abhyankar’s office in the
mathematical sciences building. At that time the
offices of the faculty and postdocs/graduate stu-
dents of the Purdue departments of mathematics,
statistics, and computer science were somewhat
commingled, with half or quarter floors sectioned
for each. After spending several late nights in my
office befriending a few of Abhyankar’s students, I
was soon led to meet the great man himself. Ab-
hyankar, who did most of his work out of his home
office (a couple of blocks away from mathematical
sciences), seemed to work tirelessly all day and
late nights discussing with his collaborators and
lecturing to his students. It was easy for me to
join these postdinner sessions, with my own list
of questions and problems, attempting to learn
the breadth and depth of the intertwined fields
of algebra and geometry. It was one of the most
intense yet interesting and enjoyable times of my
young faculty life, with the day spent teaching
computer science to undergraduates and then
evenings and nights consumed in learning un-
dergraduate algebraic geometry from Abhyankar
interspersed duly with some mythology and work
of Indian sages and scholars Bhaskaracharya and
Shreedharcharya [1], [3], [7], [8], [11], [39], [21],
[12].

One of my initial challenges was to develop
computer shape modeling with real algebraic
curves and surfaces. Abhyankar taught me the
algorithmic work of Newton, Hensel, Tschirnhaus,
Weierstrass, and Zariski and how they were theo-
retical computer scientists in our now agreed-upon
distinctions and similarities between computer sci-
ence, pure, and applied mathematics. This helped
develop and implement (in a software package we
called GANITH) effective algorithms for computa-
tions of the arithmetic genus, curve factorizations,
adjoint curve systems, as well as global and lo-
cal polynomial and rational parameterizations
of complex algebraic curves and surfaces, and
moreover characterize them to work in nonalge-
braically closed fields, finite fields, and in finite
precision [19], [20]. The nightly meetings were
also an excellent way for me to learn algebraic
geometry from a guru, namely, valuations [23], [2],
ramifications and local uniformization [4], [3], [8],
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tame coverings and fundamental groups [5], ho-
momorphisms and birational transformations [22],
and, in particular, algorithmic desingularization
theory [6], [9], [10], and nonzero characteristic,
by far his favorite topic. There were of course
many other computational challenges, namely, in
harnessing compactly bounded portions of real
algebraic curves, surfaces to support computa-
tional free-form geometric design and analysis
(a.k.a. real algebraic finite elements) [25], [29], [26],
[31], [32], [33]. The blossoming world of CAGD
(computer-aided geometric design) was already
replete with a variety of parametric finite elements,
including Bernstein-Bezier and B-splines (where
the B- stood for basis) [28]. Abhyankar in a series
of lectures and articles [16], [15] outlined relevant
theorems and techniques that proved useful for
several researchers, including me, in developing
the real algebraic finite elements with applications.

There was also an implicit trade agreement. I
had helped him gravitate from a Windows laptop
(that Yvonne used) to a UNIX workstation where he
eventually did all his writing, and so he would save
his questions for our evening learning sessions, as
he learned the UNIX OS as well as AMS-TEX, and
emails with attachments, etc.

Although some of these computational accom-
plishments are significant, Abhyankar is recognized
for his superlative achievements in mathematics,
which I’ll let others extol. Suffice it to say that
his sixtieth and seventieth birthday conferences
[27], [34] had speakers who were the veritable
who’s who in algebraic geometry. It also soon
became apparent to a growing number of com-
puter scientists and engineers that Abhyankar’s
algorithmic methods in algebra and geometry
had the potential to yield efficient algorithms.
He received invitations to speak and teach at
numerous workshops by computational geometers
in Barbados and symbolic computation folks in
Italy and Germany. His aforementioned birthday
conference speakers also included a veritable mix
of renowned computer scientists and engineers.
At the BIRS (Banff International Research Station)
Workshop on Algebraic Geometry and Geometric
Modeling, January 27–February 1, 2013, an evening
program was devoted to remembrances of Profes-
sor Abhyankar and the influence and impact of
his work on algorithmic algebraic geometry with
applications to geometric modeling.
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Steven Dale Cutkosky
Abhyankar’s interest in resolution of singularities
began when he was a graduate student at Harvard in
the mid-1950s. This was a subject that his advisor
and mentor Zariski was particularly interested
in. Zariski had discovered the general definition
of nonsingularity over all fields and in mixed
characteristic: the local ring of a nonsingular
point is a regular local ring [48]. Zariski had
also proven resolution of singularities of three-
dimensional varieties over an algebraically closed
field of characteristic zero [47] and proven local
uniformization in any dimension over an arbitrary
field of characteristic zero [46], introducing general
valuation theory into the subject. Zariski was
very interested in the question of resolution of
singularities of positive characteristic surfaces and
mentioned this to Abhyankar as an important
problem which was probably too difficult for a
Ph.D. problem. Abhyankar became fascinated with
this problem, and after a tremendous effort solved
it as his Ph.D. thesis.

If X is a projective variety over a field k, then
a resolution of singularities of X is an algebraic
mapping (morphism) f : Y → X such that Y is
projective and nonsingular. The local form of
resolution of singularities is local uniformization.
If ν is a valuation of the function field of X, then ν
determines a unique point of X, called the center
of ν on X. The valuation ring of ν dominates the
local ring R of the point. A local uniformization of
X along ν is a morphism f : Y → X such that Y is
projective and the center of ν on Y is a nonsingular
point on Y . If S is the local ring of this point, then
we have inclusions of local rings

R → S → Vν,
where Vν is the valuation ring of ν and S is
a regular local ring. Much of the difficulty of
local uniformization comes from the fact that the
value groups for general valuations can be very
complicated. Some examples are given on pages
99–106 of [49]. For instance, the value group can
be the rational numbers.

Throughout the history of resolution, ramifica-
tion has played a major role. In 1908, Jung [30]
showed that if a normal complex surface S is finite
over a nonsingular surface and the branch divisor
has only simple normal crossing singularities, then
S has only Abelian quotient singularities. As a
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consequence, the singularities of S are not difficult
to resolve. Abhyankar discovered that this theorem
holds if the extension has only tame ramification
(which always holds in characteristic zero) but fails
if the ramification is not tame. This theorem is of-
ten called the Abhyankar-Jung theorem. It appears
in Abhyankar’s 1955 paper “On the ramification of
algebraic functions” [1].

Abhyankar proved local uniformization along a
valuation in a two-dimensional algebraic function
field over an algebraically closed field of positive
characteristic using his development of ramifica-
tion theory. The proof is published in his 1956
paper “Local uniformization of algebraic surfaces
over ground fields of characteristic p 6= 0” [2].
Abhyankar uses an ingenious method of descent
and ascent to reduce to the case of an extension
of function fields of prime degree and where the
center of the valuation is a regular point in the
smaller field and a singular point above which
needs to be resolved. The difficult case is an Artin-
Schreier extension. Abhyankar gives a direct proof
in this case and deduces resolution of singularities
of projective surfaces over an algebraically closed
field of positive characteristic.

Abhyankar later gave a proof of embedded
resolution of algebraic surfaces in all character-
istics. Most of the proof appears in the series
of papers [4], [5], [6], [7], and the final part of
the proof appears in the 1966 book Resolution of
Singularities of Embedded Algebraic Surfaces [8].
Using this result, he proved that a resolution of
singularities exists for a three-dimensional alge-
braic variety over an algebraically closed field of
characteristic p greater than 5. In [21] Cutkosky
gave a simplified proof of this result. Recently,
Cossart and Piltant [17] have succeeded in proving
that resolutions of singularities exist for algebraic
varieties of dimension three over fields of the
remaining characteristics 2, 3, and 5. Their proof
draws heavily on ideas from Abhyankar’s papers.
It is still unknown if resolutions of singularities
always exist for varieties of dimension greater than
or equal to 4 and of positive characteristic.

Abhyankar outlined a proof of resolution for
arithmetic surfaces in [10], and Hironaka outlined
a simplified proof of resolution of surfaces in
[28]. There are very general proofs of resolution of
excellent surfaces in [36] and [16]. After taking a
suitable generically finite morphism, De Jong [23]
has shown that it is possible to find a resolution
in positive characteristic. Some recent papers on
the problem of resolution in positive characteristic
are by Bravo and Villamayor [13], Hauser [26],
Hironaka [29], Kawanoue [32], Kawanoue and
Matsuki [33], Knaf and Kuhlmann [34], Moh [37],
Spivakovsky [41], Teissier [42], and Temkin [43]. A

Abhyankar, Akizuki and Remmert, 1960s.

self-contained introduction to the problem can be
found in [19].

In characteristic zero, Abhyankar showed that
hypersurfaces of maximal contact always exist for
singularities. This allows a reduction of resolution
of singularities to one dimension or less and
allows an inductive formulation of resolution. He
found an explicit construction, which he called
a Tschirnhausen transformation in honor of the
seventeenth-century mathematician. The trans-
formation is a generalization of the method of
completing the square to solve quadratic equations.
It is absolutely remarkable that this simple idea
makes resolution of singularities possible. In the
equation

f = zd + a1zd−1 + · · · + ad,
where the ai are polynomials or series in the
variables x1, . . . , xn which vanish at the origin to
order ≥ i, make the substitution

z = z + a1

d!
.

Then we have a new equation

(1) f = zd + a2zd−2 + · · · + ad .
Abhyankar showed that blowing up the most
singular points of f = 0 makes the singularity
better, except possibly at points which are on the
transform of z = 0. The transform of f continues
to have the form (1) at these points. Points where
the singularity is not better are always on the
transform of z = 0, no matter how many times you
blow up. z = 0 is called a hypersurface of maximal
contact for f = 0.

Hironaka used the Tschirnhausen transforma-
tion as the starting point of his 1964 proof [27] of
resolution of singularities of algebraic varieties of
any dimension in characteristic zero.

In recent years there have been great simplifi-
cations of Hironaka’s original proof of resolution
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in characteristic zero. Some of these important
papers are by Bierstone and Millman [12], Enci-
nas and Villamayor [24], Hauser [25], Kollár [35],
Villamayor [44], and Włodarczyk [45].

The Tschirnhausen transformation is the major
part of Hironaka’s proof which does not extend
to characteristic p > 0. The transformation is not
possible if p divides the degree d of f , as p times
the identity is zero in characteristic p.

In his 1982 Ph.D. thesis with Abhyankar,
Narasimhan [38] gave an example showing that
hypersurfaces of maximal contact do not generally
exist in positive characteristic.

Abhyankar was also very interested in the
structure of birational mappings of algebraic
varieties, a problem which is closely related to
resolution. A birational mapping of a variety X
to a variety Y is an algebraic isomorphism from
an open subset U of X to an open subset V of
Y . Such a mapping may not extend to a globally
defined mapping of X, although there is some
largest open subset of X on which the map is
defined. When the birational mapping is defined
everywhere on X, then we will call it a morphism.
If X and Y are nonsingular projective curves, then
the only possible birational mapping of X to Y
is an isomorphism. The structure of birational
morphisms of nonsingular projective surfaces was
found by Zariski for surfaces over a perfect field k
[47]. This result was known by Castelnuovo within
the context in which he worked [14]. Zariski’s
theorem is that every birational morphism of
nonsingular projective surfaces can be factored
as a sequence of blowups of points. The blowup
of a point can be understood locally as being an
algebraic substitution

x = x1, y = x1y1.

Abhyankar proved as part of his Ph.D. thesis and
in “On the valuations centered in a local domain”
[3] that an arbitrary birational extension of two-
dimensional regular local rings can be factored
by local rings of blowups of maximal ideals. As a
consequence, the general statement that birational
morphisms of nonsingular projective surfaces over
an arbitrary field factor as a sequence of blowups
of points follows.

Birational geometry in higher dimensions is
much harder. The factorization theorem in dimen-
sion two does not extend in a simple way to higher
dimensions. In dimension three, besides blowing
up points, we can also blow up nonsingular curves.
However, there are examples of birational mor-
phisms of nonsingular projective three-folds which
cannot be factored by compositions of blowups
of points and nonsingular curves. Examples show-
ing that this fails even locally were found and
published by Judy Sally [39] (Ph.D. thesis with

Kaplansky) and David Shannon [40] (Ph.D. thesis
with Abhyankar).

This led Abhyankar to reformulate the problem
locally as a conjecture (Section 8 of [9]): Given
a valuation ν dominating a birational extension
of regular local rings R → S, does there exist
a regular local ring T which is dominated by ν
and is obtained from both R and S by sequences
of local blowups of regular prime ideals along
ν? This local factorization problem was solved
in dimension three for the case of valuations of
maximal rank by Christensen in his thesis with
Abhyankar [15]. In this case, the value group is Zd

where d = 3 is the dimension of the variety, and
the problem is readily translated into a (difficult)
problem in combinatorics. Karu [31] has given a
proof of local factorization along a maximal rank
valuation in all dimensions and characteristic zero
using toric geometry. A proof of the maximal
rank case is given using determinantal identities
by Cutkosky and Srinivasan in [22]. Cutkosky
proved local monomialization in characteristic zero
along an arbitrary valuation in [18], which proves
Abhyankar’s local conjecture (in characteristic
zero).

Abhyankar (Section 8 of [9]) and earlier Hironaka
(in [27]) conjectured that, in dimensions greater
than or equal to three, a birational morphism
of nonsingular projective varieties f : X → Y can
be factored by first performing a sequence of
blowups of nonsingular subvarieties above X and
then performing a sequence of inverse blowups
of nonsingular subvarieties above Y (blowdowns)
to reach Y . This conjecture is still open, even for
the case of morphisms of toric varieties, although
there has been a lot of progress in characteristic
zero. It was shown by Abramovich, Karu, Matsuki
and Włodarczyk [11] that it is possible to construct
a finite sequence of blowups and blowdowns with
nonsingular centers to obtain a factorization. Their
proof uses methods from geometric invariant
theory and Mori theory. Cutkosky has given
a completely different proof of this theorem
in dimension three as a consequence of his
monomialization theorem for maps of projective
threefolds [20].

Abhyankar’s conjectures on factorization in pos-
itive and mixed characteristic remain completely
open.
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David Harbater
One day in 1989 I was surprised to receive a
letter in the mail from Prof. Shreeram Abhyankar.
Although I had known of his work since I was a
graduate student, we had not met, and in those days
before email was commonplace, an unsolicited
letter from a well-known senior mathematician was
quite unexpected. The contents were a surprise
as well: he wrote that after a long hiatus in his
work on algebraic fundamental groups, he wished
to resume research in that direction, and he was
asking if I could provide a summary of recent
developments on that topic.

That letter led to many exchanges, including a
number of visits of mine to West Lafayette and
of his to Philadelphia, where we discussed (and
sometimes argued about) mathematics for long
hours. Our discussions during my visits to Purdue
took place, not in his office in the mathematics
department, but in the office/seminar room that
was set up in his house, where grad students and
others would gather for long mathematical sessions
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in front of his large blackboard. The discussions
were lively to say the least, and at times even a
bit unnerving, as he sought to see the underlying
essence beneath the surface presentation of the
mathematics.

Besides the mathematical discussions during
my visits, he would also tell me tales of his “guru”
(and my mathematical grandfather), Oscar Zariski,
as well as about his other interests, such as the
characters in Indian lore. There were often crowds
of mathematicians who would come to the house in
the evening, and all would graciously be fed Indian
food by his wife and loyal companion, Yvonne.

Before I met Ram I had been aware of two
seemingly distinct threads in his research. One
concerned the resolution of singularities on al-
gebraic varieties, especially in finite and mixed
characteristic. The other concerned the study of
branched covers of varieties and, in particular, the
formulation of “Abhyankar’s Conjecture” on the
fundamental group of affine curves in characteris-
tic p. But as I learned from him during our many
talks, these two threads were in fact intimately
intertwined, and both grew out of his Ph.D. thesis.

For the thesis Zariski had proposed that he study
resolution of singularities of algebraic surfaces in
characteristic p. Zariski had proven resolution over
algebraically closed fields of characteristic zero,
and he had suggested that a proof in arbitrary
characteristic could be obtained by translating
into algebra an even earlier analytic argument of
H. W. E. Jung that concerned complex surfaces. As
Ram liked to tell the story, there were two parts
to his thesis: the successful part and the “failure”
part. What he meant was that he discovered that
Jung’s method breaks down in characteristic p [1],
and as a result he had to use another approach to
prove resolution of singularities in that context
[2]. But the failure of Jung’s method to generalize
did not prove to be a dead end. Instead, it led to
Ram’s work on branched coverings of varieties
and to his introduction of the idea of an algebraic
fundamental group that can be viewed as analogous
to the fundamental group in topology [3].

To obtain resolution of singularities, what was
needed was to prove “local uniformization,” which
asserted that the given variety could be written as
a union of finitely many Zariski open sets, each of
which is the image of a birational morphism from a
smooth variety. In Jung’s strategy for surfaces, the
idea was to express the given variety as a branched
cover of a linear space and then to blow up so
that the branch locus has only ordinary double
points. This relied on the fact that the variety is
smooth at any point lying over a smooth point of
the branch locus, with cyclic inertia group, and that
over an ordinary double point of the branch locus
the inertia group is a product of two cyclic groups.
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This indeed holds over an arbitrary algebraically
closed field of characteristic zero.

But, as Abhyankar found in the “failure” part of
his thesis, these properties of branched covers do
not hold in characteristic p. To use his phrase, in
characteristic p there can be “local splitting of a
simple branch variety by itself” [3, Sect. 1], meaning
that the inertia group can increase over a smooth
point of the branch locus, as distinct components
of the ramification locus meet at a point on the
cover lying over that smooth point. In addition, as
he found, inertia groups over an ordinary double
point of the branch locus can be quite compli-
cated, even being nonsolvable. Rather than simply
abandoning this approach to resolution in favor
of his successful desingularization strategy, he
initiated a serious study of covers in characteristic
p. This included not only surfaces and varieties of
higher dimension [4] but also of curves. What he
observed was that, by taking a slice of a cover of
the plane that has nonsolvable inertia, he could
obtain an unramified cover of the affine line with
nonsolvable Galois group. Although it was well
known by Artin-Schreier theory that the affine line
in characteristic p has nontrivial unramified covers
with Galois group a p-group, the proliferation of
covers with much more complicated Galois groups
was a real surprise.

This work also led to his defining a “fundamental
group” for varieties that would make sense even in
characteristic p (and later, in mixed characteristic).
For a variety over the complex numbers, the finite
quotients of the (topological) fundamental group
are the Galois groups of finite Galois (or “normal”)
covering spaces, and these quotients form an
inverse system. Abhyankar defined the algebraic
fundamental group to be the collection of Galois
groups of finite unramified covers of the given
variety. Of course this is a set, not a single group.
But he added that “eventually one may have to
consider the Galois group…of the compositum” of
the function fields of the finite unramified covers
[3, 4.2]. This is equivalent to taking the inverse
limit of the finite groups in the corresponding
inverse system (which is what Grothendieck later
did in his work on étale fundamental groups in
SGA1).

This work also led him to make his conjecture
stating which finite groups can be Galois groups
over a curve in characteristic p of a given genus
and with a given number of punctures. What
he proposed is a type of “maximal conjecture,”
asserting that anything that cannot be ruled out
must occur (a sort of Murphy’s Law). Namely, he
said that a group will occur as a Galois group of
some unramified cover of a given affine curve if
and only if its maximal prime-to-p quotient can
occur over a characteristic zero curve of the same

genus with the same number of punctures [3, 4.2].
(The groups that occur in characteristic zero are
well known by topology.) This condition is seen to
be necessary once one knows that the prime-to-p
Galois groups are the same in characteristics 0
and p. But it was a nonobvious leap to conjecture,
based on the examples he had found, that it is also
sufficient.

Years later, after his conjecture was proven
[9], [8], his “maximal” philosophy led him to
formulate possible analogous conjectures in related
situations. These included higher-dimensional
varieties over an algebraically closed field of
characteristic p, affine curves over finite fields,
and local fundamental groups in the higher-
dimensional situation. In some cases, further
investigation led to additional obstructions to the
Galois groups that can occur in those situations,
leading to difficulties in formulating the correct
“maximal conjecture,” and these problems remain
wide open. Two other problems that also remain
wide open are determining which groups can be
inertia groups over infinity for a given Galois group
over the affine line (the maximal conjecture in
this setting was Ram’s “inertia conjecture”) and
determining the structure of the fundamental
group of the affine line as a profinite group (on
which he and Serre had some amusing exchanges).
Also, motivated by the inexplicit nature of the
proof of his conjecture, he worked on obtaining
explicit realizations of interesting groups as Galois
groups over the affine line in characteristic p,
which often provided realizations as well in the
case of the affine line over the field of p elements.
These realizations appeared in a number of papers,
particularly in his “nice equations” series in the
1990s (beginning with [6]).

Ram liked to say that what he did was just “high
school mathematics.” But this would have to have
been a very good high school indeed to include his
work on resolution of singularities on arithmetic
surfaces [5] in the curriculum! His point, though,
was that one could get far by thinking concretely,
e.g., in terms of polynomials, and that rushing to
use abstractions such as categories and functors
(which he called “university mathematics”) could
well distract one from the deeper issues.

Still, there is a bit of a paradox here. As
I mentioned above, his work on the algebraic
fundamental group led to the development and
presentation of this topic in Grothendieck’s SGA1,
whose capstone result [7, XIII, Corollaire 2.12] was
similar in spirit to Abhyankar’s results in his 1950s
papers. The proof of Abhyankar’s Conjecture on
Galois groups over curves relied heavily on results
in “university mathematics,” though those results
were analogs of the GAGA theorem of his friend
J.- P. Serre. Ram’s work on arithmetic surfaces would
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surely be viewed by most mathematicians today
as being part of the abstract algebraic geometry
of schemes. His efforts to find covers of the affine
line given by polynomials whose coefficients are
just 0 or 1 (as in his nice equations series) could be
viewed as studying fundamental groups of curves
over the highly speculative object F1. And his
study of the structure of the fundamental group of
affine curves in characteristic p, including how it
depends on the curve and its base field, is related
to Grothendieck’s anabelian conjecture.

Regardless of one’s own views on “high school
mathematics” and “university mathematics,” Shree-
ram Abhyankar’s work has had a major impact
on mathematics and the mathematical community
and continues to influence the direction of research
in algebra and algebraic geometry. He certainly
had a profound influence on my own mathematical
career, for which I am grateful.
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William Heinzer and David
Shannon
Abhyankar’s research career spanned the period
from 1954 through 2012. A great deal of his
work during this period of nearly sixty years
has connections to commutative algebra. At the
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Ed Davis and the Abhyankars.

suggestion of his advisor, Oscar Zariski, Ram
studied the papers of Krull and Chevalley, in
particular [20] and [22]. Ram also often mentioned
his friendship with I. S. Cohen and the influence
Cohen’s work [23] had on his career. Ram’s 1956
paper on simultaneous resolution [4] is dedicated
to the memory of Cohen.

Ram’s work in commutative algebra was almost
always motivated by concepts in algebraic geom-
etry. For example, his work on valuations was
motivated by his interest in local uniformization
and resolution. Indeed, these concepts can be
formulated in algebraic terms, but Ram often
stressed that the motivation and intuition came
from algebraic geometry. However, while Ram saw
the bulk of his research as a blend of commutative
algebra and algebraic geometry, he also would
resist being compartmentalized into a particular
area of mathematics. For example, in describing
his work on developing a simple proof of desingu-
larization in characteristic zero, he observed that
“once again this reflects the fundamental unity of
all Mathematics from Control Theory to Complex
Analysis to Algebra to Algebraic Geometry” [13,
p. 285].

Ram extolled the value of “elementary” algebra.
He observed in his book [10] that his method of
desingularization may be termed the method of
Shreedharacharya of completing the square. Ram
was especially adept at what is traditionally called
theory of equations. Ram interpreted this to mean
“simplifying expressions, factoring polynomials,
making substitutions, and solving equations.” Top-
ics such as quadratic transformations, resultants,
Newton polygons, and power series expansions
were recurring interests. Ram especially valued
algorithmic mathematics.

Nevertheless, Ram was also at home in “abstract”
commutative algebra. This is exemplified in his
book [15]. In a review of this book in Math
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Reviews [25], P. Schenzel characterizes the book
as “a unique, original exposition full of valuable
insights,” and recommends the book “to anybody
who is willing to see the fascinating, concrete as
well as abstract development of algebra during the
last centuries.”

Ram’s work in commutative algebra may be
roughly divided into the following three periods:

(1) 1954–1967. The first period is focused on the
problems from algebraic geometry of local
uniformization and resolution of singulari-
ties. To attack these problems in the algebraic
fashion begun by Zariski, Abhyankar needed
to extend results of Zariski and others on
valuations and local domains. In particu-
lar, he needed to consider the case where
the ground field has nonzero characteristic.
Ram’s early paper [3] on valuations centered
in a local domain is one of his papers most
cited by algebraists. In this paper he first
generalizes results of Mac Lane and Schilling
[21] on the classification of zero-dimensional
valuations of a function field to arbitrary
valuations centered on a local domain. He
then generalizes Zariski’s factorization theo-
rem on birational transformations between
algebraic surfaces to abstract regular two-
dimensional local domains. Ram also proves
in [3] the much-used result (see, for example,
[24]), that states that if (R,M) is a regular
local domain of dimension n andw is a prime
divisor centered on M , then the residue field
of w is a purely transcendental extension of
a finitely generated extension of R/M .

In addition to the above-mentioned paper,
key papers from this first period include his
two thesis papers, [1] and [2], and papers on
simultaneous resolution and coverings and
fundamental groups of algebraic varieties.
Ram was very involved in the question of
local uniformization and resolution of singu-
larities over fields of positive characteristic.
A little later he considered the arithmetic
(mixed characteristic) case where a local
ring (R,M) has characteristic zero and the
residue field R/M has positive characteristic.
During this period Ram made extensive use
of a result he proved for the removal of
ramification by means of base field extension.
This result is now known as Abhyankar’s
Lemma.

This first period includes his book on
resolution of embedded algebraic surfaces
[5] and his address at the 1966 International
Congress in Moscow [7]. Ram’s 1966 book [5],
reprinted and expanded in [13], develops an
enormous amount of commutative algebra
to deal with concepts such as blowing up

ideals and local quadratic and monoidal
transformations.

(2) 1967–2005. This second period saw a broad-
ening of Ram’s research interests that
included several topics in commutative
algebra as well as topics in group the-
ory combinatorics and computer science. He
also occasionally returned to resolution, as
in his paper from the 1981 Arcata conference
on the desingularization of plane curves [10].
This second period is also characterized
by much collaboration with students and
colleagues in commutative algebra as well as
in other areas.

We list several commutative algebra re-
search topics and collaborations of this
period:

(a) A much-quoted paper from this pe-
riod is Ram’s proof in [6] of an upper
bound for the embedding dimension
m(R) of a Cohen-Macaulay local ring
(R,M) in terms of the dimensiond(R)
and multiplicity e(R) of R, namely,
m(R) ≤ d(R)+ e(R)− 1.

(b) In a paper with Eakin and Heinzer [8],
Ram considers the general question:
If A and B are integral domains and
the polynomial rings in n variables
over A and B are isomorphic, how
are A and B related? It is shown in [8]
that A and B are then isomorphic if A
is of transcendence degree one over
a field or if A is a Dedekind domain
containing a field of characteristic 0.

(c) The epimorphism theorem of Ab-
hyankar and Moh [9] is a major result
from this period. This asserts: Let
u(t) and v(t) be two polynomials
in one variable t such that t can be
expressed as a polynomial in u(t) and
v(t). Let degree of u(t) = n > n′ =
degree of v(t), and assume that ei-
ther n or n′ is not divisible by the
characteristic. Then n′ divides n. An
alternative formulation states: Any
two epimorphisms of the polynomial
ring in two variables onto the poly-
nomial ring in one variable whose
degrees are nondivisible by the char-
acteristic differ from each other by
an automorphism of the polynomial
ring in two variables.

(d) The epimorphism theorem naturally
led to a consideration of the Jaco-
bian question that asks: If y1, . . . , yn
are polynomials in x1, . . . , xn with
coefficients in a field k of charac-
teristic zero and the determinant
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of the associated Jacobian matrix
is a nonzero constant, does it fol-
low that x1, . . . , xn are polynomials
in y1, . . . , yn? Ram’s work on the Ja-
cobin problem in the early 1970s
is presented in [12]. He obtains an
affirmative answer in the case where
the field extension k(x1, . . . , xn) over
k(y1, . . . , yn) is Galois. For n = 2 he
also obtains an affirmative answer in
cases including one place at infinity
or two characteristic pairs.

(e) In a sequence of five papers with
Heinzer [11], Ram investigates in-
tegral closure and ramification of
prime ideals in infinite algebraic field
extensions.

(f) In the paper with Heinzer and Sathaye
[14], Ram investigates Bertini-type
properties of pencils, such as their
singular set and irreducible set.

(3) 2005–2012. The third period is marked by
a renewed interest by Ram in the Jaco-
bian problem. In [19] Ram notes that only
part of his work of the 1970s on the Ja-
cobian problem had been published. In a
sequence of three papers ([16], [17], and
[18]) he meticulously resharpens the tech-
niques (approximate roots, polynomial and
power series expansions with meromorphic
coefficients, Newton polygons) to push the
Jacobian theorem past the result of two
characteristic pairs.

However, after listening to Artal, Bodin,
and Luengo during 2008–2009, he became
fascinated with developing an algebraic the-
ory of dicritical divisors with the potential
of application to the Jacobian problem. The
result was several papers (some in collabora-
tion with Artal, some with Luengo, and some
with Heinzer) in which a comprehensive
algebraic theory of dicriticals is developed.
Important tools used are Rees rings and
a revamped version of Zariski’s theory of
complete ideals of a two-dimensional regu-
lar local ring and new results on quadratic
transformations and Newton polygons.

Ram’s recent work on dicritical divisors
reflects a “rejuvenation” of research Ram did
earlier in his career. For example, explicit
results on valuations from [3], on resolution
from [10], and on quadratic transformations
are used. He was actively continuing this
research up to his passing in November 2012.
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Thompson and Abhyankar, 1995.

Shashikant Mulay
In the spring of 1982, while I was a graduate student
under Abhyankar’s guidance, Vinay Deodhar of
Indiana University lectured at Abhyankar’s home
in West Lafayette; the topic of his lectures was
Kazdan-Lusztig polynomials and singularities of
Schubert varieties. This marked the beginning
of Abhyankar’s decade-long engagement with
Schubert varieties and other related determinantal
loci.

For the smooth variety FL(n) of full-flags on an
n-dimensional vector space over a field k, consider
Schubert varietiesXσ (indexed by the permutations
of {1,2, . . . , n}) corresponding to a (fixed) Bruhat-
decomposition of FL(n). Studying singularities
of an Xσ is equivalent to studying singularities
of the affine variety Vσ := Xσ ∩W , where W is
the opposite big cell for the Bruhat-decomposition.
Defining equations of Vσ in the affine coordinate
ring ofW were the first thing Abhyankar wanted to
know. To test the waters, he computed the (radical)
ideal Iτ defining Vτ for certain transpositions τ
and discovered Iτ to be the ideal I(2,L) of 2× 2
minors in a ladder-shaped region L of a matrix
having indeterminate entries. Proving primality
of I(2,L) was the key part of his argument. This
discovery led him to pose the question: Is the ideal
generated by the p × p minors of a ladder (with
indeterminate entries) a prime ideal? He felt that,
in general, the (radical) ideal Iσ defining Vσ is likely
to have some sort of “determinantal” description.
Naturally then, he wished to update his knowledge
of determinantal ideals. A rectangle being the
simplest ladder, it was imperative to understand
that case first. So Abhyankar studied the Standard
Monomial Theory, initially from [12] and later from
[13]. Until he had his own restructuring of what
he was trying to learn, Abhyankar seldom felt that
he had come to a satisfactory understanding. Here
he set out to re-prove the linear independence

of Standard Monomials by dimension counting.
By the spring of 1983 he had accomplished this
and en route obtained new results. He found
an explicit expression for the Hilbert function
of the ideal of p × p minors of a matrix with
indeterminate entries. More generally, he computed
explicit expressions for the Hilbert functions of
the usual homogeneous coordinate rings of a class
of Schubert subvarieties in a Grassmannian (see
[1]). The determinantal ideals, whose primality
he established in [1], had the property that their
Hilbert polynomials coincided with their Hilbert
functions for all nonnegative integers. He called
such ideals Hilbertian. Subsequently, he retained
a keen interest in investigating the Hilbertian
property of determinantal ideals.

For the chosen algebra/algebraic geometry topic
of his study, Abhyankar insisted on tracing the
evolution of the core notions to their historic roots.
He had a firm conviction that the inspiration for
the main theorems of the topic and the machinery
developed for their verification both originate
from some concrete high school algebraic idea.
This philosophical standpoint allowed him to
gain an original and unique perspective of the
subject at hand. However, it must be noted that he
regarded his historical quest as a personal journey
to those splendors of the past that attracted
him, not necessarily a comprehensive or scholarly
expedition.

From his student days, Abhyankar was ac-
quainted with Hermann Weyl’s classic text [30],
especially the first two chapters and the last chap-
ter. Abhyankar held the opinion that Weyl had not
well-motivated the invariant theoretic part of [30].
Thus, in pursuit of the sought-after motivation,
Abhyankar embarked on an in-depth study of
nineteenth-century invariant theory. Starting from
1984 in Pune (India) and later in West Lafayette,
Abhyankar and the participants of his seminars
studied Grace and Young [17], Elliot [14], and
Turnbull [27]. Very quickly Abhyankar became
an expert in the symbolic (German) method of
treating invariants. Once motivated, he had an
uncanny ability to master a new area of learning
in a relatively short period of time. The tableaux
appearing in the last chapter of [17] qualified as
Young tableaux in Abhyankar’s eyes, and the proof
of Peano’s theorem presented there, furnished the
kind of motivation he was looking for.

As much as he was impressed by Young’s work
in invariant theory, Abhyankar was even more im-
pressed by the work of Young’s student, Turnbull.
After a careful study of the invariant theoretic
part of [27], Abhyankar proved the Second Fun-
damental Theorem associated to Turnbull’s First
Fundamental Theorem for multilinear covariants.
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When he explained his proof, I found it quite diffi-
cult to cope with Turnbull’s “dot” notation, which
Abhyankar had so fondly adopted. But Abhyankar
claimed that had it not been for the clever and
suggestive notation of Turnbull, he would not have
discovered the theorem that he did. As it turned
out, a less compact but easier proof was found in
Weitzenbök’s book [29].

Concurrently, Abhyankar kept working on enu-
merative techniques in the Standard Monomial
Theory, with the aim of proving primality of the
ladder determinantal ideals. In the latter half of
1984, Abhyankar’s student Himanee Narasimhan
succeeded in proving a more general result by
the method of initial forms (see [26]); she showed
the primality of the ideal of p × p minors of a
two-sided ladder with indeterminate entries. A
few months later, having sharpened his counting
methods, Abhyankar provided (see [2]) a different
proof of the same result. Going beyond, in [2]
he proves the primality of the ideals generated
by certain sets of mixed-sized minors of a ma-
trix with indeterminate entries. The enumerative
nature of Abhyankar’s proofs made it possible,
at a later stage, for Abhyankar and his student
Devadatta Kulkarni to establish the Hilbertianness
of these determinantal ideals (see [9]). Over time,
the project of gaining a better understanding of
the coefficients of the Hilbert polynomials of such
determinantal ideals has yielded many interesting
results (see [16], [19], [20], [22], [28]) as well as
raised many open questions.

In 1986 I was able to show (see [23]) that given
a (one-sided) ladder L with indeterminate entries,
for all sufficiently large n there exists σ ∈ Sn such
that Iσ = I(p,L), the ideal generated by the p × p
minors of L. Furthermore, in [23] it is proved
that, for each σ ∈ Sn , Vσ has a defining ideal of
the form J(π, L) := I(p1,L1)+ · · ·+ I(pr ,Lr )+Λ,
where L : L1 ⊂ · · · ⊂ Lr is a chain of ladder-shaped
regions inside an (n−1)×(n−1)matrix Z := [Zij]
with indeterminate entries, π : p1 < · · · < pr is
a chain of positive integers, and Λ is the ideal
generated by {Zi(j+1) − δij | 1 ≤ i ≤ j ≤ n − 2}
(here δij is the Kronecker-delta ). A result in [23]
proves that a proper ideal of type I(p,L) + Λ
defines a Vσ , where σ is explicitly constructed
from the shape parameters of L and the value
of p. When I explained my proof to Abhyankar,
he suggested that a similar description for the
equations of the tangent cone to Vσ at the point Xι
should be found; he stressed his requirement that
such a description should facilitate computation
of the local Hilbert function of Vσ at Xι. Leaving
aside some special cases, description of such initial
ideals and the associated local Hilbert functions
remains unknown. For arbitrary L and π as above,

J(π, L) need not define any Vσ ; in particular, it
need not be a prime ideal.

So there arises the question of determining the
minimal primes of J(π, L) or at least their number.
In 1993 I could settle the first nontrivial case: given
a matrixMwith indeterminate entries, a submatrix
N ofM, and positive integers q < p, a description
of the minimal primes of I(p,M) + I(q,N ) is
provided in [24]. This at once led to examples ofXσ
whose singular locus is not equidimensional. In fact,
given an integer d, there exists a Schubert variety
Xσ whose singular locus has only two irreducible
components and their dimensions differ by at least
d (see [25]). A guiding research problem in this
area asked whether the singular locus of an Xσ is
necessarily equidimensional. Towards determining
the number of minimal primes of J(π, L), Masato
Kobayashi has conjectured bn2/4c as the upper
bound on the number of irreducible components
of Xα ∩Xβ for α,β ∈ Sn; in [18] he shows that for
each n, this is the least possible upper bound.

Ever since Abhyankar learned the “straightening
law” for monomials in minors, he dreamed of
finding a “straightening formula.” Given a bitableau
T and a standard bitableau S, he posed the
problem of determining the coefficient of S in
the straightened expression of T (see section 19
of [3]). With this goal in mind, he studied the
straightening process in penetrating detail by
employing variants of the Robinson-Schensted-
Knuth algorithm. Although his dream is yet to be
realized, he was able to produce what he calls a
“bijective proof” of straightening (see [10], [11]). In
another direction, standard monomial theory has
been generalized to a higher-dimensional setting
by Abhyankar and his students Sudhir Ghorpade
and Sanjeevani Joshi (see [4], [5], [6], [7], [8]). In
dimensions greater than 2, the standard monomials
in multiminors of a multidimensional matrix are
linearly independent but fail to form a standard
basis.
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David Mumford
I first met Ram when I was a graduate student
several years behind him. We were both studying
under Oscar Zariski. Ram was already famous
for writing quite long and difficult reports. Oscar
warned me when I asked for a copy of a draft
of Ram’s thesis that I might find it hard going,
which turned out to be quite true. Long it might
be, but this thesis led to his proof of resolution of
singularities for 3-folds in characteristic p, a result
that was a wonderful tour de force.

We were good friends, but our paths diverged.
Grothendieck came to visit, and I found his new
setting for algebraic geometry very congenial. Ram
did not. Ram had an independent streak that
always led him to look at problems from his
unique point of view, often different from that of
the crowd. A small example concerns the words
analytic geometry , which stood at that time for
the high school study of conic sections and their
equations. Ram said nonsense, algebraic geometry
is the study of the geometry of algebraic equations,
so analytic geometry must be the study of the
geometry of all real or complex analytic equations.
His opinion won the day, and this has become
common usage. Not so in the case of the value
of Grothendieck’s schemes, on which he fought
the consensus all his life. Our tastes in math were
always different, but I admired (and admire) his
traditional algebraic approach, which he pursued
with such great skill and insight. Few could match
him in polynomial calculations, for example, in the
construction of extensions of curves and number
fields with given Galois group.

I had a wonderful time visiting Ram and his father
in Pune at the time he was running a small institute
there. Ram was a strong Maharashtrian patriot,
proud to feel he was following in the footsteps
of the eminent mathematician Bhaskaracharya,
as well as those of Shivaji, who stopped the
Muslim juggernaut with his famous “tiger claws.”
Bhaskara’s great work in algebra, the Bijaganita,
had been translated into Marathi by Ram’s father.
Not knowing that Colebrooke had done this in the
nineteenth century, I suggested to Ram he translate
it into English, where there is a bigger audience,
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but he didn’t feel such a project was worthy of the
effort. Bhaskaracharya’s math fit in well with Ram’s
own inclinations: pursuing straight polynomial
algebra with formulas, a tradition which I now
know goes back in India at least to Brahmagupta
around 600 CE. I dined with Father too, although
he confessed it was not at all proper for him to do
this with a Westerner.

Ram and I also had several long conversations
about Indian religion. We were both admirers of
Zimmer’s books on the religion, symbols, and art
of India and found the story of Narada and Vishnu
especially powerful. This is food for the soul, and I
am sure it served Ram well. He was a distinctive
and important figure in the mathematical pantheon
who will be greatly missed.

Avinash Sathaye
Abhyankar’s early mathematical life was occupied
by deep problems concerning resolution of singu-
larities and local and global properties of algebraic
as well as analytic varieties, especially in positive
characteristic or even in mixed characteristic.

In the late 1960s he made a conscious move
towards what is described as “affine geometry”
these days. His objective was to offer problems
which are accessible to graduate students yet are
significant. During his own student days, he was led
to believe that most important issues about curves
were settled, and so he had consciously turned
towards theory of surfaces and higher-dimensional
varieties.

However, when he turned his attention towards
the subject of curves to attract students, he soon
discovered that many interesting problems are
still unresolved. Abhyankar’s foray into affine
geometry is said to have been initiated during a
car trip to the University of Kentucky in the late
1960s. Many interesting problems were discussed
during this trip. These topics stayed as the focus
of Abhyankar’s seminars, as well as his lectures
around the world, during the 1970s.

Unlike his earlier work, he mostly stayed with
the characteristic zero, partly because the positive
characteristic often has only counterexamples to
offer.

Suppose that A ⊃ B are rings. We shall say that
A is a polynomial ring in m variables over B if
A ≡ B[X1, . . . , Xm] for indeterminates X1, . . . , Xm
over B. We express this as A = B[m]. Now suppose
A = B[1].

Then three questions naturally arise: (i) Given
an element u ∈ A, what are the conditions for u to
be a variable, i.e., A = B[u]? (ii) How unique is B?
Is it unique as a subring ? (iii) If it is not unique as
a subring, then is it unique up to isomorphism (a
cancellation problem)?

Abhyankar and Aroca (Hon. Doctorate, France),
1998.

These questions are at the heart of understand-
ing the polynomial rings that form the basis of
affine geometry, i.e., the study of homomorphic
images of polynomial rings over various chosen
base rings.

Here are the results and questions developed
by Abhyankar.

(1) The Epimorphism Theorem: In the paper
[42] Abhyankar, Heinzer, and Eakin analyzed
the above questions in great detail and
also formulated their extensions to many
variables. For more details see [Details, 2b].1

(2) In the 1973 paper [41] Abhyankar and Moh
developed a fundamental structure theorem
for affine curves with one place at infinity. In
it they introduced a fundamental new idea
of “approximate roots” which served both
as inspiration and tool for many results in
affine geometry.

The main thrust of the paper was the
celebrated “Abhyankar-Moh” epimorphism
theorem, which was formally published in
1975 [38]. Abhyankar continued to refine and
elaborate the structure of planar one place
curves, establishing (with B. Singh) the finite-
ness of their embeddings in the plane [35]
and giving simpler explanations of the new
techniques in [36], [34]. The Abhyankar-Moh
epimorphism theorem established that if
A = k[X,Y] is a polynomial ring in two vari-
ables over a characteristic zero field k, then
F(X,Y) ∈ A is a variable (i.e., A = k[F][G]

1[Details] refers to the section of the current article authored
by W. Heinzer and D. Shannon.
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for some G ∈ A) if and only if A/(F) = k[1].
A proof of this result over complex num-
bers using techniques of complex analysis
was also developed by Suzuki in 1974. The
theorem fails in positive characteristic and
even the weaker question, Does A/(F) = k[1]
imply that A/(F + c) = k[1] for all c ∈ k? is
still unresolved!

(3) Hypersurfaces as variables: A more general
version of the epimorphism theorem, known
as the Abhyankar-Sathaye conjecture, asks
if “A = k[m] and A/(F) = k[m−1] imply
A = k[F][m−1].” Except for several cases
for m = 3 and isolated cases for higher m,
the problem stays unresolved. Numerous
alternative proofs using different machinery
have been constructed for the Abhyankar-
Moh theorem.

(4) Lines in Space: Another natural extension
was to study a line in three space, i.e., an
ideal I ⊂ A = k[X,Y ,Z] such that A/I =
k[1]. Abhyankar asked the natural question
whether I represents an axis; i.e., does I have
two generators F,G such that A = k[F,G,H]
for some H? This question raised many
interesting issues. At that time it was not
even clear if I was necessarily two-generated.
Abhyankar made an extensive study of the
number of generators of ideals of curves in
three space ([43], [40], [39]). He produced
an explicit construction for three generators
for the ideal of any nonsingular space curve,
and M. P. Murthy and J. Towber found a
way to use it for the first proof of the three-
dimensional Serre conjecture in 1974 (later
extended to all dimensions independently
by Suslin and Vaserstein using very different
techniques). It settled the question about two
generators for the ideals of lines in space
in the affirmative. The question about lines
in three space representing an axis is still
unsettled over an algebraically closed field,
but there are examples of lines in real three
space with knots, which cannot represent an
axis over reals, since the fundamental group
of their complement would be nontrivial.

(5) The Jacobian Problem: Abhyankar talked
extensively about the two variable Jacobian
Problem, namely “given F,G ∈ k[X,Y] such
that their Jacobian J(X,Y)(F,G) is a nonzero
constant, is it true that k[F,G] = k[X,Y]; i.e.,
do they form a matched pair of variables?”
While this is easily seen to be false in
positive characteristic, the problem is still
very open in characteristic zero. It also has
the notorious distinction of having multiple
incorrect published proofs. Abhyankar was
thrust into thinking about this problem,

partly because two of his own students made
unsuccessful attempts and he faced the task
of finding holes in their proofs. He made
several private calculations, but only the
T.I.F.R. lecture notes contain the details of
his results, mostly using the Abhyankar-
Moh theory developed for the epimorphism
theorem.

After the 1970s he did not actively pursue
the problem until in the 1990s he yielded
to numerous requests to publish his unpub-
lished notes and results. He published a
series of papers: [26], [23], [22], [20], [15],
[14], [13], [12], [11], [10], [9].

For more details see [Details, 2(d), 3].

During the 1980s and 1990s Abhyankar was
occupied with other fields of algebraic geometry,
including computational geometry, combinatorics,
group theory, etc. In the 1990s he was getting all
fired up to devote his full energy and immense
concentration to the Jacobian Problem; however,
he got diverted into the problem of “dicritical
divisors,” which appeared to be potentially useful
for the Jacobian Problem. We describe this next.

Abhyankar was introduced to the theory of
dicritical divisors by I. Luengo and E. Artal Bartolo.
Originally, Abhyankar was a reluctant listener,
complaining about fancy and unclear terminology.
But patience on all sides paid off, and Abhyankar
managed to not only understand the subject but to
make it completely algebraic and transparent. He,
Luengo, Artal, and Heinzer managed to develop an
extensive new theory. Abhyankar would sometimes
joke that the fancy terminology was like sand
introduced into a pearl oyster: it irritates but ends
up producing a pearl!

Given a regular local ring R of dimension 2,
consider a nonconstant z in its quotient field. In
Abhyankar’s formulation, the dicritical divisors of
z relative to R are simply all the divisors V of R for
which z is residually transcendental with respect
to R.

With Abhyankar’s fundamental knowledge of
quadratic transformation and mastery of the tech-
nique of inductive proofs, he started formulating
and answering questions about the nature of di-
critical divisors, the structure of the tree formed
by them, and the fundamental problem of how to
construct a suitable z with a preassigned tree (with
multiplicities) of dicritical divisors. He reworked
and enhanced the theory of complete ideals pio-
neered by Zariski and even generalized it to higher
dimensions. Unlike other treatments, his theory
worked well even in mixed characteristic, which he
considered a test for a good theorem. He produced
a series of papers, some by him and some with
Heinzer, Luengo, and Artal. Towards the end he
was in the process of building concrete formulas
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for construction of the so-called Zariski ideals,
i.e., ideals in the base R with the given dicritical
tree. See the section on dicritical divisors in the
references.

Abhyankar was clearly in his element while
working on the dicritical divisors. He used to
see the truth of the theorems way before writing
down their formulation and used to say that, like
well-formed poetry, these theorems are not only
true but beautiful. He had an ulterior motivate for
working on dicritical divisors; namely, he saw a
potentially new attack on the Jacobian Problem
through this new theory. A hint of his thoughts is
in [9].

Alas, that challenge is now left for those who
learned from him!
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Dinesh Thakur
The first real research mathematician that I came
across was Professor Shreeram Abhyankar back in
1976, and then under quite peculiar circumstances.

As an overreaction to Abhyankar’s verbal
arguments—vigorous and probably even provoca-
tive, as per his patent style—with other professors
in the University of Pune, the vice chancellor
had banned Abhyankar from the premises of
the university. My uncle, P. L. Deshpande, who
was a famous author, wrote a fantastic parody
of these ridiculous circumstances in the literary
supplement of the Sunday newspaper in Marathi
(the mother tongue both Abhyankar and I shared).
They did not know each other back then, and the
column did not mention any names; however, after
reading this, Abhyankar was amused, and together
with his student Shashikant Mulay came to my
uncle’s house to chat with him. Fortunately, I was
there, just a schoolboy at that time, but already
quite interested in mathematics.

Dinesh Thakur is professor of mathematics at the Univer-
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Provoked by these circumstances and also
recognizing the need for a new, independent re-
search institute in India, Abhyankar then founded
“Bhaskaracharya Pratishthan.” In May 1977 I at-
tended a summer school under the auspices of
this new institute, and I remember being quite
impressed by Abhyankar’s ability to penetrate to
the heart of the matter directly.

Later, during my graduate years, whenever he
came to give a seminar he would take me for dinner
and we would talk for hours. He loved to gather an
audience, tell anecdotes, and whenever possible,
stir up a heated debate. Even for mathematical
questions, he seldom gave straightforward answers.
Instead, he preferred long rambling discourses,
often unfocused and tangential, where he elabo-
rated on related things and mixing mathematics
with other things. He would not necessarily follow
a logical or linear path, but believed in a “repeat,
meditate, and meaning will be revealed to you”
philosophy of old Indian masters speaking in
sutra/mantra. But these “mathematical ramblings”
were full of interesting insights and spontaneous,
original viewpoints. In his book, Lectures on Al-
gebra, one single lecture is four hundred pages!
For him, research developed through discussion;
he always preferred to visit, call up, and discuss
mathematics in person.

He genuinely enjoyed arguments and was proud
that he could argue from any stance. Often he
would quickly size up the viewpoint of the listener
and then take the opposite side. It was a cultivated,
competitive sport for him, and he was ready to
fight the battle from both sides! Though he often
went to extremes, he would often be speaking
“deep truths” (it is the hallmark of any deep truth
that its negation is also a deep truth: Bohr).

Once he started working on something, he
became energized and completely devoted himself
to his work. I remember the day before his
son’s wedding he became so engrossed in our
mathematical discussions at his house that he
totally ignored the wedding party and even got
angry when the relatives tried to involve him.
Finally, to avoid trouble in his household, I had to
escape under some pretense!

Fortunately he was able to lead a very productive
life right to the end. His dedication and energy
in his research and teaching will always be an
inspiration to many of us.
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Before turning to the book itself, let me start with
a short introduction to quantum computing.

Quantum computing is one of the most exciting,
rapidly developing scientific fields in the intersec-
tion of computer science and physics. It started
from the idea, proposed independently by Richard
Feynman and Yuri Manin in the early 1980s, that we
might enhance the power of “classical” computers,
which we all have on our laps, by letting them
take advantage of quantum mechanical effects. For
Feynman this was a natural suggestion: he observed
that classical computers take an exponentially long
time to simulate many-particle quantum systems
and if this slowdown is inherent, perhaps quantum
mechanical computers can give us exponential
speedups for important computational problems.

A formal model of computation (called a Quan-
tum Turing Machine) capturing this idea was
developed in the 1990s, and a theoretical study
commenced to see what problems it could solve
efficiently (if we could build one). Shortly there-
after, Peter Shor discovered his famous quantum
factoring algorithm, which allows such a model
to factor integers exponentially faster than the
best classical algorithm we know. Recall that it
is the assumed exponential hardness of integer
factoring which underlies the universal trust in the
RSA crypto system and hence most security and

Avi Wigderson is professor of mathematics at the Insti-
tute for Advanced Study in Princeton. His email address is
avi@math.ias.edu.
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electronic commerce applications. Thus, Shor’s
algorithm sent a shocking message: if anyone had
a quantum computer, it could break in seconds the
most sophisticated codes used by governments,
armies, banks, and Amazon shoppers.

This had an immediate effect. Governments and
industry began to invest billions in developing the
necessary technology to build quantum computers.
It should be stressed that, as far as we know, there
is no theoretical obstacle to building them. Never-
theless, progress has been extremely slow, at least
if you take factoring as a yardstick—the largest
number which a current quantum computer can
factor is 21. The jury is still out on the feasibility
of large-scale quantum computers and whether
unfeasibility should be blamed on technological
barriers or incompleteness of quantum mechanics
(e.g., perhaps it should be revised when the num-
ber of particles is really large, just as Newtonian
mechanics needed revision at very large speeds or
very small scales). However, the theoretical study
of this subject took off as well, with a remarkably
fruitful interaction (or should I say, constructive
interference) between computer scientists and
physicists, whose range is constantly expanding
with insights from both sides. Even if we don’t have
general purpose quantum computers, we have
already expanded considerably our understanding
of, among others, quantum information theory,
quantum cryptography, quantum Hamiltonian dy-
namics, classical computational complexity theory,
the nature of randomness, and basic issues at
the heart of the philosophy of science—including
whether quantum mechanics itself is a falsifiable
theory. In short, quantum computing is pretty
irresistible!

Now to the book itself, which I greatly enjoyed
reading.
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This book is unique! Like its author, it is erratic,
deep, funny, intellectual, juvenile, curious, honest,
observant; and I am sure if you read the book you
will come up with additional relevant adjectives of
your own. It is not for everyone, but I guarantee
that there is much insight, wisdom, and fun in
these pages to amply reward those who will put in
the individually required effort (possibly to fill in
some blanks or stomach the style, depending on
your knowledge and taste). Now let me elaborate
on the efforts, rewards, and character of the book.

See, the book is not really about quantum
computing. It is far broader and uses quantum
computing as an opportunity to introduce a whole
set of important concepts in math, physics, phi-
losophy, and, above all, computational complexity
theory. This emphasis is natural and important.
Computational complexity, which, like the author’s,
is my intellectual home, has undergone a tremen-
dous expansion during the past few decades. It
started as the quest to understand efficient compu-
tation: what are the best algorithms to solve natural
computational tasks on a variety of computational
models, where “best” can be measured by differ-
ent computational resources like time, memory,
energy, etc. It then evolved to inspect, through the
computational lens, fundamental notions which
humanity has been studying and debating for
millennia, including proof, knowledge, learning,
randomness, and more, often revealing new prop-
erties and notions of these central issues. It also
started modeling and analyzing algorithms which
nature uses to “solve its own problems,” namely,
running the universe. After all, so many natural
processes can be viewed as information processes,
and the know-how of the field, initially designed for
computer algorithms, naturally suits their study.
The result was a web of interactions among many
scientific disciplines.

The author uses quantum computing, his spe-
ciality and passion, as a focal point through which
to expose this broad intellectual adventure. You
will learn about the origins of the theory of com-
putation, with logic, set theory, and the crisis in
the foundations of mathematics. You will learn the
rudiments of computational complexity theory and
its methodology, how algorithms are analyzed, the
P versus NP problem, how problems are classified
into complexity classes, reduction and complete-
ness. You’ll see the ease with which quantum
computing, just as a host of other types of comput-
ing, fits this framework and starts interacting with
other parts of this field. Then you will learn about
new computational definitions and meanings of
the notions above, proofs, secrets, pseudorandom
generators, and indeed, learning. You will see how
they all fit the methodology, are intimately related
to each other and to computational difficulty, and

how they adapt to the appearance of quantum
mechanics in the computational model. This un-
derstanding turns out to have great impact on both
physics and computation! The book’s ambition is
to show you all these wonders and more.

The reader may be surprised at how little quan-
tum mechanics is presented or needed. This is
another part of the beauty here. To understand
quantum computing, all you need are the basic
principles of quantum mechanics: unitary evolu-
tion, linearity, and the notion of measurement. The
author points out that this “extension of probabil-
ity theory,” which works in the 2-norm and with
complex numbers, is a much better introduction to
quantum mechanics than the standard one found
in most textbooks. This mathematical setting al-
ready explains most of the paradoxes and subtle
issues raised by this strange theory, many of which,
like the Bell inequalities, the uncertainty principle,
and interpretations of quantum mechanics, are
treated in the book.

Finally, the book discusses a host of philosophi-
cal issues, related and unrelated to the main topic.
These include free will, time travel, the anthropic
principle, the questions of whether our brains are
machines, and much more, as well as an arsenal
of paradoxes. All are handled with clarity, seeing
to the heart of things and clearing the typical
smoke screens of ambiguity, and with professional
honesty that does not shy away from pointing
out nonsense, even when articulated by famous
people.

So far so good. So why did I warn you in the
beginning that the book is not for everyone and
that I expect the typical reader, even an expert
scientist or mathematician, to need to invest effort
when reading the book? Well, the author himself
supplies some reasons in his opening pre-preface
“critical review” of his book. With characteristic
professional honesty he tells the reader, among
other things:

Yes it’s hard to avoid the suspicion that Quantum
Computing Since Democritus is basically a “brain
dump”: a collection of thoughts about theoretical
computer science, physics, math, and philosophy
that were on the author’s mind around 2006, when
he gave a series of lectures at the University of Wa-
terloo that eventually turned into this book. The
material is tied together by the author’s nerdy hu-
mor, his “Socratic” approach to every question, and
his obsession with the theory of computation and
how it relates to the physical world.

The author goes on to speculate about who
might be potential readers of this book, which is
neither “popular” nor a “textbook.” And I agree
that all types discussed (colleagues, engineers,
programmers, scientists, mathematicians, highly
motivated high school students, laymen who read
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science blogs) will all potentially benefit greatly
if they manage to actually cover significant parts
of the book. So what can make reading the book
difficult? I expect that not all will like the writing
style. Some may find the many (splendid) diversions
from the main course too distracting. But the main
hurdle I believe is that, as the book is very broad, it
necessarily skips over lots of background material
that would make the book easier to read. This was
probably not a major issue for those attending
the lectures on which the book is based; most
were motivated students who had already taken
a variety of related courses on the various topics
covered, and those who had not could check with
the professor or their friends to find out how to
fill the gaps. One cannot assume that the book’s
readers have the same convenience. Of course,
the material and its organization and presentation
are the author’s to choose. But I wish the book
had supplied specific references to high-quality
sources, like surveys and books that the author
recommends (as opposed to saying that it can be
found e.g., “in dozens of textbooks”). On a related
note, extremely few references to original works
are given and many major ones are missing—a set
of bibliographic notes at the end of each chapter
would have been welcome (perhaps we’ll see it in
the second edition).

To conclude, let me remind you of my main
recommendation. The shortcomings mentioned
above pale in comparison to the value of this book.
So read it, investing what you need to keep going.
You will be rewarded by the wealth of knowledge,
by seeing the power of computational thinking,
and by experiencing the diversity of the deeply
intellectual, fun activities in the vast playground
laid out so uniquely by the author.
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Book Review

Probably Approximately Correct 
Leslie Valiant 
Basic Books (2013), 195 pp., US$26.99 
ISBN-13: 978-0465032716

In this ambitious volume, computer scientist Les-
lie Valiant suggests that a vast number of natural 
and constructed phenomena can be described in 
terms of a class of algorithms he calls “ecorithms.” 

Ecorithms are the mechanisms of 
processing information obtained 
by an entity (which could be a ma-
chine or a brain or a bacterium or 
a dinosaur) from its environment 
and using that information to im-
prove subsequent processing in 
potentially different environments. 

If there are good mathematical 
rules for predicting the process 
of transforming this information 
into knowledge, Valiant terms such 
processes “theoryful,” while every-
thing else is “theoryless.” In both 
cases, whether there are precise 
rules for accumulating knowledge 

or not and whether the entity involved is a com-
puter or an evolving species, the essence of making 
this transformation is learning. Theoryless pro-
cesses, including evolution in biological systems 
or decision making in systems of cognition, are 
offered as innovative applications of ecorithms. 

It is the computational (in the sense of computer 
science) features of the learning process that are 
characterized by the book’s title. First, this learning 
process should take place in a relatively limited 

number of steps (computer scientists would say in 
polynomial time). Second, the number of interac-
tions with the environment about which the entity 
is learning should also be limited. Third, the prob-
ability of making errors in applying the knowledge 
acquired by learning should be sufficiently small. 
A learning process that has these properties was 
discussed by Valiant twenty years ago and subse-
quently named “probably approximately correct” 
by D. Angluin and P. Laird in 1987, hence the title 
of the book and its abbreviation “PAC”. 

The central theme of the book is that most 
decisions (conscious or evolutionary) can be repre-
sented in terms of PAC learning. This learning pro-
cess is described throughout the book in language 
that, while familiar to computer scientists, will be 
foreign to most biologists and cognitive scientists, 
who will have to work hard to (a) understand it and 
(b) see why it might have greater utility than the 
mainstream mathematical modeling in their fields. 

The first two chapters expand on the above 
definition of PAC and quickly dive into the con-
tributions of the great computer scientist Alan 
Turing to the author’s thinking about ecorithms. 
A lot of emphasis in Chapter 3 is placed on the 
perceptron algorithm, a method of classifying 
previously unseen objects using the properties 
of examples called “the training set.” This leads 
directly to the problem of induction, a problem 
that, in different forms, recurs throughout the 
book. Valiant connects induction and learning 
through PAC learnability, which describes the con-
ditions on the kinds of classes that can be learned 
and which algorithms can be used to accomplish 
this learning. In this way, the heuristic concept of 
induction becomes quantitatively more rigorous. 
Both of the next chapters, “The Computable” and 
“The Learnable” (4 and 5), make nontrivial use of 
arguments from computer science, and for those 
who are not computer scientists, this is probably 
the most difficult material to absorb. 

Probably Approximately 
Correct
Reviewed by Marcus Feldman

Marcus Feldman is the Burnet C. and Mildred Finley 
Wohlford Professor of Biological Sciences and director of 
the Morrison Institute for Population and Resource Studies  
at Stanford University.  His email address is mfeldman@
stanford.edu.

DOI: http://dx.doi.org/10.1090/noti1177
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or ecorithm in general, the evolution algorithm 
will succeed without needing any expertise in, for 
example, ecology.” Although he asserts that the 
“resulting creature” will not be “optimal in any 
sense,” it is difficult to interpret evolution as learn-
ing without including what has to be learned, even 
if the target of learning can vary stochastically; 
this seems to be a general kind of approximation 
to optimization by evolution. 

The closer the material approaches humans, 
the more theoryless the discussion becomes and 
the more tenuous the connection between PAC 
learning and human behavior. Valiant admits this 
but seems to be looking for ways to close the gap 
between these. There is a risk in doing this that “re-
ductionism” can rear its ugly head. I detect some 
vagueness here concerning how much hard-wiring 
Valiant believes is required to make PAC learning 
a feasible explanation of such culturally variable 
human traits. 

PAC is not an easy read. I found myself reread-
ing many sections (I am not a computer scientist) 
in order to make sure that I grasped the subtle 
backstories (usually based in computer science) 
behind the development of the many sophisticated 
ideas in the book. It is intensely stimulating and 
frequently frustrating to make the connections 
between PAC learning, PAC semantics, and what 
we know about biology and decisionmaking. Be-
sides Valiant’s admitted “mentor” Turing, very few 
computer scientists would attempt to generate the 
connections among so many noncomputational 
disciplines that Valiant has managed in this very 
computational book. It is erudite, adventurous, 
difficult, and rewarding. It will be discussed for 
a long time. 

Chapters 6, 7, and 8 delve into the potential 
applications of PAC learning to biological evolu-
tion, human reasoning and cognition, and human 
emotion and language. All of these are viewed as 
though they involve learning processes. Evolu-
tionists are likely to find much to disagree with 
in Valiant’s metaphor of target pursuit for the 
process of biological evolution. For example, in 
comparing biology to physics, Valiant claims that 
“evolutionary theory at present offers no compa-
rable quantitative predictions, or even quantitative 
explanations of the past.” This fails to recognize 
the monumental contributions of R. A. Fisher, 
S. Wright, and J. B. S. Haldane, who originated the 
mathematical foundations of genetic evolutionary 
theory in the first half of the twentieth century. 
It also plays down the emergence of population 
genetic data, together with statistical tools, 
dynamical systems analyses, and stochastic 
models that were applied to explain how these 
patterns of genetic variation could have evolved. 
And finally, it ignores the development over the 
past twenty years of computational simulations of 
evolutionary trajectories that can be tested against 
the vast amount of genomic data that continues 
to accumulate. 

Many population geneticists will take excep-
tion to this dismissal of the last century of work 
on quantitative evolutionary theory. In his goal of 
“Treating Darwinian evolution as a learning mecha-
nism,” Valiant implies that evolutionary biologists 
have been barking up the wrong evolutionary tree. 
In fact, he writes, “Life is full of computational 
mechanisms. If we are to understand how those 
mechanisms, and life itself, could have arisen 
without a designer, then computational learning 
is exactly where we need it to look.” 

In fact, the last one hundred years has seen 
the ascent of mathematical and statistical theory 
of genetic evolution to a central position in the 
current discourse on genomics. This theory has 
contributed many ideas concerning the process 
of speciation, quantifying fitness, and the role of 
modularity in evolvability, all given short shrift or 
not even mentioned in Chapter 6, “The Evolvable.” 
Similarly, the fundamental work of Tversky and 
Kahneman in human decision making, which it 
seems to me would be highly relevant to Valiant’s 
Chapter 8, “Humans as Ecorithms,” is completely 
ignored. 

While Valiant eschews the use of optimization 
in explicit terms, it is sometimes difficult to see 
why target pursuit is not optimization in PAC 
learnability’s clothing. Explicitly, “If evolution is 
an instance of PAC learning, it, too, must have 
at least a target.” Substituting “performance” for 
“fitness,” the claim is that, in making the “target  
of evolution” higher performance, evolution is 
“amenable to treatment as a form of PAC learning” 
so that “exactly as in a machine learning algorithm, 



The Recent Trademarking
of Pi: A Troubling Precedent
Jonathan M. Borwein and David H. Bailey

The many shapes of pi.

Background
Intellectual property law is complex and varies
from jurisdiction to jurisdiction, but, roughly
speaking, creative works can be copyrighted, while
inventions and processes can be patented and
brand names thence protected. In each case the
intention is to protect the value of the owner’s
work or possession.

For the most part mathematics is excluded by
the Berne Convention [1] of the World Intellectual
Property Organization (WIPO) [12]. An unusual
exception was the successful patenting of Gray
codes in 1953 [3]. More usual was the carefully
timed Pi Day 2012 dismissal [6] by a US judge of a
copyright infringement suit regarding π , since “Pi
is a noncopyrightable fact.”

We mathematicians have largely ignored patents
and, to the degree we care at all, have been more
concerned about copyright as described in the
work of the International Mathematical Union’s
Committee on Electronic Information and Com-
munication (CEIC) [2].1 But as the following story
indicates, it may now be time for mathematicians
to start paying attention to patenting.

Jonathan M. Borwein is laureate professor of mathemat-
ics at CARMA, University of Newcastle. His email address
is jon.borwein@gmail.com.

David H. Bailey is retired senior scientist at Lawrence Berke-
ley National Lab and research fellow at University of Califor-
nia, Davis. His email address is david@davidhbailey.com.

DOI: http://dx.doi.org/10.1090/noti1172
1A decade ago the CEIC wrote at some length on copyright
issues and was surprised at the relative paucity of good
information available at the time.

Pi Period (π .)
In January 2014 the U.S. Patent and Trademark
Office granted Brooklyn artist Paul Ingrisano a
trademark on his design “consisting of the Greek
letter Pi, followed by a period.” It should be noted
here that there is nothing stylistic or in any way
particular in Ingrisano’s trademark—it is simply
the standard Greek letter π followed by a period.
That’s it—π period. No one doubts the enormous
value of Apple’s partly eaten apple or MacDonald’s
arch. But π period?

We live in an era of aggressive patent trolling by
vulture patent firms [10]. There is a vast amount
at stake. Think of the current smartphone patent
wars and the sometimes successful patenting of
life forms. Additionally, it is often cheaper for a
firm to pay than go to court. A vague patent can be a
“nice little earner,” and thus even established firms
such as Microsoft and Apple go patent trolling and
successfully patent such generalities as “a method
to enable….” Other firms are more willing to “open
source” some of their intellectual property, such
as, for example, Tesla’s announcement [9] that it
will open some of its patents in an attempt to help
spur the electric automobile industry.

What Happened Next?
This is the disturbing part. To underscore that
he means business, Ingrisano, through his lawyer,
Ronald Millet, sent a letter to Zazzle.com, a π
novelty company, to “immediately cease and desist”
their “unlawful” usage of their π period trademark
or “any confusingly similar trademark” and within
14 days:

(1) provide an accounting of all sales of any
products containing their trademark;

(2) provide an inventory of all relevant prod-
ucts;

(3) disclose any other uses, electronic or print,
that have been made of the trademark;

(4) provide an account of the date when the
π trademark was first incorporated into
their products, a list of all known links
to Zazzle’s webpage, and a list of third
parties who offer such products.
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The letter threatened attorney’s fees and “treble
money damages.” The full text of the letter is
available [4].

Implied in the letter is the plaintiff’s position
that “any confusingly similar trademark” includes
the π symbol itself, without the period, since
none of the products offered by Zazzle features
a π followed by a period. Indeed, according to a
report in Wired [13], Ingrisano’s attorney, Millet,
has asserted that many items for sale by Zazzle
“clearly have a pi sign and look similar enough that
folks out there might confuse it with products that
my client also sells.”

Zazzle responded by temporarily banning all
garments featuring the π symbol, which involved
“thousands of products,” according to the Wired
report [13]. But two days later, after being flooded
with complaints, Zazzle restored the products.
Millet is consulting with Ingrisano as to their next
step.

Along this line, it is amusing to note that
a π design is featured [5] by the Mathematical
Association of America as a finalist for its 2014 MAA
Annual T-Shirt Design Contest (and the design
includes one formula that one of the present
authors was instrumental in discovering). Will the
MAA be challenged as well? Perhaps not, but we
live in a very litigious world, and a given university
or company lawyer may well decide discretion is
the better part of valor and opt to keep their clients
out of trouble by forbidding use. One of us had his
former employer (Dalhousie) order him to desist
from using the name of the institution on a bank
account he had been advised to set up by his Dean
for a research center.

The Smiley Face
This episode is reminiscent of a dispute over the
“smiley face” between litigants Wal-Mart Stores
and SmileyWorld, a London-based company that
registered rights to the smiley face many years ago
on behalf of Franklin Loufrani [7]. The dispute was
finally settled in June 2011 under undisclosed (but
likely quite expensive) terms [8].

Unlike the π case, no one has argued that the
smiley face has scientific significance! But the
case does demonstrate that such disputes must
be taken seriously. Moreover, the smiley face is
a defined and recognizable image, and Loufrani
explicitly makes no attempt to stop the use of it in
email as plain text, such as :).

Pi in Modern Mathematics and Science
Theπ period trademark, and the aggressive actions
taken by the trademark holder, may seem amusing,
though they are certainly unfortunate for Zazzle
and its owners, employees, and customers. But
much more is at stake here. If Ingrisano and his

attorney prevail in their legal actions, this would
mean, in effect, that anyone who uses theπ symbol
in any context the holder views as encroaching
would live under the threat that they might receive
a similar “cease and desist” letter, with the threats
of significant financial loss. This would be an
unmitigated disaster for modern mathematics and
science.

It is not the slightest exaggeration to say that
π is the most important irrational constant of
modern mathematics. Each year, the π symbol
appears in thousands of published books and in
tens (possibly hundreds) of thousands of technical
papers—not just in books and papers related to
geometry but also in fields as diverse as statistics
and quantum physics.

In fact, the numerical value of π (expressed in
binary digits) is contained in every smartphone
ever produced, since the computations performed
to process wireless signals (using the fast Fourier
transform) inherently involve π . π appears in
several guises in the equations of quantum physics
and thus is central to semiconductor electronics. π
even arises in GPS technology, since the frequency
of clock signals broadcast by GPS satellites must
be adjusted according to the formulas of Einstein’s
general relativity, the equations of which involve
π . The mind reels at the thought that the authors
of every mathematical, scientific, or engineering
paper that uses a π symbol must live under a
cloud of worry that they too might be accused of
“trademark violation” by including π symbols in
their articles.

What to Do?
True, it would take quite a stretch of trademark
law precedent before π characters appearing in
mathematical literature would be at peril. The Ω
symbol has been used to promote watches for
decades without litigation. The∞ symbol has been
used to promote automobiles without run-ins with
mathematicians. The same is true for Yahoo’s
trademark, which is little more than a block Y, and
Google’s trademark, namely a capital G.

But even if legal hassles over π in mathematical
papers are an unreasonable worry, as the legal
advice quoted below suggests, can we really not
freely put π on our pens, thumb drives, coffee
cups, posters, and T-shirts?

For the same reason that π is omnipresent in
mathematical literature, it is also omnipresent in
the larger cultural milieu of mathematics, and to
place a legal cloud over the usage of π on everyday
novelty items and posters would seriously hamper
the humanization of modern mathematics.

Also, if π is placed under a cloud of trademark
violation, what is next? The letter e, the base of
natural logarithms? The summation signΣ (another
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Greek letter)? The integral sign
∫
? Should the

American Mathematical Society or the International
Mathematical Union trademark all mathematical
symbols, including notation such as 5!, as logos
and release them under a general public license? No
precedent even remotely approaching this scenario
should be tolerated.

A lawyer familiar with trademark law (see
“Sidebar”) has advised us that “the trademark
registration for a symbol, such as a Greek letter,
would never preclude normal use of the letter.”
But we wonder if he is being a tad bit optimistic.
As the current case indicates, legal battles can, at
the least, make life quite uncomfortable for those
who would use mathematical notation in relatively
innocent settings.

The best solution, in our view, is simply for the
U.S. Patent and Trademark Office either to rescind
trademarks such as the π period trademark or,
at the least, to very clearly rule that such trade-
marks do not extend beyond the actual registered
combination on specific commercial products and
to block any future attempts at trademarking
mathematical symbols. There definitely are prece-
dents for such action, including the June 2014
action by the U.S. Patent and Trademark Office
to cancel the Washington Redskins’ registration
of their image, which was ruled as disparaging
to Native Americans [11]. Surely the needs of the
worldwide mathematical and scientific community
to use standard notation free from trademark
worries is an equally compelling justification. For
such patent nullification to happen, the American
Mathematical Society or some other body needs to
take legal action.

Sidebar: A Note on Trademark Law and
Trademarks in General
To be clear, the issue discussed in the article is
a trademark matter, not a patent matter. Rights
in trademarks are given for branding products
and services, and they are a matter of commercial
identity. The right of a trademark owner to exclude
others from using a mark is granted only in respect
of commercial activities, typically by field and
geographical area. Exclusive rights in trademarks
specifically do not extend to what is referred to
as “ornamental use,” that is, use not related to
commercial activities in which the trademark is
used for branding. The touchstone for determining
infringement (violation) of rights in a trademark
thus is the “likelihood” the use in question would
confuse consumers about products (or services) of
others with the trademark branded products (or
services) of the trademark owner.

Thus, trademark rights in mathematical symbols
do not have anything to do with their ordinary use
in mathematics and publications on mathematics

or any other “ornamental” use (ornamental in this
context meaning anything other than commercial
use of the mark for branding products or services
offered commercially). Thus a trademark right
in a mathematical symbol does not preclude
its use for decorative purposes, other than as
a brand. And a trademark owner in a mark
involving a mathematical symbol would have to
show likelihood of confusion due to the use
of a mark to obtain relief. In other words, the
scholarly use of mathematical symbols cannot
be trademarked and cannot be held to infringe
anyone’s trademark rights.

It is easy enough to see this by analogy to
familiar trademarks on letters, words, as well as on
specific mathematical symbols, illustrated by the
following examples. Neither the Yahoo trademark,
which is little more than the letter “Y”, nor the
Google trademark, which is little more than the
letter “G”, has any bearing on free use of these
letters in writing. The same applies to words
that are trademarks, such as “Guess” (clothing),
“Coke” (Coca-Cola), and “Apple” (computer and
software products), to name just a few. And the
trademarks that utilize Greek letters, such as
Infinity/Infiniti (using both the word and the letter)
for loudspeakers and automobiles (by different
owners) and Omega (using the symbol) for both
watches and electronic metering equipment (also
different owners), do not affect the use of these
symbols outside their specific association with the
company’s products and certainly not their use in
mathematics.

The trademark referred to in this article is for
the use of pi period for branding certain types of
clothing. (The registration not only limits use of
the mark to clothing, it also specifically excludes
its use on a number of particular types of clothing
such as basketball-related articles.) The mark has
no bearing on any use of pi period outside this
limited commercial application of the mark to
clothing products to indicate their “brand” (the
origin of the goods, in trademark parlance). The
registration and trademark rights in the mark pi
period does not bear at all on decorative uses of pi
period or its use in mathematics.

Indeed, this is only one of many trademarks
involving the symbol for pi or the word pi. Reg-
istration of these marks are orthogonal to one
another, and none of them bears on uses of the
word or the symbol in any context other than for
branding commercial products or services. They
have nothing to do with the use of pi in ordinary
mathematics publications, discussion, problem
solving, etc.

The demand letter noted in the article would,
in the ordinary course of affairs, be sent by the
trademark holder to another entity thought to be
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using the pi period mark (or something confusingly
similar) in association with the sale of the same type
of clothing. The owner of the mark is not entitled
to assert rights in it against purely ornamental
users, such as those who use pi (word or symbol)
in an ornamental (decorative) way.

While the foregoing discussion centers on the
trademark owner, the ultimate purpose of the
trademark system is to protect the consumer
and the public by ensuring that Apple computers
actually are Apples, the drink in the Coca-Cola
bottle really is Coke, Lipitor really is atorvastatin
from Pfizer, Teslas are made by Tesla, and Chevys
by GM. In other words, it is designed to ensure
that branded products and services are those of
the brand owner, not the products or services of
other providers.

The law attempts to optimize rules affecting par-
tially defined, dynamic, multiparametric, nonlinear
systems, and every legal regime has limitations and
imperfections. The trademark system is no excep-
tion. Abuses can and do occur. In crafting the law,
we have to balance the protection to be afforded to
trademark holders against countervailing public
interests, including the potential for abuse of the
sort discussed in the article. Whether the level
of such misuse at present warrants alterations
in the law should be assessed dispassionately by
looking at the frequency of abuse and its cost,
on the one hand, and, should it seem to warrant
changing the law, by the effects and burdens
each proposed change would likely engender on
trademark holders generally and on the public.

As the authors note, there is considerable
concern currently being voiced in the US about
unwarranted assertion of patent rights by so-
called patent “trolls,” and Congress is considering
a variety of legislation to address fraudulent
assertion of patent rights. The issue should not
arise for trademarks in the same way, because
trademark holders must actually use their marks
in commerce, thus giving them some real value,
whereas patent owners do not have to practice
their patents. Furthermore, trademark rights are
tightly defined: by the mark itself, by the registered
uses and geographical area, and by the definition
of infringement, which requires likelihood of
commercial confusion. Thus there is reason to be
optimistic that trademark abuse will not become a
substantial issue that requires alterations to the
law, but, if the need arises, all three branches of
government will respond (as they are doing with
regard to patents).

—Larry S. Millstein, Ph.D.2

2Larry S. Millstein has been an IP lawyer for over twenty
years and is a partner in the law firm of Millen, White, Ze-
lano & Branigan, PC. His Ph.D. is in chemistry/molecular
biology.
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If You Missed It in
Paris and in Urbana …
An Exhibit of the Works
of Siméon-Denis Poisson
Yvette Kosmann-Schwarzbach

From the Poisson exhibit at UPMC in Paris. The
Traité de Mécanique (1833) is open to the page

where he recalls that he “had proved the
properties [of the Poisson brackets] in a direct

and general manner” in 1809.

Everyone has heard of the Poisson distribution, of
the Poisson brackets, and of many other “Poisson
somethings.” But who was Poisson and what did
he do to acquire such fame? At the initiative of
its director, Brigitte Laude, the research library,
“Mathématiques Informatique Recherche” (MIR), of
the Université Pierre et Marie Curie in Paris, on
the Jussieu campus, organized an exhibit, “Siméon-

Yvette Kosmann-Schwarzbach is a retired professor
from the Centre de Mathématiques Laurent Schwartz
at École Polytechnique. Her email address is yks@math.
polytechnique.fr.

DOI: http://dx.doi.org/10.1090/noti1186

Denis Poisson. Les Mathématiques au Service de la
Science,” which was on display from 19 March to
19 June, 2014, aiming to present some of Poisson’s
works and their modern continuation.

From Poisson’s baptism certificate, drawn up one
day after his birth in Pithiviers (a small town south
of Paris); to the list of students admitted to the
École Polytechnique in year 7 of the Republic, where
he is no.1, at the top of a finely written page; to the
postcard representing his statue erected in 1851
in his native city, eleven years after his death, we
follow Poisson in his brilliant career as a professor
at the École Polytechnique (he was appointed at
the age of twenty-one to be the successor to
Fourier), later at the Faculté des Sciences (since its
creation, in 1809), and, after 1812, as an influential
member of the Académie des Sciences. Poisson
never travelled, but his works did. Several of his
books and articles were translated into German and
into English, influencing the British mathematical
physicist George Green among others.

All Poisson’s Books
Between 1799, one year after his admission to the
École Polytechnique at the age of seventeen, and
his death in 1840, Poisson wrote approximately
200 memoirs, articles, notes and reports, and ten
books. Not long before he died, he drew up a
careful catalogue of his published works. The idea
of the exhibit at Jussieu was primarily to present
the original editions of all his books, and that
was almost achieved. Two books, the first version
of the mechanics course he taught at the École
Polytechnique and a slim, technical volume on the
effect of firing a cannon, had to be represented
by scanned copies of the title pages. But the
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two volumes of his 1811 Traité de Mécanique, in
their fine leather binding with spines decorated
in red and gold, on loan from an anonymous
private collection, were displayed and, next to
them, his “considerably enlarged” second edition,
open to page 399 where he cites Lagrange “who
extended the method of variation of arbitrary
constants to all the problems of Mechanics” and
recalls that he had found and published [in
1809] a direct way to determine the inverses of the
expressions that had been found by Lagrange…that
is, he had discovered the “Poisson brackets”! His
famous Recherches sur la probabilité des jugements
(1837) was open to page 206, where one reads

P = (1+ω+ ω2

1.2 +
ω3

1.2.3 + · · · +
ωn

1.2.3...n )e
−ω. Other

books and memoirs dealt with his contributions to,
among other branches of mathematics and physics,
the analysis of integrals and series, differential
equations, integration in the complex domain, as
well as to the theories of electricity and magnetism,
heat, capillarity, elasticity, optics, all of which
he expected to include in a “Traité de physique
mathématique” that he would not be able to
complete before his death at the age of fifty-eight.

The rest of the exhibit contained contemporary
and later evaluations, laudative or critical, of
Poisson’s role in the development of mathematics
and physics in the first half of the nineteenth
century, and a selection of modern books in which
Poisson’s work is extended: texts and research
monographs on potential theory, probability theory,
Poisson geometry in mathematics and physics.

Urbana-Champaign, August 2014
A near duplicate display was re-created by Tim
Cole, Mathematics and Digital Access Librarian
at the University of Illinois in Urbana-Champaign,
and the librarians at UIUC on the occasion of the
“International Conference on Poisson Geometry in
Mathematics and Physics” (Poisson 2014) organized
by Rui Fernandes and Eugene Lerman. The exhibit,
entitled “Siméon-Denis Poisson. Mathematics in
the Service of Science,” was on display in the
Mathematics Library at Urbana, August 4–14, 2014.

Berkeley: Another Chance?
If you missed the Paris exhibit, and then again the
Urbana exhibit, you may still have a chance to see
it! In fact, at the initiative of Alan Weinstein and
David Li-Bland, organizers of “Gone Fishing 2014,”
November 8–9, 2014, this exhibit will be re-created
in the Library of the Mathematics Department
of the University of California in Berkeley. The
inauguration is scheduled for November 7, 2014,
and the exhibit will be on display November 7
through December 17.

From the exhibit at UIUC in Urbana-Champaign.
Displayed are articles by Poisson published in
the Journal de l’École polytechnique between
1801 and 1823.

http://math.berkeley.edu/~libland/gone-
fishing-2014.html

If you do not plan to travel to Berkeley for
the occasion, below are the websites where you
can download the Paris catalogue in French or in
English translation as well as the Urbana catalogue,
both of which contain short essays on some of the
items that were displayed.

http://www.jubil.upmc.fr/fr/bibliotheques/
mathematiques_informatique2/bib_mir/
exposition_poisson.html

http://www.library.illinois.edu/mtx/
Poisson-Exhibit/

The librarians wish to thank all the institutions
that lent material for these two exhibits.

This announcement was adapted from the article
on the same subject that appeared in the Newsletter
of the European Mathematical Society in September
2014. It is reproduced with the permission of the
EMS.
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Mathematical Sciences Center 

Tsinghua University, Beijing, China 
 

Positions: 

Distinguished Professorship; Professorship;   

Associate Professorship; 

Assistant Professorship (tenure-track). 

 

The MSC invites applications for the above positions in 

the full spectrum of mathematical sciences: ranging from 

pure mathematics, applied PDE, computational 

mathematics to statistics. The current annual salary range 

is between 0.15-1.0 million RMB. Salary will be 

determined by applicants' qualification. Strong 

promise/track record in research and teaching are required. 

Completed applications must be electronically submitted, 

and must contain curriculum vitae, research statement, 

teaching statement, selected reprints and /or preprints, 

three reference letters on academic research and one 

reference letter on teaching, sent electronically to 

msc-recruitment@math.tsinghua.edu.cn.     

The review process starts in December 2014, and closes 

by April 30, 2015. Applicants are encouraged to submit 

their applications before December 15, 2014.   

**************************************** 

Positions: post-doctorate fellowship   
 

Mathematical Sciences Center (MSC) will hire a 

substantial statistics, number of post-doctorate fellows in 

the full spectrum of mathematical sciences. New and 

recent PhDs are encouraged for this position.  

A typical appointment for post-doctorate fellowship of 

MSC is for two-years, renewable for the third years. 

Salary and compensation package are determined by 

qualification, accomplishment, and experience. MSC 

offers very competitive packages.  

Completed applications must contain curriculum vitae, 

research, statement, teaching statement, selected reprints 

and/or preprints, three reference letters with referee’s 

signature, sent electronically to 

msc-recruitment@math.tsinghua.edu.cn  

The review process starts in December 2014, and  

closes by April 30, 2015.  Applicants are encouraged to 

submit their applications before December15, 2014.                           

 

 

 

 

 

 

Tsinghua Sanya International  

Mathematics Forum (TSIMF) 

Call for Proposal 

 

 

We invite proposals to organize workshops, conferences, 

research-in-team and other academic activities at the 

Tsinghua Sanya International Mathematics Forum 

(TSIMF).  

TSIMF is an international conference center for 

mathematics. It is located in Sanya, a scenic city by the 

beach with excellent air quality. The facilities of TSIMF 

are built on a 140-acre land surrounded by pristine 

environment at Phoenix Hill of Phoenix Township. The 

total square footage of all the facilities is over 28,000 

square meter that includes state-of-the-art conference 

facilities (over 9,000 square meter) to hold two 

international workshops simultaneously, a large library, a 

guesthouse (over 10,000 square meter) and the associated 

catering facilities, a large swimming pool, two tennis 

courts and other recreational facilities. 

Because of our capacity, we can hold several workshops 

simultaneously. We pledge to have a short waiting period 

(6 months or less) from proposal submission to the actual 

running of the academic activity.  

The mission of TSIMF is to become a base for scientific 

innovations, and for nurturing of innovative human 

resource; through the interaction between leading 

mathematicians and core research groups in pure 

mathematics, applied mathematics, statistics, theoretical 

physics, applied physics, theoretical biology and other 

relating disciplines, TSIMF will provide a platform for 

exploring new directions, developing new methods, 

nurturing mathematical talents, and working to raise the 

level of mathematical research in China. 

For information about TSIMF and proposal submission, 

please visit: http://msc.tsinghua.edu.cn/sanya/ or write to 

Ms. Yanyu Fang yyfang@math.tsinghua.edu.cn.  

http://msc.tsinghua.edu.cn/sanya/
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2014 Gauss Prize Awarded

On August  13, 
2014, the 2014 Carl 
Friedrich Gauss 
Prize for Applica-
tions of Mathemat-
ics was awarded at 
the opening cer-
emonies of the 
International Con-
gress of Mathema-
ticians (ICM) in 
Seoul, Korea. The 
prizewinner was 
Stanley Osher of 
the University of 

California Los Angeles “for his influential con-
tributions to several fields in applied mathemat-
ics and for his far-ranging inventions that have 
changed our conception of physical, perceptual, 
and mathematical concepts, giving us new tools 
to apprehend the world.”

The Carl Friedrich Gauss Prize for Applications 
of Mathematics was instituted in 2006 to recognize 
mathematical results that have opened new areas 
of practical applications. It is granted jointly by the 
International Mathematical Union and the German 
Mathematical Society and is awarded every four 
years at the ICM. 

Stanley Osher is a one-man bridge between 
advanced mathematics and practical, real-world 
problems. Time and time again he has engaged 
deeply with the world of engineers and applied 
scientists and then developed mathematical tech-
niques to solve their problems with unprecedented 
power, speed, and elegance. And because he so 
finely tunes his solutions to their needs, his tech-
niques have been widely adopted and have had 
an extraordinarily broad impact, helping to catch 
criminals, create animated movies, improve MRI 
scans, design computer chips, and much more.

One of his major contributions was developing 
the method of level sets with James Sethian. The 
basic problem is to mathematically describe a 
changing shape. Imagine, for example, that a drop 
of oil is floating in water, and you want to write 
an equation that will predict how its shape will 
change with currents in the water. A traditional 
way to do this is to picture a set of buoys along 
the edge of the drop, connected by stretchy ropes. 

Moment by moment, you can then describe how 
the buoys move, giving you a good approximation 
of the overall shape.

That method doesn’t work so well, though, if 
your oil drop splits in half, as they sometimes do. 
It’s not so obvious how to describe that with the 
buoys, since you now also need to cut the ropes 
between them and retie them. Or, suppose that 
two different oil drops merge—then some of your 
buoys disappear completely or fall inside the other 
oil drop or something. It gets messy.

Osher and Sethian suggested an entirely new 
approach. They imagine that the outline of the 
oil drop is a clean horizontal slice of some three-
dimensional object. The rest of the shape of the 
object doesn’t much matter, as long as the slice is 
the right shape. They then apply the physical laws 
affecting the drop of oil (for the currents in the 
water, for example) to the entire three-dimensional 

Horizontal slices of the three-dimensional 
red object on the bottom show the shape 
of an oil drop as it changes over time. This 
representation can gracefully handle behavior 
like the drop cleaving in two. Credit: Wikimedia.

This is not a photograph. This is a computer 
simulation of a ball flying through a flame and 
catching fire. It was created using Osher’s level 
set methods. Credit: Ron Fedkiw, Duc Nguyen, and 
Doug Enright.DOI: http://dx.doi.org/10.1090/noti1179

Stanley Osher

Ph
o
to

 c
o
u

rt
es

y 
o
f 

IM
U

.



1234    Notices of the Ams volume 61, Number 10

object. To find the shape of the 
oil drop at another moment, they 
simply take the same horizon-
tal slice of the object later. If 
the oil drop splits, the three-di-
mensional object has developed 
two separate humps. And if two 
drops come together, two “legs” 
of the object have converged.

Although turning the problem 
of predicting the evolution of 
a two-dimensional object into 
predicting that of a three-dimen-
sional one seems like it would 
only make things more compli-
cated, it solves all the bookkeep-
ing problems with the buoy-and-
ropes method and gives a simple, 
powerful, clean representation 
that can handle any odd thing the 
oil drop might do.

This relatively simple idea 
turns out to be extremely pow-
erful. For example, the level set 
method is now being used by 
every single major film anima-
tion company to animate flu-
ids, including Pixar, Disney, ILM, 
Dreamworks, and more. It allows 
animators to apply the true laws 
of physics to the fluid, creating 
far more realistic images. The 
giant whirlpool maelstrom in 

Pirates of the Caribbean 3 and the 
dragon’s flaming breath in Harry 
Potter and the Goblet of Fire, for 
example, were created using level 
sets. One of Osher’s students, Ron 
Fedkiw of Stanford University, won 
an Academy Award for his work 
on film animation using these 
methods.

More practically, level set methods are useful  
for predicting weather, designing computer chips, 
identifying the source of an earthquake, modeling 
the growth of tumors, analyzing medical scans, 
and much, much more.

Another area that Osher has revolutionized 
is modeling the way that supersonic jets slice 
through the air. Air flows smoothly around planes 
flying at ordinary speeds, but when jets approach 
the speed of sound, the air can’t get out of the 
way fast enough. As a result, the density, pressure, 
temperature, and velocity of the air change essen-
tially instantaneously. In mathematical terms, this 
instantaneous change is called a “discontinuity,” 
and it’s a really big problem, because traditional 
methods all depend on incremental changes. Osher, 
together with Amiram Harten, Bjorn Engquist, and 
Chi-Wang Shu, developed new mathematical tech-

niques that can handle these discontinuities. This 
enables computer modeling of the design of new 
supersonic jets.

Osher then applied similar ideas to an entirely 
different problem: sharpening blurry images. The 
line in a photograph between the dark leg of a 
table and a light background is another example 
of a discontinuity. Together with Leonid Rudin, 
Osher applied the mathematical techniques he 
had developed for modeling supersonic jets to 
images and was able to pull out and sharpen these 
discontinuities.

Their techniques also came from the recogni-
tion that much of the fuzz in a blurry image isn’t 
random: it comes from physical processes like the 
shake of the hand holding the camera. Identifying 
these processes and then reversing them reduces 
the blur. That’s easier said than done, though, 
because information is lost when the image is 
blurred. Osher’s methods can recover some of that 
by combining information from multiple images. 
And he developed very efficient algorithms to carry 
out the transformation.

Never content with merely developing theoreti-
cal methods, Osher (together with Rudin) created a 
company, Cognitech, to commercialize them. The 
most famous success of the company came during 
a trial after the 1992 Los Angeles riots. Rioters at-
tacked a truck that happened to be driving through 
the area, throwing rocks at it, dragging the driver 
out of the cab, beating him to unconsciousness, 
and breaking his skull in ninety-one places. The 
entire attack was filmed by a TV helicopter (one 
of the attackers even danced over the victim’s 
unconscious body and flashed gang symbols to 
the helicopter). The footage was blurry, though, 
so prosecutors turned to Cognitech for help iden-
tifying the attackers. Investigators focused on a 
speck on the arm of one of the men—less than 
1/6,000th the size of the total photograph—and 
the algorithms revealed it to be a rose-shaped 
tattoo. The man was later identified as Damian 
Monroe Williams, and he was convicted of the 
attack. Cognitech continues to be used by police 
departments across the country.

Another of Osher’s clever algorithms allows 
people to get better MRI scans faster. Building on 
the compressive sensing ideas of David Donoho, 
Emmanuel Candès, and Terence Tao, he general-
ized his image-processing methods to any situ-
ation in which you want to present information 
using as little data as possible. Jpeg, for example, is 
an algorithm that stores images using fewer bytes 
while losing only a small amount of detail. He de-
veloped algorithms to do the same thing in reverse, 
so that the scan gathers its data in compressed 
format, requiring less of it to get a clear view. 
Another example where these techniques apply is 
the “Netflix problem,” predicting what movies you 
will like from your favorites. The movies you’ve 

The top image is a blurry 
picture of TK. Osher’s 

methods sharpen it into 
the middle image. The 

bottom image is a picture 
of the same thing that is 

in focus.
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seen and liked are the data represented in com-
pressed form, and the problem is to uncompress 
that to discover all the movies you will like.

As diverse as Osher’s impacts on the world have 
been, they’ve all come from clever, efficient algo-
rithms drawing on deep mathematics. “I write the 
algorithms that make the computer sing,” Osher 
told the Los Angeles Times. “I’m the Barry Manilow 
of mathematics.”

Stanley Osher was born in Brooklyn, New York, 
in 1942 and received his B.S. from Brooklyn College 
in 1962 and his Ph.D. from New York University 
in 1966. He worked at Brookhaven National Labo-
ratories (1966–68) and as assistant professor at 
the University of California Berkeley from 1968 to 
1970. He has been associate professor (1970–75) 
and professor (1975–77) at the State University of 
New York at Stony Brook. He has been a profes-
sor in the Department of Mathematics at UCLA 
since 1977 and is also director of special projects 
at the Institute for Pure and Applied Mathemat-
ics (IPAM). He has been a Fulbright Fellow (1971) 
and an Alfred P. Sloan Fellow (1972–74). He has 
received the Japan Society of Mechanical Engineers 
2002 Computational Mechanics Award, the 2003 
ICIAM Pioneer Prize, and the 2007 United States 
Association for Computational Mechanics (USACM) 
Computational and Applied Sciences Award, as 
well as the Kleinman Prize (2005) and the John 
von Neumann Lectureship (2013), both from the 
Society for Industrial and Applied Mathematics 
(SIAM). He has been an invited speaker (1994) 
and a plenary speaker (2010) at the International 
Congress of Mathematicians (ICM). He is a mem-
ber of the National Academy of Sciences and the 
American Academy of Arts and Sciences, as well 
as a fellow of SIAM and of the AMS.

Awarded every four years at the International 
Congress of Mathematicians, the Gauss Prize carries 
a cash award of 10,000 euros (about US$14,000). 
Previous recipients are Kiyoshi Itô(2006) and Yves   
Meyer (2010). On the selection committee for the 
2014 prize were Alfio Quarteroni (chair), Weinan 
E, Barbara Keyfitz, Andrés Weintraub, and Aad 
van der Vaart.

 — From an IMU news release
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teaching credentials demonstrated by student evaluations and/or teaching
awards and supported by letters of recommendation. 
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2014 Chern Medal Awarded
On August 13, 2014, the Chern Medal 
Award was presented at the open-
ing ceremonies of the International 
Congress of Mathematicians (ICM) 
in Seoul, Korea. The awardee was 
Phillip Griffiths of the Institute 
for Advanced Study “for his ground-
breaking and transformative develop-
ment of transcendental methods in 
complex geometry, particularly his 
seminal work in Hodge theory and 
periods of algebraic varieties.”

The Chern Medal Award was insti-
tuted in 2010 in memory of the out-
standing mathematician Shiing-Shen 

Chern. It is awarded jointly with the Chern Medal 
Foundation (CMF) to an individual whose lifelong 
outstanding achievements in the field of math-
ematics warrant the highest level of recognition.

Shiing-Shen Chern devoted his life to mathemat-
ics, both in active research and education, and 
in nurturing the field whenever the opportunity 
arose. He obtained fundamental results in all the 
major aspects of modern geometry and founded 
the area of global differential geometry. Chern 
exhibited keen aesthetic tastes in his selection of 
problems, and the breadth of his work deepened 
the connections of modern geometry with different 
areas of mathematics. 

The award consists of a medal and a monetary 
prize of US$500,000. It is required that half of 
the award be donated to organizations of the 
recipient’s choice to support research, education, 
outreach, or other activities to promote mathemat-
ics. Chern was generous during his lifetime in his 
personal support of the field, and it is hoped that 
this philanthropy requirement for the promotion 
of mathematics will set the stage and the standard 
for mathematicians to continue this generosity on 
a personal level. The inaugural Chern Medal was 
awarded in 2010 to Louis Nirenberg.

Phillip Griffiths is a singular figure in math-
ematics. For more than fifty years he has been a 
leader in research, making contributions at the 
highest level in several areas, most notably alge-
braic geometry and differential geometry. He has 
also been an outstanding teacher and mentor for 
young people entering mathematics. His exposition 
has garnered accolades, and his books have had 
a lasting influence. On top of these contributions 
to the field of mathematics, Griffiths has had a 
substantial impact on the entire scientific enter-

prise the world over through his extensive work on  
science policy, through his leadership of the Insti-
tute for Advanced Study for more than a decade, and 
through his work on behalf of science in the developing 
world. To have contributed at such a high level to 
so many different aspects of mathematical and 
scientific life is truly extraordinary.

Right after he received his Ph.D. from Princeton 
University in 1962, under the direction of Don-
ald Spencer, Griffiths went to the University of 
California Berkeley, where he was a Miller Fellow. 
There he came into contact with Shiing-Shen Chern 
(1911–2004). One of the towering figures of twen-
tieth-century mathematics, Chern was a geometer 
of wide interests and deep insights. He also had 
a profound sense of responsibility for developing 
the culture and community of mathematics. He 
made a lasting impression on the young Griffiths. 
The two became collaborators and lifelong friends.

In his mathematics research, Griffiths is known 
not so much for having proved big theorems or for 
things named after him, though he certainly has 
both. Rather, he is known more for pioneering new 
approaches or strategies that have proven very 
fruitful, for developing connections between areas 
that had previously seemed unrelated, and for 
opening new lines of research that he and others 
then pursued. Robert Bryant of Duke University, 
who served as chair of the 2014 Chern Medal selec-
tion committee, noted that Griffiths has the ability, 
despite the formidable technical machinery used 
in his work, to hold fast to the intuitive heart of 
the problem at hand. “Even when mathematicians 
discuss very abstract geometric concepts, they 
often speak as though there are tangible objects 
being represented and attach an almost physical 
sense to them,” said Bryant. “Exactly how this sort 
of metaphorical sense contributes to our under-
standing of the concepts is mysterious, but it is 
frequently the hallmark of great insight. Griffiths 
has an amazingly strong ability to invoke those 
kinds of intuitions and to communicate them to 
others.” 

One of Griffiths’s great contributions has been 
to perceive this intuition in the work of past 
mathematical masters and reinterpret it in mod-
ern terms. For example, mathematicians looked 
askance at the work of the Italian school of alge-
braic geometry of the late nineteenth and early 
twentieth centuries because the work did not 
conform to new standards of rigor that arose af-
terward. The Italian algebraic geometers neverthe-
less had a genius for geometric intuition. Griffiths 
imbibed this intuition and made it precise, using DOI: http://dx.doi.org/10.1090/noti1178
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modern techniques. He also absorbed and revived 
interest in the work of Elie Cartan (1869–1951) 
on exterior differential systems. While it was full 
of tremendous insights, Cartan’s work had been 
neglected because it was difficult to read and had 
not been put into a systematic framework. After 
Griffiths and his collaborators developed and 
expanded on ideas from Cartan’s work, exterior 
differential systems went on to have a significant 
impact on the theory of partial differential equa-
tions. “There was a kernel of beautiful geometric 
ideas that ran through these classic works and—
once you got through the old-fashioned language 
and notations—an extraordinary relevance to mod-
ern problems,” said Mark Green of the University 
of California at Los Angeles. “Griffiths was a great 
believer in the power of deep geometric ideas, and 
he encouraged his students to engage with these 
classic books and papers.”

Four volumes of the selected works of Griffiths 
have appeared: on analytic geometry, algebraic 
geometry, variations of Hodge structures, and dif-
ferential systems. There is also ample material for 
a fifth volume, which is under consideration. This 
staggering output ranges over an enormous vari-
ety of topics. Nevertheless, one can still perceive 
some unifying and powerful geometric ideas that 
run through his work. An example can serve to il-
lustrate the nature of these ideas. A fundamental 
distinction in mathematics is between algebraic 
functions, such as the square root of x, and tran-
scendental functions, such as sine and cosine, 
which cannot be expressed algebraically. An im-
portant insight that emerged in algebraic geometry 
over the course of the nineteenth century is that 
objects described in terms of algebraic equations 
can be productively studied using transcendental 
functions; this gives rise to the subject known as 
transcendental algebraic geometry. For algebraic 
curves in the plane, one aspect of these transcen-
dental methods was embodied in a construction 
known as the period map. However, when one goes 
beyond curves to higher dimensions, genuinely 
new phenomena occur that no one had anticipated 
until the work of Griffiths. He found an innovative 
way to bring together modern methods, such as 
deformation theory and Hodge theory, with the 
classic framework.

Not far off from these developments lies one of 
the major challenges in mathematics, the Hodge 
Conjecture, which has been designated as one of 
the million-dollar Millennium Prize Problems of 
the Clay Mathematics Institute. W. D. V. Hodge 
(1903–1975) noted that to certain objects in al-
gebraic geometry—namely, algebraic cycles—one 
can associate a particular type of object in topol-
ogy, a “Hodge class.” The Hodge Conjecture asks 
whether one can reverse this association: Can one 
take a Hodge class and find an algebraic cycle 
with rational coefficients to which it is associated? 

While no one has yet proved the Hodge Conjec-
ture, Griffiths’s work has been a potent force in 
shedding light on the contours of that problem 
and shaping much of the research that has been 
done on it.

 Often mathematicians are categorized as 
“problem solvers” or “theory builders”; Griffiths 
does not quite fit into either group. “He’s an ‘un-
derstander’ ,” said Bryant. “He wants to understand 
where an idea can go, its connections to other 
ideas, and how it might illuminate a problem he’s 
considering.” This drive to understand has made 
Griffiths an excellent communicator, not only 
among fellow researchers but with students as 
well. He has had twenty-nine Ph.D. students, many 
of whom have gone on to outstanding careers 
themselves; altogether, he has about four hundred 
sixty doctoral “descendants.” Griffiths’s math-
ematical writing is known for its clarity and polish 
as well as for the way it opens new directions for 
research. A prominent example is his paper “Peri-
ods of integrals on algebraic manifolds,” which ap-
peared in the Bulletin of the American Mathemati-
cal Society in 1970 and received the AMS Steele 
Prize the following year. His books have also had a 
wide influence, particularly Principles of Algebraic 
Geometry, written with his former Ph.D. student 
Joseph Harris. Universally known by the shorthand 
“Griffiths and Harris,” this textbook has become 
a standard reference for generations of students.

After his Miller Fellowship at the University 
of California Berkeley, Griffiths became a faculty 
member there. In 1967 he moved to Princeton Uni-
versity and in 1972 to Harvard. His appointment in 
1983 as provost of Duke University began his work 
in administration, which, surprisingly, did not slow 
down at all his research output. In 1991 he became 
director of the Institute for Advanced Study (IAS) 
in Princeton, one of the world’s foremost research 
centers, particularly in the areas of mathematics 
and theoretical physics. Under his twelve-year 
directorship, the IAS launched several new initia-
tives, including programs in theoretical computer 
science and theoretical biology. Also during this 
time, three new buildings were completed, among 
them Simonyi Hall, which now houses the IAS 
School of Mathematics.

Griffiths has been much sought after for his 
wise council in matters of science and educational 
policy. As Green put it, “He is a person everyone 
trusts to be fair and judicious.” Among the most 
prominent roles Griffiths played was as chair of 
the Committee on Science, Engineering, and Public 
Policy (COSEPUP) of the National Academies from 
1992 until 1999. In that time COSEPUP issued two 
especially influential reports, one on reshaping 
graduate education in science and engineering and 
the other on the various facets of being an effective 
mentor in these areas. Griffiths also served on the 
National Science Board, the policymaking body of 
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the National Science Foundation (1991–96), and as 
secretary of the International Mathematical Union 
(1999–2006).

While director of the IAS, Griffiths got to know 
James Wolfensohn, president of the World Bank, 
who at the time served as an IAS trustee. Inspired 
by this contact, Griffiths launched the Science 
Initiative Group (SIG), an international team of 
leading scientists that aims to help developing 
countries build scientific capacity. Rather than 
imposing goals and frameworks from outside, 
SIG helps native-born scientists to identify criti-
cal national needs and to build the educational 
and research infrastructure required to address 
them. SIG’s first effort was the Millennium Sci-
ence Initiative, a research and education program 
that was funded mainly by the World Bank and 
that reached developing countries in Africa, Asia, 
and Latin America. Building on this experience, 
SIG launched RISE (Regional Initiative in Science 
and Education), which is funded by the Carnegie 
Corporation of New York and managed jointly by 
SIG and the African Academy of Sciences. RISE 
supports university-based research and training 
networks in sub-Saharan Africa, with the goal of 
preparing Ph.D.-level scientists and engineers. RISE 
has put special emphasis on participation by Afri-
can women, who have long been underrepresented 
in the sciences.

At seventy-six years of age, Griffiths shows little 
sign of slowing down. Now a professor emeritus 
at the IAS, he remains deeply involved with SIG. 
Over the past year he has teamed with other US 
leaders in mathematics and science on a program 
that aims to effect constructive change in post-
secondary mathematics education. And he is still 
doing research: his most recent paper, written 
with Mark Green, was posted on the arXiv preprint 
server in May 2014. With his distinguished legacy 
in mathematics research, his profound impact on 
young people in the field, and his contributions 
to supporting research and education around the 
globe, Griffiths is an inspiration to many—but not 
one who is easily emulated, Green noted. To take 
on as many projects as Griffiths has, “the rest of 
us would need extra hours in the day.”

Phillip Griffiths was born in Raleigh, North 
Carolina, in 1938. Among his awards are the Dan-
nie Heineman Prize (1979), the Wolf Foundation 
Prize in Mathematics (2008), and the Brouwer Prize 
(2008). He held a Guggenheim Fellowship from 1980 
to 1982 and is a Distinguished Presidential Fellow 
for International Affairs, National Academy of Sci-
ences, a Carnegie Fellow, and a Fellow of the AMS. 
He is also senior advisor for the Andrew W. Mellon 
Foundation. He is a member of the National Acad-
emy of Sciences, the American Academy of Arts and 
Sciences, and the American Philosophical Society. 

 — From an IMU news release
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Witten Awarded 2014 
Kyoto Prize

Edward Witten of the Institute for Advanced 
Study has been awarded the 2014 Kyoto Prize in 
Basic Sciences for “outstanding contributions to 
the development of mathematical sciences through 
the exploration of superstring theory.” According 
to the prize citation, he “has made significant 
contributions to theoretical physics for more than 
thirty years as a leader in the dramatic evolution 
of superstring theory. Moreover, by applying his 
physical intuition and mathematical skills, he has 
advanced mathematics, and prompted the cutting-
edge research of many mathematicians.” 

The Kyoto Prize is an international award to 
honor those who have contributed significantly to 
the scientific, cultural, and spiritual betterment of 
mankind. The prize is presented annually in each 
of the following three categories: Advanced Tech-
nology, Basic Sciences, and Arts and Philosophy. 
Each prize carries a monetary award of 50 million 
yen (about US$490,000). The prize in Advanced 
Technology was awarded to biomedical engineer 
Robert S. Langer and the prize in Arts and Philoso-
phy to dyeing and weaving artist Fukumi Shimura.

The Work of Edward Witten
A look into the progress of quantum field theory 
and string theory since the last century reveals a 
spectacular drama featuring a large cast of tal-
ented scientists. Beginning with the problem of 
reconciling the theory of general relativity with 
quantum mechanics, these scientists dreamed of 
a theory that would unify the entire spectrum of 
mechanics, from the theory of elementary particles 
to macroscopic cosmology. Highlighting this story 
are the discovery of new elementary particles and 
the pursuit of new and innovative mechanical 
theories. In this continuing drama, particularly 
over the past three decades, Edward Witten has 
assumed a leading role.

A breakthrough in superstring theory by Mi-
chael Green and John Schwarz in 1984 ignited the 
interest of many physicists and resulted in the 
“first superstring revolution.” As the revolution ex-
panded, Witten’s geometric analysis of anomalies 
in gauge fields and gravity fields served as an im-

portant motivation for these 
scientists. Meanwhile, Witten’s 
study of the compactifica-
tion of strings illuminated a 
way toward the mathemati-
cal elucidation of the rela-
tionship between superstring 
theory and the standard 
model of particle physics. 
In 1995 Witten proposed M-
theory, which united all five 
different 10-dimensional 
superstring theories, until 
then separately constructed, into one 11– 
dimensional superstring theory. This placed him 
at the forefront of a new wave of research called 
the “second superstring revolution.”

Witten has made significant contributions not 
only to the fields of theoretical physics but also 
to the cutting-edge field of pure mathematics. His 
penetrating physical intuition and advanced math-
ematical skills have prompted many mathemati-
cians to tackle new research topics. He has inspired 
new research themes in algebraic geometry, such 
as the reconstruction of the Morse theory of dif-
ferential geometry based on superstring theory’s 
concept of supersymmetry and the compactifica-
tion of strings using the Calabi-Yau manifolds of 
complex analytic geometry. He has shed light on 
how Chern-Simons theory relates to topological 
quantum field theory, and his extension of the 
Jones polynomial of knot theory offered a fun-
damentally new perspective. His other important 
contributions include the supersymmetric gauge 
field in Seiberg-Witten theory and duality in Vafa-
Witten theory. Furthermore, he has clarified the 
relationship between the Langlands program and 
the AdS/CFT correspondence of quantum field 
theory; inspired new theories with the Gromov-
Witten invariant, which has found a broad range 
of applications and remains especially significant 
with regard to the enumerative problems of alge-
braic geometry; and initiated new research tasks 
involving mirror symmetry. Today each of these 
achievements is highly regarded among mathema-
ticians worldwide.DOI: http://dx.doi.org/10.1090/noti1180
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2014 Nevanlinna Prize 
Awarded

In the 1970s, Freeman Dyson lamented what he 
saw as the high degree of alienation between theo-
retical physicists and mathematicians. After 1980, 
however, it was internationally recognized that a 
renaissance had begun in the exchange of knowl-
edge between pure mathematics and theoretical 
physics. Edward Witten has played a remarkable 
role in sparking that renaissance.

Biographical Sketch
Edward Witten was born in Baltimore, Maryland, 
in 1951. He received his Ph.D. in physics from 
Princeton University in 1976. Between 1976 and 
1980 he was first a postdoctoral fellow and then 
a junior fellow of the Society of Fellows at Harvard 
University. In 1980 he became professor at Prince-
ton University. He has been a professor at the 
Institute for Advanced Study since 1987 and has 
been Charles Simonyi Professor there since 1997.

He received the Dirac Medal of the Abdus Salam 
International Centre for Theoretical Physics in 
1985 and was awarded the Fields Medal in 1990. He 
received the Dannie Heineman Prize of the Ameri-
can Physical Society in 1998, the Crafoord Prize of 
the Royal Swedish Academy of Sciences in 2008, 
and the Lorentz Medal of the Royal Netherlands 
Academy of Arts and Sciences in 2010. In 2002 he 
was awarded the National Medal of Science, and in 
2012 he received the Breakthrough Prize in Funda-
mental Physics. He is a member of the American 

On August 13, 2014, the 2014 Rolf Nevanlinna 
Prize was awarded at the opening ceremonies 
of the International Congress of Mathematicians 
(ICM) in Seoul, Korea. The prizewinner was Sub-
hash Khot of the Courant Institute of Sciences, 
New York University.

In 1982 the University of Helsinki granted funds 
to award the Nevanlinna Prize, which honors the 
work of a young mathematician (less than forty 
years of age) in the mathematical aspects of in-
formation science. The prize is presented every 
four years by the International Mathematical Union 
(IMU). Previous recipients of the Nevanlinna Prize 
are: Robert Tarjan (1982), Leslie Valiant (1986), 
Alexander Razborov (1990), Avi Wigderson (1994), 

Academy of Arts and Sciences, the National Acad-
emy of Sciences, and the Royal Society.

About the Prize
The Kyoto Prize is Japan’s highest private award 
for global achievement, honoring significant 
contributions to the betterment of society. The 
Inamori Foundation is a nonprofit organization 
established in 1984 by Kazuo Inamori, founder 
and chairman emeritus of Kyocera and KDDI 
Corporation. The activities of the Inamori Founda-
tion reflect the lifelong belief of its founder that a 
human being has no higher calling than to strive 
for the greater good of society and that the future 
of humanity can be assured only when there is a 
balance between scientific progress and spiritual 
depth. The Kyoto Prize is presented not only in 
recognition of outstanding achievements but also 
in honor of the excellent personal characteristics 
that have shaped those achievements. 

Previous Kyoto Prize winners who have made 
contributions to the mathematical sciences 
are: Rudolf E. Kalman (1985), Claude E. Shan-
non (1985), John McCarthy (1988), I. M. Gel-
fand (1989), Edward Lorenz (1991), André Weil 
(1994), Donald E. Knuth (1996), Kyosi Itˆ o (1998), 
Mikhael Gromov (2002), Simon A. Levin (2005), 
Hirotugu Akaike (2006), and László Lovász (2010). 

 — From Inamori Foundation announcements

Peter Shor (1998), Madhu Sudan (2002), Jon Klein-
berg (2006), and Daniel Spielman (2010).

Khot was honored “for his prescient definition 
of the ‘Unique Games’ problem and leading the 
effort to understand its complexity and its piv-
otal role in the study of efficient approximation 
of optimization problems; his work has led to 
breakthroughs in algorithmic design and approxi-
mation hardness, and to new exciting interactions 
between computational complexity, analysis and 
geometry.”

Typically, major math prizes are given for major 
results. But in this case, Subhash Khot received 
the Nevanlinna Prize in large part for a conjec-
ture—and even more surprisingly, one whose truth 
experts can’t yet decide on.

But Khot’s Unique Games Conjecture has al-
ready amply proven its value, even should it ulti-DOI: http://dx.doi.org/10.1090/noti1182
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Start with an arbitrary bubble and color it yellow. 
Since all the bubbles connected to it now have to 
be purple, color them in. Continue this way until 
you’ve either managed to color in the whole net-
work or you’ve found a bubble that’s connected to 
both yellow and purple bubbles, 
making the project impossible. 

If you add just one more 
crayon, though, this method 
fails, because when you color 
the first bubble yellow, you don’t 
know what color the connected 
ones have to be. So if you get 
to a bubble you can’t color in 
without breaking the rules, you 
don’t know if a different selec-
tion earlier would have solved 
the problem. The difficulty isn’t 
just with that method; no other 
method will reliably and efficiently solve the prob-
lem either. It has been proven to be NP-hard—in 
other words, effectively impossible. 

Khot altered this problem slightly. He made it 
easier than the ordinary three-crayon problem by 
providing a rule so that whenever any bubble is col-
ored in, the color of all connected bubbles is fixed. 
Then an algorithm like the earlier one applies, and 
it’s easy enough to determine if the network can 
be colored in without breaking the rules. But for 
networks that are duds—ones that can’t be colored 
in—Khot asked this: Which coloring breaks the 
fewest rules possible? 

The Unique Games Conjecture (UGC) is that 
if you have lots of colors, you’ll never find an 
efficient method to color in the drawing that’s 
anywhere close to the best one, no matter how 
clever you are. 

Khot developed the conjecture in 2001 (in a 
slightly different formulation, from which the 
name was derived). A couple of years later, com-
puter scientists got the first glimmer of its impor-
tance, when Khot and others found that if the UGC 
was true, then they could find firm limits on how 
well many other problems could be approximated. 

Here’s one: Imagine at a celebrity-studded 
party guests sought out the stars to shake hands 
with them (but noncelebrity partygoers kept their 
hands to themselves with one another). If you 
know only who shook hands with whom, can you 
figure out the minimum number of celebrities that 
might have been at the party? A simple algorithm 
can find an approximate solution for this, but it 
might specify as many as twice as many celebri-
ties as are really needed. Computer scientists long 
imagined you could do better with a more sophis-
ticated algorithm, but in 2003, Khot, together with 
Oded Regev, showed that if the UGC is true, they 
were wrong. That simple algorithm is the best 
you can do.

mately be disproven. It has cast a bright light on 
previously dim areas of computational complexity 
and provided critical insight—and, yes, Khot has 
also used it to prove major results, ones that stand 
regardless of its truth.

The conjecture has opened up a particularly 
fruitful way of addressing the central question of 
the field of computational complexity: How hard 
are problems to solve? More precisely, if you found 
the cleverest possible way to solve a particular 
problem, how quickly could a computer find the 
answer using it? 

Computer scientists are nearly certain that 
some problems are so difficult that computers 
can’t reliably find the answer at all, at least not 
in any reasonable amount of time (such as before 
the universe ends). That’s the famous conjecture 
known as P ≠ NP, and it has resisted proof for 
four decades—though computer scientists have 
only become more convinced that it must be true 
over time.

So many researchers have moved on to the next 
question: If a problem is too hard for a computer 
to solve quickly and precisely, can it at least find 
a good approximation? In the real world, after all, 
a good approximation is usually enough.

Before Khot’s work, researchers had found a 
few problems for which the answer was no, but for 
most problems, they had little idea. Khot found a 
remarkably simple problem (called Unique Games) 
that seems to encapsulate what makes many 
problems hard to solve even approximately in a 
reasonable amount of time. His conjecture is that 
it’s not just hard but impossible to reliably find 
an approximate answer to Unique Games reason-
ably quickly. In a certain precise, technical sense, 
Unique Games seems to be the simplest really, 
really hard problem.

Whether he’s right or wrong, his problem has 
“cleaved nature at its joints,” as the early taxono-
mist Carl Linnaeus put it. The conjecture is proving 
to be a kind of lever point, a spot where applying 
effort yields big results. Assuming the conjecture 
is true, Khot and others have shown that the vast 
majority of problems computer scientists care 
about also can’t be approximated. Not only that, 
but the conjecture has shed light on seemingly 
unrelated problems in geometry, Fourier analysis, 
and even the mathematics of foams and voting, 
and those results don’t rely on its truth. 

The Unique Games problem is an elaboration 
of one that a six-year-old could play with. Imagine 
that you have a box of crayons and a drawing of 
a bunch of bubbles, some of which have lines 
connecting them. (Computer scientists call such 
drawings “networks.”) Can you find an efficient 
way to color in the bubbles so that any two con-
nected ones are different colors?

If your box has only two crayons (say yellow and 
purple), you can figure this out quite efficiently. 

Subhash Khot
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Khot’s next success came in 2005. Together with 
Ryan O’Donnell, Elchanan Mossel, and Guy Kindler, 
Khot found that the UGC implied a similar limit for 
approximating solutions to a problem called “Max 
Cut,” which asks you to take a network and split it 
into two groups so that the maximum number of 
edges passes between them. Then in 2008, Prasad 
Raghavendra showed that if the UGC is true, a 
very simple method can find the best approxima-
tions for an enormous class of problems called 
“constraint satisfaction problems.” With this, 
computer scientists know exactly how well nearly 
any problem can be approximated.

Of course, the caveat is that all these results 
depend on the UGC being true. If it turns out to 
be false, the entire sparkling, beautiful theory is a 
mirage. But the conjecture has proved remarkably 
powerful independent of its truth. In the process 
of using the UGC to discover how well other prob-
lems could be approximated, Khot and others have 
proven several significant theorems in other areas, 
including geometry and Fourier analysis. 

These implications have even ranged as far as 
voting theory. Once all the votes in an election are 
cast, there are a variety of ways of determining 
the winner. One of the most obvious is that the 
election goes to the candidate with the majority 
of votes, but there are other choices too, such 
as the American Electoral College system. Khot 
and his coauthors used intuition from the UGC 
to propose that majority-rules is the method for 
counting votes in which a few miscounted votes is 
least likely to change the election result. This was 
indeed confirmed later by others. 

Another group was working on proving that the 
UGC was true, and while their method failed, the 
work led them to another discovery: They found a 
shape that in a certain sense lies halfway between 
a square and a circle (though in many more than 
two dimensions). 

Like a square, copies can be placed next to 
each other horizontally and vertically to fill a 
whole space without gaps or overlaps, forming a 
multi-dimensional foam. But its perimeter is much 
smaller than a square—it’s closer to that of a circle, 
the object which has the smallest perimeter for the 
area contained. 

In the meantime, other researchers have worked 
to prove that the UGC is wrong, with equal lack of 
direct success but with equal collateral benefits. 
Although they haven’t yet succeeded in finding 
an algorithm that can efficiently find a good ap-
proximate solution to Unique Games, they have 
developed some excellent new algorithmic meth-
ods for other circumstances.

Efforts to prove the conjecture, to disprove it, 
and to discover its consequences have all proven 
enormously fruitful. The Unique Games Conjecture 
will be driving research in theoretical computer 
science for many years to come.



doceamus . . . let us teach

The Core Ideas in Our
Teaching

Gilbert Strang

What will our students remember? One answer
comes quickly but it is a counsel of despair: nothing
at all. At the other extreme is an impossible hope
that we all cherish: everything we say. Let me
look for an intermediate answer, closer to reality,
possibly by changing the question.

I have come to believe that each course has a
central core. We may not see it ourselves, when we
teach a new topic every day. For the calculus course,
I won’t even venture an answer—at least not here.
My examples will be differential equations and
linear algebra, because writing a textbook forced
me to uncover (painfully slowly!) the underlying
structure of the course.

May I begin with linear algebra. The ideas
of a vector space and a basis for that space
are central. It is a serious job to help students
understand these words. The building blocks are
“linear combinations” and “linear independence.”
We certainly need good examples, and good bases
for them. I think it is here that the course becomes
coherent—or it can scatter into unconnected
examples of isolated ideas.

I will start with a matrix A. A more abstract
person would start from a linear transformation.
But we are aiming for a basis; we are choosing
coordinates; they bring us to a matrix. There are
four fundamental subspaces associated with that
matrix:
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email address is gilstrang@gmail.com

Members of the Editorial Board for Doceamus are: David
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1. Its nullspace N(A) (the kernel) dimension n− r
2. Its column space C(A) (the range) r
3. Its row space, which is C(AT ) r
4. The nullspace N(AT ) of the transpose m− r

These are the spaces that we want students to
remember. I draw them as often as possible (two
in Rn and two in Rm). I count their basis vectors to
find their dimension: the first big theorems in linear
algebra. The rank r determines all dimensions. I
propose multiple choices of A—the beauty of this
subject is in the wonderful variety of matrices. And
I connect the four subspaces to factorizations of
A, which are really choices of bases that lie at the
absolute center of pure and applied linear algebra.

The bases in U and Q and S and V become
increasingly perfect.

A = LU Elimination gives an echelon basis for the row space
A = QR Gram-Schmidt gives an orthonormal basis for C(A)
A = SΛS−1 Eigenvectors give a basis in which A is diagonal
A = UΣVT Orthonormal bases in the columns of U and V .

We are constantly constructing bases for the
fundamental subspaces. Elimination and Gram-
Schmidt orthogonalization end after finitely many
steps. Diagonalization by eigenvectors is deeper
and better, but A must be square and nondefec-
tive. The Singular Value Decomposition produces
perfect bases vi and ui for all four subspaces—
orthonormal and also diagonalizing for every
matrix A:

Avi = σiui (i ≤ r) Avi = 0 and ATui = 0 (i > r)

The success of the SVD comes from the spectral
theorem for symmetric matrices: ATA has a full
set of orthonormal eigenvectors vi . Beautifully, the
ui turn out to be orthonormal eigenvectors of AAT .
This can be a highlight for the last days of a linear
algebra course.
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For an earlier day, one idea is to ask students to
“read” a few matrices:[

cosθ − sinθ
sinθ cosθ

] [
1 0
0 0

] [
−1 1 0

0 −1 1

]
The rotation is familiar, the projection is almost
too easy. The difference matrix is also the incidence
matrix for a simple graph (three nodes in a line).
Incidence matrices of a larger graph are terrific
examples—all four subspaces have a meaning.

May I turn from subspaces to the basic course
on differential equations. Part of this course is a
collection of methods to solve separable equations,
exact equations, logistic equations y ′ = ay − by2,
and more. We go forward to systems of equations,
and test nonlinear equations for stability. But the
coherent part (the central problem) is to solve
linear equations with constant coefficients. How
can we present their solutions?

I believe we have to answer this question. It is the
ODE equivalent of solving Ax = 0 and Ax = b and
Ax = λx. It certainly rests on the most important
functions in this course: exponentials est and eλt .
By working with exponentials, we (almost) turn the
differential equation into algebra.

Start with the simplest right-hand sides f (t) = 0
and est .
Ay ′′ + By ′ + Cy = 0 Ay ′′ + By ′ + Cy = est

The key idea is to expect solutions y = Gest :

G(As2+Bs+C)est = 0 G(As2+Bs+C)est = est .
On the left, two values of s are allowed: the roots
s1 and s2 of As2 + Bs + C = 0. On the right, any s
is allowed (and the possibilities s1 = s2 and s = s1
and s = s1 = s2 need special attention). Normally
we have

yn = ynullspace = c1es1t + c2es2t

yp = yparticular = G(s)est =
1

As2 + Bs + C e
st .

Those two parts of y(t) connect linear differential
equations to linear algebra. The complete solution
combines all yn with one yp. Linearity is in control
and the consequence is y = yn + yp.

I apologize for asking you to read what you
know so well. The simplicity of y = Gest has to
be recognized and remembered. This is where
calculus meets algebra. G is the prime example of
an undetermined coefficient (determined by the
equation). An elementary course could continue as
far as f (t) = eiωt and cosωt and sinωt and stop.
The serious question is to solve the differential
equation for all f (t).

I see two instructive ways to reach y(t). Both
begin with special right-hand sides, and combine
the solutions. The combination has to be an integral
and not just a finite sum: calculus is needed now.
Here are the good options:

1. Combine exponentials est with weights F(s)
to get f (t). By linearity, the solution y(t) will
combine the exponentials F(s)G(s)est .

2. Combine impulses δ(t− s) with weights f (s)
to get f (t). By linearity, the solution y(t) will
combine the impulse responses f (s)g(t − s).

Where est is localized at frequency s, the delta
function δ(t − s) is completely localized at time s.

Method 1 uses the Laplace transform. The
transform of f (t) gives the right weights F(s):

F(s) = transform of f (t)
y(t) = inverse transform of F(s)G(s).

The transform F(s) might be easy. The hard part
is the inverse Laplace transform, to combine the
solutions F(s)G(s)est into y(t).

Realistically, we know a very limited number
of transform pairs. Method 1 almost limits us
to the same short list as before: f can combine
e(a+iω)t , cosωt, sinωt, t, and their products. This
is a space of functions whose derivatives stay in
the space. You can guess that I am advocating
Method 2, which begins with an impulse δ(t):

(1)
Ag′′+Bg′+Cg = δ(t) with g(0) = 0 and g′(0) = 0.

Introducing that delta function is a good thing!
We are finding the fundamental solution g(t)—the
Green’s function, the growth factor, the impulse
response. This is a high point in the course. And
it is easy to do, because this same g(t) also solves
the homogeneous equation:

(2)
Ag′′+Bg′+Cg = 0 with g(0) = 0 and g′(0) = 1/A.

The solution must have the form g(t) = c1es1t +
c2es2t . The two initial conditions give c1 and c2 and
a neat formula for g(t):
(3)

g(t) = es1t − es2t

A(s1 − s2)

(
or g(t) = te

s1t

A
when s1 = s2

)
.

Then the original equation, with any right side
f (t), is solved by

(4) yparticular(t) =
∫ t

0
g(t − s) f (s) ds.yparticular(t) =

∫ t
0
g(t − s) f (s) ds.yparticular(t) =

∫ t
0
g(t − s) f (s) ds.

Discussion. In coming quickly to the formula
for y(t), I have left multiple loose ends. Let me
go backwards more slowly, as we would certainly
do in a classroom. Methods 1 and 2 are closely
connected. The Laplace transform of δ(t) is 1.
Then equation (1) transforms to

(5) (As2 + Bs + C) G(s) = 1.

The transfer function G(s) = 1/(As2+Bs+C) is
the Laplace transform of the impulse response g(t).
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These functions can be written in terms of A,B,C
or s1 and s2. A lot of effort has gone into choosing
good parameters! The damping ratio B/

√
4AC and

the natural frequency
√
C/A are two of the best.

We must also explain why equations (1) and
(2) have the same solution g(t). Mechanically, this
comes from partial fractions:

1
As2 + Bs + C =

1
A(s − s1)(s − s2)

= 1
A(s1 − s2)

(
1

s − s1
− 1
s − s2

)
.

The inverse Laplace transform confirms that es1t
and es2t go into g(t).

Here is a truly “mechanical” explanation of
(1) = (2). A bat hits a ball at t = 0. The velocity
jumps instantly to g′(0) = 1/A. This comes from
integrating Ag′′ + Bg′ + Cg = δ(t) from t = 0 to
t = h. The left side produces the jump in Ag′ and
the integral of δ(t) is 1. The other terms disappear
as h→ 0, leaving Ag′(0) = 1.

In working with δ(t), some faith is needed. It
is worth developing and it is not misplaced. A
delta function is an extremely useful model. So
is its integral the step function, which turns on a
switch at t = 0. By linearity, the step response is
the integral of g(t).

Finally, let me connect Method 1 directly to
Method 2. In the first method, the Laplace transform
of y(t) is F(s)G(s). In the second method, y(t) is
the convolution of f (t) with g(t). The connection
is the Convolution Rule: The transform of a
convolution f (t)∗g(t) is a multiplicationF(s)G(s).

In the language of signal processing, any con-
stant coefficient linear equation can be solved in
the “s-domain” or the “t-domain.” The poles s1, s2
of the transfer function G(s) = 1/(As2 + Bs + C)
control the behavior of y(t): oscillation, decay, or
instability. The whole course develops out of the
quadratic formula for those roots s1 and s2.

Note. The actual course would start with first
order equations:

y ′ − ay = 0 y ′ − ay = est

The null solutions are yn = ceat . The particular
solution is yp = est/(s − a). The transfer function
is G(s) = 1/(s − a). The fundamental solution
(impulse response, growth factor, Green’s function)
solves

g′ − ag = δ(t) with g(0) = 0
g′ − ag = 0 with g(0) = 1

This function is simply g = eat. At this early
point it doesn’t need all those names! We recognize
it as 1/(integrating factor). Its Laplace transform
is G(s) = 1/(s − a). For systems y ′ = Ay , we
have the matrix exponential g = eAt. The solution

yn + yp for any right-hand side f (t) and initial
condition y(0) is

(6) y(t) = y(0)eat +
∫ t

0
ea(t−s) f (s) ds.y(t) = y(0)eat +

∫ t
0
ea(t−s) f (s) ds.y(t) = y(0)eat +

∫ t
0
ea(t−s) f (s) ds.

The input f (s) at time s grows in the remaining time
t − s by the factor ea(t−s). The solution y(t) (the
integral) combines all of these outputs ea(t−s) f (s).

That single paragraph translates into weeks of
teaching, even without δ(t). Perhaps first order
equations with constant coefficients might be the
one topic that is understood and remembered?
I don’t like to think so, because a teacher has
to remain an optimist.

I plan to prepare video lectures going at a normal
pace, and linked to http://math.mit.edu/dela.
That website has much more about differential
equations and linear algebra and a new textbook
for those courses.
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DMS Funding Opportunities 
Update

With this update on National Science Foundation 
(NSF) funding opportunities, we intend to draw at-
tention to some of the interdisciplinary programs 
and workforce-development programs of the Divi-
sion of Mathematical Sciences (DMS) that should 
be of high interest to the mathematical sciences 
community. While the bulk (roughly 75 percent) of 
DMS investment in mathematical sciences research 
is carried out by the DMS Disciplinary Research 
Programs, DMS also participates as a partner in 
several crosscutting initiatives. Furthermore, there 
is a significant workforce development program 
within DMS itself, encompassing the Postdoc-
toral Research Fellowships (MSPRF) program, the 
Enhanced Doctoral Training (EDT) program, the 
Research Experiences for Undergraduates (REU) 
program, and the Research Training Groups (RTG) 
program. 

This brief article is intended as a synopsis 
of some new and updated interdisciplinary and 
workforce-development funding opportunities of 
interest to the mathematical sciences community. 

More information about these programs is avail-
able via the DMS home page.

Mathematical Sciences Innovation 
Incubator (MSII) Activity
The Division of Mathematical Sciences recently 
launched the MSII activity in recognition of the fact 
that the ideas, tools, and language of mathematics 
and statistics play important roles in every area of 
science and engineering research supported by the 
National Science Foundation; it is widely acknowl-
edged that interactions between the mathematical 
sciences and other fields catalyze developments 
in both. DMS wishes to foster the participation 
of more mathematical scientists, from every area 
of mathematics and statistics, in such important 
interdisciplinary work. In support of this goal, 
the MSII activity provides funding to catalyze the 
involvement of mathematical scientists in research 
areas where the mathematical sciences are not yet 
playing large roles. 

The MSII activity emphasizes scientific research 
areas of high national priority that would benefit 
from innovative developments in mathematics and 
statistics. For example, modern communication, 
transportation, science, engineering, technology, 
medicine, manufacturing, security, and finance 
all depend on the mathematical sciences. Success 
in meeting crucial challenges currently facing 
the nation in these areas will rest on advances in 
mathematical sciences research.

The MSII activity provides support for col-
laborative research projects in these and other 
areas of national priority that are managed by NSF 
programs outside of DMS and that involve math-
ematical scientists in the research. Mathematical 
scientists are encouraged to consider establishing 
research collaborations with researchers in other 
NSF-supported disciplines and to make collabora-
tors aware of the possibility of MSII support for 
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the activity. Please see the MSII webpage for more 
information. 

In addition to the MSII activity, which is focused 
on the involvement of mathematical sciences 
researchers in projects managed by non-DMS 
programs, DMS manages some special programs 
that support research in the mathematical sciences 
with direct applicability to other important areas 
of emphasis. The newest of these are DMREF and 
CDS&E-MSS. Following is a brief description of 
these two programs.

Designing Materials to Revolutionize and 
Engineer Our Future (DMREF)
DMREF is the primary program through which the 
NSF participates in the national Materials Genome 
Initiative (MGI) for Global Competitiveness. MGI 
recognizes the importance of materials science 
to the well-being and advancement of society and 
aims to “deploy advanced materials at least twice 
as fast as possible today, at a fraction of the cost.” 

DMREF seeks to promote activities that signifi-
cantly accelerate materials discovery and develop-
ment by building the fundamental knowledge base 
needed to progress towards designing and making 
materials with specific and desired functions or 
properties from first principles. Also of interest is 
research that seeks to advance fundamental under-
standing of materials across length and time scales 
to elucidate the effects of microstructure, surfaces, 
and coatings on the properties and performance 
of materials and devices.

Controlling material properties through design 
requires understanding the interrelationships of 
composition, processing, structure, properties, 
performance, and process control. The approach 
envisioned in DMREF to achieve this goal involves 
modeling, analysis, and computational simula-
tions, validated and verified through measure-
ment, experimentation, or device demonstration. 
DMREF aims to support collaborative and iterative 
research wherein theory guides computational 
simulation, computational simulation guides ex-
periments, and experiments further guide theory. 

This requires efforts spanning topics in mate-
rials science, chemistry, mathematics, statistics, 
computer science, and engineering to develop 
new data analytic tools and statistical algorithms; 
advanced simulations of material properties; 
advances in predictive modeling that leverage 
machine learning, data mining, and sparse approxi-
mation; and software and data infrastructure that 
is accessible, extensible, reliable, interoperable, 
and reusable. The mathematical sciences com-
munity has a valuable role to play and much to 
contribute in these efforts. Please see the recent 
DMREF program solicitation for additional details. 
Readers also may be interested in a special NSF-
SIAM Minisymposium associated with DMREF to 
be held in connection with the SIAM conference 

on Computational Science and Engineering in Salt 
Lake City in March 2015. 

Computational & Data-Enabled Science & 
Engineering in Mathematical and Statistical 
Sciences (CDS&E-MSS) 
The CDS&E-MSS program supports research con-
fronting the host of mathematical and statistical 
challenges presented to the scientific and engi-
neering communities by the ever-expanding role 
of computational modeling and simulation on 
the one hand, and the explosion in production of 
digital and observational data on the other. The 
goal of the program is to promote the creation and 
development of the next generation of mathemati-
cal and statistical theories and methodologies that 
will be essential for addressing such issues. To this 
end, the program supports fundamental research 
in mathematics and statistics whose primary 
emphasis is on meeting these computational and 
data-related challenges. 

The CDS&E-MSS program has been run for three 
years. The awards cover a wide range of topics, 
including stochastic partial differential equations, 
Lie groups and representation theory, manifold 
learning, sparse optimization, data assimilation, 
partially-observed Markov processes, and high- 
dimensional learning. Many emerging methodolo-
gies have been proposed, for example, efficient 
parallel iterative Monte Carlo methods, acceler-
ated Monte Carlo schemes, solving large-scale 
eigenvalue problems, and measurement model 
specification search. Some projects deal with 
newly emerged datasets, for example, algebraic, 
geometric, and computational tools for data cloud 
and data array, LiDAR point cloud data, and data 
with network structure. A wide range of applica-
tions areas can be found in the awards, including 
tumor microenvironment, genetic association, 
brain connectivity, coastal ocean modeling, and 
subsurface imaging. The online award abstracts 
include information about the broad spectrum of 
research projects supported by the program. 

CDS&E-MSS is a part of the NSF-wide CDS&E 
program. There are differences: if the proposed 
work emphasizes mathematical or statistical foun-
dations, CDS&E-MSS may be a fit. If the proposed 
work is more driven by particular scientific and/
or engineering applications, the NSF-wide CDS&E 
program may be more suitable. Readers should 
note that the NSF-wide CDS&E program has varying 
proposal due dates, depending on the NSF Divi- 
sion to which a proposal is submitted; the next 
submission window for CDS&E-MSS will be Novem-
ber 25–December 9, 2014. Investigators are encour-
aged to contact the cognizant program directors 
prior to proposal preparation. 

The primary mission of DMS is the support 
of research in the mathematical sciences, much 
of which includes the participation of students 
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and postdoctoral associates, who receive train-
ing through their involvement in these research 
projects. In addition, the Division also supports 
other activities by the community to enhance the 
training of the next generation of U.S. mathemati-
cal sciences researchers. Much of this additional 
support is provided through the DMS Workforce 
program activity, which comprises four programs 
centered on training through research involve-
ment: Research Experiences for Undergraduates 
(REU) Sites, Enriched Doctoral Training in the 
Mathematical Sciences (EDT), Mathematical Sci-
ences Postdoctoral Research Fellowships (MSPRF), 
and Research Training Groups in the Mathematical 
Sciences (RTG). The REU Sites and MSPRF programs 
are longstanding activities that we shall not dis-
cuss further here. However, we wish to take this 
opportunity to describe a new program (EDT), and 
to briefly summarize updates to a long running 
program (RTG).

Enriched Doctoral Training in the 
Mathematical Sciences (EDT)
The EDT program supports efforts to enrich re-
search training in the mathematical sciences at 
the doctoral level by preparing Ph.D. students 
to recognize and find solutions to mathematical 
challenges arising in other fields and in areas out-
side today’s academic setting. Graduate research 
training activities supported by EDT will prepare 
participants for a broader range of mathematical 
opportunities and career paths than has been 
traditional in U.S. mathematics doctoral training.

The long-range goal of the EDT program is to 
strengthen the nation’s scientific competitiveness 
by increasing the number of well-prepared U.S. 
citizens, nationals, and permanent residents who 
pursue careers in the mathematical sciences and in 
other professions in which expertise in the math-
ematical sciences plays an increasingly important 
role. The program supports efforts by academic 
institutions or other qualified organizations to 
train mathematical sciences doctoral students so 
that they will be well-equipped to recognize oppor-
tunities for the development of mathematics and 
statistics in problems from other disciplines, and 
will be able to effectively apply advanced math-
ematics and statistics to solve problems originat-
ing outside the traditional academic mathematical 
sciences setting. The program will support projects 
that include training in areas supplementary to the 
dissertation research theme and that are instru-
mental for connections with business, industry, 
government, and the nonprofit sector, such as, for 
example, internships, research projects, consult-
ing, and participation in complementary courses 
or summer schools. Projects are expected to train 
students to work in teams to refine, attack, and 
solve problems that are open-ended, not initially 

sharply formulated, and originate outside the aca-
demic mathematical realm. 

DMS intends that the collection of projects 
funded will benefit students whose dissertation 
topics lie in all sub-fields of the mathematical sci-
ences, and we are hopeful that a wide spectrum 
of departments will submit proposals for this 
program. The intent is, funding permitting, to have 
fifteen or more EDT projects running by the third 
year of the program. 

Research Training Groups in the 
Mathematical Sciences (RTG)
The REU Sites, EDT, and MSPRF programs support 
enhanced training through research involvement 
at the undergraduate, doctoral, and postdoctoral 
levels, respectively. In contrast, the Research Train-
ing Groups (RTG) program spans all these levels 
of trainee seniority. The RTG program supports 
efforts to improve research training by involv-
ing undergraduate students, graduate students, 
postdoctoral associates, and faculty members in 
structured research groups centered on a common 
research theme. Research groups supported by the 
RTG program must include vertically-integrated 
activities that span the entire spectrum of educa-
tional levels from undergraduates through post-
doctoral associates. 

The potential of such vertically-integrated ac-
tivities to enhance engagement, accelerate prog-
ress, and improve recruitment and retention in the 
discipline has been indicated by several reviews, 
as described in the RTG program solicitation. 
These observations reveal that well-implemented 
vertically-integrated research groups can gener-
ate enormous enthusiasm, high motivation, and 
accelerated research progress among participants 
at all levels. 

The RTG program aims to further the adoption 
of this research group model in mathematical sci-
ences programs that conduct training spanning 
the entire spectrum of educational levels from 
undergraduates through postdoctoral associates. 
The new RTG solicitation (re)emphasizes the essen-
tial importance of vertical integration and strong 
training plans in successful RTG proposals. 

We wish to finish this brief review of some of 
the recent developments in the DMS portfolio by 
encouraging the mathematical sciences community 
to continue to submit strong proposals to the DMS 
Disciplinary Research Programs and also to take 
advantage, when appropriate, of the additional op-
portunities outlined here. More information about 
all of these opportunities is available through 
the program pages and program solicitations ac-
cessible via the DMS home page www.nsf.gov/
DMS. As always, questions can be addressed to the 
program directors listed on the program pages for 
the various funding opportunities. 



The Misfortunes of a Trio
of Mathematicians Using

Computer Algebra Systems.
Can We Trust in Them?

Antonio J. Durán, Mario Pérez, and Juan L. Varona

Introduction
Nowadays, mathematicians often use a computer
algebra system as an aid in their mathematical
research; they do the thinking and leave the tedious
calculations to the computer. Everybody “knows”
that computers perform this work better than
people. But, of course, we must trust in the results
derived via these powerful computer algebra
systems. First of all, let us clarify that this paper is
not, in any way, a comparison between different
computer algebra systems, but a sample of the
current state of the art of what mathematicians
can expect when they use this kind of software.
Although our example deals with a concrete system,
we are sure that similar situations may occur with
other programs.

We are currently using Mathematica to find
examples and counterexamples of some mathemat-
ical results that we are working out, with the aim
of finding the correct hypotheses and eventually
constructing a mathematical proof. Our goal was
to improve some results of Karlin and Szegő [4]
related to orthogonal polynomials on the real
line. The details are not important; this is just an
example of the use of a computer algebra system
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by a typical research mathematician, but let us
explain it briefly. It is not necessary to completely
understand the mathematics, just to realize that it
is typical mathematical research using computer
algebra as a tool.

Our starting point is a discrete positive measure
on the real line, µ =∑n≥0Mnδan (where δa denotes
the Dirac delta at a, and an < an+1) having
a sequence of orthogonal polynomials {Pn}n≥0

(where Pn has degree n and positive leading
coefficient). Karlin and Szegő considered in 1961
(see [4]) the l × l Casorati determinants

(1) det




Pn(ak) Pn(ak+1) . . . Pn(ak+l−1)
Pn+1(ak) Pn+1(ak+1) . . . Pn+1(ak+l−1)

.

.

.
.
.
.

.

.

.
.
.
.

Pn+l−1(ak) Pn+l−1(ak+1) . . . Pn+l−1(ak+l−1)



,

n, k ≥ 0.

They proved that, under the assumption that l
is even, these determinants are positive for all
nonnegative integers n, k. Notice that the set of
indices {n,n+ 1, . . . , n+ l− 1} for the polynomials
Pn consists of consecutive nonnegative integers.
We are working out an extension of this remarkable
result for more general sets of indices F than those
formed by consecutive nonnegative integers. We
have some conjectures that we want to prove or
disprove.

We have not been able to prove our conjectures
yet, and, as far as we can see, this task seems
to be rather difficult. On the other hand, just in
case our conjectures are wrong, we have been
trying to find counterexamples with the help of
our computer algebra system. Eventually we hope
these experiments can shed some light on the
problem as well.

We have then proceeded to construct orthogonal
polynomials with respect to discrete positive
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measures (involving only a finite number of Dirac
deltas, which is actually not a restriction for
our conjectures) by means of their moments.
Fixing a set of indices F = {f1, . . . , fl}, fi < fi+1,
for the polynomials Pn, we have evaluated the
determinants

(2) det




Pf1(ak) Pf1(ak+1) . . . Pf1(ak+l)
Pf2(ak) Pf2(ak+1) . . . Pf2(ak+l)

...
...

...
...

Pfl (ak) Pfl (ak+1) . . . Pfl (ak+l)




for a large range of k, looking for some negative
value.

To avoid the usual problems with floating point
arithmetic (rounding, truncating, instability), we
construct all our examples with integers. By taking
integers as the values of an and the mass pointsMn
of the measure and using a suitable normalization
of the orthogonal polynomials Pn, we find that only
integers are involved in (2). Thus the computations
should be routine for a computer algebra system,
and one should be able to completely trust in
the results. We have also introduced random
parameters (also integers, of course) to easily
perform many experiments.

With the help of Mathematica, one of us found
some counterexamples to our conjectures. Fortu-
nately, another one of us was using Maple and,
when checking those supposed counterexamples,
found that they were not counterexamples at all.
After revising our algorithms from scratch, we
concluded that either the computations performed
with Mathematica or the computations performed
with Maple had to be wrong. Things started to
become clear when the colleague using Mathemat-
ica also found some “counterexamples” to the
above-mentioned result of Karlin and Szegő for
the case in (1) and, even more dramatically, his
algorithm yielded different outputs given the same
inputs. Our conclusion was that Mathematica was
computing incorrectly. However, our mathematical
problem (and our algorithm) was too complicated
to convince anybody that Mathematica was making
mistakes when calculating with integers.

Isolating the Error
In attempting to isolate the computational problem,
we finally realized that, in some circumstances,
Mathematica (version 9.0.1 at that time) makes
some strange mistakes when computing determi-
nants whose entries are large integers. Errors do
not always occur—only in some cases. Even worse,
given the same matrix, the determinant function
can give different values! This resembles the well-
known Pentium division bug discovered by Thomas
Nicely in 1994, which only affected certain kinds of
numbers. But it seems Mathematica is a black box

even darker that the internals of a microprocessor,
so it is difficult to try to understand what kinds of
numbers are affected by the Mathematica bug that
we are describing.

Instead, we have devised a method to easily
generate matrices with large integer entries whose
determinants are clearly erroneously evaluated
by Mathematica. This method can be described
without referring to the mathematical problem
which motivates it. As the error does not always
arise, we developed a procedure to randomly
generate these matrices. First, we generate a
random 14× 14 matrix whose entries are integers
between −99 and 99:

basicMatrix = Table[Table[RandomInteger
[{-99, 99}], {i, 1, 14}], {j, 1, 14}]

To obtain larger integers, we multiply every column
by some power of 10. This is equivalent to
multiplying by a diagonal matrix; for instance, we
take

powersMatrix = DiagonalMatrix[{10ˆ123,
10ˆ152, 10ˆ185, 10ˆ220, 10ˆ397, 10ˆ449,
10ˆ503, 10ˆ563, 10ˆ979, 10ˆ1059, 10ˆ1143,
10ˆ1229, 10ˆ1319, 10ˆ1412}]

To avoid getting only integers ending in many
zeroes, we add a small random matrix given by

smallMatrix = Table[Table[RandomInteger
[{-999, 999}], {i, 1, 14}], {j, 1, 14}]

Then, we take

bigMatrix = basicMatrix.powersMatrix
+ smallMatrix

(in Mathematica notation, the dot . is used to
denote the product of matrices). Now we compute
the determinant twice:

a = Det[bigMatrix];
b = Det[bigMatrix];

Surprisingly, we quite often find that a and b
contain different values! This is easily observed by
checking whether a==b, which quite often returns
False or by visually comparing their numerical
approximations N[a] and N[b].

Let us see an instance of a real execution of
these procedures: with the matrices that appear
in Figure 1 we got N[a] = −3.263388173990166 ·
109768 and N[b] = −8.158470434975415 · 109768

and, executing the same program repeatedly, other
values different from these. None of these values
is the correct one, because the determinant of
bigMatrix is, approximately, 1.95124219131987·
109762.

We have found this erroneous behavior in
Mathematica version 8 (released on November 15,
2010) up to version 9.0.1 (the latest version
when the above-mentioned experiments were done
and the first version when this manuscript was
submitted), both under Mac and Windows. It seems
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basicMatrix =




−32 69 89 −60 −83 −22 −14 −58 85 56 −65 −30 −86 −9
6 99 11 57 47 −42 −48 −65 25 50 −70 −3 −90 31

78 38 12 64 −67 −4 −52 −65 19 71 38 −17 51 −3
−93 30 89 22 13 48 −73 93 11 −97 −49 61 −25 −4

54 −22 54 −53 −52 64 19 1 81 −72 −11 50 0 −81
65 −58 3 57 19 77 76 −57 −80 22 93 −85 67 58
29 −58 47 87 3 −6 −81 5 98 86 −98 51 −62 −66
93 −77 16 −64 48 84 97 75 89 63 34 −98 −94 19
45 −99 3 −57 32 60 74 4 69 98 −40 −69 −28 −26
−13 51 −99 −2 48 71 −81 −32 78 27 −28 −22 22 94

11 72 −74 86 79 −58 −89 80 70 55 −49 51 −42 66
−72 53 49 −46 17 −22 −48 −40 −28 −85 88 −30 74 32
−92 −22 −90 67 −25 −28 −91 −8 32 −41 10 6 85 21

47 −73 −30 −60 99 9 −86 −70 84 55 19 69 11 −84




,

smallMatrix =




528 853 −547 −323 393 −916 −11 −976 279 −665 906 −277 103 −485
878 910 −306 −260 575 −765 −32 94 254 276 −156 625 −8 −566
−357 451 −475 327 −84 237 647 505 −137 363 −808 332 222 −998
−76 26 −778 505 942 −561 −350 698 −532 −507 −78 −758 346 −545
−358 18 −229 −880 −955 −346 550 −958 867 −541 −962 646 932 168

192 233 620 955 −877 281 357 −226 −820 513 −882 536 −237 877
−234 −71 −831 880 −135 −249 −427 737 664 298 −552 −1 −712 −691

80 748 684 332 730 −111 −643 102 −242 −82 −28 585 207 −986
967 1 −494 633 891 −907 −586 129 688 150 −501 −298 704 −68
406 −944 −533 −827 615 907 −443 −350 700 −878 706 1 800 120
33 −328 −543 583 −443 −635 904 −745 −398 −110 751 660 474 255

−537 −311 829 28 175 182 −930 258 −808 −399 −43 −68 −553 421
−373 −447 −252 −619 −418 764 994 −543 −37 −845 30 −704 147 −534

638 −33 932 −335 −75 −676 −934 239 210 665 414 −803 564 −805




!!Not Supplied!! !!Not Supplied!! Notices of the AMS 1

Figure 1. Examples of matrices basicMatrix and smallMatrix.

that it does not affect versions 6 and 7, at least in
the same range of numbers.

We reported the bug on October 7, 2013,
(reference CASE:303438), receiving a kind answer
from Wolfram Research Inc.:

It does appear there is a serious mistake on
the determinant operation you mentioned.
I have forwarded an incident report to
our developers with the information you
provided.

We are always interested in improving
Mathematica, and I want to thank you for
bringing this issue to our attention. If you
run into any other behavior problems, or
have any additional questions, please don’t
hesitate to contact us.

By June 2014, nothing had changed. We had
received similar replies in the past, when one of us
reported other bugs (for instance, but not limited
to, some of those explained in [2]), none of which
were fixed in the next release. So, all we could do
was wait.

On June 29, 2014, Mathematica version 10
was released, and we1 quickly tried to check if
the problem had been fixed. On the webpage
http://www.wolfram.com/mathematica/new-
in-10/ nothing is mentioned regarding the
correction of errors, and we have received no
additional feedback on our bug report.

The bug is still present in this new release.
Actually, the short description of the previous
section based on random matrices no longer shows
the bug, but it still has consequences on our
experiments with integer matrices as in (2). We

1and the reviewers of the first version of this paper.

have found examples of matrices of polynomi-
als with integer coefficients evaluated at integers
whose determinants are wrongly computed by
Mathematica version 10. Again, when the same
determinant is evaluated twice, different answers
are quite often obtained. For the sake of brevity,
we do not include these examples here, but if
the reader2 is interested, some notebooks that
clearly show the bug in Mathematica 10, to
which Mathematica 7 seems to be immune, can
be downloaded at http://www.unirioja.es/cu/
jvarona/downloads/notebooksDetM10M7.zip.

Other Examples of Wrong Computations
Of course, there are many more examples of wrong
computations done by a computer algebra package.
Many of them can be found in Internet forums or
distribution lists.

One typical example with Mathematica is the
computation of a real integral that generates a
complex result, which is clearly impossible. For
instance, in Mathematica notation (and where //N
serves to show the numerical value after computing
the integral in a symbolic way), we get that

Integrate[Sqrt[(2t)ˆ2 + (4 - 3tˆ2)ˆ2],

{t, 0, 2}] // N

is 0.881679+1.17073i, although (2t)2+(4−3t2)2 >
0 for 0 ≤ t ≤ 2.

Another example of a wrong computation of an
integral is

Integrate[Exp[-p*t]*(Sinh[t])ˆ3, {t, 0,

Infinity}]

2or the vendors of Mathematica.
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In this case, Mathematica provides the answer
6/(9 − 10p2 + p4) conditioned to 0 < Re(p) < 1
and Im(p) = 0. This is obviously wrong, because
for real p, the integral is convergent only when
p > 3. Let us also consider the following integral
(we thank one of the reviewers for this example):

Integrate[Integrate[Abs[Exp[2*Pi*I*x]
+ Exp[2*Pi*I*y]], {x, 0, 1}], {y, 0, 1}]

Both Mathematica and Maple return zero as the
answer to this calculation. Yet this cannot be
correct, because the integrand is clearly positive
and nonzero in the indicated region.

Finally, let us see an example that is not an
integral, but rather involves the Wigner 3-j symbols
which appear in quantum mechanics. Mathematica
asserts that

ThreeJSymbol[{r, 0}, {s+1, 0}, {s, 0}]

is 0, but it computes

ThreeJSymbol[{1, 0}, {2, 0}, {1, 0}]

as
√

2/15, which is a contradiction.
Nowadays we cannot avoid this kind of problem,

and we must be aware of them. Any mathematical
study that reports computational results should
dedicate some effort to explain why the authors
have faith in the results. For instance, verifying that
the computation was performed in two different
ways (with two different systems, both numerically
and symbolically,…) and the results agreed.

At the same time, while mathematicians must
be aware of the potential problems with computer
algebra systems, developers should collaborate to
avoid them, and this is far from being the actual
situation. Many researchers experience consider-
able frustration in dealing with such problems.
Often there is no clear way to communicate such
difficulties, and if one does persist in contacting the
vendor, one often receives no feedback or follow-up
response. This clearly should be improved.

In addition, if a researcher with programming
expertise tries to understand what is happening,
another problem arises: not all mathematical
software packages are open so that one can “look
under the hood”, and this complicates our efforts
to figure out what is going on when a wrong
computation appears.

Conclusions
We have been using Mathematica as a tool in our
mathematical research. All our computations with
Mathematica have been symbolic, involving only
integers (large integers, about 10 thousand digits
long) and polynomials (with degree 60 at most),
so no numerical rounding or instability can arise
in them, and we completely trusted the results
generated by Mathematica. However, we have
obtained completely erroneous results. Perhaps

someone may think that this was an esoteric error,
without real relevance, because large integers do
not appear in real life. This is not the case, because
large integers are commonly used, for instance,
in cryptography, where everything should work
without serious errors. We have also briefly pointed
out some other wrong computations that are clear
to any mathematician. How then can we trust in
computer algebra systems?

We know that it is very difficult to avoid
errors in nontrivial programs and a considerable
effort is necessary to check them. Commercial
computer algebra systems are black boxes, and
their algorithms are opaque to the users (and of
course, also the source code), which certainly does
not contribute to avoiding errors. This makes it
difficult to apply modern techniques of software
verification to these kinds of systems (for an
example of verification in the context of an open
source computer algebra system, see [5]). Moreover,
lists of known bugs of computer algebra systems
should be made available to the users; this is
standard in free software but an anathema for
commercial packages.

Having made this criticism, let us stress that soft-
ware systems have proved very useful to research
mathematicians. Some well-known instances are
the proof of the four-color problem by Kenneth
Appel and Wolfgang Haken [1] and the Kepler
conjecture by Thomas Hales [3]; less well known is
the recent success of the mathematical software
Kenzo in detecting an error in a published mathe-
matical theorem (see [6]). Software bugs should not
prevent us from continuing this mutually beneficial
relationship in the future. However, for the time
being, when dealing with a problem whose answer
cannot be easily verified without a computer, it is
highly advisable to perform the computations with
at least two computer algebra systems.
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Mathematics People

Walsh Awarded ICTP-IMU 
Ramanujan Prize
Miguel Walsh of the University of Oxford has been 
awarded the 2014 Ramanujan Prize of the Abdus Salam 
International Center for Theoretical Physics (ICTP), the 
Department of Science and Technology (DST, Government 
of India), and the International Mathematical Union (IMU). 
Walsh was recognized for his “outstanding contributions 
to ergodic theory and number theory, including a proof 
of the norm convergence of multiple polynomial or nilpo-
tent ergodic averages, a long-standing problem in ergodic 
theory, and important results in inverse sieve problems 
leading to a sharp bound on the number of rational points 
on curves.”

Walsh was born in Buenos Aires, Argentina, in 1987. He 
received his Ph.D. from the University of Buenos Aires in 
2012. He is the youngest recipient so far of the Ramanu-
jan Prize. His research focuses on inverse problems in 
arithmetic combinatorics, the limiting behavior of ergodic 
averages, and the estimation of rational points on curves. 
He received the MCA Prize of the Mathematical Congress 
of the Americas in 2013 and is a current Clay Research 
Fellow.

The Ramanujan Prize is awarded annually to a re-
searcher from a developing country who is younger than 
forty-five years of age on December 31 of the year of the 
award and who has conducted outstanding research in a 
developing country. Researchers working in any branch of 
the mathematical sciences are eligible. The prize carries 
a cash award of US$15,000, and the recipient is invited to 
deliver a lecture at ICTP.

—Elaine Kehoe

Lichnerowicz Prize Awarded
David Li-Bland of the University of California Berkeley 
and Ioan M˘ arcut  ̧ of the University of Illinois at Urbana-
Champaign have been awarded the 2014 André Lichnero-
wicz Prize for notable contributions to Poisson geometry.

The prize citations read in part: “Li-Bland has made 
important contributions to Dirac and Poisson geometry. 
In his thesis, he introduced and studied the infinitesimal 
counterparts of Courant groupoids and Dirac groupoids. 

In collaboration with Severa, he developed a theory of 
moduli spaces of flat connections on ‘quilted surfaces’, 
with varying structure groups for different regions of 
the surface. They found that these moduli spaces have 
natural quasi-Poisson structures and suggested a univer-
sal quantization scheme applicable in this setup. Other 
accomplishments include an integration procedure for 
exact Courant algebroids (with Severa), a classification of 
Dirac Lie groups (with Meinrenken), and the linear ‘derived’ 
symplectic category (with Weinstein).

“M  ̌arcuţ  has made fundamental contributions to the 
global geometry of Poisson structures, most notably 
through his (semi-)local forms and rigidity results. Such 
results range from generalizations of Conn’s linearization 
theorem to explicit computations of moduli spaces of 
Poisson structures. First of all, he extended the geometric 
approach of Crainic-Fernandes, proving a generalization 
of Conn’s theorem around symplectic leaves. He also 
clarified and simplified the original analytic approach of 
Conn, making it available for the study of other geometric 
structures and allowing him to prove a much more general 
rigidity result (around Poisson submanifolds); as an ap-
plication, he provided the first explicit computation of a 
nontrivial Poisson moduli space. Other accomplishments 
include a direct geometric proof of the existence of sym-
plectic realizations (with Crainic), the study of obstruc-
tions and deformations of log-symplectic structures (with 
Osorno Torres), and the study of transversals in Poisson 
geometry (with Frejlich).”

David Li-Bland received his Ph.D. degree in mathematics 
from the University of Toronto in 2012 under the direction 
of Eckhard Meinrenken. He is currently an NSF Postdoc-
toral Fellow at Berkeley. Ioan M  ̌arcuţ  received his Ph.D. 
degree in mathematics from the University of Utrecht in 
2013 under the supervision of Marius Crainic. He is cur-
rently a Postdoctoral Fellow at the University of Illinois.

The Lichnerowicz Prize is awarded every two years 
at the International Conference on Poisson Geometry in 
Mathematics and Physics to researchers who have com-
pleted their doctorates at most eight years before the year 
of the conference.

 
—From a Poisson Conference announcement
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Mathematics People

2014 Computer-Aided 
Verification Award Announced
Patrice Godefroid, Microsoft Research; Doron Peled, 
Bar Ilan University; Antti Valmari, Tampere University; 
and Pierre Wolper, Université de Liège, have been named 
the recipients of the 2014 Computer-Aided Verification 
(CAV) award “for the development of partial-order- 
reduction algorithms for efficient state-space exploration 
of concurrent systems.”

The prize citation reads in part: “Concurrency is omni-
present in computer systems, at all levels, from concurrent 
software running over multicore platforms to distributed 
applications running over large-scale networks. The 
automated verification of such systems is a challenging 
problem, due to the highly complex interactions between 
their components. Standard verification algorithms based 
on systematic state-space exploration face the well-known 
state-explosion problem when applied to such systems: 
the size of the state space of concurrent systems grows 
exponentially in the number of their components.

 “A major approach for tackling this problem and de-
veloping scalable algorithms for automated verification 
of concurrent systems comes from so-called partial-order 
reduction (POR) techniques, which leverage the fact that 
there often are a huge number of computations that lead 
to the same observable states (i.e., states that are relevant 
for checking the property under consideration) but differ 
only in the order in which some parallel actions are inter-
leaved. These actions are actually independent of one an-
other (in the sense that they are not conflicting, so partially 
ordered), thus their total ordering in a particular execution 
is not relevant. Therefore the idea is to consider such com-
putations as equivalent, so that only one representative 
of each equivalence class needs to be considered during 
the state-space exploration. The notion of independence 
was first formulated in 1977 by Antoni Mazurkiewicz and 
has been studied since then in the context of concurrency 
semantics by a number of authors. Nevertheless, it was 
not until the first half of the 1990s that these ideas have 
been applied in algorithmic verification.

 “While the POR idea seems natural and simple in 
principle, the difficulty is in designing efficient search 
algorithms that determine on-the-fly, i.e., during the 
state-space exploration of the system, which branches 
to prune and which ones to explore, while ensuring (1) 
that redundant explorations are avoided and (2) that the 
state-space exploration is still complete, i.e., no computa-
tion equivalence class (modulo reordering of independent 
actions) is missed. In the period 1990–1994, Godefroid, 
Peled, Valmari, and Wolper investigated this problem and 
defined algorithms for solving it based on the notions of 
stubborn, sleep, and ample sets, respectively. These algo-
rithms constitute the basis of the POR approach to model 
checking, which has been subsequently developed further, 
extended to various classes of systems, and integrated 
into several verification methods and tools. These tools 
are now widely used and applicable both in academia and 
industry. Indeed, several robust and influential verification 

tools rely on POR, and this approach has been applied to 
many different contexts and continues to have impact to 
this day.…

 “In summary, POR is one of the major contributions to 
the field of automated verification in the last two decades. 
Its development contributed in a crucial way to make 
model checking successful and practically applicable to 
concurrent systems. This success is due to the seminal 
work that Godefroid, Peled, Valmari, and Wolper did in 
the first half of the 1990s.”

 The CAV Award is given annually in recognition of a 
specific fundamental contribution or a series of outstand-
ing contributions to computer-aided verification and 
includes a cash prize of US$10,000.

 
—Marta Kwiatkowska 

University of Oxford

Beltrán and Braverman 
Awarded Second Smale Prize
The Society for the Foundations of Computational Mathe-
matics has announced the awarding of the second Stephen 
Smale Prize to Carlos Beltrán of the University of Can-
tabria and Mark Braverman of Princeton University. The 
Smale Prize was created to recognize the work of a young 
mathematician in the areas at the heart of the society’s 
interests and to help to promote his or her integration 
among the leaders of the scientific community.

Beltrán was honored “for his brilliant contributions to 
fundamental problems in the foundations of computa-
tional mathematics.” According to the prize citation, his 
work “embodies original approaches that combine the 
use of complex geometric structure and analytic power 
to make important progress on problems which have 
been the focus of intense research efforts by others. An 
important part of his work has been devoted to polynomial 
system solving, producing with Luis M. Pardo a Las Vegas 
algorithm for Smale’s seventeenth problem and studying 
the underlying geometry with Mike Shub and others. His 
work on producing equidistributed points on the sphere 
defines the state of the art on Smale’s seventh problem. 
With Anton Leykin, he has provided tools to adapt nu-
merical methods to supply proofs in algebraic geometry. 
In addition, his work with Oscar González and Ignacio 
Santamaría on interference alignment (solving a problem 
in information theory, open for more than ten years) is 
also a milestone.”

Braverman was honored “for his pioneering work on 
the foundations of computational mathematics.” Ac-
cording to the prize citation, he “has made fundamental 
contributions to our understanding of computability 
and complexity questions involving both continuous 
and discrete systems. In particular, his joint work with 
Michael Yampolsky showed how to apply deep and 
modern techniques of complex analysis and dynamics to 
classify Julia sets according to their computability and 
complexity. Concerning discrete problems, in a series of 
papers Braverman and his collaborators have shown how 
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to apply Shannon’s information theory to settle central 
open questions in communication complexity, including 
proving lower bounds on the ability of linear programs to 
approximate NP complete problems. He also developed 
surprising techniques from harmonic analysis to finally 
prove the Linial-Nisan conjecture and disproved, with col-
laborators, an old conjecture of Krivine.”

 
—From a Society for the Foundations of 

Computational Mathematics announcement

Medina Receives SACNAS 
Award
Herbert Medina of Loyola Marymount University has 
received the 2014 Distinguished Undergraduate Institu-
tion Mentor Award from the Society for Advancement 
of Hispanics/Chicanos and Native Americans in Science 
(SACNAS).

Medina received his Ph.D. from the University of 
California Berkeley and has published mathematical re-
search in functional analysis, wavelets, and polynomial 
approximations (collaboratively with undergraduates). 
One of his passions is working to increase participation 
of historically underrepresented groups in science, tech-
nology, engineering, and mathematics (STEM). He is one 
of five founding codirectors of the Mathematical Sciences 
Research Institute Undergraduate Program (MSRI-UP) in 
Berkeley and was codirector (1998–2002) of the Summer 
Institute in Mathematics for Undergraduates (SIMU) in 
Puerto Rico.

 
—From a SACNAS announcement

Li Awarded Noether 
Lectureship
Wen-Ching Winnie Li of Pennsylvania State University has 
been named the 2015 Noether Lecturer by the Association 
for Women in Mathematics (AWM). She was honored “for 
her work in number theory, which is impressive for its 
depth, the connections it makes between different areas of 
mathematics, and its continuing influence.” She received 
her Ph.D. from the University of California Berkeley and is 
the author of more than one hundred publications, includ-
ing two books. She received the 2010 Chern Prize for her 
outstanding contributions to mathematics. She is director 
of Taiwan’s National Center of Theoretical Sciences, was a 
mentor for the Women Mentoring Program at the Institute 
for Advanced Studies in 1999 and the Banff International 
Research Station (BIRS) workshop on Women in Numbers 
in 2008, and was the Distinguished Women in Mathemat-
ics Lecturer at the University of Texas at Austin in 2011. 
She was named a Fellow of the AMS in 2013. Her research 
focuses on number theory, in particular modular forms 
and automorphic forms, as well as broad applications to 
coding theory and spectral graph theory. Li will deliver the 
Noether Lecture at the 2015 Joint Mathematics Meetings 

in San Antonio, Texas. The lectureship, named in honor 
of Emmy Noether, honors women who have made funda-
mental and sustained contributions to the mathematical 
sciences.

 
—From an AWM announcement

Paenza Awarded 2014 
Leelavati Prize
Adrian Paenza of the University of Buenos Aires has 
been awarded the 2014 Leelavati Prize for outstanding 
contributions to public outreach in mathematics by an 
individual. The award was presented at the 2014 Inter-
national Congress of Mathematicians (ICM) of the Inter-
national Mathematical Union (IMU). It is given every four 
years at the ICM and is sponsored by Infosys.

Paenza was honored “for his decisive contributions to 
changing the mind of a whole country about the way it 
perceives mathematics in daily life, and in particular for 
his books, his TV programs, and his unique gift of en-
thusiasm and passion in communicating the beauty and 
joy of mathematics.” He has been host of a long-running 
television program, Científicos Industria Argentina (Scien-
tists Made in Argentina), which consists of interviews with 
mathematicians and scientists of very different disciplines 
and ends with a mathematical problem, the solution of 
which is given in the next program. He also hosted the 
program Alterados por Pi (Altered by Pi), a weekly half-
hour show exclusively dedicated to the popularization of 
mathematics which is shown in public schools in Argen-
tina. He has written a weekly newspaper column about 
science, particularly mathematics, as well as eight books 
dedicated to popularizing mathematics. 

Paenza received his Ph.D. from the University of Bue-
nos Aires, where he taught between 1979 and 2002 while 
also working as a sports journalist, eventually integrating 
mathematics with his journalism experience.

 
—From an ICM announcement

Golden Goose Award
Preston McAfee (Microsoft), Paul Milgrom (Stanford 
University), and Robert Wilson (Stanford University) are 
the recipients of the 2014 Golden Goose Award for their 
research and work in complex auctions. They designed 
the Federal Communications Commission’s first spectrum 
auction in 1994, a simultaneous multiple-round auction 
that was efficient and fair. The Golden Goose Award 
“highlights the often unexpected or serendipitous nature 
of basic scientific research by honoring federally funded 
researchers whose work may once have been viewed as 
unusual, odd, or obscure but which has produced impor-
tant discoveries that have benefited society in significant 
ways.” The AMS is a financial sponsor of the award.

 
—AMS announcement
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SIAM Prizes Awarded
The Society for Industrial and Applied Mathematics (SIAM) 
awarded a number of prizes at its annual meeting in July 
2014. 

Thomas D. Trogdon of the Courant Institute of Math-
ematical Sciences, New York University, was awarded the 
Richard C. DiPrima Prize. The prize is awarded every two 
years to a junior scientist who has done outstanding re-
search in applied mathematics and who has completed his 
or her doctoral dissertation and all other requirements for 
his or her doctorate during the period running from three 
years prior to the award date to one year prior to the award 
date. Selection is based on the candidates’ dissertations.

Adam W. Marcus of Yale University and Crisply, LLC; 
Daniel A. Spielman of Yale University; and Nikhil Sri- 
vastava of Microsoft Research, India, were awarded the 
George Pólya Prize. The prize is given every two years 
alternately in two categories: (1) for a notable application 
of combinatorial theory or (2) for a notable contribution 
in another area of interest to George Pólya, such as ap-
proximation theory, complex analysis, number theory, 
orthogonal polynomials, probability theory, or mathemati-
cal discovery and learning.

Alain Bensoussan of the University of Texas at Dallas 
and City University of Hong Kong was awarded the W. T. 
and Idalia Reid Prize in Mathematics. The prize is awarded 
for research in or other contributions to the broadly de-
fined areas of differential equations and control theory.

Weinan E of Princeton University and Richard D. 
James of the University of Minnesota were awarded the 
Theodore von Karman Prize. The prize is awarded for a 
notable application of mathematics to mechanics and/or 
the engineering sciences made during the five to ten years 
preceding the award.

Sep Kamvar of the Massachusetts Institute of Technol-
ogy was named the I. E. Block Community Lecturer. The 
lecture is intended to encourage public appreciation of 
the excitement and vitality of science.

Leslie F. Greengard of the Simons Foundation and the 
Courant Institute of Mathematical Sciences, New York Uni-
versity, was named the John von Neumann Lecturer. The 
lectureship is awarded for outstanding and distinguished 
contributions to the field of applied mathematical sciences 
and for the effective communication of these ideas to the 
community.

Irene M. Gamba of the University of Texas at Austin 
was awarded the AWM-SIAM Sonia Kovalevsky Lectureship. 
The lecture is intended to highlight significant contribu-
tions of women to applied or computational mathematics.

John Lowengrub of the University of California Irvine 
was named the Julian Cole lecturer. The lectureship is 
awarded for an outstanding contribution to the math-
ematical characterization and solution of a challenging 
problem in the physical or biological sciences, or in engi-
neering, or for the development of mathematical methods 
for the solution of such problems.

Arieh Iserles of the University of Cambridge  
was awarded the SIAM Prize for Distinguished Service  
to the Profession. The prize is awarded to an ap-

plied mathematician who has made distinguished 
contributions to the furtherance of applied mathematics 
on the national level.

SIAM Outstanding Paper Prizes are awarded for out-
standing papers published in SIAM journals. The recipi-
ents were: Andrea L. Bertozzi of the University of Cali-
fornia Los Angeles and Arjuna Flenner of the Naval Air 
Weapons Center for their paper “Diffuse Interface Models 
on Graphs for Classification of High Dimensional Data”; 
Emmanuel J. Candés of Stanford University, Yonina C. 
Eldar of Technion, Israel, Thomas Strohmer of the Uni-
versity of California Davis, and Vladislav Voroninski of 
the Massachusetts Institute of Technology for their paper 
“Phase Retrieval via Matrix Completion”; and Yurii Nest-
erov of Université Catholique de Louvain for “Efficiency 
of Coordinate Descent Methods on Huge-Scale Optimiza-
tion Problems.” 

The SIAM Award in the Mathematical Contest in Model-
ing (MCM) is awarded to two of the teams judged “Out-
standing” in the MCM, administered annually by the Con-
sortium for Mathematics and Its Applications (COMAP). 
This year, for Problem A, the Continuous Problem, the 
awardees were Yuan Gong, Shu Liu, and Yandi Shen, stu-
dents at Zhejiang University, People’s Republic of China. 
Their faculty advisor was Jianxin Zhu. For Problem B, the 
Discrete Problem, the student awardees were Yiping Liu, 
Yongyi Xie, and Yao Zhang of Southwest University for 
Nationalities, People’s Republic of China. Their advisor 
was Gaoping Li. 

The SIAM Student Paper Prizes are awarded every year 
to the student author(s) of the most outstanding paper(s) 
submitted to the SIAM Student Paper Competition. The 
awardees were: Sean P. Cornelius of Northwestern 
University for “Realistic Control of Network Dynamics,” 
Carlos Fernandez-Granda of Stanford University for 
“Towards a Mathematical Theory of Super-Resolution,” 
and Iain Smears of Oxford University for “Discontinu-
ous Galerkin Finite Element Approximation of Hamilton-
Jacobi-Bellman Equations with Cordès Coefficients.”

MAA Awards Presented
The Mathematical Association of America (MAA) presented 
a number of awards at its Summer MathFest in Portland, 
Oregon, in August 2014.

The Carl B. Allendoerfer Awards are made to authors 
of expository articles published in Mathematics Maga-
zine and carry a cash award of US$500. The awardees 
for 2014 are: Sally Cockburn, Hamilton College, and 
Joshua Lesperance, Oberlin College, “Deranged Socks,” 
Mathematics Magazine 86, no. 2 (2013), pp. 97–109; and 
Susan H. Marshall and Donald R. Smith, Monmouth 
University, “Feedback, Control and the Distribution of 
Prime Numbers,” Mathematics Magazine 86, no. 3 (2013), 
pp. 189–203.

The Trevor Evans Award is made to authors of ex-
ceptional articles that are accessible to undergraduates 
and published in Math Horizons. It carries a cash prize 
of US$1,000. The 2014 awardee is Jordan Ellenberg, 
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University of Wisconsin, Madison, “The Beauty of Bounded 
Gaps,” Math Horizons 21, no. 1 (2013), pp. 5–7.

The Halmos-Ford Award recognizes authors of articles 
of expository excellence published in the American Math-
ematical Monthly. It carries a cash prize of US$1,000. The 
2014 awardees are: Will Traves, U.S. Military Academy, 
“From Pascal’s Theorem to d-Constructible Curves,” 
American Mathematical Monthly 120, no. 10 (2013), pp. 
901–915; Tadashi Tokieda, University of Cambridge, 
“Roll Models,” American Mathematical Monthly 120, no. 
3 (2013), pp. 265–282; Jacques Lévy Véhel, Inria, Regu-
larity Team, and Franklin Mendivil, Acadia University, 
“Christiane’s Hair,” American Mathematical Monthly 
120, no. 9 (2013), pp. 771–786; and Susan H. Marshall, 
Monmouth University, and Alexander R. Perlis, Loui-
siana State University, “Heronian Tetrahedra Are Lattice 
Tetrahedra,” American Mathematical Monthly 120, no. 2 
(2013), pp. 140–149.

The Annie and John Selden Prize for Research in Un-
dergraduate Mathematics Education honors a researcher 
who has established a significant record of published 
research in undergraduate mathematics education and 
who has been in the field at most ten years. It carries a 
cash award of US$500. The awardee for 2014 is Matthew 
Inglis, Loughborough University.

The George Pólya Award is given for articles of ex-
pository excellence published in the College Mathematics 
Journal. It carries a cash award of US$1,000. The award-
ees for 2014 are Adam E. Parker, Wittenberg University, 
“Who Solved the Bernoulli Differential Equation and How 
Did They Do It?” College Mathematics Journal 44, no. 2 
(2013), pp. 89–97; and Christiane Rousseau, University 
of Montreal, “How Inge Lehmann Discovered the Inner 
Core of the Earth,” College Mathematics Journal 44, no. 5 
(2013), pp. 399–408.

The Henry L. Alder Awards for Distinguished Teaching 
by a Beginning College or University Mathematics Faculty 
Member honors beginning college or university faculty 
members whose teaching has been extraordinarily suc-
cessful and whose effectiveness in teaching undergraduate 
mathematics is shown to have influence beyond their own 
classrooms. The award carries a cash prize of US$1,000. 
The 2014 honorees are Dominic Klyve, Central Washing-
ton University, and Lara Pudwell, Valparaiso University.

The Mary P. Dolciani Award recognizes a pure or ap-
plied mathematician who is making a distinguished con-
tribution to the mathematical education of K–16 students 
in the United States or Canada. The award carries a cash 
prize of US$5,000. The 2014 honoree is Alan Schoen-
feld, University of California Berkeley.

 
—From an MAA announcement

2014 International 
Mathematical Olympiad
The fifty-fifth International Mathematical Olympiad (IMO) 
was held in Cape Town, South Africa, July 3–13, 2014. 
The IMO is the preeminent mathematical competition for 

high-school-age students from around the world. The IMO 
consists of solving six extremely challenging mathematical 
problems in a nine-hour competition administered over 
two days.

The team from the People’s Republic of China finished 
first. The United States team finished second, and the 
team from Taiwan finished third. Five members of the 
U.S. team were awarded gold medals. In alphabetical 
order, the gold medal winners for the United States were 
Allen Liu, Penfield High School, Penfield, New York; 
Yang Liu, Ladue Horton Watkins High School, St. Louis, 
Missouri; Sammy Luo, North Carolina School of Science 
and Mathematics, Durham, North Carolina; Mark Sellke, 
William Henry Harrison High School, Evansville, Indiana; 
and James Tao, Illinois Math and Science Academy, 
Aurora, Illinois. Joshua Brakensiek, homeschooled, 
Phoenix, Arizona, earned a silver medal. Sellke and Tao 
were gold medalists in the 2013 competition. The 2015 
IMO will be held in Chiang Mai, Thailand, July 3–15, 2015.  

—From an IMO announcement

Corrigendum
In our February 2014 Notices article, “Two-person 
fair division of indivisible items: An efficient, envy-
free algorithm,” we mistakenly claimed that the algo-
rithms BT and AL produce allocations of indivisible 
items that are “locally Pareto-optimal” (Theorem 5).  
The correct claim is that at least one of the alloca-
tions they produce is locally Pareto-optimal, but oth-
ers may not be.  Moreover, there may be allocations 
not produced by these algorithms that are Pareto- 
optimal as well as envy-free.  For details, see our paper, 
“How to divide things fairly,” in which we analyze a 
simpler algorithm than AL that gives, like AL, a Pareto- 
optimal envy-free allocation if such an allocation 
exists:

http://www.politics.as.nyu.edu/docs/
IO/2578/SA9.pdf 

—Steven J. Brams, D. Marc Kilgour, and  
Christian Klamler

http://www.politics.as.nyu.edu/docs/IO/2578/SA9.pdf
http://www.politics.as.nyu.edu/docs/IO/2578/SA9.pdf
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American Mathematical 
Society Centennial Fellowship
Invitation for Applications for Awards for 2015–2016
Deadline December 1, 2014
Description: The AMS Centennial Research Fellowship 
Program makes awards annually to outstanding math-
ematicians to help further their careers in research. The 
number of fellowships to be awarded is small and depends 
on the amount of money contributed to the program. The 
Society supplements contributions as needed. At least one 
fellowship will be awarded for the 2015–2016 academic 
year. A list of previous fellowship winners can be found 
at http://www.ams.org/profession/prizes-awards/
ams-awards/centennial-fellow.

Eligibility : The eligibility rules are as follows. The pri-
mary selection criterion for the Centennial Fellowship 
is the excellence of the candidate’s research. Preference 
will be given to candidates who have not had extensive 
fellowship support in the past. Recipients may not hold 
the Centennial Fellowship concurrently with another 
research fellowship such as a Sloan or NSF Postdoctoral 
fellowship. Under normal circumstances, the fellowship 
cannot be deferred. A recipient of the fellowship shall have 
held his or her doctoral degree for at least three years and 
not more than twelve years at the inception of the award 
(that is, received between September 1, 2003, and Septem- 
ber 1, 2012). Applications will be accepted from 
those currently holding a tenured, tenure-track, post- 
doctoral, or comparable (at the discretion of the selection 
committee) position at an institution in North America. Ap-
plications should include a cogent plan indicating how the  
fellowship will be used. The plan should include travel to at 
least one other institution and should demonstrate that the  
fellowship will be used for more than reduction of  
teaching at the candidate’s home institution. The selection 
committee will consider the plan, in addition to the quality of  
the candidate’s research, and will try to award the  
fellowship to those for whom the award would make a real 
difference in the development of their research careers. 
Work in all areas of mathematics, including interdisciplin-
ary work, is eligible.

Deadline: The deadline for receipt of applications is 
December 1, 2014. The award recipient will be announced 
in February 2015 or earlier if possible.

Application information: Find Centennial information 
and the application form via the Internet at http://
www.ams.org/ams-fellowships/. For paper copies of 
the form, write to the Membership and Programs De-
partment, American Mathematical Society, 201 Charles 
Street, Providence, RI 02904-2294; prof-serv@ams.org; 
401-455-4105.

 
—AMS announcement

AMS Congressional Fellowship
The AMS, in conjunction with the American Association for 
the Advancement of Science (AAAS), will sponsor a Con-
gressional Fellow from September 2015 through August 
2016.  The Fellow will spend the year working on the staff 
of a Member of Congress or a congressional committee, 
as a special legislative assistant in legislative and policy 
areas requiring scientific and technical input.  

The fellowship is designed to provide a unique public 
policy learning experience, to demonstrate the value of 
science-government interaction, and to bring a technical 
background and external perspective to the decision-
making process in the Congress.  

An AMS Fellowship Committee will select the AMS 
Congressional Fellow. The fellowship stipend is US$75,621 
for the fellowship period, with allowances for relocation 
and professional travel and a contribution towards health 
insurance. Applicants must have a Ph.D. or an equivalent 
doctoral-level degree in the mathematical sciences by the 
application deadline.

For information and to apply, go to http://bit.ly/
AMSCongressionalFellowship. Deadline for applica-
tions is February 15, 2015.

—AMS announcement

AMS Epsilon Fund
The AMS Epsilon Fund awards grants to summer mathe-
matics programs that support and nurture mathematically 
talented high school students in the United States. The 
deadline to apply for funding for summer 2015 programs 
is December 15, 2014. Applications are now taken online 

http://www.ams.org/profession/prizes-awards/ams-awards/centennial-fellow
http://www.ams.org/profession/prizes-awards/ams-awards/centennial-fellow
http://www.ams.org/ams-fellowships/
http://www.ams.org/ams-fellowships/
http://bit.ly/AMSCongressionalFellowship
http://bit.ly/AMSCongressionalFellowship
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at MathPrograms.org (http://www.mathprograms.org). 
For more information about the program and updated 
application information, go to http://www.ams.org/
programs/edu-support/epsilon/emp-epsilon. For 
more information contact the AMS Membership and Pro-
grams Department by email at prof-serv@ams.org or by 
telephone at 800-321-4267, ext. 4113.

 
—AMS announcement

Jefferson Science Fellows 
Program
The Jefferson Science Fellows (JSF) program at the U.S. 
Department of State is intended to involve the American 
academic science, technology, and engineering communi-
ties in the formulation and implementation of U.S. foreign 
policy. Each fellow will spend one year at the U.S. Depart-
ment of State or the U.S. Agency for International Develop-
ment (USAID) for an on-site assignment in Washington, DC, 
that may also involve extended stays at U.S. foreign em-
bassies and/or missions. Each fellow will receive a stipend 
of up to US$50,000 to cover living expenses for one year. 
An additional US$10,000 is awarded for travel associated 
with the fellows’ assignments at the U.S. Department of 
State/USAID. Following the fellowship year, the Jefferson 
Science Fellow will return to his or her academic career 
but will remain available to the U.S. Department of State 
for short-term projects.

The deadline for applications is January 12, 2015. The 
JSF program is administered by the National Academies 
and is supported through a partnership of the U.S. sci-
ence, technology, and academic communities, profes-
sional scientific societies, and the U.S. Department of 
State. For further information email jsf@nas.edu, tele-
phone 202-334-2643, or see the website http://sites. 
nationalacademies.org/PGA/Jefferson/PGA_046612.

 
—From a National Academies announcement

Research Opportunities in Asia 
and Australia for U.S. Graduate 
Students
The National Science Foundation (NSF) is sponsoring a 
summer research program in Australia, China, Japan, 
Korea, Taiwan, New Zealand, and Singapore for U.S. gradu-
ate students during the summer of 2015. The East Asia 
and Pacific Summer Institutes (EAPSI) provide U.S. gradu-
ate students in science and engineering with firsthand 
research experience in the aforementioned countries, an 
introduction to the science and science policy infrastruc-
ture of the respective locations, and orientation to the 
culture and language. The primary goals of EAPSI are to 
introduce students to East Asian and Pacific science and 
engineering in the context of a research laboratory and to 

initiate personal relationships that will better enable them 
to collaborate with foreign counterparts in the future. The 
institutes last approximately eight weeks (ten weeks in 
Japan) from June to August and are administered in the 
United States by the NSF. 

Applicants must be U.S. citizens or permanent resi-
dents. They must be enrolled at U.S. institutions in a 
research-oriented master’s or Ph.D. program (including 
joint degree programs) in fields of science or engineering 
research and education that are supported by the NSF 
and that also are represented among the potential host 
institutions. International travel will be provided, and each 
awardee will receive a stipend of US$5,000.

The deadline for full proposals is November 13, 2014. 
Proposers are required to prepare and submit all proposals 
for this announcement/solicitation through the FastLane 
system. Further information and detailed instructions 
are available at http://www.nsf.gov/pubs/2012/
nsf12498/nsf12498.htm?WT.mc_id=USNSF_25&WT.
mc_ev=click#awd_info (or http://tinyurl.com/
cqgnexu).

 
—From an NSF announcement

NSF Graduate Research 
Fellowships
The National Science Foundation’s Graduate Research 
Fellowship Program (GRFP) recognizes and supports 
outstanding graduate students in NSF-supported science, 
technology, engineering, and mathematics disciplines 
who are pursuing research-based master’s and doctoral 
degrees at accredited U.S. institutions. The NSF welcomes 
applications from all qualified students and strongly 
encourages underrepresented populations, including 
women, underrepresented racial and ethnic minorities, 
and persons with disabilities, to apply for this fellowship. 

Fellows benefit from a three-year annual stipend of 
US$32,000, along with a US$12,000 cost-of-education 
allowance to the institution for tuition and fees, opportu-
nities for international research and professional devel-
opment, and the freedom to conduct their own research 
at any accredited U.S. institution of graduate education 
they choose. 

The deadline to apply to the GRFP for 2015 is Octo-
ber 30, 2014. For further information visit the website 
http://www.nsfgrfp.org/.

 
—From NSF announcements 

AAUW Educational Foundation 
Fellowships and Grants
The American Association of University Women (AAUW) 
has programs for supporting women students and schol-
ars at various stages of their careers: American Fellow-
ships, Career Development Grants, Community Action 

http://www.mathprograms.org
http://www.ams.org/programs/edu-support/epsilon/emp-epsilon
http://www.ams.org/programs/edu-support/epsilon/emp-epsilon
http://sites.nationalacademies.org/PGA/Jefferson/PGA_046612
http://sites.nationalacademies.org/PGA/Jefferson/PGA_046612
http://www.nsfgrfp.org/
http://www.nsf.gov/pubs/2012/nsf12498/nsf12498.htm?WT.mc_id=USNSF_25&WT.mc_ev=click#awd_info
http://www.nsf.gov/pubs/2012/nsf12498/nsf12498.htm?WT.mc_id=USNSF_25&WT.mc_ev=click#awd_info
http://tinyurl.com/cqgnexu
http://tinyurl.com/cqgnexu
http://www.nsf.gov/pubs/2012/nsf12498/nsf12498.htm?WT.mc_id=USNSF_25&WT.mc_ev=click#awd_info
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Grants, International Fellowships, International Project 
Grants, and Selected Professions Fellowships. The latter 
fellowships support women students in areas in which 
women’s participation has traditionally been low, includ-
ing computer/information sciences and mathematics/
statistics.

For further information about the fellowships, applica-
tion procedures, and deadlines, visit the website http://
www.aauw.org/what-we-do/educational-funding-
and-awards/ (or http://tinyurl.com/apmcfng).  
For more information call 202-785-7700, email  
connect@aauw.org, or call the customer service center 
at 800-326-2289.

 
—From AAUW website 

EDGE for Women Summer 
Program
The EDGE Program (Enhancing Diversity in Graduate Edu-
cation) was launched in 1998 with the goal of strengthen-
ing the ability of women students to successfully complete 
graduate programs in the mathematical sciences. The 
program has a special emphasis on inclusion of women 
from underrepresented groups.

EDGE sponsors a summer program consisting of two 
core workshops in analysis and algebra/linear algebra, as 
well as shorter workshops in vital areas of mathematical 
research in pure and applied mathematics. The program 
also promotes networking and community by facilitating 
collaborative problem solving and by including workshop 
facilitators from institutions across the country, guest 
speakers from academia and industry, and graduate 
student mentors. A follow-up mentoring program and 
support network is established with the participants’ 
respective graduate programs.

Applicants to the program should be women who 
are either graduating seniors who have applied to Ph.D. 
programs in the mathematical sciences or who have just 
completed their first year in a Ph.D. program in the math-
ematical sciences. All applicants should have completed 
standard junior–senior-level undergraduate courses in 
analysis and abstract algebra. Women from groups under-
represented in the mathematical sciences are especially 
encouraged to apply. Final acceptance to the program is 
contingent upon acceptance to a Ph.D. program in the 
mathematical sciences.

Pending funding, the EDGE 2015 Summer Program 
will be held at Howard University, Washington, DC, from  
June 1 through June 26. A stipend plus travel, room, and 
board will be awarded to participants. The application 
deadline for the program is March 2, 2015. Acceptance 
to the program will be announced in April.

For further information visit the website http://www.
edgeforwomen.org/.

 
—EDGE for Women announcement

AWM Essay Contest
To increase awareness of women’s ongoing contributions 
to the mathematical sciences, the Association for Women 
in Mathematics (AWM) and Math for America are cospon-
soring an essay contest for biographies of contemporary 
women mathematicians and statisticians in academic, 
industrial, and government careers. 

Each essay will be based primarily on an interview with 
a woman currently working in a mathematical sciences 
career. This contest is open to students in the following 
categories: Grades 6–8, Grades 9–12, and College Under-
graduate. At least one winning submission will be chosen 
from each category. Winners will receive a prize, and 
their essays will be published online at the AWM website. 
Additionally, a grand prize winner will have his or her 
submission published in the AWM newsletter. 

The deadline for the 2013 AWM Essay Contest is Janu-
ary 31, 2015. AWM is also currently seeking women math-
ematicians to volunteer as the subjects of these essays. 
For more information or to sign up as a volunteer, contact 
the contest organizer, Heather Lewis, at hlewis5@naz.
edu. See https://sites.google.com/site/awmmath/
home for complete information.

 
—AWM announcement

Call for Nominations for the 
Alan T. Waterman Award
The National Science Foundation (NSF) is soliciting nomi-
nations for the 2015 Alan T. Waterman Award. The award 
recognizes an outstanding young researcher in any field 
of science or engineering supported by the NSF. The 
award consists of a US$1,000,000 grant over a five-year 
period for research at the institution of the recipient’s 
choice. The deadline for nominations is October 24, 
2014. Nominations must be submitted electronically using 
NSF’s FastLane system at https://www.fastlane.nsf.
gov/honawards/. For more details about the award see 
http://www.nsf.gov/od/waterman/waterman.jsp.

 
—From an NSF announcement

AMS Department Chairs 
Workshop
The annual workshop for department chairs will be held 
a day before the start of the Joint Mathematics Meetings  
in San Antonio, Texas, on Friday, January 9, 2015, from 
8:00 a.m. to 6:30 p.m. This one-day session for math-
ematical sciences department chairs is organized in a 
workshop format so as to stimulate discussion among at-
tendees. Sharing ideas and experiences with peers creates 
an environment that enables attending chairs to address 
departmental challenges from new perspectives.

http://www.aauw.org/what-we-do/educational-funding-and-awards/
http://www.aauw.org/what-we-do/educational-funding-and-awards/
http://tinyurl.com/apmcfng
https://sites.google.com/site/awmmath/home
https://sites.google.com/site/awmmath/home
http://www.nsf.gov/od/waterman/waterman.jsp
https://www.fastlane.nsf.gov/honawards/
https://www.fastlane.nsf.gov/honawards/
http://www.aauw.org/what-we-do/education-funding-and-awards/
http://www.edgeforwomen.org/
http://www.edgeforwomen.org/
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Workshop leaders will be: Matthew Ando, chair, Depart-
ment of Mathematics, University of Illinois at Urbana-
Champaign; William “Bus” Jaco, head, Department of 
Mathematics, Oklahoma State University; Michel Smith, 
professor and former chair, Department of Mathematics 
and Statistics, Auburn University; and Judy Walker, chair, 
Department of Mathematics, University of Nebraska-
Lincoln.

Past workshop sessions have focused on a range of 
issues facing departments, including planning and bud-
geting, personnel management, assessment, outreach, 
faculty development, communications, student learning, 
and departmental leadership.

The workshop registration fee of US$100 is in 
addition to and separate from the Joint Meetings reg-
istration. Those interested in attending can register at  
https://bit.ly/1ph9nJl by December 24, 2014. For 
further information please contact the AMS Washington 
Office at 202-588-1100 or by email at amsdc@ams.org. 

—AMS Washington Office

Mathematics Research 
Communities 2015
The AMS invites mathematicians just beginning their 
research careers—those who are close to finishing their 
doctorates or have recently finished—to become part of 
Mathematics Research Communities (MRC), a unique and 
successful program that builds social and collaborative 
networks through which individuals inspire and sustain 
each other in their work. Women and underrepresented 
minorities are especially encouraged to participate. Sup-
ported by the National Science Foundation, the structured 
program engages and guides all participants as they start 
their careers. Those accepted into the program will receive 
support for the summer conference and will be partially 
supported for their participation in the Joint Mathemat-
ics Meetings that follow in January 2016. The summer 
conferences of the MRC are held in the breathtaking 
mountain setting of the Snowbird Resort, Utah, where 
participants can enjoy the natural beauty and a collegial 
atmosphere. The program also includes discussion net-
works by research topic and a longitudinal study of early 
career mathematicians. Three conferences will be held in 
summer 2015 on the following topics.

Week 1: June 7–13, 2015: Commutative Algebra. 
Organizers: Srikanth B. Iyengar, University of Utah; Karl 
Schwede, University of Utah; Liana Sega, University of Mis-
souri, Kansas City; Gregory G. Smith, Queen’s University; 
Wenliang Zhang, University of Nebraska.

Week 2: June 14–20, 2015: Financial Mathematics. Or-
ganizers: Maxim Bichuch, Worcester Polytechnic Institute; 
Michael Carlisle, Baruch College, City University of New 
York; Olympia Hadjiliadis, Brooklyn College and Gradu-
ate Center, City University of New York; Birgit Rudloff, 
Princeton University; Stephan Sturm, Worcester Polytech-
nic Institute.

Week 3: June 21–27, 2015: Differential Equations, Prob-
ability and Sea Ice. Organizers: Daniel Feltham, University 
of Reading; Kenneth M. Golden, University of Utah; Mary 
Silber, Northwestern University; Court Strong, University 
of Utah; Deborah Sulsky, University of New Mexico. 

Individuals who are one to two years prior to receiving 
their Ph.D.’s or one to three years after receiving their 
Ph.D.’s are welcome to apply. The MRC program is open to 
individuals who are U.S. citizens, as well as to those who 
are affiliated with U.S. institutions. A few international 
participants may be accepted. Women and underrepre-
sented minorities are especially encouraged to apply. 
All participants are expected to be active in the full MRC 
program. Detailed instructions and the online application 
will be available on November 1, 2014.

Situated in a beautiful, breathtaking mountain setting, 
Snowbird Resort provides an extraordinary environment 
for the MRC. The atmosphere is comparable to the colle-
gial gatherings at Oberwolfach and other conferences that 
combine peaceful natural ambience with stimulating meet-
ings. MRC participants have access to a range of activities, 
such as a tram ride to the top of the mountain, guided 
hikes, swimming, mountain bike tours, rock climbing, plus 
heated outdoor pools. More than a dozen walking and 
hiking trails head deep into the surrounding mountains. 
Participants also enjoy the simpler pleasures of convening 
on the patios at the resort to read, work, and socialize. 
In the evenings colleagues enjoy informal gatherings to 
network and continue discussion of the day’s sessions 
over refreshments. Within a half hour of the University 
of Utah, Snowbird is easily accessible from the Salt Lake 
City International Airport. For more information about 
Snowbird Resort, see http://www.snowbird.com. 

For further information on Mathematics Research 
Communities visit the website http://www.ams.org/
programs/research-communities/mrc-15 or contact 
T. Christine Stevens at aed-mps@ams.org.

 
—AMS announcement

Free Grant-Writing Workshop 
Offered
The AMS, in conjunction with the National Science Foun-
dation Directorate for Education and Human Resources 
(NSF-EHR), is pleased to offer a FREE workshop titled 
“Writing a Competitive Grant Proposal to NSF-EHR.” This 
grant-writing workshop will be held on Thursday, Janu- 
ary 8, 2015, from 3:00 p.m. to 6:00 p.m. at the Grand Hyatt 
Hotel in San Antonio, Texas.

Workshop Goals :
•To familiarize participants with current direction/

priorities in EHR
•To familiarize participants with key EHR education 

research and development programs
•To consider common issues of competitive proposals
•To prepare participants to write a competitive pro-

posal

https://bit.ly/1ph9nJl
http://www.snowbird.com
http://www.ams.org/programs/research-communities/mrc-15
http://www.ams.org/programs/research-communities/mrc-15
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Topics covered will include: discussion of key programs 
in EHR, the merit review process and merit review criteria, 
discussion of scenarios—short passages drawn from pro-
posals in the EHR portfolio designed to stimulate discus-
sion about strengths and weaknesses of a proposal, and 
the opportunity to discuss possible proposal ideas with 
program officers.

 This free workshop is open to all interested partici-
pants. The deadline for registration is December 24, 2014. 
To register see the website https://bit.ly/1uUq9hU.

 
—AMS Washington Office

News from MSRI
With funding from the National Science Foundation 
(NSF), the National Security Agency (NSA), and the Clay 
Mathematics Institute (CMI), the Mathematical Sciences 
Research Institute (MSRI) will hold six workshops dur-
ing the spring of 2015 in “Dynamics on Moduli Spaces 
of Geometric Structures and Geometric and Arithmetic 
Aspects of Homogeneous Dynamics.” The workshops to 
be held are as follows:

January 15–16, 2015: Connections for Women: Dynam-
ics on Moduli Spaces of Geometric Structures. https://
www.msri.org/workshops/739

January 20–23, 2015: Introductory Workshop: Dynam-
ics on Moduli Spaces of Geometric Structures. https://
www.msri.org/workshops/740

January 29–30, 2015: Connections for Women: Geomet-
ric and Arithmetic Aspects of Homogeneous Dynamics. 
https://www.msri.org/workshops/741

February 2–6, 2015: Introductory Workshop: Geomet-
ric and Arithmetic Aspects of Homogeneous Dynamics. 
https://www.msri.org/workshops/742

April 13–17, 2015: Dynamics on Moduli Spaces. 
https://www.msri.org/workshops/743

May 11–15, 2015: Advances in Homogeneous Dynam-
ics. https://www.msri.org/workshops/738

Established researchers, postdoctoral fellows, and 
graduate students are invited to apply for funding. It is 
the policy of MSRI to actively seek to achieve diversity in 
its workshops. Thus a strong effort is made to remove 
barriers that hinder equal opportunity, particularly for 
those groups that have been historically underrepresented 
in the mathematical sciences. MSRI is proud to announce 
a new resource to assist visitors with finding child care 
in Berkeley. For more information please contact Sanjani 
Varkey at sanjani@msri.org.

 
—From an MSRI announcement

About the cover

Peter Guthrie Tait’s knot tabulation
This month’s cover was suggested by Daniel Silver’s 
article in this issue, “Knots in the nursery.” Figure 3 
of that article is Susan Williams’ photograph of what 
is one of a very few items in Tait’s notebook (now 
preserved in the museum of the James Clerk Maxwell 
Foundation)that deals with mathematical matters, and 
apparently the only remnant of Tait’s working papers 
on knot theory. This work was summarized in three 
long but elegant papers that appear in his Collected 
Works. The cover shows Plate VI (of IV through IX), 
found at the end of the first. It shows all diagrams, 
modulo some equivalence, picturing alternating knots 
with up to a minimum of nine crossings. Some dia-
grams are different forms of the same knot.

Tait was not the first mathematician who concerned 
himself with knots, but much of the subject originated 
with him. Plate VI was produced by applying a system-
atic notation that he invented, although as he later dis-
covered it was similar to one used previously by Gauss 
and one of Gauss’ students, Johann Benedict Listing. A 
knot was labeled by a succession of letters, in Roman 
type for top-crossings and italic for bottom-crossings. 
Thus the knot in this figure:

A D B A C B D C | A.

To classify knots, say of four crossings, he would first 
lay out the four over-crossings in successive letters, 
leaving even spaces in between: A B C D. He would 
then fill in the even places by following certain simple 
rules so as not to produce what he called “nugatory” 
crossings—i.e., ones that were obviously not allowed, 
or that could be undone trivially. For example, AA was 
not allowed.  In this case, the only possibilities were

               A D B A C B D C | A,    A C B A D B C D | A.

These differ only in labeling, so there is exactly one 
knot with a minimum of four crossings. Because the 
complexities of this simple combinatorial technique 
grew rapidly, he was able to apply it only for up to 
seven crossings. Later he used methods introduced by 
T. P. Kirkman to classify, astonishingly without error, 
all alternating knots up to ten crossings.

Tait’s Collected Works are available on the Internet.  
The three articles on knots are in volume II. For a good 
discussion of the early history of knots, take a look 
at “The first 1,701,936 knots” by Jim Hoste, Morwen 
Thistlewaite, and Jeff Weeks in Volume 20 of the 1998 
Mathematical Intelligencer.

—Bill Casselman
Graphics editor

(notices-covers@ams.org)

A

B

C

D

https://bit.ly/1uUq9hU
https://www.msri.org/workshops/739
https://www.msri.org/workshops/739
https://www.msri.org/workshops/740
https://www.msri.org/workshops/740
https://www.msri.org/workshops/741
https://www.msri.org/workshops/742
https://www.msri.org/workshops/743
https://www.msri.org/workshops/743


November 2014  Notices of the AMS 1263

Reference and Book List

Where to Find It

A brief index to information that appears in this and previous issues of the Notices.

AMS Bylaws—November 2013, p. 1358

AMS Email Addresses—February 2014, p. 199

AMS  Governance 2014—June/July 2014, p. 650

AMS Officers and Committee Members—October 2012, p. 1290

Contact Information for Mathematical Institutes—August 2014, 
p. 786

Conference Board of the Mathematical Sciences—September 2014, 
p. 916

IMU Executive Committee—December 2011, p. 1606

Information for Notices Authors—June/July 2014, p. 646

National Science Board—January 2014, p. 82

NRC Board on Mathematical Sciences and Their Applications—March 
2014, p. 305

NSF Mathematical and Physical Sciences Advisory Committee—February 
2014, p. 202

Program Officers for Federal Funding Agencies—October 2013, 
p. 1188 (DoD, DoE); December 2012, p. 1585 (NSF Mathematics Education)

Program Officers for NSF Division of Mathematical Sciences—Novem-
ber 2014, p. 1264

The Reference section of the Notices 
is intended to provide the reader 
with frequently sought information in  
an easily accessible manner. New  
information is printed as it becomes 
available and is referenced after the 
first printing. As soon as information 
is updated or otherwise changed, it 
will be noted in this section.

Contacting the Notices
The preferred method for contacting 
the Notices is electronic mail. The  
editor is the person to whom to send 
articles and letters for consideration. 
Articles include feature articles, me-
morial articles, communications, 
opinion pieces, and book reviews. The 
editor is also the person to whom to 
send news of unusual interest about 
other people’s mathematics research.

The managing editor is the person 
to whom to send items for “Math-
ematics People”, “Mathematics Op-
portunities”, “For Your Information”,  
“Reference and Book List”, and “Math-
ematics Calendar”. Requests for  
permissions, as well as all other  
inquiries, go to the managing editor.

The electronic-mail addresses are 
notices@math.wustl.edu in the 
case of the editor and smf@ams.org 
in the case of the managing editor. 
The fax numbers are 314-935-6839 
for the editor and 401-331-3842 for 
the managing editor. Postal addresses 
may be found in the masthead.

Upcoming Deadlines
October 15, 2014: Proposals for NSF 
Mathematical Sciences Research Fel-
lowships. See http://www.nsf.gov/
pubs/2014/nsf14582/nsf14582.htm 
or http://tinyurl.com/pmgscx3.

October 15, 2014 :  Propos-
als for National Security Agency 
(NSA) Grants for Research in Math-
ematics. See http://www.nsa.gov/ 
research/math_research/index.
shtml.

October 15, 2014: Proposals for 
NSF Postdoctoral Research Fellow-
ships. See http://www.nsf.gov/

pubs/2012/nsf12496/nsf12496.
htm.

October 24, 2014: Nominations 
for NSF Alan T. Waterman Award. 
See “Mathematics Opportunities” in 
this issue.

October 30, 2014: Applications 
for NSF Graduate Research Fellow-
ships Program (GRFP). See “Math-
ematics Opportunities” in this issue.

October 31, 2014: Applications 
for the 2014–2015 Adams Prize in Al-
gebraic Geometry. See http://www.
maths.cam.ac.uk/news/4.html.

November 1, 2014: Proposals for 
AIM focused workshop program and 
for SQuaREs program. See the AIM 
website at www.aimath.org.

November 1, 2014: Applications 
for November review for National 
Academies Research Associateship 
Programs. See the website http://
sites.nationalacademies.org/
PGA/RAP/PGA_050491 or contact 

Research Associateship Programs, 
National Research Council, Keck 568, 
500 Fifth Street, NW, Washington, DC 
20001; telephone 202-334-2760; fax 
202-334-2759; email rap@nas.edu.

November 13, 2014: Full propos-
als for NSF East Asia and Pacific 
Summer Institutes (EAPSI). See “Math-
ematics Opportunities” in this issue.

November 14, 2014: Applications 
for NRC-Ford Foundation Disserta-
tion Fellowships and Postdoctoral 
Fellowships. See the website http://
sites.nationalacademies.org/
pga/fordfellowships/, or con-
tact: Fellowships Office, Keck 576, 
National Research Council, 500 Fifth 
Street, NW, Washington, DC 20001; 
tel: 202-334-2872; fax: 202-334-3419; 
email: infofell@nas.edu.

November 16, 2014: Nominations 
for Clay Research Fellowships. See 
the CMI website at http://www.
claymath.org/research_fellows.
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November 19, 2014: Applications 
for NRC-Ford Foundation Predoctoral 
Fellowships. See the website http://
sites.nationalacademies.org/
PGA/RAP/PGA_050491 or contact 
Research Associateship Programs, 
National Research Council, Keck 568, 
500 Fifth Street, NW, Washington, DC 
20001; telephone 202-334-2760; fax 
202-334-2759; email rap@nas.edu.

December 1, 2014: Applications 
for AMS Centennial Fellowship. 
See http://www.ams.org/ams- 
fellowships/ or contact the Mem-
bership and Programs Department, 
American Mathematical Society, 201 
Charles Street, Providence, RI 02904-
2294; prof-serv@ams.org; 401-455-
4105.

December 1, 2014: Applica-
tions for Pacific Institute for the 
Mathematical Sciences (PIMS) post-
doctoral fellowships. See http://
www.pims.math.ca/scientific/ 
postdoctoral or contact assistant. 
director@pims.math.ca.

December 1, 2014: Applica-
tions for Research Memberships 
and Postdoctoral Fellowships at the 
Mathematical Sciences Research In-
stitute (MSRI). See https://www.
msri.org/web/msri/scientific/ 
memberapplication.

December 15, 2014: Applications 
for AMS Epsilon Program. See “Math-
ematics Opportunities” in this issue.

December 19, 2014: Proposals for 
2016 AMS Short Courses. Submit by 
email to aed-mps@ams.org.

December 24, 2014: Registration 
for AMS Department Chairs Work-
shop. See “Mathematics Opportuni-
ties” in this issue.

December 24, 2014: Registration 
for AMS-NSF-EHR free grant-writing 
workshop. See “Mathematics Oppor-
tunities” in this issue.

January 12, 2015: Applications for 
Jefferson Science Fellows Program. 
See “Mathematics Opportunities” in 
this issue.

January 15, 2015 :  Applica-
tions for AMS-AAAS Mass Media 
Summer Fellowships. See the web-
site at http://www.aaas.org/ 
p r o g r a m / a a a s - m a s s - 
mediascience-engineering- 
fellows-program. Applicants may 
contact Dione Rossiter, Project Di-
rector, AAAS Mass Media Science & 

Engineering Fellows Program, 1200 
New York Avenue, NW, Washington, DC 
20005; telephone 202-326-6645; email  
drossite@aaas.org. Further infor-
mation is also available at http://
www.ams.org/programs/ams- 
fellowships/media-fellow/ 
massmediafellow.

January 31, 2015: Entries for AWM 
Essay Contest. See “Mathematics Op-
portunities” in this issue.

February 1, 2015: Applications 
for AWM Travel Grants, Mathematics 
Education Research Travel Grants, 
Mathematics Mentoring Travel 
Grants, and Mathematics Education 
Research Mentoring Travel Grants. 
See the website https://sites.
google.com/site/awmmath/ 
programs/travel-grants; tele-
phone: 703-934-0163; or email: awm@
awm-math.org; or contact Associ-
ation for Women in Mathematics, 
11240 Waples Mill Road, Suite 200, 
Fairfax, VA 22030.

March 2, 2015: Applications for 
EDGE for Women 2015 Summer Pro-
gram. See “Mathematics Opportuni-
ties” in this issue.

April 15, 2015: Applications for 
fall 2015 semester of Math in Mos-
cow. See http://www.mccme.ru/
mathinmoscow, or contact: Math in 
Moscow, P.O. Box 524, Wynnewood, 
PA 19096; fax: +7095-291-65-01; 
email: mim@mccme.ru. Information 
and application forms for the AMS 
scholarships are available on the 
AMS website at http://www.ams.
org/programs/travel-grants/ 
mimoscow , or contact: Math in Mos-
cow Program, Membership and Pro-
grams Department, American Math-
ematical Society, 201 Charles Street, 
Providence RI 02904-2294; email 
student-serv@ams.org.

May 1, 2015: Applications for 
AWM Travel Grants and Mathematics 
Education Research Travel Grants. 
See https://sites.google.com/
site/awmmath/programs/travel-
grants; telephone: 703-934-0163; or 
email: awm@awm-math.org; or contact 
Association for Women in Mathemat-
ics, 11240 Waples Mill Road, Suite 
200, Fairfax, VA 22030.

March 2, 2015: Applications for 
EDGE for Women 2015 Summer Pro-
gram. See “Mathematics Opportuni-
ties” in this issue.

October 1, 2015: Applications for 
AWM Travel Grants and Mathematics 
Education Research Travel Grants. 
See https://sites.google.com/
site/awmmath/programs/travel-
grants; telephone: 703-934-0163; or 
email: awm@awm-math.org; or contact 
Association for Women in Mathemat-
ics, 11240 Waples Mill Road, Suite 
200, Fairfax, VA 22030.

NSF Division of Mathematical 
Sciences
Listed below are names and email 
addresses for the program direc-
tors for the present academic year 
in the Division of Mathematical Sci-
ences (DMS) of the National Science 
Foundation. The postal address is: 
Division of Mathematical Sciences, 
National Science Foundation, Room 
1025, 4201 Wilson Boulevard, Arling-
ton, VA 22230. The DMS webpage is 
http://www.nsf. gov/div/index.
jsp?div=DMS. Phone numbers are 
available on the webpage. 

Algebra and Number Theory
Tie Luo 
tluo@nsf.gov 

Andrew Pollington  
adpollin@nsf.gov 

Victoria Powers 
vpowers@nsf.gov 

Eric Sommers 
esommers@nsf.gov 

Analysis 
Changfeng Gui 
cgui@nsf.gov

Bruce Kitchen 
bkitchen@nsf.gov

Bruce Palka 
bpalka@nsf.gov 

Edward Taylor 
etaylor@nsf.gov 

Applied Mathematics 
Mary Ann Horn 
mhorn@nsf.gov

Victor Roytburd 
vroytbur@nsf.gov

Michael Steuerwalt 
msteuerw@nsf.gov
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Combinatorics 
Tomek Bartoszynski  
tbartosz@nsf.gov

Qing Xiang 
qxiang@nsf.gov

Computational Mathematics 
Leland M. Jameson 
ljameson@nsf.gov

Amnon J. Meir 
ajmeir@nsf.gov

Thomas Russell 
trussell@nsf.gov

Junping Wang 
jwang@nsf.gov 

Foundations 
Tomek Bartoszynski 
tbartosz@nsf.gov

Geometric Analysis and Topology 
Ricardo Castaño-Bernard 
rcastano@nsf.gov

Joanna Kania-Bartoszynska 
jkaniaba@nsf.gov

Christopher W. Stark 
cstark@nsf.gov

Shuguang Wang 
swang@nsf.gov

Infrastructure 
Jennifer Slimowitz Pearl  
jslimowi@nsf.gov

Mathematical Biology 
Mary Ann Horn 
mhorn@nsf.gov

Anthony Macula 
amacula@nsf.gov 

Probability 
Tomek Bartoszynski 
tbartosz@nsf.gov

Statistics 
Sujit Ghosh 
sghosh@nsf.gov

Xiaoming Huo 
xhuo@nsf.gov

Gabor Szekely 
gszekely@nsf.gov

The DMS administrative staff 
includes: 

Division Director 
Michael Vogelius 
mvogeliu@nsf.gov

Deputy Division Director  
Henry A. Warchall 
hwarchal@nsf.gov 

Program Support Manager 
Patricia A. Page 
ppage@nsf.gov 

Operations Specialist 
Sharon J. Alston  
salston@nsf.gov 

Division Secretary 
Jennifer A. Connell  
jconnell@nsf.gov

Program Specialist 
Antoinette Dedmon 
adedmon@nsf.gov

Book List
The Book List highlights recent books 
that have mathematical themes and 
are aimed at a broad audience po-
tentially including mathematicians, 
students, and the general public. Sug-
gestions for books to include on the list 
may be sent to notices-booklist@
ams.org.

*Added to “Book List” since the 
list’s last appearance.

Alan M. Turing: Centenary Edition, 
by Sara Turing. Cambridge Univer-
sity Press, April 2012. ISBN-13: 978-
11070-205-80. (Reviewed September 
2014.)

Alan Turing: The Enigma, The Cen-
tenary Edition, by Andrew Hodges. 
Princeton University Press, May 
2012. ISBN-13: 978-06911-556-47. 
(Reviewed September 2014.)

Alan Turing: His Work and Impact, 
edited by S. Barry Cooper and J. van 
Leeuwen. Elsevier, May 2013. ISBN-
13: 978-01238-698-07. (Reviewed 
September 2014.)

Alan Turing’s Electronic Brain:  
The Struggle to Build the ACE, the 
World’s Fastest Computer, by B. Jack 
Copeland et al. Oxford University 
Press, May 2012. ISBN-13: 978-0-
19-960915-4. (Reviewed September 
2014.)

André-Louis Cholesky: Mathemati-
cian, Topographer and Army Officer, 
by Claude Brezinski and Dominique 
Tournès. Birkhäuser, August 2014. 
ISBN: 978-33190-813-42. 

Beyond Banneker: Black Mathema-
ticians and the Paths to Excellence, 
by Erica N. Walker. State University 
of New York Press, June 2014.  
ISBN-13: 978-14384-521-59. 

Computability: Turing, Gödel, 
Church, and Beyond, edited by 
B. Jack Copeland, Carl J. Posy, and 
Oron Shagrir. MIT Press, June 2013. 
ISBN-13: 978-02620-189-99.

Doing Data Science: Straight Talk 
from the Frontline, by Rachel Schutt 
and Cathy O’Neil. O’Reilly Media, No-
vember 2013. US$39.99, 375 pages 
ISBN: 978-1-449-35865-5. (Reviewed 
October 2014.) 

Enlightening Symbols: A Short His-
tory of Mathematical Notation and 
Its Hidden Powers, by Joseph Mazur. 
Princeton University Press, March 
2014. ISBN-13: 978-06911-546-33.

Four Lives: A Celebration of Ray-
mond Smullyan, edited by Jason 
Rosenhouse. Dover Publications, 
February 2014. ISBN-13: 978-04864-
906-70. 

Fractals: A Very Short Introduction, 
by Kenneth Falconer. Oxford Univer-
sity Press, December 2013. ISBN-13: 
978-01996-759-82.

Good Math: A Geek’s Guide to the 
Beauty of Numbers, Logic, and Com-
putation, by Mark C. Chu-Carroll. 
Pragmatic Bookshelf, July 2013. ISBN-
13: 978-19377-853-38. 

The Grapes of Math: How Life Re-
flects Numbers and Numbers Reflect 
Life, by Alex Bellos. Simon and Schus-
ter, June 2014. ISBN: 978-14516-400-
90. 

A History in Sum: 150 Years of 
Mathematics at Harvard (1825–1975), 
by Steve Nadis and Shing-Tung Yau. 
Harvard University Press, October 
2013. ISBN-13: 978-06747-250-03. 
(Reviewed June/July 2014.)

The Improbability Principle: Why 
Coincidences, Miracles, and Rare 
Events Happen Every Day, by David 
J. Hand. Scientific American/Farrar, 
Straus and Giroux, February 2014. 
ISBN-13: 978-03741-753-44.

Infinitesimal: How a Dangerous 
Mathematical Theory Shaped the 
Modern World, by Amir Alexander. 
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Mathematical Expeditions: Explor-
ing Word Problems Across the Ages, 
by Frank J. Swetz. Johns Hopkins 
University Press, June 2012. ISBN: 
978-14214-043-87.

The Simpsons and Their Math-
ematical Secrets, by Simon Singh. 
Bloomsbury, October 2013. ISBN-13: 
978-14088-353-02. 

Strange Attractors (comic book), 
by Charles Soule, Greg Scott, and Rob-
ert Saywitz. Archaia Entertainment, 
May 2013. ISBN-13: 978-19363-936-
26.

Struck by Genius: How a Brain In-
jury Made Me a Mathematical Marvel, 
by Jason Padgett and Maureen Ann 
Seaberg. Houghton Mifflin Harcourt, 
April 2014. ISBN-13: 978-05440-456-
06.

A Tale of Two Fractals, by A. A. 
Kirillov. Birkhäuser, May 2013. ISBN-
13: 978-08176-838-18.

Théorème vivant, by Cédric Vil-
lani (in French). Grasset et Fasquelle, 
August  2012.  ISBN-13 :  978-
2246798828. (Reviewed February 
2014.) 

Turing: Pioneer of the Informa-
tion Age, by Jack Copeland. Oxford 
University Press, January 2013. ISBN-
13: 978-01996-397-93. (Reviewed 
September 2014.)

Turing’s Cathedral: The Origins 
of the Digital Universe, by George 
Dyson. Pantheon/Vintage, December 
2012. ISBN-13: 978-14000-759-97. 
(Reviewed August 2014.)

Undiluted Hocus-Pocus: The Auto-
biography of Martin Gardner. Prince- 
ton University Press, September 
2013. ISBN-13: 978-06911-599-11. 
(Reviewed March 2014.)

Why Is There Philosophy of Math-
ematics At All?, by Ian Hacking. Cam-
bridge University Press, April 2014. 
ISBN-13: 978-11070-501-74.

*Zombies and Calculus, by Colin 
Adams.  Princeton University Press, 
September 2014. ISBN-13: 978-06911-
619-07.

My Brief History, by Stephen Hawk-
ing. Bantam Dell, September 2013. 
ISBN-13: 978-03455-352-83.

Naming Infinity: A True Story of 
Religious Mysticism and Mathemati-
cal Creativity, by Loren Graham and 
Jean-Michel Kantor. Belknap Press 
of Harvard University Press, March 
2009. ISBN-13: 978-06740-329-34. 
(Reviewed January 2014.) 

The New York Times Book of Math-
ematics: More Than 100 Years of  
Writing by the Numbers, edited by 
Gina Kolata. Sterling, June 2013. ISBN-
13: 978-14027-932-26. (Reviewed May 
2014.)

Numbers Are Forever, by Liz Stra-
chan. Constable, March 2014. ISBN-
13: 978-14721-110-43. 

Our Mathematical Universe: My 
Quest for the Ultimate Nature of Real-
ity, by Max Tegmark. Knopf, January 
2014. ISBN-13: 978-03075-998-03.

The Outer Limits of Reason: What 
Science, Mathematics, and Logic Can-
not Tell Us, by Noson S. Yanofsky. 
MIT Press, August 2013. ISBN-13: 
978-02620-193-54. 

Perfect Mechanics: Instrument 
Makers at the Royal Society of London 
in the Eighteenth Century, by Richard 
Sorrenson. Docent Press, September 
2013. ISBN-13: 978-0-9887449-2-9. 

The Perfect Theory: A Century of 
Geniuses and the Battle over Gen-
eral Relativity, by Pedro G. Ferreira. 
Houghton Mifflin Harcourt, February 
2014. ISBN-13: 978-05475-548-91. 

Philosophy of Mathematics in 
the Twentieth Century, by Charles  
Parsons. Harvard University Press, 
March 2014. ISBN-13: 978-06747-
280-66.

Probably Approximately Correct: 
Nature’s Algorithms for Learning 
and Prospering in a Complex World, 
by Leslie Valiant. Basic Books, June 
2013. ISBN-13: 978-04650-327-16. 
(Reviewed in this issue.)

Quantum Computing since Dem-
ocritus, by Scott Aaronson. Cambridge 
University Press, March 2013. ISBN-
13: 978-05211-995-68. (Reviewed in 
this issue.)

Ramanujan’s Place in the World 
of Mathematics: Essays Providing a 
Comparative Study, by Krishnaswami 
Alladi. Springer, 2013. ISBN: 978-
81322-076-65.

Scientific American/Farrar, Straus 
and Giroux, April 2014. ISBN-13: 978-
03741-768-15.

L. E. J. Brouwer—Topologist, Intu-
itionist, Philosopher: How Mathemat-
ics Is Rooted in Life, by Dirk van Dalen. 
Springer (2013 edition), December 
2012. ISBN-13: 978-14471-461-55. 
(Reviewed June/July 2014.)

Jane Austen, Game Theorist, by 
Michael Suk-Young Chwe. Princeton 
University Press, April 2013. ISBN-13: 
978-06911-557-60.

Levels of Infinity: Selected Writings 
on Mathematics and Philosophy, by 
Hermann Weyl (edited and with an 
introduction by Peter Pesic). Dover 
Publications, January 2013. ISBN: 978-
04864-890-32. 

The Logic of Infinity, by Barnaby 
Sheppard. Cambridge University Press, 
May 2014. ISBN-13: 978-11076-786-68.

Love and Math: The Heart of Hidden 
Reality, by Edward Frenkel. Basic Books, 
October 2013. ISBN-13: 978-04650-
507-41. (Reviewed October 2014.)

Magnificent Mistakes in Mathemat-
ics, by Alfred S. Posamentier and Ing-
mar Lehmann. Prometheus Books, Au-
gust 2013. ISBN-13: 978-16161-474-71.

Math Bytes: Google Bombs, Choco-
late-Covered Pi, and Other Cool Bits in 
Computing, by Tim Chartier. Prince- 
ton University Press, April 2014. 
ISBN-13: 978-06911-606-03. 

*The Mathematician's Shiva, by 
Stuart Rojstaczer. Penguin Books, 
September 2014. ISBN-13: 978-
014312-631-7. 

Mathematics in Nineteenth- 
Century America: The Bowditch  
Generation, by Todd Timmons. Do-
cent Press, July 2013. ISBN-13: 978-
0-9887449-3-6. 

Mathematics of the Transcenden-
tal, by Alain Badiou (translated by 
A. J. Bartlett and Alex Ling). Blooms-
bury Academic, March 2014. ISBN-13: 
978-14411-892-40. 

Math in Minutes: 200 Key Con-
cepts Explained in an Instant, by Paul 
Glendinning. Quercus, September 
2013. ISBN-13: 978-16236-500-87.

Math in 100 Key Breakthroughs, 
by Richard Elwes. Quercus, December 
2013. ISBN-13: 978-16236-505-44.

Math Is Murder, by Robert C. 
Brigham. iUniverse, March, 2012. 
ISBN-13 978-14697-972-81. 
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Allahabad Mathematical Society

Argentina Mathematical Society

Australian Mathematical Society

Austrian Mathematical Society

Azerbaijan Mathematical Society

Balkan Society of Geometers

Belgian Mathematical Society

Berliner Mathematische 
Gesellschaft e. V.

Bharata Ganita Parisad

Brazilian Mathematical Society

Brazilian Society of 
Computational and Applied 
Mathematics

Calcutta Mathematical Society

Canadian Mathematical Society

Catalan Mathematical Society

Chilean Mathematical Society

Columbian Mathematical Society

Croation Mathematical Society

Cyprus Mathematical Society

Danish Mathematical Society

Dutch Mathematical Society

Edinburgh Mathematical Society

Egyptian Mathematical Society

European Mathematical Society

Finnish Mathematical Society

German Mathematical Society

German Society for Applied Maths 
and Mechanics

Glasgow Mathematical 
Association

Hellenic Mathematical Society

Icelandic Mathematical Society

Indian Mathematical Society

Indonesian Mathematical Society

Iranian Mathematical Society

Irish Mathematical Society

Israel Mathematical Union

Italian Mathematical Union

János Bolyai Mathematical Society

Korean Mathematical Society

London Mathematical Society

Luxembourg Mathematical Society

Macedonian Society Association 
Mathematics/Computer Science

Malaysian Mathematical Science 
Society

Mathematical Society of France

Mathematical Society of Japan

Mathematical Society of the 
Philippines

Mathematical Society of the 
Republic of China

Mathematical Society of Serbia

Mexican Mathematical Society

Mongolian Mathematical Society

Nepal Mathematical Society

New Zealand Mathematical 
Society

Nigerian Mathematical Society

Norwegian Mathematical Society  

Palestine Society for Mathematical 
Sciences

Parana’s Mathematical Society

Polish Mathematical Society

Portuguese Mathematical Society

Punjab Mathematical Society

Ramanujan Mathematical Society

Romanian Mathematical Society

Romanian Society of 
Mathematicians

Royal Spanish Mathematical 
Society

Saudi Association for 
Mathematical Sciences

Singapore Mathematical Society

Sociedad Matemática de la 
Republica Dominicana

Sociedad Uruguaya de Matemática 
y Estadística “Rafael Laguardia”

Société de Mathématiques 
Appliquées et Industrielles 
(SMAI)

Society of Mathematicians, 
Physicists, and Astronomers of 
Slovenia

South African Mathematical 
Society

Southeast Asian Mathematical 
Society

Spanish Society of Applied 
Mathematics

Swedish Mathematical Society

Swiss Mathematical Society

Tunisian Mathematical Society

Turkish Mathematical Society

Ukrainian Mathematical Society

Union of Bulgarian 
Mathematicians

Union of Czech Mathematicians 
and Physicists

Union of Slovak Mathematicians & 
Physicists

Vietnam Mathematical Society

Vijnana Parishad of India

http://www.ams.org/membership/individual/mem-reciprocity
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Backlog of Mathematics
Research Journals

Journal (Print  
and Electronic)

Number 
issues  

per Year

Approximate 
Number  
Pages  

per Year

Current Estimate of  
Waiting Time between  

Submission and Publication  
(in Months)

2013 Median Time 
(in Months) from:

Submission  
to Final 

Acceptance

Acceptance 
to 

 Print

Acceptance 
to Electronic

Posting ElectronicPrint 

Acta Inform. 8 640 4 2 1 6 5

Acta Math. 4 800 10 11 10 22 21

Adv. In Appl. Math. 10 1300 8 4 1.3 11 9

Adv. Math. 18 9500 10 2 1.5 12 11

Adv. Math. Commun. 4 500 5 4 2 8 6

Algebr. Geom. Topol. 6 3750 8.8 4.8 4.8 13 13

Algebra Number Theory 10 2560 9.5 12.5 12.5 22 22

Algorithmica 12 2000 9 9 1 15 9

Amer. J. Math. 6 1728 NA NA NA 16–18 12–14

Anal. PDE 8 2048 8.6 11.8 11.8 20 20

Ann. Appl. Probab. 6 2600 9.5 12 12 22 22

Ann. Inst. H. Poincare Anal. Lineaire 6 1170 10 10 2.4 21 11

Ann. Mat. Pura Appl. (4) 6 1150 8.3 10.5 1 18 8.5

Ann. of Math. (2) 6 2400 16 11 5 12 10

Ann. Probab. 6 4400 13 14.5 14.5 25 25

Ann. Pure Appl. Logic 12 2168 13 4 2.7 18 16

Ann. Statist. 6 3100 7.5 4 4 12 11.5

Appl. Anal. 12 2688 4.1 16.8 1.3 13.25 5.5

Appl. Comput. Harmon. Anal. 6 1000 9 9 0.8 20 12

Appl. Math. Comput. 24 11964 12 3 1.6 15 13

Arch. Hist. Exact. Sci. 6 696 1 5 1 3–4 1

Arch. Math. Logic 8 1040 1.8 4 1 5 3.8

Arch. Ration. Mech. Anal. 12 4200 10 5 3 18 17

Ark. Mat. 2 400 6 20 5 22 12

Automatica J. IFAC 12 3710 13 4 2.3 17 15

Balkan J. Geom. Appl. 2 220 5 5 3 8 6

Beitr. Algebra Geom. 2 600 3 3 1 6 4

Bernoulli 4 1600 9.5 17.5 17.5 25 24

Bull. Aust. Math. Soc. 6 1056 1.3 11 2.6 12 4

Bull. Lond. Math. Soc. 6 1344 6.8 6.3 3 12.5 10

Bull. Sci. Math. 8 1103 6 6 2.9 14 7

Calc. Var. Partial Differential 
Equations

12 2500 6.5 11 1.1 15.4 5.5

The Backlog of Research Journals is reported each year in 
the November issue of the Notices. The report covers jour-
nals of publishers who have agreed to participate and who 
continue to provide backlog information. Publishers whose 
journals are not currently included can request that their 
journals be added. Such requests should be made in email 
to Marcia Almeida, backlogreport@ams.org. To be eligible 
for inclusion in the backlog report, a journal must be on 
the list of journals receiving cover-to-cover treatment in 

Mathematical Reviews (http://www.ams.org/msnhtml/
serials.pdf).

Once a publisher’s journals are accepted for inclusion, 
the publisher must designate a contact person or persons 
to supply data about the journals to the AMS. While the 
AMS makes every effort to obtain the data from the desig-
nated contacts, if data about a journal is not supplied, then 
that journal will not appear in the backlog report.
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Journal (Print  
and Electronic)

Number 
issues  

per Year

Approximate 
Number  
Pages  

per Year

Current Estimate of  
Waiting Time between  

Submission and Publication  
(in Months)

2013 Median Time 
(in Months) from:

Submission  
to Final 

Acceptance

Acceptance 
to 

 Print

Acceptance 
to Electronic

Posting ElectronicPrint 

Canad. J. Math. 6 1440 6 13 4 17 9

Canad. Math. Bull. 4 896 6 25 2 11 10

Cent. Eur. J. Math. 12 1761 3 5 4 5 4

Combinatorica 6 720 6 18 12* 24 10

Comm. Math. Phys. 24 7000 6 4.5 1 3.5 1

Commun. Appl. Math. Comput. Sci. 1 200 9.8 5 3 16 13

Commun. Pure Appl. Anal. 6 3000 5 6 1 10 6

Complex Var. Elliptic Equ. 12 1800 5.6 23.1 1.9 9.5 7

Compos. Math. 12 2208 7.3 8.3 6.5 16 11

Comput. Aided Geom. Design 9 682 14 5 1.6 14 13

Comput. Math. Appl. 24 5000 7 3 1.4 9 8

Comput. Methods Funct. Theory 4 720 5 4 2 9 7

Constr. Approx. 6 1000 8 8 4 16 12

Des. Codes Cryptogr. 12 1900 6 12 1 18 7

Differential Geom. Appl. 6 834 9 1 1.4 14 7

Discrete Appl. Math 18 3000 12 3 1.1 15 13

Discrete Comput. Geom. 8 2000 9 4 1 12 9

Discrete Contin. Dyn. Syst. 12 5500 3 5 2 8 5

Discrete Contin. Dyn. Syst. Ser. B 10 3000 4 5 5 9 5

Discrete Math. 24** 3000 11 3 0.9 13 12

Discrete Optim. 4 350 19 4 1.3 21 19

Duke Math. J. 15 3000 12 9 9 22 22

Dyn. Syst. 4 592 8.2 5 1.6 11 9

European J. Combin. 8 2150 10 4 1.7 12 10

Finite Fields Appl. 6 1001 7 3 0.6 9 8

Found. Comput. Math. 6 900 12.5 9 2 30 20

Geom. Dedicata 6 1200 11 18 0.5 22 11

Geom. Topol. 5 3125 11.9 5 6 17 16

Graphs Combin. 6 2000 8 18 1 12 12

Historia Math. 4 473 11 4 2.1 14 11

Homology Homotopy Appl. 2 700–800 6.6 7.2 5.1 10 8

Houston J. Math. 4 1400 7 21 18 28 25

Illinois J. Math. 4 1400 6 12 10 15 13

Indag. Math. (N.S.) 4 977 8 4 1.3 11 7

Indiana Univ. Math. J. 6 2000 4 12 12 12 12

Infor. Process. Lett. 12 955 9 2 0.8 11 9

Invent. Math. 12 3020 6.7 6 1.1 12.3 7.9

Inverse Probl. Imaging 4 1500 6 6 2 11 8

Involve 5 640 7.1 10.6 10.6 18 18

Israel J. Math. 8 4000 5 17 9 19 12

J. Algebra 24 7821 9 2 1.1 14 13

J. Algebraic Geom. 4 800 10 18 2 20 10

J. Amer. Math. Soc. 4 1200 16.7 5.6 2 20.7 17.6

J. Anal. Math. 3 1200 14 19 14 22 22

J. Appl. Log. 4 534 5 4 1.3 12 7

J. Approx. Theory 12 1500 10 3 1.6 11 10

J. Aust. Math. Soc. 6 864 12 7 5 17 12

J. Combin. Theory Ser. A 8 1900 11 2 0.6 13 11

J. Combin. Theory Ser. B 6 900 21 5 1.2 20 19
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J. Complexity 6 439 6 4 1.6 13 9

J. Comput. Appl. Math. 18 5696 7 6 1.1 14 7

J. Comput. System Sci. 8 1533 17 4 1 19 17

J. Convex Anal. 4 1200 7 10 1 15 7

J. Difference Equ. Appl. 12 2112 4.9 12.3 1.8 6 5.5

J. Differential Equations 24 8000 8 2 0.8 9 8

J. Differential Geom. 9 1700 12 7.5 6 6 6

J. Eur. Math. Soc. (JEMS) 12 2400 19 13 12 18 17

J. Funct. Anal. 24 6695 9 2 0.8 12 10

J. Geom. Anal. 4 2000 7.1 19.4 1.3 12 8

J. Geom. Phys. 12 2137 8 3 1.3 9 7

J. Ind. Manag. Optim. 4 1000 6 7 8 12 6

J. Integral Equations Appl. 4 600 8 16 13 12 9

J. Lie Theory 4 1200 6 9 1 14 6

J. Log. Algebr. Program. 6 361 11 5 2 16 13

J. Lond. Math. Soc. (2) 6 1920 7.7 6.5 3.5 15.1 12.8

J. Math. Anal. Appl. 24 10000 8 2 1.2 10 8

J. Math. Biol. 14 3400 7.8 8.1 1.3 16.1 10.2

J. Math. Ecom. 6 506 13 4 1.7 17 15

J. Math. Phys. 12 9000 4.6 0.75 0.5 6.4 5.7

J. Math. Pures Appl. (9) 12 1658 8 8 1.7 16 10

J. Mod. Dyn. 4 700 9 3 11 11 10

J. Multivariate Anal. 10 2995 7 7 1.6 14 13

J. Number Theory 12 3800 5 4 2.7 9 8

J. Operator Theory 4 1200 7 22 20 16 14

J. Pure Appl. Algebra 12 2408 12 2 1.4 12 12

J. Statist. Plann. Inference 12 2091 12 4 1.4 12 10

J. Symbolic Logic 4 1320 10 8 7 16 14

J. Theoret. Probab. 4 1300 10 NR 0.67 NR 6.7

J. Topol. 4 1248 14.6 6.4 3 19.4 14

Kyoto J. Math. 4 900 8 13 13 21 21

Linear Algebra Appl. 24 8223 6 5 1.6 9 7

Linear Multilinear Algebra 12 2592 5.1 10.8 1.6 17 6

Lobachevskii J. Math. 4 420 4 3 3 5 5

Manuscripta Math. 12 1632 6.5 7.6 1.8 12 8.3

Math. Ann. 12 4400 14 7.8 2.3 18 15

Math. Comp. 6 3200 9.7 17.1 12.2 29.3 22.1

Math. Control Signals Systems 4 480 14 9 0.75 NR 6

Math. Oper. Res. 4 800 14 11 3 15 13

Math. Program. 12 3000 14.3 16.6 1.8 15 16

Math. Res. Lett. 6 1300 7 9 9 9 9

Math. Social Sci. 6 598 12 4 1.3 15 13

Math. Z. 12 4000 9.5 11 1.5 18 11.5

Mathematika 2 512 5.4 7.5 4.2 19.8 11.3

Mem. Amer. Math. Soc. 6 3200 12.6 17.1 11 32.2 11.4

Methods Appl. Anal. 4 500 5 4 4 6 6

Michigan Math. J. 4 896 8 10 9 6 5

Monatsh. Math. 12 1920 3 2 1 5 4

Multiscale Model. Simul. 4 1350 8.4 5.1 3.1 13.5 11.5

Journal (Print  
and Electronic)

Number 
issues  

per Year

Approximate 
Number  
Pages  

per Year

Current Estimate of  
Waiting Time between  

Submission and Publication  
(in Months)

2013 Median Time 
(in Months) from:

Submission  
to Final 

Acceptance

Acceptance 
to 

 Print

Acceptance 
to Electronic

Posting ElectronicPrint 
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Abstr. Appl. Anal.  
www.hindawi.com/journals/aaa

1373 66 39 html, pdf, tex, ePUB

Acta Math. Acad. Paedagog. Nyházi. (N.S.)  
www.emis.de/journals/AMAPN/

10 330 210 pdf, ps

Adv. Difference Equ.  
www.advancesindifferenceequations.com

379 60 *** html, pdf

Appl. Math. E-Notes  
www.math.nthu.edu.tw/~amen/

29 120 90 pdf

Bound. Value Probl.  
www.boundaryvalueproblems.com

281 120 *** html, pdf

2013 Median Time  
(in days) from:

Submission  
to Final 

Acceptance

Acceptance 
to

PostingJournal (Electronic)

Number 
of Articles 
Posted in 

2012 Format(s)

Nagoya Math. J. 4 800 10 16 16 18 18

Nonlinear Anal. 18 4031 5 3 1.3 7 6

Nonlinear Anal. Hybrid Syst. 4 530 8 5 1 14 12

Nonlinear Anal. Real World Appl. 6 1648 7 4 1.1 11 9

Notre Dame J. Form. Log. 4 600 5 13 13 17 17

Numer. Math. 12 2400 11.2 13.8 5.8 20 15

Pacific J. Math. 12 3072 9.5 6.7 6.7 16 16

Probab. Theory  Related Fields 12 2900 8 9.5 1.1 18 9.1

Proc. Amer. Math. Soc. 12 4200 4.7 18.9 13.9 27.6 24.8

Proc. Lond. Math. Soc. (3) 12 3264 11 8.8 3.3 18.3 14

Publ. Math. de l'IHES 2 690 11.5 3.8 1.1 14.9 12.5

Quart. Appl. Math. 4 800 2.1 19.8 15.5 22.4 18.9

Rocky Mountain J. Math. 6 2100 9 25 22 27 24

Semigroup Forum 6 1250 4 9 1 15 6

SIAM J. Appl. Math. 6 2300 8.3 4.8 2.9 13.1 11.2

SIAM J. Comput. 6 2500 16.5 5.1 3.1 20.1 18.1

SIAM J. Control Optim. 6 4500 13.2 4.8 2.8 17.8 15.8

SIAM J. Discrete Math. 4 2200 11.3 5.7 2.9 13.7 11.7

SIAM J. Math. Anal. 6 3875 9.5 3.7 2.7 12 11

SIAM J. Matrix Anal. Appl. 4 1800 10.2 5.3 2.8 14.5 12.5

SIAM J. Numer. Anal. 6 3500 10.1 3.8 2.8 13.9 12.9

SIAM J. Optim. 4 2500 13.4 5 3 16.6 14.6

SIAM J. Sci. Comput. 6 5000 9.4 3.9 2.9 12.6 11.6

SIAM Rev. 4 800 8.3 12.2 11.2 20.5 19.5

Stochastic Process. Appl. 12 5110 10 3 1 12 10

Theory Comput. Syst. 8 1350 9 6 1 12 10

Topology Appl. 18 2745 7 2 1 13 11

Trans. Amer. Math. Soc. 12 6600 7 19.2 14.3 27.9 22.8

Journal (Print  
and Electronic)

Number 
issues  

per Year

Approximate 
Number  
Pages  

per Year
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Submission and Publication  
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 Print

Acceptance 
to Electronic

Posting ElectronicPrint 
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2013 Median Time  
(in days) from:

Submission  
to Final 

Acceptance

Acceptance 
to

PostingJournal (Electronic)

Number 
of Articles 
Posted in 

2012 Format(s)

Conform. Geom. Dyn.  
www.ams.org/publications/journals/journalsframework/
ecgd

11 243 87 pdf 

Differ. Geom. Dyn. Syst.  
www.mathem.pub.ro/dgds

12 100 180 pdf 

Differ. Uravn. Protsessy Upr.  
www.math.spbu.ru/diffjournal/EN/about.html

24 30 7 html, pdf, tex, doc

Discrete Math. Theor. Comput. Sci.  
www.dmtcs.org

45 493 19 pdf, ps

Electron. Commun. Probab.  
ecp.ejpecp.org/

96 153 7 †

Electron. J. Combin.  
www.combinatorics.org/

236 233 10 pdf 

Electron. J. Differential Equations  
ejde.math.txstate.edu/

276 116 9 pdf, tex

Electron. J. Qual. Theory Differ. Equ.  
www.math.u-szeged.hu/ejqtde/

78 153 14 pdf 

Electron. Res. Announc. Math. Sci.  
eramath.s3-website-us-east-1.amazonaws.com/

11 60 7 pdf 

Electron. Trans. Numer. Anal.  
etna.mcs.kent.edu/

27 379 105 html, pdf

ESAIM Control Optim. Calc. Var.  
www.esaim-cocv.org

48 240 340 pdf, ps

ESAIM Math. Model. Numer. Anal.  
www.esaim-m2an.org

69 180 140 pdf, ps

ESAIM Probab. Stat.  
www.esaim-ps.org

43 340 160 pdf, ps

Fixed Point Theory Appl. www.
fixedpointtheoryandapplications.com

353 130 *** html, pdf

Int. J. Math. Math. Sci. www.hindawi.com/journals/ijmms/ 45 84 33 html, pdf, tex, ePUB

Int. J. Stoch. Anal. www.hindawi.com/journals/ijsa/ 18 99 60 html, pdf, tex, ePUB

Integers www.integers-ejcnt.org 84 262 22 pdf 

J. Appl. Math. www.hindawi.com/journals/jam/ 894 88 40 html, pdf, tex, ePUB

J. Inequal. Appl.  
www.journalofinequalitiesandapplications.com/

594 80 *** html, pdf

J. Integer Seq. cs.uwaterloo.ca/journals/JIS/ 81 81 14 html, pdf, ps, dvi, tex 

LMS J. Comput. Math. www.lms.ac.uk/publications/jcm 23 195 135 pdf, other††

Math. Biosci. Eng.  
www.aimsciences.org/journals/home.jsp?journalID=8

92 150 60 pdf 

Netw. Heterog. Media  
www.aimsciences.org/journals/home.jsp?journalID=9

49 250 70 pdf 

New York J. Math.  
nyjm.albany.edu

43 130 20 pdf 

Reliab. Comput.  
interval.louisiana.edu/reliable-computing-journal/
RC.html

24 270 3 pdf, other†††

Represent. Theory  
www.ams.org/publications/journals/journalsframework/
ert

23 514 126 pdf 

Sém. Lothar. Combin.  
www.mat.univie.ac.at/~slc

7 158 26 pdf, ps, dvi, tex 

SIAM J. Appl. Dyn. Syst.  
epubs.siam.org/journal/siads/

62 180 90  pdf, BibTeX

SIAM J. Financial Math.  
epubs.siam.org/journal/sifin

33 354 87  pdf, BibTeX
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Research Journals Backlog

SIAM J. Imaging Sci.  
epubs.siam.org/journal/siims/

96 285 96  pdf, BibTeX

SIAM/ASA J. Uncertain. Quantif.  
epubs.siam.org/journal/juq/

23 255 81  pdf, BibTeX

Theory Appl. Categ.  
www.tac.mta.ca/tac/

40 248.5 7 pdf, ps, dvi

Theory Comput.  
www.theoryofcomputing.org

28 353 104 html‡, pdf, ps, tex

NR means no response received. NA means not available or not applicable. 
* For papers submitted going forward, the median time should be 2 months. 
** 12 issues for 2015. 
*** Journal publishes provisional PDF directly after acceptance. 
† html (abstract and bibliography), pdf,  TeX (submission only). 
†† “Add-ons” (appendixes, computer programs, graphics, animations, etc.) are provided as appropriate with no restriction on the 
format. 
††† Articles are submitted in LaTeX but posted only in PDF. 
‡ Applies to abstract, bibliography, author information, but not to full article.

2013 Median Time  
(in days) from:

Submission  
to Final 

Acceptance

Acceptance 
to

PostingJournal (Electronic)

Number 
of Articles 
Posted in 

2012 Format(s)



This section contains announcements of meetings and conferences 
of interest to some segment of the mathematical public, including ad 
hoc, local, or regional meetings, and meetings and symposia devoted 
to specialized topics, as well as announcements of regularly scheduled 
meetings of national or international mathematical organizations. A 
complete list of meetings of the Society can be found on the last page 
of each issue.
An announcement will be published in the Notices if it contains a call 
for papers and specifies the place, date, subject (when applicable), and 
the speakers; a second 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 every third issue until 
it has been held and a reference will be given in parentheses to the 
month, year, and page of the issue in which the complete information 
appeared.  Asterisks (*) mark those announcements containing new or 
revised information.
In general, announcements of meetings and conferences carry only 
the 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.  If there is any 
application deadline with respect to participation in the meeting, this 
fact should be noted. All communications on meetings and conferences 

in the mathematical sciences should be sent to the Editor of the Notices in 
care of the American Mathematical Society in Providence or electronically 
to notices@ams.org or mathcal@ams.org.  
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 the Notices prior to 
the meeting in question. To achieve this, listings should be received in 
Providence eight months prior to the scheduled date of the meeting.  
The complete listing of the Mathematics Calendar will be published 
only in the September issue of the Notices. The March, June/July, and 
December issues will include, along with new announcements, references 
to any previously announced meetings and conferences occurring 
within the twelve-month period following the month of those issues. 
New information about meetings and conferences that will occur later 
than the twelve-month period will be announced once in full and will 
not be repeated until the date of the conference or meeting falls within 
the twelve-month period.
The Mathematics Calendar, as well as Meetings and Conferences of 
the AMS, is now available electronically through the AMS website on 
the World Wide Web. To access the AMS website, use the URL: http://
www.ams.org/.
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November 2014

* 14–16 52nd Texas Geometry and Topology Conference, University 
of Texas at Austin, Austin, Texas.
Description: The weekend-long TGTC conference at the Mathematics 
Department of UT Austin features leading researchers in low-dimen-
sional topology, hyperbolic geometry, and geometric group theory. 
Information: http://math.utexas.edu/tgtc2014.

* 24–25 4th International Conference on Advanced in Computing 
and Emerging E-Learning Technology (ICACET 2014), Hotel Changi 
Village, Singapore.
Description: ICACET 2014 aims to bring together leading academic 
scientists, researchers and scholars to exchange and share their ex-
periences and research results about all aspects of Internet Informa-
tion Systems and Technologies, and discuss the practical challenges 
encountered and the solutions adopted. 
Information: http://www.icacet.com.

December 2014

* 1–12 4th African Mathematical School: Mathematical Tools for 
Financial and Actuarial Sciences, University of Douala, Douala, 
Cameroon.
Description: With recent development in the financial market sec-
tor in Sub-Saharan African countries and particularly the creation 
of stock exchanges, companies are more and more interested in the 
services that there offer. The sustenance of such market is possible 
through the establishment of good graduate programmes in Finan-
cial and Actuarial Mathematics engineering, quantitative economics, 
and risk analysis. Financial and Actuarial mathematics are scarce 
skills in Africa in general. The purpose of the 4th AMS will provide 

the ground on which the scientists in Cameroon and Africa can build 
new direction, and increase the number of postgraduate students in 
this area. The scope and applications of expected learning outcomes 
for the proposed course go beyond the option pricing domain in Fi-
nancial Mathematics and life and non-life insurance. The proposed 
course will lead to new direction, not only in academic, but also in 
financial institutions. 
Information:  h t t p : / / w w w . u n i v - d o u a l a . c o m / 
index.php?option=com_content&view=article&id=285: 
ecole-mathematiques-africaine-ema&catid=31:appels-

a-manifestation.

* 15–16 4th International Conference on Internet and Cloud Com-
puting Technology (ICI2CT 2014), Hotel Changi Village, Singapore.
Description: (ICI2CT 2014) is designed to provide a common plat-
form to the experts and delegates to share their experiences, re-
search ideas and discuss various related issues and challenges. 
Information: http://www.ici2ct.com.

* 16–17 IMA Conference on the Mathematical Challenges of Big 
Data, Woburn House, London, United Kingdom.
Description: The Big Data Revolution is one of the main science and 
technology challenges of today. While this is multifaceted, mathe-
matics is at the very core of the challenge — in ranking information 
from vast networks in web browsers such as Google, or identify-
ing consumer preferences, loyalty, or even sentiment and making 
personalised recommendations, the very scale of big data makes 
automation necessary and this, in turn, necessarily relies on math-
ematical algorithms. The challenge is to derive value from signals 
buried in an avalanche of noise arising from challenging data vol-
ume, flow, and validity. The mathematical challenges are as varied 

Please submit conference information for the Mathematics Calendar through the Mathematics Calendar submission form at http://
www.ams.org/cgi-bin/mathcal-submit.pl. The most comprehensive and up-to-date Mathematics Calendar information is available 
on the AMS website at http://www.ams.org/mathcal/.
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as they are important. Whether searching for influential nodes in 
huge networks, segmenting graphs into meaningful communities, 
modelling uncertainties in health trends for individual patients, 
linking data bases with different levels of granularity in space and 
time, unbiased sampling, or connecting with infrastructure involv-
ing sensors, privacy protection. 
Information: http://ima.org.uk/conferences/ 
conferences_calendar/big_data.html.

February 2015

* 2–6 Introductory Workshop: Geometric and Arithmetic Aspects 
of Homogeneous Dynamics, Mathematical Sciences Research Insti-
tute, Berkeley, California.
Description: This Introductory Workshop will consist of several 
introductory lectures and series of lectures on the recent trends in 
the field, given by experts in the domain. In addition, there will be 
several shorter talks by young researchers. 
Information: http://www.msri.org/workshops/742.

* 7–8 Southern California Geometric Analysis Seminar, UCSD, La 
Jolla, California.
Description: The Southern California Geometric Analysis Seminar 
(SCGAS) is an annual conference organized by UC Irvine and UC San 
Diego with the support of the National Science Foundation. Limited 
travel funds are available. Graduate students, postdoctoral research-
ers, junior faculty, and underrepresented minorities are encouraged 
to apply. Priority will be given to those who request support before 
January 1, 2015. 
Information: http://www.math.ucsd.edu/~scgas.

* 28–March 1 Ohio River Analysis Meeting 5, University of Cincin-
nati, Cincinnati, Ohio.
Description: The fifth Ohio River Analysis Meeting (ORAM 5) is 
jointly organized by the Mathematics Departments of the University 
of Cincinnati and the University of Kentucky. The meeting highlights 
advances in partial differential equations and analysis. 
Confirmed speakers: Piotr Hajasz, University of Pittsburgh; Svet-
lana Jitomirskaya, University of California, Irvine; Kay Kirkpatrick, 
University of Illinois; Carlos Perez, University of Seville; and Peter 
Sternberg, University of Indiana. There will also be approximately 
20 contributed talks. 
Travel funding: Is available through a National Science Foundation 
grant. Priority will be given to young mathematicians and mathema-
ticians from underrepresented groups. 
Deadline: For full consideration is January 15, 2015. 
Information: For details visit: http://math.uc.edu/ORAM/
ORAM5/index.html.

April 2015

* 19–25 Spring School on Variational Analysis, Paseky, Paseky nad 
Jizerou, Czech Republic.
Description: Following a longstanding tradition, the Faculty of Math-
ematics and Physics of Charles University in Prague and the Academy 
of Sciences of the Czech Republic will organize the Spring School on 
Variational Analysis VI. The School will be held in Paseky nad Jizerou, 
in a chalet in the Krkonose Mountains, April 19–25, 2015. The pro-
gram will consist of a series of lectures on Variational Analysis and 
its Applications delivered by Jonathan M. Borwein (The University of 
Newcastle, Australia); Theory and Applications of Convex and Non-
convex Feasibility Problems; Marian Fabian (Academy of Sciences 
of the Czech Republic), Separable Reductions and Rich Families in 
Theory of Frechet Subdifferentials; Alexander Ioffe (Technion, Haifa, 
Israel), Variational Analysis and Optimization Theory; David Russell 
Luke (Georg-August-Universitaet Goettingen, Germany), Variational 
Methods in Numerical Analysis. 
Information: http://www.karlin.mff.cuni.cz/katedry/
kma/ss/apr15.

May 2015

* 3–7 Mal’tsev Meeting, Sobolev Institute of Mathematics (SB RAS), 
Novosibirsk, Russia.
Description: Sobolev Institute of Mathematics (SB RAS) and Novo-
sibirsk State University invite you to participate in the “MAL”TSEV 
MEETING” dedicated to the 75th birthday of the Academician of RAS 
Yurii Leonidovich Ershov. The meeting will be held in Novosibirsk, 
Russia, on May 3–7, 2015. The programme will consist of invited 
talks and contributions in sections (10-20 minutes). The topics in-
clude (but are not limited to) computability, groups, rings, models, 
non-classical logics, other related areas as well as applications of 
algebra and mathematical logic in computer science. 
Information: http://www.math.nsc.ru/conference/ 
malmeet/15/index.html.

* 13–16 13th Viennese Workshop on Optimal Control and Dynamic 
Games, Vienna University of Technology, Vienna, Austria.
Description: Following the tradition of the preceding meetings in 
this series, the workshop aims at bringing together researchers in 
optimal control, dynamic games and nonlinear dynamical systems, 
as well as in economics, management, environment, population dy-
namics and social sciences. The topics of the workshop will include, 
but are not limited to, the theory and numerical methods of optimal 
control, differential games, bifurcation theory, and a broad spectrum 
of applications involving dynamic economic models (including het-
erogeneous/distributed ones), dynamic models in population and 
health economics, economic geography, demography, epidemiology, 
social sciences, etc. 
Conference streams: Optimal control of ODEs and PDEs-dynamic 
games-applications: economic dynamics, management, environment, 
demography, epidemiology, social sciences. 
Information: http://orcos.tuwien.ac.at/vw2015.

* 31–June 6 Spring School on Analysis 2015: Function Spaces and 
Lineability IX, Paseky nad Jizerou, Krkonose Mountains, Czech Re-
public.
Description: The purpose of this meeting is to bring together re-
searchers with common interest in the field. There will be oppor-
tunities for informal discussions. Graduate students and others 
beginning their mathematical career are encouraged to participate. 
Main speakers: Pekka Koskela (Sobolev Extension Domains), Lubos 
Pick (How to Find the Optimal Partner) and Juan B. Seoane-Sepulveda 
(Lineability and Spaceability in Mathematics. Linearity in Nonlinear 
Settings). 
Information: http://www.karlin.mff.cuni.cz/ 
katedry/kma/ss/jun15/index.php.

June 2015

* 1–5 Integrability in Mechanics and Geometry: Theory and Com-
putations, Institute for Computational and Experimental Research 
in Mathematics (ICERM), Providence, Rhode Island.
Description: This workshop focuses on topics at the interface of 
classical mechanics, differential geometry, and computer experi-
ments. The directions of current research to be explored at the 
workshop include the study of invariants and complete integrabil-
ity of geometrically motivated differential equations (in particular, 
vehicle motion, tire track geometry, and smoke ring equations), sub-
Riemannian geometry, geometric control, nonholonomic systems 
(such as e.g., bicycle stability and nonholonomic methods in billiard 
problems), computational methods in mechanics and dynamics (in-
cluding geometric integrators, biological applications, etc.). 
Information: http://icerm.brown.edu/topical_workshops/ 
tw15-1-img/.

* 15–26 Summer Graduate School — Geometric Group Theory, 
Mathematical Sciences Research Institute, Berkeley, California.
Description: The aim of this workshop is to introduce graduate 
students to some specific core topics which will be under study at 
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the upcoming MSRI program on Geometric Group Theory (GGT) in 
2016. GGT encompasses a wide range of topics. The four minicourse 
topics have been chosen because they are central themes in GGT 
and in the upcoming MSRI program. Moreover, each topic is acces-
sible to students with a range of backgrounds: the basic definitions 
are straightforward, with many simple and illuminating examples 
to work through, yet lead through to important questions in cur-
rent research. 
Information: http://www.msri.org/summer_schools/749.

* 29–July 10 Summer Graduate School — Mathematical Topics in 
Systems Biology, Mathematical Sciences Research Institute, Berke-
ley, California.
Description: This Summer Graduate School will introduce math-
ematics graduate students to the rapidly emerging area of systems 
biology. In particular, we will focus on the design and emergent 
behaviors of molecular networks used by cells to interpret their en-
vironments and create robust temporal-spatial behaviors. This will 
be a very hands-on workshop with students working alone and in 
teams to program and present key ideas. 
Information: http://www.msri.org/summer_schools/752.

July 2015

* 12–24 Summer Graduate School — Gaps between Primes and 
Analytic Number Theory, Mathematical Sciences Research Institute, 
Berkeley, California.
Description: These courses will give students a full overview of the 
results of Zhang and Maynard on gaps between primes, and will pro-
vide them will a clear understanding of the tools involved. This will 
make accessible a significant part of modern analytic number theory. 
The lecturers will also make sure to include, within their course, 
examples and discussions going further than is strictly required to 
understand the proofs of Zhang and Maynard, e.g., in the direction 
of automorphic forms and the Riemann Hypothesis over finite fields. 
Information: http://www.msri.org/summer_schools/753.

* 13–17 Computational and Analytical Aspects of Image Recon-
struction, Institute for Computational and Experimental Research 
in Mathematics (ICERM), Providence, Rhode Island.
Description: This topical workshop will bring together international 
experts working in computational and analytical aspects of image 
reconstruction (including but not limited to electron-microscope to-
mography, hybrid imaging, radar and sonar, full waveform inversion 
of seismic imaging and X-ray CT) as well as postdoctoral fellows and 
graduate students. There will be multiple introductory-level talks 
for early-career researchers and non-specialists in the area on both 
the mathematics involved and the scientific and industrial applica-
tions. Speakers and participants from industry will be included to 
strengthen the practical aspects of the workshop. 
Information: http://icerm.brown.edu/topical_workshops/ 
tw15-2-caair/.

* 27–August 7 Summer Graduate School—Incompressible Fluid 
Flows at High Reynolds Number, Mathematical Sciences Research 
Institute, Berkeley, California.
Description: The purpose of this two-week workshop is to intro-
duce graduate students to state-of-the-art methods and results in 
mathematical fluid dynamics. In the first week, we will discuss the 
mathematical foundations and modern analysis aspects of the Na-
vier-Stokes and Euler equations. In the second week, we will run two 
courses concurrently on the topics of inviscid limits and hydrody-
namic stability. Specifically, one course will focus on boundary layers 
in high Reynolds number flows and the Prandtl equations while the 
other will focus on mixing and connections to turbulence. Through 
the lectures and associated problem sessions, the students will learn 
about a number of new analysis tools and principles of fluid me-
chanics that are not always taught in a graduate school curriculum. 
Information: http://www.msri.org/summer_schools/756.

The following new announcements will not be repeated until 
the criteria in the next to the last paragraph at the bottom 
of the first page of this section are met.

December 2015

* 28–30 Riemann Legacy Conference, Sanya, Hainan, China.
Description: There are only a few mathematicians in the history 
whose works and questions are still intensively studied after 150 
years by many people in the original form and are continuing to pro-
vide inspiration to generations to come. Bernhard Riemann is one 
such mathematician. It is rare, however, that a hundred years after 
a man’s work, his ideas and methods are learnt and used by people 
in the field in essentially the same form in which he left them. His 
work has been analyzed, amplified and generalized in many ways in 
many fields, but a good part of his mathematical output has with-
stood the test of time and the search for new perspectives remark-
ably well. This is not to imply that new perspectives have not been 
found but simply that in many instances, Riemann’s own approach 
has not been superseded definitely. To help the mathematics com-
munity to understand better the work of Riemann and its impact, 
Professor S.T. Yau and several of us are launching one book project 
with the title: The legacy of Bernhard Riemann after one hundred and 
fifty years. It will consist of systematic contributions by leading ex-
perts around the world on subjects or topics influenced by Riemann. 
Information: http://msc.tsinghua.edu.cn/sanya/ 
2015/LBR2015/synopsis-organizers.aspx.

April 2016

* 5–8 SIAM Conference on Uncertainty Quantification (UQ16), Swis-
sTech Convention Center, EPFL Campus, Lausanne, Switzerland.
Description: Uncertainty quantification is key for achieving vali-
dated predictive computations in a wide range of scientific and 
engineering applications. The field relies on a broad range of math-
ematics and statistics groundwork, with associated algorithmic and 
computational development. This conference will bring together 
mathematicians, statisticians, scientists, and engineers with an inter-
est in development and implementation of uncertainty quantification 
methods. While applications of UQ in many fields will be represented 
at the conference, the focal application for UQ14 is earth science. The 
goal of the meeting is to provide a forum for the sharing of ideas, 
and to enhance communication among this diverse group of tech-
nical experts, thereby contributing to future advances in the field. 
Information: http://www.siam.org/meetings/uq16.
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To subscribe to email notification of new AMS publications,
please go to http://www.ams.org/bookstore-email.

Algebra and Algebraic Geometry

Arakelov Geometry

Atsushi Moriwaki, Kyoto
University, Japan

The main goal of this book is to present
the so-called birational Arakelov geometry,
which can be viewed as an arithmetic analog
of the classical birational geometry, i.e.,
the study of big linear series on algebraic
varieties. After explaining classical results
about the geometry of numbers, the
author starts with Arakelov geometry

for arithmetic curves, and continues with Arakelov geometry of
arithmetic surfaces and higher-dimensional varieties. The book
includes such fundamental results as arithmetic Hilbert–Samuel
formula, arithmetic Nakai–Moishezon criterion, arithmetic
Bogomolov inequality, the existence of small sections, the continuity
of arithmetic volume function, the Lang–Bogomolov conjecture and
so on. In addition, the author presents, with full details, the proof of
Faltings’ Riemann–Roch theorem.

Prerequisites for reading this book are the basic results of algebraic
geometry and the language of schemes.

This item will also be of interest to those working in number theory.

Contents: Preliminaries; Geometry of numbers; Arakelov geometry
on arithmetic curves; Arakelov geometry on arithmetic surfaces;
Arakelov geometry on general arithmetic varieties; Arithmetic
volume function and its continuity; Nakai-Moishezon criterion on an
arithmetic variety; Arithmetic Bogomolov inequality; Lang-Bogomolov
conjecture; Bibliography; Index.

Translations of Mathematical Monographs, Volume 244

December 2014, 285 pages, Hardcover, ISBN: 978-1-4704-1074-2, LC

2014021155, 2010 Mathematics Subject Classification: 14G40, 11G50,

37P30, AMS members US$92, List US$115, Order code MMONO/244

Analysis

Operator Methods in
Wavelets, Tilings, and
Frames

Veronika Furst, Fort Lewis College,
Durango, CO, Keri A. Kornelson,
University of Oklahoma, Norman,
OK, and Eric S. Weber, Iowa State
University, Ames, IA, Editors

This volume contains the proceedings of
the AMS Special Session on Harmonic Analysis of Frames, Wavelets,
and Tilings, held April 13–14, 2013, in Boulder, Colorado.

Frames were first introduced by Duffin and Schaeffer in 1952 in the
context of nonharmonic Fourier series but have enjoyed widespread
interest in recent years, particularly as a unifying concept. Indeed,
mathematicians with backgrounds as diverse as classical and modern
harmonic analysis, Banach space theory, operator algebras, and
complex analysis have recently worked in frame theory. Frame theory
appears in the context of wavelets, spectra and tilings, sampling
theory, and more.

The papers in this volume touch on a wide variety of topics, including:
convex geometry, direct integral decompositions, Beurling density,
operator-valued measures, and splines. These varied topics arise
naturally in the study of frames in finite and infinite dimensions. In
nearly all of the papers, techniques from operator theory serve as
crucial tools to solving problems in frame theory.

This volume will be of interest not only to researchers in frame theory
but also to those in approximation theory, representation theory,
functional analysis, and harmonic analysis.

Contents: P. G. Casazza and L. M. Woodland, Phase retrieval
by vectors and projections; G. Kutyniok, K. A. Okoudjou, and
F. Philipp, Scalable frames and convex geometry; D. Han, D. R.
Larson, B. Liu, and R. Liu, Dilations of frames, operator-valued
measures and bounded linear maps; M. Ghandehari and K. F.
Taylor, Images of the continuous wavelet transform; B. Currey,
A. Mayeli, and V. Oussa, Decompositions of generalized wavelet
representations; P. Massopust, Exponential splines of complex order;
D. E. Dutkay and J. Haussermann, Local translations associated to
spectral sets; P. E. T. Jorgensen, K. A. Kornelson, and K. L. Shuman,
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Additive spectra of the 1
4 Cantor measure; S. al-Sa’di and E. Weber,

Necessary density conditions for sampling and interpolation in de
Branges spaces; R. Aceska and S. Tang, Dynamical sampling in
hybrid shift invariant spaces; J. Davis, Dynamical sampling in infinite
dimensions with and without a forcing term.

Contemporary Mathematics, Volume 626

November 2014, 177 pages, Softcover, ISBN: 978-1-4704-1040-7, LC

2014009729, 2010 Mathematics Subject Classification: 41Axx, 42Axx,

42Cxx, 43Axx, 46Cxx, 47Axx, 94Axx, AMS members US$52.80, List

US$66, Order code CONM/626

Differential Equations

A First Course in the
Calculus of Variations

Mark Kot, University of Washington,
Seattle, WA

This book is intended for a first course in
the calculus of variations, at the senior or
beginning graduate level. The reader will
learn methods for finding functions that
maximize or minimize integrals. The text
lays out important necessary and sufficient

conditions for extrema in historical order, and it illustrates these
conditions with numerous worked-out examples from mechanics,
optics, geometry, and other fields.

The exposition starts with simple integrals containing a single
independent variable, a single dependent variable, and a single
derivative, subject to weak variations, but steadily moves on to more
advanced topics, including multivariate problems, constrained
extrema, homogeneous problems, problems with variable endpoints,
broken extremals, strong variations, and sufficiency conditions.
Numerous line drawings clarify the mathematics.

Each chapter ends with recommended readings that introduce the
student to the relevant scientific literature and with exercises that
consolidate understanding.

This item will also be of interest to those working in applications.

Contents: Introduction; The first variation; Cases and examples;
Basic generalizations; Constraints; The second variation; Review
and preview; The homogeneous problem; Variable-endpoint
conditions; Broken extremals; Strong variations; Sufficient conditions;
Bibliography; Index.

Student Mathematical Library, Volume 72

November 2014, 298 pages, Softcover, ISBN: 978-1-4704-1495-5,

LC 2014024014, 2010 Mathematics Subject Classification: 49-01, All

Individuals US$40, List US$50, Institutional member US$40, Order

code STML/72

Discrete Mathematics and
Combinatorics

Discrete Geometry and
Algebraic Combinatorics

Alexander Barg, University of
Maryland, College Park, MD, and
Oleg R. Musin, University of Texas
at Brownsville, TX, Editors

This volume contains the proceedings of the AMS Special Session on
Discrete Geometry and Algebraic Combinatorics held on January 11,
2013, in San Diego, California.

The collection of articles in this volume is devoted to packings of
metric spaces and related questions, and contains new results as well
as surveys of some areas of discrete geometry. This volume consists
of papers on combinatorics of transportation polytopes, including
results on the diameter of graphs of such polytopes; the generalized
Steiner problem and related topics of the minimal fillings theory; a
survey of distance graphs and graphs of diameters, and a group of
papers on applications of algebraic combinatorics to packings of
metric spaces including sphere packings and topics in coding theory.

In particular, this volume presents a new approach to duality in sphere
packing based on the Poisson summation formula, applications of
semidefinite programming to spherical codes and equiangular lines,
new results in list decoding of a family of algebraic codes, and
constructions of bent and semi-bent functions.

Contents: K. Bezdek, Plank theorems via successive inradii;
A. Ivanov and A. Tuzhilin, Minimal fillings of finite metric spaces:
The state of the art; J. A. De Loera and E. D. Kim, Combinatorics and
geometry of transportation polytopes: An update; A. Niedermaier,
D. Rizzolo, and F. E. Su, A Tree Sperner Lemma; A. M. Raigorodskii,
Cliques and cycles in distance graphs and graphs of diameters;
A. Barg and W.-H. Yu, New bounds for equiangular lines; H. Cohn,
A. Kumar, C. Reiher, and A. Schürmann, Formal duality and
generalizations of the Poisson summation formula; G. Cohen and
S. Mesnager, On constructions of semi-bent functions from bent
functions; S. Kopparty, Some remarks on multiplicity codes; O. R.
Musin, Multivariate positive definite functions on spheres.

Contemporary Mathematics, Volume 625

August 2014, 190 pages, Softcover, ISBN: 978-1-4704-0905-0,

LC 2014007424, 2010 Mathematics Subject Classification: 52C35,

52C17, 05B40, 52C10, 05C10, 37F20, 94B40, 58E17, AMS members

US$62.40, List US$78, Order code CONM/625
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New Publications Offered by the AMS

Math Education

A Decade of the
Berkeley Math Circle
The American Experience,
Volume II

Zvezdelina Stankova, Mills
College, Oakland, CA, and Tom
Rike, Oakland High School, CA,
Editors

Many mathematicians have been drawn to mathematics through their
experience with math circles. The Berkeley Math Circle (BMC) started
in 1998 as one of the very first math circles in the U.S. Over the last
decade and a half, 100 instructors—university professors, business
tycoons, high school teachers, and more—have shared their passion
for mathematics by delivering over 800 BMC sessions on the UC
Berkeley campus every week during the school year.

This second volume of the book series is based on a dozen of
these sessions, encompassing a variety of enticing and stimulating
mathematical topics, some new and some continuing from Volume I:

• from dismantling Rubik’s Cube and randomly putting it back
together to solving it with the power of group theory;

• from raising knot-eating machines and letting Alexander the
Great cut the Gordian Knot to breaking through knot theory
via the Jones polynomial;

• from entering a seemingly hopeless infinite raffle to
becoming friendly with multiplicative functions in the land
of Dirichlet, Möbius, and Euler;

• from leading an army of jumping fleas in an old problem from
the International Mathematical Olympiads to improving our
own essay-writing strategies;

• from searching for optimal paths on a hot summer day
to questioning whether Archimedes was on his way to
discovering trigonometry 2000 years ago

Do some of these scenarios sound bizarre, having never before been
associated with mathematics? Mathematicians love having fun while
doing serious mathematics and that love is what this book intends to
share with the reader. Whether at a beginner, an intermediate, or an
advanced level, anyone can find a place here to be provoked to think
deeply and to be inspired to create.

In the interest of fostering a greater awareness and appreciation of
mathematics and its connections to other disciplines and everyday
life, MSRI and the AMS are publishing books in the Mathematical
Circles Library series as a service to young people, their parents and
teachers, and the mathematics profession.

This item will also be of interest to those working in general interest.

Titles in this series are co-published with the Mathematical Sciences
Research Institute (MSRI).

Contents: Foreword by David Eisenbud; Introduction by Zvezdelina
Stankova; Geometric re-constructions. Part I Along optimal paths and
integer grids; Rubik’s cube. Part II by Tom Davis; Knotty mathematics
by Maia Averett;Multiplicative functions. Part I The infinite-raffle
challenge; Introduction to group theory; Monovariants. Part II
Jumping fleas and Conway’s checkers; Geometric re-constructions.
Part II Bits of geometry, physics & trigonometry; Complex numbers.
Part II; Introduction to inequalities. Part I Arithmetic, geometric, and

power means;Multiplicative functions. Part II Dirichlet product
and Möbius inversion; Monovariants. Part III Smoothing inequalities;
Geometric re-constructions. Part III Optimal bridges and infinitely
many squares; Epilogue; Symbols and notation; Abbreviations;
Bibliography; Index.

MSRI Mathematical Circles Library, Volume 14

December 2014, approximately 364 pages, Softcover, ISBN: 978-0-

8218-4912-5, 2010 Mathematics Subject Classification: 00-01, 00A07;

00A08, All Individuals US$18.75, List US$25, Institutional member

US$20, Order code MCL/14

Number Theory

The Geometric and
Arithmetic Volume of
Shimura Varieties of
Orthogonal Type

Fritz Hörmann, Albert-
Ludwigs-Universität Freiburg,
Germany

This book outlines a functorial theory of
integral models of (mixed) Shimura varieties and of their toroidal
compactifications, for odd primes of good reduction. This is the
integral version, developed in the author’s thesis, of the theory
invented by Deligne and Pink in the rational case. In addition, the
author develops a theory of arithmetic Chern classes of integral
automorphic vector bundles with singular metrics using the work of
Burgos, Kramer and Kühn.

The main application is calculating arithmetic volumes or “heights”
of Shimura varieties of orthogonal type using Borcherds’ famous
modular forms with their striking product formula—an idea due to
Bruinier–Burgos–Kühn and Kudla. This should be seen as an Arakelov
analogue of the classical calculation of volumes of orthogonal locally
symmetric spaces by Siegel and Weil. In the latter theory, the volumes
are related to special values of (normalized) Siegel Eisenstein series.

In this book, it is proved that the Arakelov analogues are related
to special derivatives of such Eisenstein series. This result gives
substantial evidence in the direction of Kudla’s conjectures in
arbitrary dimensions. The validity of the full set of conjectures of
Kudla, in turn, would give a conceptual proof and far-reaching
generalizations of the work of Gross and Zagier on the Birch and
Swinnerton-Dyer conjecture.

This item will also be of interest to those working in algebra and
algebraic geometry.

Titles in this series are co-published with the Centre de Recherches
Mathématiques.

Contents: Overview; Integral models of toroidal compactifications of
mixed Shimura varieties; Volumes of orthogonal Shimura varieties;
Appendix A; Appendix B; Bibliography; Index; Table of notation.

CRM Monograph Series, Volume 35

December 2014, approximately 151 pages, Hardcover, ISBN:

978-1-4704-1912-7, LC 2014027530, 2010 Mathematics Subject

Classification: 11F27, 11F23, 11G18, 14G35, 14G40, AMS members

US$63.20, List US$79, Order code CRMM/35
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New Publications Offered by the AMS

www.cambridge.org

Optimal 
Transportation 
Theory and Applications 

Hervé Pajot, 
Université de Grenoble 

Yann Ollivier, 
Université de Paris XI 

Cedric Villani, 
Université de Paris VI (Pierre et Marie Curie) 

1 Contains short courses which give an accessible 
introduction to problems of current interest, and  
research papers which present modern developments 

1 The book presents both the theory of optimal transport  
and some of its many applications 

1 Of interest to researchers in pure and applied mathematics, 
physics, computer science and economics 

London Mathematical Society Lecture Note Series, No. 413 

Paperback | 9781107689497 | July 2014 | £40.00 

www.cambridge.org/lms413

Automorphisms 
and Equivalence 
Relations in 
Topological 
Dynamics 
David B. Ellis, 
Beloit College, Wisconsin 

Robert Ellis, 
Beloit College, Wisconsin 

Focusing on the role that automorphisms and equivalence 
relations play in the algebraic theory of minimal sets provides 
an original treatment of some key aspects of abstract 
topological dynamics. Such an approach is presented in this 
lucid and self-contained book, leading to simpler proofs of 
classical results, as well as providing motivation for further 
study. This book is designed as both a guide for graduate 
students, and a source of interesting new ideas for researchers. 

London Mathematical Society Lecture Note Series, No. 412 

Paperback | 9781107633223 | June 2014 | £45.00 

www.cambridge.org/lms412 

Brauer Groups,
Tamagawa Measures,
and Rational Points on
Algebraic Varieties

Jörg Jahnel, Universität Siegen,
Germany

The central theme of this book is the study
of rational points on algebraic varieties of
Fano and intermediate type—both in terms

of when such points exist and, if they do, their quantitative density.
The book consists of three parts. In the first part, the author discusses
the concept of a height and formulates Manin’s conjecture on the
asymptotics of rational points on Fano varieties.

The second part introduces the various versions of the Brauer group.
The author explains why a Brauer class may serve as an obstruction to
weak approximation or even to the Hasse principle. This part includes
two sections devoted to explicit computations of the Brauer–Manin
obstruction for particular types of cubic surfaces.

The final part describes numerical experiments related to the
Manin conjecture that were carried out by the author together with
Andreas-Stephan Elsenhans.

The book presents the state of the art in computational arithmetic
geometry for higher-dimensional algebraic varieties and will be a
valuable reference for researchers and graduate students interested
in that area.

This item will also be of interest to those working in algebra and
algebraic geometry.

Contents: Introduction; Heights: The concept of a height; Conjectures
on the asymptotics of points of bounded height; The Brauer group:
On the Brauer group of a scheme; An application: The Brauer–Manin
obstruction; Numerical experiments: The Diophantine equation
x4 + 2y4 = z4 + 4w4; Points of bounded height on cubic and quartic
threefolds; On the smallest point on a diagonal cubic surface;
Appendix; Bibliography; Index.

Mathematical Surveys and Monographs, Volume 198

January 2015, approximately 267 pages, Hardcover, ISBN: 978-1-4704-

1882-3, LC 2014024341, 2010 Mathematics Subject Classification:

11G35, 14F22, 16K50, 11-04, 14G25, 11G50, AMS members US$80,

List US$100, Order code SURV/198
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Classified Advertisements
Positions available, items for sale, services available, and more

2015 issue–December 8, 2014; March 2015 issue–January 2, 2015; April 2015 
issue–January 29, 2015; May 2015 issue–March 2, 2015.
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 on page 1373 (vol. 44).
Situations wanted advertisements from involuntarily unemployed math-
ematicians are accepted under certain conditions for free publication. Call 
toll-free 800-321-4AMS (321-4267) in the U.S. and Canada or 401-455-4084 
worldwide for further information.
Submission: Promotions Department, AMS, P.O. Box 6248, Providence,  
Rhode Island 02940; or via fax: 401-331-3842; or send email to  
classads@ams.org . AMS location for express delivery packages is  
201 Charles Street, Providence, Rhode Island 20904. Advertisers will be  
billed upon publication.

Suggested uses for classified advertising are positions available, books or 
lecture notes for sale, books being sought, exchange or rental of houses, 
and typing services.

The 2014 rate is $3.50 per word with a minimum two-line headline. No 
discounts for multiple ads or the same ad in consecutive issues. For an 
additional $10 charge, announcements can be placed anonymously. Cor-
respondence will be forwarded.

Advertisements in the “Positions Available” classified section will be set  
with a minimum one-line headline, consisting of the institution name above 
body copy, unless additional headline copy is specified by the advertiser. 
Headlines will be centered in boldface at no extra charge. Ads will appear 
in the language in which they are submitted.

There are no member discounts for classified ads. Dictation over the  
telephone will not be accepted for classified ads.

Upcoming deadlines for classified advertising are as follows: December 2014 
issue–September 30, 2014; January 2015 issue–October 29, 2014; February 

We prefer applications and all other ma-
terials be submitted electronically at 
http://www.mathjobs.org, although 
applicants may submit an application 
including an AMS cover sheet to:

Math Faculty Search 
Department of Mathematics 
The University of Alabama at Bir-
mingham 
Birmingham, AL 35294-1170

UAB is an Equal Opportunity/Affirmative 
Action Employer committed to fostering 
a diverse, equitable, and family-friendly 
environment in which all faculty and staff 
can excel and achieve work/life balance 
irrespective of race, national origin, age, 
genetic or family medical history, gender, 
faith, gender identity and expression, 
as well as sexual orientation. UAB also 
encourages applications from individu-
als with disabilities and veterans. A pre-
employment background investigation 
is performed on candidates selected for 
employment.

000077

UNIVERSITY OF ALABAMA 
Chair 

Department of Mathematics

The University of Alabama seeks an out-
standing individual at the rank of Associ-
ate or Full Professor for the position of 
Chair of the Department of Mathematics. 
The successful candidate must be nation-
ally/internationally recognized, with an 
active research program that includes 
external funding, and with the ability to 
help shape a progressive thriving depart-
ment within a university whose student 
enrollment has nearly doubled in the 

last ten years and whose trajectory is 
upwards. The applicant should possess 
proven leadership abilities, preferably 
with administrative experience, and have 
an understanding and enthusiasm for 
both the teaching and research missions. 
The area of expertise of the applicant is 
open, but should complement those of 
the existing faculty and future plans for 
growth in the department.

The University of Alabama is the flag-
ship campus of a three-campus system. 
The university is located in Tuscaloosa, a 
city of approximately 100,000. The UA De-
partment of Mathematics has 28 tenured/
tenure-track faculty, 11 full time instruc-
tors, and 40 graduate students, with re-
search programs in algebra, analysis, fluid 
dynamics, image processing, mathematics 
education, optimization, scientific com-
puting, statistics, stochastic processes, 
and topology. The department has an in-
house Mathematics Ph.D. program and a 
joint Applied Mathematics Ph.D. program 
with the other two campuses. The UA 
mathematics program places emphasis 
on quality education at the undergraduate 
and graduate levels.

Applicants should apply online at 
https://facultyjobs.ua.edu; attach 
a curriculum vita along with a letter of 
application and arrange for three letters 
of recommendation to be sent to math@
ua.edu. Statements of administrative and 
leadership philosophy, research plans, 
and teaching philosophy and interests 
should also be included. Potential can-
didates may contact the chairperson of 
the search committee, Dr. Martyn Dixon, 
at mdixon@ua.edu if additional informa-
tion is desired. Beginning October 15, 
2014, applications and nominations will 

ALABAMA

UNIVERSITY OF ALABAMA AT 
BIRMINGHAM 

Assistant Professor

The Department of Mathematics at the 
University of Alabama at Birmingham 
(UAB) is soliciting applications for a 
tenure-track assistant professor position 
beginning August 15, 2015. Applicants 
whose research is compatible with the de-
partment’s strengths in differential equa-
tions, differential geometry, dynamical 
systems, mathematical physics, and prob-
ability, including computational aspects 
of these areas, are encouraged to apply. 
Those with expertise in applications, e.g., 
in mathematical biology, mathematical 
finance, or mathematical modeling are 
of particular interest in this search. Ap-
plicants may be interested to collaborate 
with one of the University Wide Interdis-
ciplinary Research Centers (UWIRC) on 
UAB campus, see http://www.uab.edu/
institutionaleffectiveness/uwircs. 
For additional information about the de-
partment please visit http://www.uab.
edu/mathematics/.

Applicants should have demonstrated 
the potential to excel in one of the re-
search areas mentioned and in teaching at 
all levels of instruction. They should also 
be committed to professional service in-
cluding departmental service. Postdoc ex-
perience is preferred. Applications should 
include a curriculum vita with a publica-
tion list, a statement of future research 
plans, a statement on teaching experience 
and philosophy, and minimally three let-
ters of reference with at least one letter ad-
dressing teaching experience and ability. 

http://www.uab.edu/institutionaleffectiveness/uwircs
http://www.uab.edu/institutionaleffectiveness/uwircs
http://www.uab.edu/mathematics/
http://www.uab.edu/mathematics/
https://facultyjobs.ua.edu


Action/ Equal Opportunity Employer com-
mitted to the core values of inclusion, 
civility, and respect for each individual.

000099

UNIVERSITY OF CALIFORNIA, IRVINE 
Department of Mathematics 

Irvine, CA 92697-3875 
Assistant and Associate Professor 

Positions in Mathematics

The Department of Mathematics at the 
University of California, Irvine, is seek-
ing outstanding candidates to fill one or 
more positions at the Assistant Profes-
sor (tenure-track) or Associate Professor 
(tenured) level to start July 1, 2015. Appli-
cants must hold a Ph.D. and should have 
demonstrated excellence in research and 
teaching. We encourage applications from 
any area in pure and applied mathematics. 
The level of appointment will be commen-
surate with qualifications and experience. 
Applications are welcome at any time. The 
review process starts December 1, 2014, 
and will continue until the positions are 
filled. A separate statement that addresses 
past and/or potential contributions to di-
versity, equity, and inclusion should also 
be included in the application materials. 
The University of California, Irvine, is an 
Equal Opportunity/Affirmative Action 
Employer advancing inclusive excellence. 
All qualified applicants will receive con-
sideration for employment without regard 
to race, color, religion, sex, national origin, 
disability, age, protected veteran status, or 
other protected categories covered by the 
UC nondiscrimination policy. Completed 
applications must be submitted through 
http://www.mathjobs.org and must 
contain: (1) AMS cover sheet, (2) Curricu-
lum Vitae, (3) Cover letter, (4) Research 
statement, (5) Teaching statement, (6) 
Selected reprints and/or preprints, (7) At 
least three reference letters (at least one 
addressing teaching) sent electronically 
through http://www.mathjobs.org, (8) 
Statement of Diversity— A brief statement 
that addresses past and/or potential con-
tributions to diversity, equity, and inclu-
sion (optional). Instructions for the elec-
tronic application process can be found 
at http://www.mathjobs.org. Indicate 
your area of mathematical specialization 
in field labeled “Area of Specialization”: 
example: “Algebra”.

000078

UNIVERSITY OF CALIFORNIA, IRVINE 
Department of Mathematics 

Irvine, CA 92697-3875 
Job #02599 

Visiting Assistant Professor 
in Mathematics

Applications are invited for Visiting As-
sistant Professors, renewable up to three 
years, in all areas of mathematics. VAPs 
teach no more than five quarter classes 

Classified Advertisements
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be reviewed on an ongoing basis and will 
continue to be accepted until the position 
is filled. The position is scheduled to start 
on August 16, 2015, or as negotiated.

The University of Alabama is an Equal 
Opportunity Employer/Affirmative Action 
Employer and actively seeks diversity 
among its employees. Women and minor-
ity candidates are strongly encouraged 
to apply. For more information about the 
department and the university visit our 
website at http://www.math.ua.edu.

000054

CALIFORNIA

CALIFORNIA INSTITUTE OF 
TECHNOLOGY 

Harry Bateman Research 
Instructorships in Mathematics

Description: Appointments are for two 
years with one-year terminal extension ex-
pected. The academic year runs from ap-
proximately October 1 to June 1. Instruc-
tors typically are expected to teach one 
course per quarter for the full academic 
year and to devote the rest of their time 
to research. During the summer months 
there are no duties except research.

Eligibility: Open to persons who have 
recently received their doctorates in math-
ematics.

Deadline: January 1, 2015.
Application information: Please apply 

online at http://mathjobs.org. You 
can also find information about this posi-
tion at http://www.math.caltech.edu/ 
positions.html. To avoid duplication 
of paperwork, your application may also 
be considered for an Olga Taussky and 
John Todd Instructorship. Caltech is an 
Affirmative Action/Equal Opportunity 
Employer. Women, minorities, veterans, 
and disabled persons are encouraged to 
apply.

000067

CALIFORNIA INSTITUTE OF 
TECHNOLOGY 

Scott Russell Johnson Senior 
Postdoctoral Scholar in Mathematics

Description: There are three terms in the 
Caltech academic year. The fellow is typi-
cally expected to teach one course in two 
terms each year, and is expected to be in 
residence even during terms when not 
teaching. The initial appointment is for 
three years with an additional three-year 
terminal extension expected.

Eligibility: Offered to a candidate within 
six years of having received the Ph.D. who 
shows strong research promise in one of 
the areas in which Caltech’s mathematics 
faculty is currently active.

Deadline: January 1, 2015.
Application information: Please apply 

online at http://mathjobs.org. You 

can also find information about this posi-
tion at http://www.math.caltech.edu/ 
positions.html. To avoid duplication 
of paperwork, your application may also 
be considered for an Olga Taussky and 
John Todd Instructorship. Caltech is an 
Affirmative Action/Equal Opportunity 
Employer. Women, minorities, veterans, 
and disabled persons are encouraged to 
apply.

000068

CALIFORNIA INSTITUTE OF 
TECHNOLOGY 

Olga Taussky and John Todd 
Instructorships in Mathematics

Description: Appointments are for three 
years. There are three terms in the Caltech 
academic year, and instructors typically 
are expected to teach one course in all but 
two terms of the total appointment. These 
two terms will be devoted to research. 
During the summer months there are no 
duties except research.

Eligibility: Offered to persons within 
three years of having received the Ph.D. 
who show strong research promise in one 
of the areas in which Caltech’s mathemat-
ics faculty is currently active.

Deadline: January 1, 2015.
Application information: Please apply 

online at http://mathjobs.org. You 
can also find information about this posi-
tion at http://www.math.caltech.edu/ 
positions.html. To avoid duplication of 
paperwork, your application may also be 
considered for a Harry Bateman Instruc-
torship. Caltech is an Affirmative Action/
Equal Opportunity Employer. Women, 
minorities, veterans, and disabled persons 
are encouraged to apply.

000069

SAN JOSÉ STATE UNIVERSITY 
San José, California

ANNOUNCEMENT OF POSITION 
AVAILABILITY 

Subject to Budgetary Approval 
Department of Mathematics and 

Statistics 
Mathematics (Pure and Applied) 

Job Opening ID (JOID): 22990

The San Jose State University Depart-
ment of Mathematics and Statistics has 
four Tenure-Track Assistant Professor 
openings in pure and applied mathemat-
ics starting August 2015. The candidate 
must teach undergraduate and gradu-
ate courses, maintain an active research 
program, and supervise graduate stu-
dents. PhD required by July 2015. For 
full consideration, submit all application 
materials at http://www.mathjobs.
org/jobs by December 1, 2014. See the 
complete position description at http://
www.sjsu.edu/math/employment/ 
tenure-position. SJSU is an Affirmative 

http://www.math.ua.edu
http://mathjobs.org
http://www.math.caltech.edu/positions.html
http://www.math.caltech.edu/positions.html
http://www.sjsu.edu/math/employment/tenure-position.SJSU
http://www.sjsu.edu/math/employment/tenure-position.SJSU
http://www.sjsu.edu/math/employment/tenure-position.SJSU
http://www.math.caltech.edu/positions.html
http://www.math.caltech.edu/positions.html
http://www.math.caltech.edu/positions.html
http://www.math.caltech.edu/positions.html


Salary range is $64,900-$68,100, and ap-
pointments are for three years. The teach-
ing load is normally reduced by research 
funding to two one-quarter courses per 
year. Job Tracking #1010-1516-02

(3) Program in Computing (PIC) Assis-
tant Adjunct Professorships: Salary range 
is $68,900-$71,500. Applicants for these 
positions must show very strong promise 
in teaching and research in an area related 
to computing. The teaching load is four 
one-quarter programming courses each 
year and one additional course every two 
years. Initial appointments are for one 
year and possibly longer, up to a maxi-
mum service of four years. Job Tracking 
#1010-1516-03

(4) Assistant Adjunct Professorships 
and Research Postdocs: Appointments 
are normally for one year, with the pos-
sibility of renewal. Strong research and 
teaching background required. The salary 
is $61,100-$64,400. The teaching load for 
adjuncts is six one-quarter courses per 
year. Job Tracking #1010-1516-04

(5) RTG Assistant Adjunct Professor-
ship: Salary is $57,600, and appointments 
are for three years. This position is limited 
to U.S. citizens or permanent residents 
who have receive a Ph.D. within 18 months 
of June 1, 2015. The successful recipient 
will receive a summer stipend of $10,000 
for two summers and $9,000 over three 
years for travel, equipment, and supplies. 
The teaching load is three one-quarter 
courses per year. Job Tracking #1010-
1516-08

Appointments will be effective July 
1, 2015, or later. Applications will be 
accepted until the position is filled. For 
fullest consideration, all application ma-
terials should be submitted on or before 
October 1, 2015.

Limited and Very Temporary Posi-
tions: Temporary Assistant Adjunct 
Professorships 2014-15: The UCLA De-
partment of Mathematics receives on an 
ongoing basis, applications for quarter 
positions (Fall/Winter/Spring) to teach 
mathematics or PIC courses. Positions are 
very limited and temporary. The salary 
is $61,100 and applicants must possess 
a Ph.D. The full-time teaching load for 
Adjuncts is six one-quarter courses per 
year, but appointments may be made for 
a shorter duration or on a part-time basis, 
with the possibility of renewal. Job Track-
ing #1010-1415-06

Appointments will be effective October 
1, 2014, or later. Applications will be 
accepted until the position is filled. For 
fullest consideration, all application ma-
terials should be submitted on or before 
October 1, 2015.

Applications and supporting docu-
mentation must be submitted online via 
http://www.mathjobs.org.

All letters of evaluation are subject to 
UCLA campus policies on confidentiality. 
Refer potential reviewers to the UCLA 
statement of confidentiality at https://
www.apo.ucla.edu/policies/ 

per year. Strong promise in research and 
teaching is required. Appointments will be 
effective July 1, 2015, or later. A Ph.D. de-
gree is required, and applicants should be 
within three years of Ph.D. graduation at 
the start of the appointment. Completed 
applications must be submitted through 
http://www.mathjobs.org and must 
contain: (1) AMS cover sheet — indicate 
your area of mathematical specializa-
tion, (2) Cover letter, (3) CV, (4) Research 
statement, (5) Teaching statement, (6) 
Selected reprints and/or preprints, (7) At 
least three reference letters (at least one 
addressing teaching) sent electronically 
through http://www.mathjobs.org. 
Please reference job #02599 in the subject 
line of all correspondence. Applications 
are welcome at any time. The review pro-
cess starts November 1, 2014, and will 
continue until positions are filled. The 
University of California, Irvine, is an Equal 
Opportunity/Affirmative Action Employer 
advancing inclusive excellence. All quali-
fied applicants will receive consideration 
for employment without regard to race, 
color, religion, sex, national origin, dis-
ability, age, protected veteran status, or 
other protected categories covered by the 
UC nondiscrimination policy.

000079

UNIVERSITY OF CALIFORNIA, 
LOS ANGELES 

Department of Mathematics  
Faculty Positions Academic Year 

2015-16

Tenured/Tenure-Track positions: The 
Department of Mathematics at the Uni-
versity of California, Los Angeles, invites 
applications for tenure-track or tenured 
faculty positions starting July 1, 2015. 
Outstanding candidates in all areas of 
mathematics may be considered. Appli-
cants must possess a Ph.D. and should 
have outstanding accomplishments in 
both research and teaching. Duties include 
mathematical research, undergraduate 
and graduate teaching, and departmental 
and university service. Level of appoint-
ment will be based on qualifications, with 
appropriate salary per UC pay scales. Job 
Tracking #1010-1516-05

Applications will be accepted until the 
position is filled. To guarantee full consid-
eration, the application should be received 
by November 15, 2014. We also plan to 
make temporary and visiting appoint-
ments in the categories 1-5 below. De-
pending on the level, candidates must give 
evidence of potential or demonstrated 
distinction in scholarship and teaching.

Temporary Positions: (1) E.R. Hedrick 
Assistant Professorships: Salary range is 
$64,900-$68,100, and appointments are 
for three years. The teaching load is four 
one-quarter courses per year. Job Tracking 
#1010-1516-01

(2) Computational and Applied Math-
ematics (CAM) Assistant Professorships: 
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the-call/summary-of-procedures/ 
s u m m a r y - 1 0 - s t a t e m e n t - o f - 
confidentiality.

The University of California is an Equal 
Opportunity/Affirmative Action Em-
ployer. The University and Department of 
Mathematics are committed to excellence 
through diversity and strongly encourages 
applications from all qualified applicants, 
including women and minorities. All quali-
fied applicants will receive consideration 
for employment without regard to race, 
color, religion, sex, national origin, dis-
ability, age, or protected veteran status. 
For the complete University of California 
nondiscrimination and affirmative action 
policy see: UC Nondiscrimination & Af-
firmative Action Policy, http://policy. 
u c o p . e d u / d o c / 4 0 0 0 3 7 6 / 
NondiscrimAffirmAct.

The University of California asks that 
applicants complete the Equal Opportu-
nity Employer Survey for Letters and Sci-
ence at the following URL: http://cis.
ucla.edu/facultysurvey/. Under Fed-
eral Law, the University of California may 
employ only individuals who are legally 
authorized to work in the United States 
as established by providing documents 
specified in the Immigration Reform and 
Control Act of 1986.

000057

UNIVERSITY OF SOUTHERN CALIFORNIA 
Department of Mathematics

The Department of Mathematics in the 
Dana and David Dornsife College of Let-
ters, Arts, and Sciences of the University 
of Southern California in Los Angeles, 
California, seeks to fill two tenure-track 
Assistant Professor positions with an an-
ticipated start date of August 2015.

Candidates with research interests ei-
ther in analysis or in statistics-related 
areas will be considered. Candidates 
should have demonstrated excellence in 
research and a strong commitment to 
graduate and undergraduate education. 
A doctoral degree is required at the time 
of appointment.

To apply, please submit the follow-
ing materials: letter of application and 
curriculum vitae, including your e-mail 
address, telephone numbers, preferably 
with the standardized AMS Cover Sheet. 
Candidates should also arrange for at 
least three letters of recommendation that 
address research, at least one of which 
also addresses teaching skills. Please 
submit applications electronically through 
MathJobs at http://www.mathjobs.org. 
In order to be considered for this position, 
applicants are also required to submit an 
electronic USC application; follow this job 
link or paste in a browser: http://jobs.
usc.edu/postings/29916.

Review of applications will begin 
October 15, 2014. Additional informa-
tion about the USC Dornsife’s Depart-
ment of Mathematics can be found 
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to the address below. Applicants should 
arrange for four letters of recommenda-
tion, including one evaluating teaching 
experience. Please ask reference writers to 
submit their letters electronically through 
http://www.mathjobs.org. If they are 
unable to do so, they may also send their 
letters to the following address: Zorn 
Postdoctoral Fellowships Search Commit-
tee, Department of Mathematics, Indiana 
University, 831 East 3rd Street, Rawles 
Hall, Bloomington, IN 47405-7106. Appli-
cations should be received by December 
15, 2014.

Indiana University is an Equal Employ-
ment and Affirmative Action Employer 
and a provider of ADA services. All quali-
fied applicants will receive consideration 
for employment without regard to age, 
ethnicity, color, race, religion, sex, sexual 
orientation or identity, national origin, 
disability status, or protected veteran 
status.

000072

MARYLAND

JOHNS HOPKINS UNIVERSITY 
Department of Mathematics 

Tenure-Track Assistant Professor

The Department of Mathematics invites 
applications for a tenure-track Assistant 
Professor beginning July 1, 2015. A Ph.D. 
degree or its equivalent and demonstrated 
promise in research and commitment to 
teaching are required. The department 
is seeking candidates in areas of pure 
mathematics that fit in with the exist-
ing areas of the department. To submit 
your application, go to http://www. 
mathjobs.org/jobs/jhu. Submit the 
AMS cover sheet, your curriculum vitae, 
list of publications, and research and 
teaching statements, and ensure that at 
least four letters of recommendation, one 
of which addresses teaching, are submit-
ted by the reference writers. If you are 
unable to apply online, you may send 
application materials to: Appointments 
Committee, Department of Mathematics, 
Johns Hopkins University, 404 Krieger 
Hall, Baltimore, MD 21218. If you have 
questions concerning this position, please 
write to cpoole@jhu.edu. Preference 
will be given to applications received by 
October 31, 2014. The Johns Hopkins 
University is an Affirmative Action/Equal 
Opportunity Employer. Minorities and 
women candidates are encouraged to 
apply.

000030

JOHNS HOPKINS UNIVERSITY 
Department of Mathematics

The Department of Mathematics invites 
applications for tenured positions at the 
Associate and Full Professor levels begin-
ning fall 2015 or later. The department 

applications for tenure-track positions 
from outstanding candidates. This is a 
broad search that is open to applicants 
from all areas of pure and applied math-
ematics. Successful candidates must have 
a Ph.D. and demonstrated potential for 
excellence in both teaching and research. 
Preferred candidates will have the poten-
tial for leadership in areas contributing 
to diversity, equity, and inclusion and 
will have a desire to play a future role 
in helping to shape and expand the uni-
versity’s diversity initiatives (http://
diversity.ucsd.edu/). We especially 
welcome candidates who have experience 
with and wish to contribute to programs 
that increase the access and success of 
underrepresented students and faculty 
in mathematics. Candidates must receive 
their Ph.D. prior to their first quarter of 
teaching. Salary is commensurate with 
qualifications and based on UC pay scales. 
The starting date for the positions will be 
July 1, 2015. To receive full consideration, 
applications should be submitted online 
through http://apptrkr.com/507685 
by November 1, 2014. In compliance with 
the Immigration Reform and Control 
Act of 1986, individuals offered employ-
ment by the University of California are 
required to show documentation proving 
identity and authorization to work in the 
United States. For applicants interested in 
spousal/partner employment, please visit 
the UCSD Partner Opportunities Program 
at http://academicaffairs.ucsd.
edu/offices/partneropp/. AA/EOE

000065

INDIANA

INDIANA UNIVERSITY 
Department of Mathematics  
Zorn Research Postdoctoral 

Fellowships

The Department of Mathematics seeks 
applications for three Zorn Research 
Postdoctoral Fellowships beginning in 
the Fall of 2015. These are three-year, 
non-tenure-track positions with reduced 
teaching loads. Outstanding candidates 
with a recent Ph.D. in any area of pure or 
applied mathematics are encouraged to 
apply; a minimum requirement is a Ph.D. 
in mathematics. Zorn fellows are paired 
with mentors with whom they have com-
patible research interests. The department 
maintains strong research groups in all 
of the principal fields of mathematics. 
Bloomington is located in the forested 
hills of southern Indiana and offers a rich 
variety of musical and cultural attractions.

Applicants should complete the posting 
at http://indiana.peopleadmin.com/
postings/1033 and then submit an AMS 
cover sheet, curriculum vitae, a research 
statement, and a teaching statement using 
the online service provided by the AMS at 
http://www.mathjobs.org. If unable to 
do so, you may send application materials 

at our website dornsife.usc.edu/ 
mathematics/.

USC is an Equal Opportunity Educator 
and Employer, proudly pluralistic and 
firmly committed to providing equal 
opportunity for outstanding persons 
of every race, gender, creed, and back-
ground. The university particularly en-
courages women, members of underrep-
resented groups, veterans and individuals 
with disabilities to apply. USC will make 
reasonable accommodations for qualified 
individuals with known disabilities unless 
doing so would result in an undue hard-
ship. Further information is available by 
contacting uschr@usc.edu.

000075

UNIVERSITY OF CALIFORNIA, 
SAN DIEGO 

Department of Mathematics 
Assistant, Associate, Full Professor

The Department of Mathematics, within 
the Division of Physical Sciences at 
the University of California, San Diego 
(http://www.math.ucsd.edu), invites 
applications for one tenured senior posi-
tion and two tenure-track junior positions. 
One of the tenure-track junior positions 
is expected to be filled in applied math-
ematics and the other positions are open 
to applicants from all areas of pure and 
applied mathematics. The university is 
committed to an excellent and diverse 
faculty and student body. Successful can-
didates will be evaluated on research and 
teaching accomplishments, as well as on 
potential for leadership in areas contrib-
uting to diversity, equity, and inclusion. 
Candidates must receive their Ph.D. prior 
to their first quarter of teaching. Salary 
is commensurate with qualifications and 
based on UC pay scales. The starting 
date for the position will be July 1, 2015. 
To receive full consideration, applica-
tions should be submitted online through 
http://apptrkr.com/507682 by No-
vember 1, 2014. In compliance with the 
Immigration Reform and Control Act of 
1986, individuals offered employment by 
the University of California are required 
to show documentation proving identity 
and authorization to work in the United 
States. For applicants interested in spou-
sal/partner employment, please visit the 
UCSD Partner Opportunities Program at 
http://academicaffairs.ucsd.edu/
offices/partneropp/. AA/EOE

000064

UNIVERSITY OF CALIFORNIA, 
SAN DIEGO 

Department of Mathematics 
Assistant Professorship

The Department of Mathematics, within 
the Division of Physical Sciences at 
the University of California, San Diego 
(http://www.math.ucsd.edu), invites 

http://dornsife.usc.edu/mathematics/
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have demonstrated excellence in teaching, 
who will establish an active and success-
ful research program, and who will have 
a Ph.D. by the time of appointment. Wil-
liams College is a private, coeducational, 
residential, highly selective liberal arts 
college with an undergraduate enrollment 
of approximately 2,000 students. The 
teaching load is two courses per 12-week 
semester and a winter term course every 
other January. Applicants are encouraged 
to apply electronically at http://math-
jobs.org or send a vita and have three 
letters of recommendation on teaching 
and research sent to Mihai Stoiciu, Chair 
of the Hiring Committee, Department of 
Mathematics and Statistics, Williams Col-
lege, 18 Hoxsey Street, Williamstown, MA 
01267. Teaching and research statements 
are also welcome. Evaluation of applica-
tions will begin on November 17 and 
will continue until the position is filled. 
All offers of employment are contingent 
upon completion of a background check. 
Further information is available here: 
http://dean-faculty.williams.edu/
prospective-faculty/background-
check-policy/. For more information 
on the Department of Mathematics and 
Statistics, visit http://math.williams.
edu/. Williams College is a coeducational 
liberal arts institution located in the Berk-
shire Hills of western Massachusetts with 
easy access to the culturally rich cities of 
Albany, Boston, and New York City. The 
college is committed to building and sup-
porting a diverse population of students, 
and to fostering an inclusive faculty, 
staff, and curriculum. Williams has built 
its reputation on outstanding teaching 
and scholarship and on the academic 
excellence of its students. Please visit the 
Williams College website http://www.
williams.edu/. Beyond meeting fully its 
legal obligations for non-discrimination, 
Williams College is committed to building 
a diverse and inclusive community where 
members from all backgrounds can live, 
learn, and thrive.

000055

NEBRASKA

UNIVERSITY OF NEBRASKA-LINCOLN 
Department of Mathematics

The Department of Mathematics at the 
University of Nebraska-Lincoln invites 
applications for the following positions:

(1) Two tenure-track Assistant Professor 
positions in Algebra and Related Areas. 
Review of applications will begin Novem-
ber 10, 2014, and continue until suitable 
candidates are found.

(2) One or more anticipated postdoc-
toral positions. Review of applications 
will begin December 1, 2014, and continue 
until a suitable candidate (or candidates) 
is found.

Each of these positions begins August 
2015. For more information about these 

BOSTON UNIVERSITY 
Department of Mathematics and 

Statistics 
Tenure-Track Position 

Geometry/Math Physics

The Department of Mathematics and 
Statistics at Boston University invites 
applications for a tenure-track Assistant 
Professor in Geometry and Mathematical 
Physics. Ph.D. required, salary commen-
surate with experience. The position will 
begin in July 2015. Strong commitment 
to research and teaching at the under-
graduate and graduate levels is essential. 
Please submit all materials to mathjobs.
org. Alternatively send a cover letter, cur-
riculum vitae, research statement, teach-
ing statement, and at least four letters of 
recommendation, one of which addresses 
teaching, to Geometry and Mathematical 
Physics Search, Department of Mathemat-
ics and Statistics, Boston University, 111 
Cummington Mall, Boston, MA 02215. Ap-
plication deadline — December 15, 2014. 
We are an Equal Opportunity Employer 
and all qualified applicants will receive 
consideration for employment without 
regard to race, color, religion, sex, national 
origin, disability status, protected veteran 
status, or any other characteristic pro-
tected by law. We are a VEVRAA Federal 
Contractor.

000080

MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 

Department of Mathematics

The Mathematics Department at MIT 
is seeking to fill positions in Pure and 
Applied Mathematics, and Statistics at 
the level of Instructor, Assistant Profes-
sor or higher beginning September 2015. 
Appointments are based primarily on ex-
ceptional research qualifications. Appoin-
tees will be expected to fulfill teaching 
duties and to pursue their own research 
program. Ph.D. required by employment 
start date.

For more information and to apply, 
please visit www.mathjobs.org. To re-
ceive full consideration, submit applica-
tions by December 1, 2014. MIT is an 
Equal Opportunity, Affirmative Action 
Employer.

000044

WILLIAMS COLLEGE  
Department of Mathematics and 

Statistics

The Williams College Department of 
Mathematics and Statistics invites ap-
plications for one tenure-track position 
in mathematics, beginning fall 2015, at 
the rank of assistant professor (in an 
exceptional case, a more advanced ap-
pointment may be considered). We are 
seeking highly qualified candidates who 

is seeking candidates in areas of pure 
mathematics that fit in with the existing 
areas of the department. Preference for 
the Full Professor position will be given 
to candidates in analysis. Applications 
may be submitted online at http://www.
mathjobs.org/jobs/jhu or mailed to: 
Appointments Committee, Department of 
Mathematics, Johns Hopkins University, 
404 Krieger Hall, Baltimore, MD 21218. 
Submit a curriculum vitae, including a 
list of publications. The department will 
assume the responsibility of soliciting 
letters of evaluation and will provide 
evaluators with a summary of policies on 
confidentiality of letters. If you have ques-
tions concerning these positions, please 
write to cpoole@jhu.edu. Applications 
received by October 15, 2014, will be given 
priority. The Johns Hopkins University is 
an Affirmative Action/Equal Opportunity 
Employer. Minorities and women candi-
dates are encouraged to apply

000031

MASSACHUSETTS

BOSTON COLLEGE 
Tenure-Track Positions

The Department of Mathematics at Boston 
College invites applications for tenure-
track positions at the level of Assistant 
Professor beginning in Fall 2015 in Al-
gebraic Geometry, Geometry, Number 
Theory, Representation Theory, Topol-
ogy or any related area. In exceptional 
cases, a higher level appointment may be 
considered. The teaching load for each 
position is three semester courses per 
year. Requirements include a Ph.D. or 
equivalent in mathematics awarded in 
2013 or earlier, a record of very strong 
research combined with outstanding 
research potential, and demonstrated 
excellence in teaching mathematics. A 
completed application should contain 
a cover letter, a description of research 
plans, a statement of teaching philosophy, 
curriculum vitae, and at least four letters 
of recommendation. One or more of the 
letters of recommendation should directly 
comment on the candidate’s teaching cre-
dentials. Applications completed no later 
than November 1, 2014, will be assured 
our fullest consideration. Please submit all 
application materials through MathJobs.
org. Applicants may learn more about 
the department, its faculty and its pro-
grams, and about Boston College at www.
bc.edu/math. Electronic inquiries con-
cerning these positions may be directed to  
math-search@bc.edu. Boston College is 
an Affirmative Action/Equal Opportunity 
Employer. Applications from women, mi-
norities and individuals with disabilities 
are encouraged.
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bership so that each year a wide range of 
mathematics is supported.

Candidates must give evidence of abil-
ity in research comparable at least with 
that expected for the Ph.D. degree, but 
otherwise can be at any career stage. Suc-
cessful candidates will be free to devote 
themselves full time to research.

About half our members will be post-
doctoral researchers within 5 years of 
their Ph.D. We expect to offer some two-
year postdoctoral positions.

Up to eight von Neumann Fellowships 
will be available for each academic year. 
To be eligible for the von Neumann Fel-
lowship, applicants should be at least five, 
but no more than fifteen years following 
the receipt of their Ph.D.

The Veblen Research Instructorship is a 
three-year position in partnership with the 
Department of Mathematics at Princeton 
University. Three-year instructorships 
will be offered each year to candidates 
in pure and applied mathematics who 
have received their Ph.D. within the last 
three years. Usually the first and third 
year of the instructorship will be spent at 
Princeton University and will carry regular 
teaching responsibilities. The second year 
is spent at the Institute and dedicated 
to independent research of the instruc-
tor’s choice. Candidates interested in a 
Veblen Instructorship position may apply 
directly at the IAS website https://ap-
plications.ias.edu or they may apply 
through MathJobs. If they apply at Math-
Jobs, they must also complete the appli-
cation form at https://applications.
ias.edu but do not need to submit a 
second set of reference letters. Those with 
questions about the application procedure 
can email applications@math.ias.edu.

In addition, there are also two-year 
postdoctoral positions in computer sci-
ence and discrete mathematics offered 
jointly with the following institutions: 
The Department of Computer Science 
at Princeton University, http://www.
cs.princeton.edu, DIMACS at Rut-
gers, The State University of New Jersey, 
http://www.dimacs.rutgers.edu or 
the Intractability Center, http://intrac-
tability.princeton.edu. Candidates 
must apply to both the IAS and to the 
other institution indicating their interest 
in a joint appointment.

School term dates for 2015-16 are: 
term I, Monday, September 21 to Friday, 
December 18; term II, Monday, January 11 
to Friday, April 8, 2016. Please note that 
the school’s term II begins and ends one 
week later than the rest of the Institute.

During the 2015-16 academic year, the 
school will have a special program on 
Geometric Structures on 3-Manifolds, and 
Ian Agol of the University of California, 
Berkeley, will be the Distinguished Visit-
ing Professor.

Thurston proposed the classification 
of geometric structures on n-manifolds. 
While the spectacular Geometrization The-
orem classified the geometric structures 

DARTMOUTH COLLEGE 
Department of Mathematics

John Wesley Young Research Instruc-
torships, 2-3 years, new or recent Ph.D. 
graduates whose research overlaps a 
department member’s. Teach 3 ten-week 
courses spread over 3 terms. Appoint-
ment for 26 months, with possible 12 
month renewal; monthly salary of $5,202, 
including two-month research stipend 
for Instructors in residence during 2 of 3 
summer months; if not in residence, sal-
ary adjusted accordingly. To initiate an 
application go to http://www.mathjobs.
org. Position ID: JWY #6021. You can 
also access the application through a link 
at http://www.math.dartmouth.edu/
activities/recruiting/. General in-
quiries can be directed to Tracy Moloney, 
Administrator, Department of Mathemat-
ics, tfmoloney@math.dartmouth.edu. 
Applications completed by January 5, 
2015, considered first. Dartmouth College 
is committed to diversity and strongly 
encourages applications from women and 
minorities.

000062

DARTMOUTH COLLEGE 
Department of Mathematics

The Dartmouth College Department of 
Mathematics is pleased to announce a 
tenure-track opening for the academic 
year 2015-2016. There is a preference for 
a junior appointment, but appointment 
at higher rank, with tenure, is possible. 
The successful applicant will have a re-
search profile with a concentration in 
applied or computational mathemat-
ics. Applicants should apply online at 
http://www.mathjobs.org. Position ID: 
APACM #6024. Applications received by 
December 15, 2014, will receive first con-
sideration. For more information about 
this position, please visit our website: 
http://www.math.dartmouth.edu/ac-
tivities/recruiting/. Dartmouth is 
committed to diversity and encourages 
applications from women and minorities.

000063

NEW JERSEY

INSTITUTE FOR ADVANCED STUDY 
School of Mathematics 

Princeton, NJ

The School of Mathematics at the Insti-
tute for Advanced Study has a limited 
number of memberships with financial 
support for research during the 2015-16 
academic year.

The school frequently sponsors special 
programs. However these programs com-
prise no more than one-third of the mem-

positions and information on how to 
apply for them, please go to: http://www.
math.unl.edu/department/jobs/. The 
University of Nebraska is committed to a 
pluralistic campus community through 
affirmative action, equal opportunity, 
work-life balance and dual careers.

000073

NEW HAMPSHIRE

DARTMOUTH COLLEGE 
Department of Mathematics

Instructorships in Applied and Com-
putational Mathematics, 2-3 years, new 
or recent Ph.D. graduates with research 
interest in applied and computational 
mathematics. Teach 3 ten-week courses 
spread over 3 terms. Appointment for 26 
months, with possible 12 month renewal; 
monthly salary of $5,202 including two-
month research stipend for Instructors in 
residence during 2 of 3 summer months; 
if not in residence, salary adjusted ac-
cordingly. To initiate an application go 
to http://www.mathjobs.org. Position 
ID: IACM #6022. You can also access the 
application through a link at http://
www.math.dartmouth.edu/activi-
ties/recruiting/. General inquiries 
can be directed to Tracy Moloney, Ad-
ministrator, Department of Mathematics: 
email: tfmoloney@math.dartmouth.edu. 
Applications completed by January 5, 
2015, considered first. Dartmouth College 
is committed to diversity and strongly 
encourages applications from women and 
minorities.

000060

DARTMOUTH COLLEGE 
Department of Mathematics

The Department of Mathematics antici-
pates a senior opening with initial ap-
pointment in the 2015-2016 academic 
year. The successful applicant will have 
a research profile with a concentration in 
computational or applied mathematics, 
will be appointed at the level of Full Pro-
fessor and is expected to have an overall 
record of achievement and leadership con-
sonant with such an appointment. Appli-
cants should apply online at http://www.
mathjobs.org. Position ID: PACM #6023. 
Applications received by December 15, 
2014, will receive first consideration. For 
more information about this position, 
please visit our website: http://www.
math.dartmouth.edu/activities/re-
cruiting/. Dartmouth is committed to 
diversity and encourages applications 
from women and minorities.
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electronically through the AMS website 
Mathjobs.org via the link http://www.
mathjobs.org/jobs. Alternatively, ap-
plication materials may be sent to: Faculty 
Hiring Committee, Vanderbilt Univer-
sity, Department of Mathematics, 1326 
Stevenson Center, Nashville, TN 37240. 
These materials should include a cover 
letter, a curriculum vitae, a publication 
list, a description of current and planned 
research, a teaching statement, at least 
four letters of recommendation, and the 
AMS Cover Sheet. One of the letters must 
discuss the applicant’s teaching qualifi-
cations. Reference letter writers should 
be asked to submit their letters online 
through MathJobs.Org. Evaluation of the 
applications will commence on November 
1, 2014, and continue until the position is 
filled. For information about the Depart-
ment of Mathematics at Vanderbilt Uni-
versity, please consult the web at http://
as.vanderbilt.edu/math/.

Vanderbilt is an Equal Employment Op-
portunity/Affirmative Action Employer.

000058

UTAH

UNIVERSITY OF UTAH 
Department of Mathematics 

Hiring Ad 2014-2015

The Department of Mathematics at the 
University of Utah invites applications for 
the following faculty positions:

• Several full-time tenure-track or ten-
ured appointments at the level of As-
sistant, Associate, or Full Professor in all 
areas of mathematics and statistics.

• Three-year Wylie, Burgess and Tucker 
Assistant Professor Lecturer positions.

• Three-year RTG postdoctoral fellows 
in Algebraic Geometry and Topology.

• Three-year RTG postdoctoral fellows 
in Mathematical Biology.

Applications for all positions must be 
completed through the website http://
www.mathjobs.org/jobs/Utah, and will 
be accepted until the position(s) have been 
filled. All applications will be reviewed 
when they are complete.

The University of Utah is an Affirmative 
Action/Equal Opportunity Employer and 
is committed to diversity in its workforce. 
In compliance with applicable federal and 
state laws, University of Utah policy of 
equal employment opportunity prohibits 
discrimination on the basis of race or eth-
nicity, religion, color, national origin, sex, 
age, sexual orientation, gender identity/
expression, veteran’s status, status as a 
qualified person with a disability, or ge-
netic information. Individuals from histor-
ically underrepresented groups, such as 
minorities, women, qualified persons with 
disabilities, and protected veterans are 
strongly encouraged to apply. Veterans’ 
preference is extended to qualified appli-
cants, upon request and consistent with 
university policy and state law. Reasonable 

ASSISTANT PROFESSORSHIP: These are 
three-year nonrenewable positions. Sub-
ject to availability of funding, the depart-
ment expects one open position of each 
type. The Hill Assistant Professorship and 
Harold H. Martin Postdoctoral Fellowship 
carry a reduced teaching load of 2-1 for 
research; candidates should have received 
a Ph.D., show outstanding promise of 
research ability in pure or applied math-
ematics, and have a concern for teaching. 
The Non-Tenure-Track Assistant Profes-
sorship carries a teaching load of 2-2; can-
didates should have received a Ph.D., show 
evidence of superior teaching accomplish-
ments, and promise of research ability. 
Review of applications begins December 1, 
2014. Applicants for the above positions 
should submit a curriculum vitae (includ-
ing a publication list) and arrange for four 
letters of reference to be submitted, one 
of which evaluates teaching. Applicants 
should first go to the website https://
www.mathjobs.org/jobs and fill out the 
AMS Cover Sheet electronically. It is essen-
tial to fill out the cover sheet completely, 
including naming the positions being ap-
plied for (TAP, TTAP, HILL, MPF, NTTAP, 
respectively) giving the AMS Subject Clas-
sification number(s) of area(s) of spe-
cialization, and answering the question 
about how materials are being submitted. 
The strongly preferred way to submit the 
CV, references, and any other application 
materials is online at: https://www.
mathjobs.org/jobs. If necessary, how-
ever, application materials may instead 
be mailed to: Search Committee, Dept. 
of Math., Hill Center, Rutgers University, 
110 Frelinghuysen Road, Piscataway, NJ 
08854-8019. Review of applications will 
begin on the dates indicated above, and 
will continue until openings are filled. 
Updates on these positions will appear 
on the Rutgers Mathematics Department 
webpage at: http://www.math.rutgers.
edu. Rutgers is an Affirmative Action/
Equal Opportunity Employer.

000053

TENNESSEE

VANDERBILT UNIVERSITY 
Nashville, Tennessee 

Tenure-Track Faculty Position

The Department of Mathematics at 
Vanderbilt University invites applications 
for a tenure-track position (Assistant Pro-
fessor) beginning fall 2015. Exceptional 
candidates from any area of pure or 
applied mathematics are encouraged to 
apply, but priority will be given to appli-
cants in one of the research areas of the 
department. The department especially 
encourages applications from women and 
minorities.

We are looking for individuals with an 
outstanding record in research and dem-
onstrated excellence in teaching. A Ph.D. 
degree is required. Qualified candidates 
should submit their application materials 

on 3-manifolds with compact iso- 
tropy group, i.e., locally homogeneous 
Riemannian metrics, there is a cornucopia 
of other fascinating structures such as 
contact structures, foliations, conformally 
flat metrics and locally homogeneous 
(pseudo-) Riemannian metrics.

The goal of this program is to inves-
tigate these other geometric structures 
on 3-manifolds and to discover connec-
tions between them. Additionally, it is 
important to forge connections between 
geometric structures on 3-manifolds and 
other geometric constructs such as gauge 
theory, PD (3) groups, minimal surfaces, 
cube complexes, geometric structures on 
bundles over 3-manifolds, and strength-
ened structures such as taut foliations, 
tight contact structures pA flows, convex 
projective structures and quasi-geodesic 
foliations. Many of these do not even 
have a conjectural classification (in terms 
of topological restrictions and moduli), 
and specific examples are still being con-
structed.

The Institute for Advanced Study is 
committed to diversity and strongly en-
courages applications from women and 
minorities.

Application deadline is December 1.
000033

RUTGERS UNIVERSITY-NEW BRUNSWICK 
Mathematics Department

The Mathematics Department of Rut-
gers University-New Brunswick invites 
applications for the following positions 
which may be available September 2015.

TENURED ASSOCIATE/FULL PROFES-
SORSHIP: Subject to availability of fund-
ing, the department expects an opening at 
the level of tenured Associate Professor 
or tenured Full Professor in Numerical 
Analysis/Scientific Computation. Candi-
dates must have a Ph.D. and show a strong 
record of research accomplishments, and 
have a concern for teaching. The normal 
annual teaching load for research-active 
faculty is 2-1, that is, two courses for one 
semester, plus one course for the other 
semester. Review of applications begins 
immediately.

TENURE-TRACK ASSISTANT/TEN-
URED ASSOCIATE PROFESSORSHIP: 
Subject to availability of funding, the de-
partment expects an opening at the level 
of tenure-track Assistant Professor or ten-
ured Associate Professor in Mathematical 
Finance/ Stochastic Analysis. Candidates 
must have a Ph.D. and show a strong re-
cord of research accomplishments, and 
have a concern for teaching. The normal 
annual teaching load for research-active 
faculty is 2-1, that is, two courses for one 
semester, plus one course for the other 
semester. Review of applications begins 
immediately.

HILL ASSISTANT PROFESSORSHIP, 
HAROLD H. MARTIN POSTDOCTORAL 
FELLOWSHIP, and NON-TENURE-TRACK 

http://www.math.rutgers.edu
http://www.math.rutgers.edu
http://as.vanderbilt.edu/math/
http://as.vanderbilt.edu/math/
http://www.mathjobs.org/jobs/Utah
http://www.mathjobs.org/jobs/Utah
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September 2015. These positions are 
intended for a new or recent Ph.D. with 
outstanding potential in research. The 
duration of the position is one year, with 
the possibility of extension.

The approximate yearly salary will be of 
USD $32,000 plus USD $2,500 for moving 
expenses. Succesfull applicants will be 
required to apply to the chilean national 
grant system.

Applications must include a cover letter, 
description of research plans, curriculum 
vitae, and three or more letters of recom-
mendation. The application deadline date 
is December 12, 2014. Application materi-
als should be sent to:

Alejandro Ramirez 
Facultad de Matematicas 
Pontificia Universidad Catolica de 
Chile 
Av. Vicuña Mackenna 4860, 
Macul, Santiago 
fax: [56](2)25525916 
email: aramirez@mat.puc.cl

000023

SINGAPORE

NATIONAL UNIVERSITY OF SINGAPORE 
(NUS) 

Department of Mathematics

The Department of Mathematics at the 
National University of Singapore (NUS) 
invites applications for tenured, tenure-
track and visiting positions at all levels, 
beginning in August 2015.

NUS is a research intensive university 
that provides quality undergraduate and 
graduate education. The Department of 
Mathematics has about 65 faculty mem-
bers and teaching staff whose expertise 
cover major areas of contemporary math-
ematical research.

We seek promising scholars and estab-
lished mathematicians with outstanding 
track records in any field of pure and 
applied mathematics. The department, 
housed in a newly renovated building 
equipped with state-of-the-art facilities, 
offers internationally competitive salary 
with start-up research grants, as well as an 
environment conducive to active research, 
with ample opportunities for career de-
velopment. The teaching load for junior 
faculty is kept especially light.

The department is particularly inter-
ested in, but not restricted to, consider-
ing applicants specializing in any of the 
following areas:

• Partial Differential Equations and 
Applied Analysis 
• Computational Science, Imaging 
and Data Science  
• Operations Research and Financial 
Mathematics  

supporting materials to be submitted 
electronically via http://www.mathjobs.
org. Application materials may also be 
mailed to: Appointments Committee Chair 
(AP position), Department of Mathematics, 
Box 354350, University of Washington, 
Seattle, WA 98195-4350. Priority will be 
given to applicants whose complete ap-
plications, including recommendations, 
are received by December 1, 2014.

University of Washington is an Affir-
mative Action and Equal Opportunity 
Employer. All qualified applicants will 
receive consideration for employment 
without regard to, among other things, 
race, religion, color, national origin, sex, 
age, status as protected veterans, or status 
as qualified individuals with disabilities. 
University of Washington faculty engage 
in teaching, research, and service.

000070

BEIRUT

AMERICAN UNIVERSITY OF BEIRUT 
Department of Mathematics

The Department of Mathematics at the 
American University of Beirut invites 
applications for positions in mathemat-
ics at the Assistant Professor level. Em-
ployment will begin September 1, 2015. 
Visiting appointments at other ranks 
may be possible. Only applicants holding 
a Ph.D. in mathematics, statistics or ap-
plied mathematics and showing a strong 
commitment to teaching and research 
will be considered. All interested appli-
cants should send a letter of application 
with a current CV, research and teaching 
statements, and arrange for three letters 
of reference. Electronic submissions are 
preferred and may be sent to: as_dean@
aub.edu.lb or can be sent through 
the mathjobs website at http://www. 
mathjobs.org. The deadline for appli-
cations is December 1, 2014. For more 
information visit http://www.aub.edu.
lb/fas.

Applicants should indicate whether 
they are planning to attend the AMS–MAA 
Joint Mathematics Meetings on January 
10–13, 2015, in San Antonio, Texas.

The American University of Beirut is an 
Equal Opportunity Employer.

000071

CHILE

PONTIFICIA UNIVERSIDAD CATOLICA 
DE CHILE 

Departments of Mathematics and 
Statistics

The Departments of Mathematics and 
Statistics of the Pontificia Universidad 
Catolica de Chile invite applications for 
two postdoctoral positions, one in Math-
ematics and the other in Statistics, start-
ing at any date between May 2015 and 

accommodations in the application pro-
cess will be provided to qualified individu-
als with disabilities. To request an accom-
modation or for further information about 
University AA/EO policies, please contact 
the Office of Equal Opportunity and Af-
firmative Action, 201 S. Presidents Cr., Rm 
135, (801) 581-8365 (V/TDD), email: oeo@
umail.utah.edu. For more information 
see http://www.math.utah.edu/posi-
tions or e-mail hiring@math.utah.edu.

000076

WASHINGTON

UNIVERSITY OF WASHINGTON 
Department of Mathematics

Applications are invited for a non-tenure-
track Acting Assistant Professor position. 
The appointment is for a period of up to 
three years to begin in September 2015. 
Applicants are required to have a Ph.D. 
by the starting date, and to be highly 
qualified for undergraduate and gradu-
ate teaching and independent research. 
Applications should include the Ameri-
can Mathematical Society’s Cover Sheet 
for Academic Employment, a curriculum 
vitae, statements of research and teach-
ing interests, and three letters of recom-
mendation. We prefer applications and 
supporting materials to be submitted 
electronically via http://www.mathjobs.
org. Application materials may also be 
mailed to: Appointments Committee Chair 
(AAP position), Department of Mathemat-
ics, Box 354350, University of Washington, 
Seattle, WA 98195-4350. Priority will be 
given to applicants whose complete appli-
cations, including recommendations, are 
received by December 1, 2014. University 
of Washington is an Affirmative Action 
and Equal Opportunity Employer. All 
qualified applicants will receive consid-
eration for employment without regard 
to, among other things, race, religion, 
color, national origin, sex, age, status as 
protected veterans, or status as qualified 
individuals with disabilities.

000056

UNIVERSITY OF WASHINGTON 
Department of Mathematics

Applications are invited for a full-time 
tenure-track Assistant or Associate Pro-
fessor position at the Department of Math-
ematics of the University of Washington, 
to begin in September 2015. Applicants 
are required to have a Ph.D., and an es-
tablished research record in mathemat-
ics. Duties include undergraduate and 
graduate teaching, independent research, 
and service.

Applications should include the Ameri-
can Mathematical Society’s Cover Sheet 
for Academic Employment, a curriculum 
vitae, statements of research and teach-
ing interests, and three letters of recom-
mendation. We prefer applications and 

http://www.math.utah.edu/positions
http://www.math.utah.edu/positions
http://www.aub.edu.lb/fas
http://www.aub.edu.lb/fas


BOOKS FOR SALE

Books for sale on amazon.com.

A. J. Jerri: 1. Intro to Integral Equations 
with Applications, 2. Introduction to Wave-
lets (Both with Students Solutions Manu-
als), and 3. Advances in the Gibbs Phe-
nomenon.

000074

PUBLICATIONS FOR SALE

FUNDAMENTALS OF STATISTICS 
AND PROBABILITY THEORY

A Tutorial Approach has significantly 
raised the ability of students to learn. 
Details: http://www.StatsTutorial-
Text.com.

000049
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• Probability  
• Combinatorics

Application materials (as PDF files) should 
be sent to the Search Committee via email 
search@math.nus.edu.sg.

Please include the following supporting 
documentation in the application:

1. NUS Personal Data Consent for Job 
Applicants 
http://www.nus.edu.sg/careers/
potentialhires/application-
process/NUS-Personal-Data-Con-
sent-for-Job-Applicants.pdf; 
2. an American Mathematical Society 
Standard Cover Sheet; 
3. a detailed CV including publica-
tions list; 
4. a statement (max. of 3 pages) of 
research accomplishments and 
plan; 
5. a statement (max. of 2 pages) of 
teaching philosophy and 
methodology. Please attach evalua-
tion on teaching from faculty 
members or students of your current 
institution, where applicable; 
6. at least three letters of recommen-
dation including one which 
indicates the candidate’s effective-
ness and commitment in teaching.

Please ask your referees to send their 
letters directly to search@math.nus.
edu.sg.

Enquiries may also be sent to this email 
address. Review process will begin on 15 
October, and will continue until positions 
are filled.

For further information about the de-
partment, please visit http://www.math.
nus.edu.sg.

000066

TAIWAN

TAIWAN 
National Central University 
Department of Mathematics

The Department of Mathematics invites 
applications for the following positions: 
Regular positions at all levels and visit-
ing positions (for a period of up to two 
years) at the level of assistant professor. 
All application materials should be sent 
to department via email (as pdf files) to: 
ncu5100@ncu.edu.tw or mail to: Chair, 
Department of Mathematics National 
Central University No. 300, Jhongda Rd., 
Jhongli City, Taoyuan County 32001 Tai-
wan (R.O.C.) Please include the following 
supporting documentation in the applica-
tion: 1. Cover letter; 2. Curriculum Vitae; 3. 
Publication List; 4. Three recommendation 
Letters (submitted directly by writers). In 
order to ensure full consideration, appli-
cations should be received by December 
20, 2014. For more information, visit: 
http://www.math.ncu.edu.tw.

000059

http://www.math.nus.edu.sg
http://www.math.nus.edu.sg
http://www.math.ncu.edu.tw
http://www.StatsTutorialText.com
http://www.StatsTutorialText.com
http://www.ams.org/publications/newpubsnotification.html
http://www.ams.org/publications/newpubsnotification.html
http://www.ams.org/bookstore
http://www.nus.edu.sg/careers/potentialhires/applicationprocess/NUS-Personal-Data-Consent-for-Job-Applicants.pdf
http://www.nus.edu.sg/careers/potentialhires/applicationprocess/NUS-Personal-Data-Consent-for-Job-Applicants.pdf
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2015 Summer 
Research Institute on 
Algebraic Geometry
University of Utah
Salt Lake City, Utah
July 13–31, 2015
The forty-fifth Summer Research Institute, sponsored 
by the American Mathematical Society and organized in 
collaboration with the Clay Mathematics Institute, will 
be devoted to algebraic geometry and will be held at the 
University of Utah, Salt Lake City, Utah, July 13–31, 2015.  
The members of the Organizing Committee are Tommaso 
de Fernex, University of Utah; Brendan Hassett, Rice Uni-
versity; Mircea Mustata, University of Michigan; Martin 
Olsson, Northwestern University; and Richard Thomas, Im-
perial College. The ex-officio organizers are Ellen Maycock, 
AMS, and Nick Woodhouse, Clay Mathematics Institute.

The goal of the three-week institute is to review major 
achievements in and around algebraic geometry in the 
past decade, and bring the attendants to the forefront 
of the relevant subjects. The three weeks will be roughly 
focused respectively on

—analytic methods, birational geometry and classification, 
commutative algebra and computational geometry, Hodge 
theory, singularities, and characteristic p methods.

—derived algebraic geometry, derived categories, geomet-
ric representation theory, Gromov-Witten and Donaldson-
Thomas theories, mirror symmetry, tropical geometry.

—algebraic cycles, cohomology theories, p-adic Hodge 
theory, rational points and Diophantine problems, topol-
ogy of algebraic varieties.

The institute will be generally modeled on the 2005 
Summer Research Institute held at the University of Wash-
ington, Seattle, Washington, with plenary lecture series 
in the mornings, and seminar series in the afternoons. 
The plenary speakers will be Tom Bridgeland, University 
of Sheffield; Serge Cantat, Université de Rennes I; Simon 
Donaldson, Imperial College London/Simons Center for 
Geometry and Physics at Stony Brook; Hélène Esnault, 
Freie Universität Berlin; Mark Gross, Cambridge University; 
Christopher Hacon, University of Utah; Maxim Kontsevich, 
IHES; Jacob Lurie, Harvard University; James McKeman, 
University of California at San Diego; Bao Châu Ngô, 
University of Chicago; Andrei Okounkov, Columbia Uni-
versity; Rahul Pandharipande, ETH Zurich; Peter Scholze, 

Universität Bonn; Claire Voisin, l’École Polytechnique; and 
Souh-Wu Zhang, Princeton University.

It is anticipated that the institute will be partially 
funded by a combination of grants from the NSF, NSA, and 
AMS. Support will primarily be given for travel and subsis-
tence to young researchers, women, minorities, and other 
underrepresented groups. Other participants who wish 
to apply for support funds should so indicate; however, 
available funds are limited, and individuals who can ob-
tain support from other sources are encouraged to do so. 
Funding is contingent upon the grants mentioned above.

If you are interested in participating, please go to 
the institute webpage, https://sites.google.com/
site/2015summerinstitute/ for details on how to 
apply.

There will be a graduate student boot camp during the 
preceding week, July 6–10. For details please visit http://
www.math.utah.edu/~defernex/Bootcamp2015/home.
html.

Questions concerning the scientific program 
should be addressed to the organizers at algebraic. 
geometry.2015@gmail.com.  Questions of a nonscientific 
nature should be directed to the Summer Research Insti-
tute coordinator, Andrew Annis, aba@ams.org.

Conferences
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Halifax, Canada
Dalhousie University

October 18–19, 2014
Saturday – Sunday

Meeting #1103
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: August 2014
Program first available on AMS website: September 5, 2014
Program issue of electronic Notices: October 2014
Issue of Abstracts: Volume 35, Issue 3

Deadlines
For organizers: Expired
For abstracts: Expired

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
François Bergeron, Université du Québec à Montréal, 

Algebraic combinatorics and finite reflection groups.
Sourav Chatterjee, Stanford University, Nonlinear large 

deviations.
William M. Goldman, University of Maryland, Moduli 

spaces and the classification of geometric structures on 
manifolds.

Sujatha Ramdorai, University of British Columbia, Ga-
lois representations and Iwasawa theory.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Advances in Harmonic Analysis and Partial Differential 
Equations, I, David Cruz-Uribe, Trinity College, and Scott 
Rodney, Cape Breton University.

Combinatorial Representation Theory, Cristina Ballan-
tine, College of the Holy Cross, Rosa Orellana, Dartmouth 
College, and Mercedes Rosas, Universidad de Sevilla.

Commutative Algebra and Its Interactions with Alge-
braic Geometry, Susan Marie Cooper, North Dakota State 
University, Sara Faridi, Dalhousie University, and William 
Traves, U.S. Naval Academy.

Differential Geometry and Mathematical Physics, I, 
Virginie Charette, Université de Sherbrooke, and Karin 
Melnick, University of Maryland.

Experimental Mathematics in Number Theory, Analysis, 
and Combinatorics, Marc Chamberland, Grinnell College, 
and Karl Dilcher, Dalhousie University.

Games on Graphs, Jason Brown and Jeannette Janssen, 
Dalhousie University.

General Relativity, Jack Gegenberg, University of New 
Brunswick.

Generalized Catalan Algebraic Combinatorics, Fran-
çois Bergeron and Franco Saliola, Université du Québec 

Meetings & Conferences 
of the AMS

IMPORTANT INFORMATION REGARDING MEETINGS PROGRAMS: AMS Sectional Meeting programs do not appear 
in the print version of the Notices.  However, comprehensive and continually updated meeting and program information 
with links to the abstract for each talk can be found on  the AMS website.  See http://www.ams.org/meetings/.  Final 
programs for Sectional Meetings will be archived on the AMS website accessible from the stated URL and in an electronic 
issue of the Notices as noted below for each meeting.

http://www.ams.org/meetings/
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Meetings & Conferences

à Montréal, Hugh Thomas, University of New Brunswick, 
and Nathan Williams, Université du Québec à Montréal.

Hopf Algebras, Yuri Bahturin, Memorial University of 
New Foundland, Margaret Beattie, Mount Allison Univer-
sity, and Mitja Mastnak, Saint Mary’s University.

New Directions in Category Theory, Pieter Hofstra, 
University of Ottawa, and Dorette Pronk, Dalhousie Uni-
versity.

Sampling Theory, John J. Benedetto, University of 
Maryland, Jean-Pierre Gabardo, McMaster University, and 
Ozgur Yilmaz, University of British Columbia.

Special Functions and Their Applications, Mourad E. H. 
Ismail, University of Central Florida, and Nasser Saad, 
University of Prince Edward Island.

Symbolic Dynamics and Combinatorics on Words, 
Srecko Brlek, Université du Québec à Montréal, and Reem 
Yassawi, Trent University.

p-adic Methods in Arithmetic, Henri Darmon, McGill 
University, Adrian Iovita, Concordia University, and Su-
jatha Ramdorai, University of British Columbia.

San Francisco, 
California
San Francisco State University

October 25–26, 2014
Saturday – Sunday

Meeting #1104
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2014
Program first available on AMS website: September 11, 

2014
Program issue of electronic Notices: October 2014
Issue of Abstracts: Volume 35, Issue 4

Deadlines
For organizers: Expired
For abstracts: Expired

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Kai Behrend, University of British Columbia, Vancou-

ver, Canada, The virtual fundamental class and “derived” 
symplectic geometry.

Kiran S. Kedlaya, University of California, San Diego, 
A brief history of perfectoid spaces.

Julia Pevtsova, University of Washington, Applications 
of Geometry to Modular Representation Theory.

Jim Simons, Euclidean Capital, Mathematics, common 
sense, and good luck.

Burt Totaro, University of California, Los Angeles, The 
fundamental group of an algebraic variety, and hyperbolic 
complex manifolds.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Algebraic Geometry, Renzo Cavalieri, Colorado State 
University, Noah Giansiracusa, University of California, 
Berkeley, and Burt Totaro, University of California, Los 
Angeles.

Algebraic Statistics, Elizabeth Gross, San Jose State 
University, and Kaie Kubjas, Aalto University.

Applications of Knot Theory to the Entanglement of Bio-
polymers, Javier Arsuaga, San Francisco State University, 
Michael Szafron, University of Saskatchewan, and Mariel 
Vazquez, San Francisco State University.

Categorical Methods in Representation Theory, Eric 
Friedlander, University of Southern California, Srikanth 
Iyengar, University of Utah, and Julia Pevtsova, University 
of Washington.

Combinatorics and Algebraic Geometry, Madhusudan 
Manjunath, University of California, Berkeley, and Farbod 
Shokrieh, Cornell University.

Computational Algebraic Geometry and Applications 
to Science and Engineering, Daniel Brake and Dhagash 
Mehta, North Carolina State University, Raleigh.

Developments from MSRI Programs in Commutative 
Algebra and Noncommutative Algebraic Geometry and 
Representation Theory, Kenneth Chan, University of Wash-
ington, and Jack Jeffries, University of Utah.

Geometry of Submanifolds, Yun Myung Oh, Andrews 
University, Bogdan D. Suceava, California State University, 
Fullerton, and Mihaela B. Vajiac, Chapman University.

Hamiltonian Partial Differential Equations, Marius 
Beceanu, University of California, Berkeley, Magdalena 
Czubak, Binghamton University, Dong Li, University of 
British Columbia, and Xiaoyi Zhang, University of Iowa.

High-Dimensional Convexity and Applications, Luis 
Rademacher, Ohio State University, Stanislaw Szarek, 
Case Western Reserve University and Université Pierre et 
Marie Curie-Paris 6, and Elisabeth Werner, Case Western 
Reserve University, Université de Lille 1, UFR de Mathé-
matique.

Homotopy Theory, Julie Bergner, University of Califor-
nia, Riverside, and Angélica Osorno, Reed College.

Interactions between Knots and Manifolds, Stanislav 
Jabuka and Swatee Naik, University of Nevada, Reno, and 
Cornelia Van Cott, University of San Francisco.

Nonlinear Partial Differential Equations, Nathan Glatt-
Holtz, Virginia Tech, Geordie Richards, University of 
Rochester, and Vlad Vicol, Princeton University.

Polyhedral Number Theory, Matthias Beck, San Fran-
cisco State University, Martin Henk, Universität Mag-
deburg, and Joseph Gubeladze, San Francisco State 
University.



November 2014  Notices of the Ams   1293

Meetings & Conferences

Probabilistic and Statistical Problems in Stochastic 
Dynamics, Alexandra Piryatinska, San Francisco State 
University.

Recent Progress in Geometric Analysis, David Bao, San 
Francisco State University, and Ovidiu Munteanu, Univer-
sity of Connecticut.

Recent Progress in Harmonic Analysis and Several 
Complex Variables, Gustavo Hoepfner and Paulo Liboni, 
Universidade Federal de São Carlos, and Irina Mitrea, 
Temple University.

Topological Combinatorics and Combinatorial Com-
mutative Algebra, Anton Dochtermann, University of 
Miami, Augustine O’Keefe, University of Kentucky, and 
Alexander Engstrom, Aalto University.

Greensboro, North 
Carolina
University of North Carolina at Greens-
boro

November 8–9, 2014
Saturday – Sunday

Meeting #1105
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: August 2014
Program first available on AMS website: September 25, 

2014
Program issue of electronic Notices: November 2014
Issue of Abstracts: Volume 35, Issue 4

Deadlines
For organizers: Expired
For abstracts: Expired

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Susanne C. Brenner, Louisiana State University, Novel 

finite element methods for optimal control problems with 
PDE constraints.

Skip Garibaldi, Emory University, E8 and other excep-
tional groups.

Stavros Garoufalidis, Georgia Institute of Technology, 
Knots and q-series.

James Sneyd, University of Auckland, The dynamics 
of calcium: Oscillations, waves, theories, and experiments 
(AMS-NZMS Maclaurin Lecture).

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the 

abstract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Algebraic Structures Motivated by Knot Theory, Jozef 
H. Przytycki, George Washington University, and Radmila 
Sazdanovic, North Carolina State University.

Algorithms for Local Fields, Chad Awtrey, Elon Univer-
sity, and Sebastian Pauli, University of North Carolina at 
Greensboro.

Automorphic Forms and Related Topics, Matthew 
Boylan, University of South Carolina, Jayce Getz, Duke 
University, and Dan Yasaki, University of North Carolina 
at Greensboro.

Connections in Number Theory, Joseph Vandehey, 
University of Georgia.

Difference Equations and Applications, Michael A. 
Radin, Rochester Institute of Technology, and Youssef 
Raffoul, University of Dayton.

Discontinuous Galerkin Finite Element Methods, Susanne 
C. Brenner and Joscha Gedicke, Louisiana State Univer-
sity, and Thomas Lewis, University of North Carolina at 
Greensboro.

Discrete Structures in Classical Geometries, Philip L. 
Bowers, Florida State University.

Exceptional Groups in Physics, Algebra, and Geometry, 
Asher Auel, Yale University, Anthony Ruozzi, Emory 
University, and George McNinch, Tufts University.

Galois Theory and Its Interactions with Algebra and 
Number Theory, Chad Awtrey, Elon University, and Mi-
chael Bush, Washington and Lee University.

Geometric Analysis, Hubert Bray, Duke University, and 
Andrew Cooper, North Carolina State University.

Geometry and Combinatorics on Homogeneous Spaces, 
Leonardo C. Mihalcea, Virginia Tech University, and Rich-
ard Rimanyi, University of North Carolina Chapel Hill.

Knot Theory and Its Applications, Elizabeth Denne, 
Washington & Lee University, and Laura Taalman, James 
Madison University.

Mirror Symmetry, Matthew Ballard, University of South 
Carolina, and David Favero, University of Alberta.

Movement in Mathematical Biology, Jonathan T. Rowell 
and Jan Rychtar, University of North Carolina at Greens-
boro.

Multiple Combinatorial Numbers and Associated Identi-
ties, Hasan Coskun, Texas A&M University Commerce.

Nonlinear Boundary Value Problems, Maya Chhetri, 
University of North Carolina at Greensboro, and Stephen 
Robinson, Wake Forest University.

Partial Differential Equations Related to Fluids, 
Dhanapati Adhikari, Marywood University.

Recent Advances in Numerical Methods for Fluid Flow 
Problems, Leo Rebholz, Clemson University, and Zhu 
Wang, University of South Carolina.

Recent Developments in Graph Theory and Hypergraph 
Theory, David Galvin, University of Notre Dame, and Clif-
ford Smyth, University of North Carolina at Greensboro.

Set Theoretic Topology, Peter J. Nyikos, University of 
South Carolina, and Jerry Vaughan, University of North 
Carolina at Greensboro.
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San Antonio, Texas
Henry B. Gonzalez Convention Center and 
Grand Hyatt San Antonio

January 10–13, 2015
Saturday – Tuesday

Meeting #1106
Joint Mathematics Meetings, including the 121st Annual 
Meeting of the AMS, 98th Annual Meeting of the Math-
ematical Association of America (MAA), annual meetings 
of the Association for Women in Mathematics (AWM) and 
the National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic (ASL), 
with sessions contributed by the Society for Industrial and 
Applied Mathematics (SIAM).
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: October 2014
Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2015
Issue of Abstracts: Volume 36, Issue 1

Deadlines
For organizers: Expired
For abstracts: Expired

MAA Program Updates

MAA Ancillary Workshop

Teaching the Statistical Investigation Process with Ran-
domization-Based Inference, presented by Nathan Tintle, 
Beth Chance, Christopher Malone, and Allan Rossman, 
Friday, 9:00 a.m. to 4:00 p.m. This full day workshop is 
intended for faculty members who have experience with 
or soon will be teaching introductory statistics. The goals 
of this workshop are to help participants to revise their 
introductory statistics course in two ways:

1. Using randomization-based methods, as opposed to 
methods based on the normal distribution, to introduce 
concepts of statistical inference, and

2. Emphasizing the overarching process of conducting 
statistical investigations, from formulating a question and 
collecting data through exploring data and drawing infer-
ences to communicating results, throughout the course.

The workshop will provide direct experience with 
hands-on activities designed to introduce students to 
fundamental concepts of inference using randomization-
based methods. The learning activities involve using 
freely available applets to explore concepts and analyze 
real data from genuine research studies. The presenters 
will also offer implementation and assessment sugges-
tions during these activity-based sessions and discussion 
sessions based on the experiences of the presenters with 
randomization-based curricula in their own classrooms. 
More information about some of the materials on which 
this workshop is based can be found at www.math.hope.
edu/isi.

Social Events
The Project NExT Reception which takes place on Monday 
evening is organized by Julia Barnes, Western Carolina 
University; Alissa Crans, Loyola Marymount University; 
Matthew deLong, Taylor University; David Kung, St. 
Mary’s University; and Anthony Tongen, James Madison 
University.

Washington, District 
of Columbia
Georgetown University

March 7–8, 2015
Saturday – Sunday

Meeting #1107
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: January 2015
Program first available on AMS website: To be announced
Program issue of electronic Notices: March 2015
Issue of Abstracts: Volume 36, Issue 2

Deadlines
For organizers: Expired
For abstracts: January 20, 2015

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Frederico Rodriguez Hertz, Pennsylvania State Univer-

sity, Title to be announced.
Nancy Hingston, The College of New Jersey, Title to 

be announced.
Simon Tavaré, Cambridge University, Title to be an-

nounced (Einstein Public Lecture in Mathematics).
Yitang Zhang, University of New Hampshire, Title to 

be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Algebra and Representation Theory (Code: SS 13A), Ela 
Celikbas and Olgur Celikbas, University of Connecticut, 
and Frank Moore, Wake Forest University.

Algebraic Structures Motivated by and Applied to 
Knot Theory (Code: SS 18A), Jozef H. Przytycki, George 
Washington University, and Radmilla Sazdanovic, North 
Carolina State University.
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Asymptotic Problems for Stochastic Processes and PDEs 
(Code: SS 19A), Sandra Cerrai, Dmitry Dolgopyat, Mark 
Freidlin, and Leonid Koralov, University of Maryland.

Bases and Frames in Hilbert Spaces and Applications  
(Code: SS 26A), Laura De Carli, Florida International 
University.

Characterizing Uncertainty for Modeling Physical Pro-
cesses (Code: SS 21A), Ali Arab, Georgetown University.

Closure Operations in Commutative Algebra (Code: SS 
28A), Neil Epstein, George Mason University, and Lance 
Edward Miller, University of Arkansas.

Computable Structure Theory (Code: SS 8A), Rumen 
Dimitrov, Western Illinois University, Valentina Hariza-
nov, George Washington University, and Russell Miller, 
Queens College and Graduate Center, City University of 
New York.

Conceptual Mathematical Models in Climate Science 
(Code: SS 5A), Hans Engler and Hans Kaper, Georgetown 
University.

Convexity and Combinatorics (Code: SS 9A), Jim Law-
rence and Valeriu Soltan, George Mason University.

Crossing Numbers of Graphs (Code: SS 3A), Paul Kainen, 
Georgetown University.

Data Assimilation: Recent Progress in Theory, Methods 
and Applications (Code: SS 23A), Evelyn M. Lunasin and 
Reza Malek-Madani, United States Naval Academy.

Difference Equations and Applications (Code: SS 32A), 
Michael Radin, Rochester Institute of Technology, and 
Steven J. Miller, Williams College.

Dynamical Systems Models of Physiological Processes 
(Code: SS 27A), Paula Grajdeanu, Shenandoah University, 
and Talitha Washington and Abdul-Aziz Yakubu, Howard 
University.

Geometric Structures on Low-Dimensional Manifolds 
and their Invariants (Code: SS 24A), Cagatay Kutluhan, 
University at Buffalo, and Thomas E. Mark and Bulent 
Tosun, University of Virginia.

History and Philosophy of Mathematics (Code: SS 15A), 
V. Frederick Rickey, West Point Military Academy, and 
James J. Tattersall, Providence College.

Inverse Problems for Non-destructive Testing (Code: SS 
22A), Nicolas Valdivia, Naval Research Laboratory.

Iterated Integrals and Applications (Code: SS 12A), Ivan 
Horozov, Washington University in St. Louis.

Mathematical Fluid Dynamics and Turbulence (Code: SS 
17A), Zachary Bradshaw, University of British Columbia, 
Aseel Farhat, Indiana University, and Michele Coti Zelati, 
University of Maryland.

Nonlinear Partial Differential Equations in Sciences and 
Engineering (Code: SS 16A), Lorena Bociu, North Carolina 
State University, Ciprian Gal, Florida International Uni-
versity, and Daniel Toundykov, University of Nebraska.

Nonlinear Dispersive and Wave Equations with Ap-
plications to Fluids. (Code: SS 14A), Pierre Germain and 
Zaher Hani, New York University, and Benoit Pausader, 
Princeton University.

Number Theory in Ergodic Theory and Dynamical 
Systems (Code: SS 29A), Joe Herning, Northern Virginia 
Community College, Erblin Mehmetaj, George Washington 
University and Georgetown University, E. Arthur Robin-

son Jr., George Washington University, and Tyler White, 
Northern Virginia Community College.

Operator Theory on Analytic Function Spaces (Code: SS 
11A), Robert F. Allen, University of Wisconsin, La Cross, 
and Flavia Colonna, George Mason University.

Optimization Theory, Algorithms and Applications 
(Code: SS 20A), Olga Brezhneva, Miami University, Oxford, 
OH, and Igor Griva, George Mason University.

Patterns in Permutations and Words (Code: SS 30A), 
Alexander Burstein, Howard University.

Qualitative Behavior of Solutions of Partial Differential 
Equations (Code: SS 7A), Junping Shi, College of William 
and Mary, and Jiuyi Zhu, John Hopkins University.

Quantum Algebras, Representations, and Categorifi-
cations (Code: SS 2A), Sean Clark and Weiqiang Wang, 
University of Virginia.

Singularities: Algebraic and Analytic Aspects (Code: 
SS 31A), Claudia Miller, Syracuse University, and Sophia 
Vassiliadou, Georgetown University.

Somos Sequences and Nonlinear Recurrences (Code: SS 
10A), Andrew Vogt, Georgetown University.

Spatial Evolutionary Models and Biological Invasions 
(Code: SS 6A), Judith Miller, Georgetown University, and 
Yuan Lou, Ohio State University.

Stochastic Analysis and Stochastic PDEs (Code: SS 25A), 
Sandra Cerrai, University of Maryland, and Frederi Viens, 
Purdue University.

Topology in Biology (Code: SS 4A), Paul Kainen, George-
town University.

Within-Host Disease Modeling (Code: SS 1A), Stanca 
Ciupe, Virginia Polytechnic Institute, and Sivan Leviyang, 
Georgetown University.

East Lansing, 
Michigan
Michigan State University

March 14–15, 2015
Saturday – Sunday

Meeting #1108
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: January 2015
Program first available on AMS website: January 29, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 2

Deadlines
For organizers: Expired
For abstracts: January 20, 2015

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.
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Invited Addresses
Philippe Di Francesco, University of Illinois, Title to 

be announced.
Alexander Furman, University of Illinois at Chicago, 

Title to be announced.
Vera Mikyoung Hur, University of Illinois at Urbana-

Champaign, Title to be announced.
Mihnea Popa, Northwestern University, Title to be an-

nounced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Algebraic Combinatorics (Code: SS 19A), Carolina 
Benedetti, Peter Magyar, and Bruce Sagan, Michigan State 
University.

Approximation Theory in Signal Processing and Com-
puter Science (Code: SS 5A), Mark Iwen, Michigan State 
University, Rayan Saab, University of California San Diego, 
and Aditya Viswanathan, Michigan State University.

Arithmetic of Hyperelliptic Curves (Code: SS 3A), Tony 
Shaska, Oakland University.

Calculus of Variations, Nonlinear Partial Differential 
Equations, and Applications (Code: SS 31A), Moxun Tang 
and Baisheng Yan, Michigan State University, and Zheng-
fang Zhou, MIchigan State University.

Combinatorics, Geometry, and Representation Theory 
of Homogeneous Spaces (Code: SS 36A), Mahir Bilen Can 
and Michael Joyce, Tulane University, and Miriam Logan, 
Bowdoin College.

Complex Analysis in Several Variables and its Applica-
tions (Code: SS 11A), Debraj Chakrabarti, Central Michigan 
University, and Yunus Zeytuncu, University of Michigan 
at Dearborn.

Conformal Geometry and Statistical Physics (Code: SS 
20A), Ilia Binder, University of Toronto, and Dapeng Zhan, 
Michigan State University.

Discrete Stochastic Models (Code: SS 29A), Michael 
Damron, Indiana University, and David Sivakoff, The 
Ohio State University.

Extremal Graph Theory: Hypergraphs, Directed Graphs, 
and Other Generalizations (Code: SS 25A), Louis DeBiasio, 
Miami University, and Theodore Molla, University of Il-
linois at Urbana-Champaign.

Floer Homology, Gauge Theory, and Symplectic Geom-
etry (Code: SS 37A), David Duncan, Matt Hedden, and 
Tom Parker, Michigan State University.

Fractals and Tilings (Code: SS 10A), Sze-Man Ngai, Geor-
gia Southern University, Erin Pearse, California Polytech-
nic State University, Yang Wang, Hong Kong University of 
Science and Technology, and Yimin Xiao, Michigan State 
University.

Fractional Calculus and Nonlocal Operators (Code: SS 
1A), Mark M. Meerschaert and Russell Schwab, Michigan 
State University.

Frames, Wavelets and Their Applications (Code: SS 16A), 
Palle Jorgensen, University of Iowa, Darrin Speegle, St. 
Louis University, and Yang Wang, Hong Kong University 
of Science and Technology.

Geometry and Invariants of 3-Manifolds (Code: SS 22A), 
Oliver Dasbach, Louisiana State University, and Effie Kal-
fagianni, Michigan State University.

Geometry of Manifolds, Singular Spaces, and Groups 
(Code: SS 18A), Benjamin Schmidt, Michigan State Uni-
versity, and Meera Mainkar, Central Michigan University.

Groups and Representations (Code: SS 9A), Amanda 
Schaeffer Fry, Metropolitan State University of Denver, 
Jonathan Hall, Michigan State University, and Hung 
Nguyen, University of Akron.

Harmonic Analysis and Applications (Code: SS 27A), 
Jarod Hart, Wayne State University, Nguyen Lam, Uni-
versity of Pittsburgh, and Guozhen Lu, Wayne State 
University.

Harmonic Analysis and Partial Differential Equations 
(Code: SS 26A), Michael Goldberg, University of Cincinnati, 
and William Green, Rose-Hulman Institute of Technology.

High-Frequency Problems (Code: SS 14A), Shlomo Lev-
ental and Mark Schroder, Michigan State University.

Homotopy Continuation Methods and Their Applications 
to Science and Engineering (Code: SS 6A), Tianran Chen, 
Michigan State University, and Dhagash Mehta, North 
Carolina State University.

Integrable Combinatorics (Code: SS 28A), Philippe 
Di Francesco, University of Illinois at Urbana-Cham-
paign, and Rinat Kedem, University of Illinois at Urbana- 
Champaign.

Interactions between Geometry, Group Theory, and 
Number Theory (Code: SS 24A), Benjamin Linowitz, Uni-
versity of Michigan, and D. B. Reynolds, Purdue University.

Inverse Problems and Imaging (Code: SS 21A), Yulia 
Hristova, University of Michigan-Dearborn, and Linh 
Nguyen, University of Idaho.

Knot Theory and Floer-Type Invariants (Code: SS 34A), 
Christopher Cornwell, Université du Québec à Montréal, 
and Faramarz Vafaee, Caltech.

Mathematics in Industry and Industrial Problems with 
Mathematics Application (Code: SS 30A), Peiru Wu, Michi-
gan State University.

Modeling, Numerics, and Analysis of Electro-Diffusion 
Phenomena (Code: SS 17A), Peter W. Bates, Michigan State 
University, Weishi Liu, University of Kansas, and Mingji 
Zhang, MIchigan State University.

New Developments in Actuarial Mathematics (Code: SS 
15A), Emiliano A. Valdez, Michigan State University.

New Developments in Stochastic Analysis, Stochastic 
Control and Related Fields (Code: SS 7A), Chao Zhu, Uni-
versity of Wisconsin-Milwaukee.

Nonlinear Waves: Dynamics and Stability (Code: SS 
23A), Keith Promislow and Qiliang Wu, Michigan State 
University.

Phase Retrieval in Theory and Practice (Code: SS 8A), 
Matthew Fickus, Air Force Institute of Technology, Mark 
Iwen, Michigan State University, and Dustin Mixon, Air 
Force Institute of Technology.
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Random Fields and Long Range Dependence (Code: SS 
2A), Mark M. Meerschaert and Yimin Xiao, Michigan State 
University.

Random Matrices and Compressed Sensing (Code: SS 
40A), Yang Liu, Michigan State University.

Recent Advances in Finite Element and Discontinuous 
Galerkin Methods for Partial Differential Equations (Code: 
SS 33A), Aycil Cesmelioglu and Anna Maria Spagnuolo, 
Oakland University.

Recent Advances in the Geometry of Submanifolds, Dedi-
cated to the Memory of Franki Dillen (1963-2013) (Code: 
SS 12A), Alfonso Carriazo Rubio, University of Sevilla, 
Yun Myung Oh, Andrews University, Bogdan D. Suceavă, 
California State University, Fullerton, and Joeri Van der 
Veken, KU Leuven.

Recent Advances in the Mathematics of Credit Risk and 
Quantitative Finance (Code: SS 32A), Albert Cohen, Michi-
gan State University, and Nick Costanzino, University of 
Toronto.

Smooth Dynamical Systems and Ergodic Theory (Code: 
SS 35A), Nicolai Haydn, University of Southern California, 
and Huyi Hu and Sheldon Newhouse, Michigan State 
University.

Spectral Theory, Disorder, and Quantum Many Body 
Physics (Code: SS 38A), Peter D. Hislop, University of Ken-
tucky, and Jeffrey Schenker, Michigan State University.

Stochastic Partial Differential Equations and Applica-
tions (Code: SS 4A), Leszek Gawarecki, Kettering Univer-
sity, and Vidyadhar Mandrekar, Michigan State University.

Survey of Biomathematics (Code: SS 13A), Hannah Cal-
lender, University of Portland, Peter Hinow, University of 
Wisconsin, Milwaukee, and Deena Schmidt, Case Western 
Reserve University.

Topics in Noncommutative Algebra and Algebraic Ge-
ometry (Code: SS 39A), Jason Bell, University of Waterloo, 
Rajesh S. Kulkarni, Michigan State University, and Daniel 
Rogalski, UC San Diego.

Huntsville, Alabama
University of Alabama in Huntsville

March 27–29, 2015
Friday – Sunday

Meeting #1109
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: January 2015
Program first available on AMS website: February 11, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 2

Deadlines
For organizers: Expired
For abstracts: February 4, 2015

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Eva Bayer-Fluckiger, EPFL, Title to be announced.
M. Gregory Forest, University of North Carolina at 

Chapel Hill, Title to be announced.
Dan Margalit, Georgia Institute of Technology, Title to 

be announced.
Paul Pollack, University of Georgia, Title to be an-

nounced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Advances in the Theory and Applications of Dynami-
cal Systems (Code: SS 6A), Shangbing Ai and Wenzhang 
Huang, University of Alabama in Huntsville.

Analysis on Nonlinear Integral and Partial Differential 
Equations (Code: SS 14A), Tadele Mengesha and Tuoc 
Phan, University of Tennessee.

Analytic Methods in Elementary Number Theory (Code: 
SS 9A), Paul Pollack, University of Georgia.

Fractal Geometry and Ergodic Theory (Code: SS 1A), 
Mrinal Kanti Roychowdhury, University of Texas-Pan 
American.

Geometric Group Theory and Topology (Code: SS 15A), 
Tara Brendle, University of Glasgow, Christopher Leini-
nger, University of Illinois at Urbana-Champaign, and Dan 
Margalit, Georgia Institute of Technology.

Graph Theory (Code: SS 11A), Chris Stephens, Dong 
Ye, and Xiaoya Zha, Middle Tennessee State University.

Mathematical Modeling in Ecology and Epidemiology 
(Code: SS 16A), Andrew Nevai and Zhisheng Shuai, Uni-
versity of Central Florida.

New Developments in Population Dynamics and Epi-
demiology (Code: SS 4A), Jia Li, University of Alabama in 
Huntsville, Maia Martcheva, University of Florida, and 
Necibe Tuncer, Florida Atlantic University.

Nonlinear Operator Theory and Partial Differential 
Equations (Code: SS 7A), Craig Cowan, University of 
Manitoba, and Claudio Morales, University of Alabama 
in Huntsville.

Quadratic Forms in Arithmetic and Geometry (Code: 
SS 12A), Asher Auel, Yale University, Jorge Morales, 
Louisiana State University, and Anne Quéguiner-Mathieu, 
Université Paris 13.

Recent Advances in Numerical Methods for Nonlinear 
Partial Differential Equations (Code: SS 10A), S. S. Ravin-
dran, University of Alabama in Huntsville.

Recent Progress in Differential Equations (Code: SS 8A), 
Mathew Gluck, University of Alabama in Huntsville.

Recent Trends in Mathematical Biology (Code: SS 3A), 
Wandi Ding and Zachariah Sinkala, Middle Tennessee 
State University.
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Stochastic Analysis and Applications (Code: SS 13A), 
Parisa Fatheddin, University of Alabama in Huntsville.

Stochastic Processes and Related Topics (Code: SS 2A), 
Paul Jung, University of Alabama at Birmingham, Erkan 
Nane, Auburn University, and Dongsheng Wu, University 
of Alabama in Huntsville.

Topology and Topological Methods in Dynamical Sys-
tems (Code: SS 5A), John Mayer and Lex Oversteegen, 
University of Alabama at Birmingham.

Las Vegas, Nevada
University of Nevada, Las Vegas

April 18–19, 2015
Saturday – Sunday

Meeting #1110
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: February 2015
Program first available on AMS website: March 5, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 2

Deadlines
For organizers: Expired
For abstracts: February 24, 2015

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Joel Hass, University of California, Davis, Title to be 

announced.
Ko Honda, University of California, Los Angeles, Title 

to be announced.
Brendon Rhoades, University of California, San Diego, 

Title to be announced.
Bianca Viray, Brown University, Title to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Algebraic Structures in Knot Theory (Code: SS 7A), Sam 
Nelson, Claremont McKenna College, and Radmila Sazda-
nović, North Carolina State University.

Algebraic and Enumerative Combinatorics (Code: SS 
8A), Drew Armstrong, University of Miami, and Brendon 
Rhoades, University of California, San Diego.

Cloaking and Metamaterials (Code: SS 9A), Jichun Li, 
University of Nevada, Las Vegas, and Fernando Guevera 
Vasquez, University of Utah.

Data Analysis and Physical Processes (Code: SS 4A), 
Hanna Makaruk, Los Alamos National Laboratory, and 
Eric Machorro, National Security Technologies.

Developments of Numerical Methods and Computations 
for Fluid Flow Problems (Code: SS 11A), Monika Neda, 
University of Nevada, Las Vegas.

Evolution Problems at the Interface of Waves and Fluids 
(Code: SS 12A), I. Bejenaru, University of California, San 
Diego, and B. Pausader and V. Vicol, Princeton University.

Extremal and Structural Graph Theory (Code: SS 10A), 
Bernard Lidický and Derrick Stolee, Iowa State University.

Inverse Problems and Related Mathematical Methods 
in Physics (Code: SS 1A), Hanna Makaruk, Los Alamos 
National Laboratory, and Robert Owczarek, University of 
New Mexico, Albuquerque.

Knots and 3-Manifolds (Code: SS 14A), Abby Thompson 
and Anastasiia Tsvietkova, University of California-Davis.

Nonlinear Conservation Laws and Applications (Code: SS 
6A), Matthias Youngs, Indiana University-Purdue Univer-
sity Columbus, Cheng Yu, University of Texas at Austin, 
and Kun Zhao, Tulane University.

Recent Advances in Finite Element Analysis and Applica-
tions (Code: SS 13A), Jichun Li, University of Las Vegas, 
and Susanne Brenner, Louisiana State University.

Stochastic Analysis and Rough Paths (Code: SS 2A), 
Fabrice Baudoin, Purdue University, David Nualart, 
University of Kansas, and Cheng Ouyang, University of 
Illinois at Chicago.

Topics in Graph Theory: Structural and Extremal Prob-
lems (Code: SS 3A), Jie Ma, Carnegie Mellon University, 
Hehui Wu, Simon Fraser University, and Gexin Yu, College 
of William & Mary.

Porto, Portugal
University of Porto

June 10–13, 2015
Wednesday – Saturday

Meeting #1111
First Joint International Meeting involving the American 
Mathematical Societry (AMS), the European Mathematical 
Society (EMS), and the Sociedade de Portuguesa Matematica 
(SPM).
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: Not applicable

Deadlines
For organizers: Expired
For abstracts: To be announced

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
internmtgs.html.
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Invited Addresses
Marcus du Sautoy, The secret mathematicians (Public 

Lecture, Wednesday evening, 8:30 p.m.)
Rui Loja Fernandes, University of Illinois at Urbana-

Champaign, Title to be announced.
Irene Fonseca, Carnegie Mellon University, Title to be 

announced.
Annette Huber, Albert-Ludwigs-Universität, Title to be 

announced.
Mikhail Khovanov, Columbia University, Title to be 

announced.
André Neves, Imperial College London, Title to be an-

nounced.
Sylvia Serfaty, Université Pierre et Marie Curie Paris 6, 

Title to be announced.
Gigliola Staffilani, Massachusetts Institute of Technol-

ogy, Title to be announced.
Marcelo Viana, Instituto de Matemática Pura e Aplicada, 

Brasil, Title to be announced.

Chicago, Illinois
Loyola University Chicago

October 3–4, 2015
Saturday – Sunday

Meeting #1112
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: June 2015
Program first available on AMS website: August 20, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 4

Deadlines
For organizers: March 10, 2015
For abstracts: August 11, 2015

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Julia Chuzhoy, Toyota Technological Institute at Chi-

cago, Title to be announced.
Andrew Neitzke, The University of Texas at Austin, 

Title to be announced.
Sebastien Roch, University of Wisconsin-Madison, Title 

to be announced.
Peter Sarnak, Princeton University, Title to be an-

nounced (Erdős Memorial Lecture).

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Algebraic Methods Common to Association Schemes, 
Hopf Algebras, Tensor Categories, Finite Geometry, and 
Related Areas (Code: SS 1A), Harvey Blau, Northern Illi-
nois University, Sung Y. Song, Iowa State University, and 
Bangteng Xu, Eastern Kentucky University.

Memphis, Tennessee
University of Memphis

October 17–18, 2015
Saturday – Sunday

Meeting #1113
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: August 2015
Program first available on AMS website: September 3, 2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 3

Deadlines
For organizers: March 17, 2015
For abstracts: August 25, 2015

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Mark van Hoeij, Florida State University, Title to be 

announced.
Vaughan Jones, Vanderbilt University, Title to be an-

nounced.
Mette Olufsen, North Carolina State University, Title 

to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Computational Analysis (Code: SS 1A), George Anastas-
siou, University of Memphis.

Fractal Geometry and Dynamical Systems (Code: SS 
2A), Mrinal Kanti Roychowdhury, University of Texas-
Pan American.
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Fullerton, California
California State University, Fullerton

October 24–25, 2015
Saturday – Sunday

Meeting #1114
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2015
Program first available on AMS website: September 10, 

2015
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 36, Issue 4

Deadlines
For organizers: March 27, 2015
For abstracts: September 1, 2015
The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Mina Aganagic, University of California, Berkeley, Title 

to be announced.
John Lott, University of California, Berkeley, Title to 

be announced.
Eyal Lubetzky, Microsoft Research, Redmond, Title to 

be announced.
Zhiwei Yun, Stanford University, Title to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Geometric Analysis (Code: SS 1A), John Lott, University 
of California, Berkeley, and Aaron Naber, Northwestern 
University.

Mathematicians and Outreach Programs (Code: SS 2A), 
Olga Radko, University of California Los Angeles, and 
Bodgan D. Suceava, California State University, Fullerton.

New Brunswick, New 
Jersey
Rutgers University

November 14–15, 2015
Saturday – Sunday

Meeting #1115
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: September 2015

Program first available on AMS website: To be announced
Program issue of electronic Notices: November 2015
Issue of Abstracts: Volume 36, Issue 4

Deadlines
For organizers: April 14, 2015
For abstracts: September 22, 2015

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Lee Mosher, Rutgers University, Title to be announced.
Jill Pipher, Brown University, Title to be announced.
David Vogan, Massachusetts Institute of Technology, 

Title to be announced.
Wei Zhang, Columbia University, Title to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the  
abstract submission form found at http://www.ams.org/
cgi-bin/abstracts/abstract.pl.

Applications of CAT(0) Cube Complexes (Code: SS 1A), 
Sean Cleary, City College of New York and the City Uni-
versity of New York Graduate Center, and Megan Owen, 
Lehman College of the City University of New York.

Seattle, Washington
Washington State Convention Center and 
the Sheraton Seattle Hotel

January 6–9, 2016
Wednesday – Saturday
Joint Mathematics Meetings, including the 122nd Annual 
Meeting of the AMS, 99th Annual Meeting of the Math-
ematical Association of America (MAA), annual meetings 
of the Association for Women in Mathematics (AWM) and 
the National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic (ASL), 
with sessions contributed by the Society for Industrial and 
Applied Mathematics (SIAM).
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: October 2015
Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2016
Issue of Abstracts: Volume 37, Issue 1

Deadlines
For organizers: April 1, 2015
For abstracts: To be announced
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Atlanta, Georgia
University of Georgia

March 5–6, 2016
Saturday – Sunday
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: August 5, 2015
For abstracts: January 12, 2016

Stony Brook, New 
York
State University of New York at Stony 
Brook

March 19–20, 2016
Saturday – Sunday
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: August 19, 2015
For abstracts: February 2, 2016

Salt Lake City, Utah
University of Utah

April 9–10, 2016
Saturday – Sunday
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

Fargo, North Dakota
North Dakota State University

April 16–17, 2016
Saturday – Sunday
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

Denver, Colorado
University of Denver

October 8–9, 2016
Saturday – Sunday
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: March 8, 2016
For abstracts: August 16, 2016

Atlanta, Georgia
Hyatt Regency Atlanta and Marriott At-
lanta Marquis

January 4–7, 2017
Wednesday – Saturday
Joint Mathematics Meetings, including the 123rd Annual 
Meeting of the AMS, 100th Annual Meeting of the Math-
ematical Association of America, annual meetings of the 
Association for Women in Mathematics (AWM) and the 
National Association of Mathematicians (NAM), and the 
winter meeting of the Association of Symbolic Logic, with 
sessions contributed by the Society for Industrial and Ap-
plied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2016
Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2017
Issue of Abstracts: Volume 38, Issue 1

Deadlines
For organizers: April 1, 2016
For abstracts: To be announced



Associate Secretaries of the AMS

Central Section: Georgia Benkart, University of Wisconsin-
Madison, Department of Mathematics, 480 Lincoln Drive, 
Madison, WI 53706-1388; e-mail: benkart@math.wisc.edu; 
telephone: 608-263-4283.

Eastern Section: Steven H. Weintraub, Department of Math-
ematics, Lehigh University, Bethlehem, PA 18105-3174; e-mail: 
steve.weintraub@lehigh.edu; telephone: 610-758-3717.

Southeastern Section: Brian D. Boe, Department of Math-
ematics, University of Georgia, 220 D W Brooks Drive, Athens, 
GA 30602-7403, e-mail: brian@math.uga.edu; telephone: 
706-542-2547.

Western Section: Michel L. Lapidus, Department of Math-
ematics, University of California, Surge Bldg., Riverside, CA 
92521-0135; e-mail: lapidus@math.ucr.edu; telephone: 
951-827-5910.
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The Meetings and Conferences section of the Notices  
gives information on all AMS meetings and conferences  
approved by press time for this issue. Please refer to the page 
numbers cited in the table of contents on this page for more 
detailed information on each event. Invited Speakers and  
Special Sessions are listed as soon as they are approved 
by the cognizant program committee; the codes listed 
are needed for electronic abstract submission. For some 
meetings the list may be incomplete. Information in this 
issue may be dated. Up-to-date meeting and conference 
information can be found at www.ams.org/meetings/.

Meetings:
2014
October 18–19 Halifax, Canada p. 1291
October 25–26 San Francisco, California p. 1292
November 8–9 Greensboro, North Carolina p. 1293

2015
January 10–13 San Antonio, Texas p. 1294
 Annual Meeting
March 7–8 Washington, DC p. 1294
March 14–15 East Lansing, Michigan p. 1295
March 27–29 Huntsville, Alabama p. 1297
April 18–19 Las Vegas, Nevada p. 1298
June 10–13 Porto, Portugal p. 1298
October 3–4 Chicago, Illinois p. 1299
October 17–18 Memphis, Tennessee p. 1299
October 24–25 Fullerton, California p. 1300
November 14–15 New Brunswick, New Jersey p. 1300

2016
January 6–9 Seattle, Washington p. 1300
 Annual Meeting
March 5–6 Atlanta, Georgia p. 1301
March 19–20 Stony Brook, New York p. 1301
April 9–10 Salt Lake City, Utah p. 1301
April 16–17 Fargo, North Dakota p. 1301
October 8–9 Denver, Colorado p. 1301

2017
January 4–7 Atlanta, Georgia p. 1301
 Annual Meeting

Important Information Regarding AMS Meetings
Potential organizers, speakers, and hosts should refer to page 
99 in the January 2014 issue of the Notices for general informa-
tion regarding participation in AMS meetings and conferences.

Abstracts
Speakers should submit abstracts on the easy-to-use interac-
tive Web form. No knowledge of   is necessary to submit 
an electronic form, although those who use  may submit  
abstracts with such coding, and all math displays and simi-
larily coded material (such as accent marks in text) must  
be typeset in . Visit http://www.ams.org/cgi-bin/ 
abstracts/abstract.pl. Questions about abstracts may be 
sent to abs-info@ams.org. Close attention should be paid to 
specified deadlines in this issue. Unfortunately, late abstracts 
cannot be accommodated.

Conferences in Cooperation with the AMS: (See http://www.ams.org/meetings/ for the most up-to-date infor-
mation on these conferences.)

December 8–12, 2014: ICPAM-Goroka 2014: International Conference on Pure and Applied Mathematics, University 
of Goroka, Papua, New Guinea.

April 2–5, 2015: The Second International Conference on Mathematics and Statistics (AUS-ICMS ’15). American 
University of Sharjah, United Arab Emirates

July 13–31, 2015: 2015 Summer Research Institute on Algebraic Geometry, University of Utah, Salt Lake City, Utah.

http://www.ams.org/meetings/


Payment
Registration & Event Total (total from column on left)            $

Hotel Deposit (only if paying by check)            $

Total Amount To Be Paid             $ 

Method of Payment
o Check.  Make checks payable to the AMS.  Checks drawn on foreign 
banks must be in equivalent foreign currency at current exchange rates. For 
all check payments, please keep a copy of this form for your records.

o Credit Card.  All major credit cards accepted.  For your security, we 
do not accept credit card numbers by postal mail, email or fax.  If the MMSB 
receives your registration form by fax or postal mail, it will contact you at the 
phone number provided on this form.  For questions, contact the MMSB at 
mmsb@ams.org.

Signature:

o Purchase Order #                                       (please enclose copy)

Registration Fees
Membership please P all that apply.  First row is eligible to register as a JMM 
member.
o AMS o MAA o ASL o CMS        o SIAM
o AWM o NAM  o YMN o AMATYC

Joint Meetings  by  Dec 23    at mtg   Subtotal
o Member AMS, MAA, ASL, CMS, SIAM US$  252  US$ 331
o Nonmember US$  400  US$  510
o Graduate Student (Mem. of AMS or MAA) US$  56  US$    66
o Graduate Student (Nonmember) US$ 90  US$  100
o Undergraduate Student US$ 56  US$    66
o High School Student US$ 5  US$    11
o Unemployed US$ 56  US$    66
o Temporarily Employed US$  205  US$  235
o Developing Countries Special Rate US$ 56  US$    66
o Emeritus Member of AMS or MAA US$ 56  US$    66
o High School Teacher US$ 56  US$    66
o Librarian US$ 56  US$    66
o Press US$ 0  US$ 0
o Exhibitor (Commercial) US$ 0  US$ 0
o Artist Exhibitor (work in JMM Art Exhibit) US$ 0  US$ 0
o Nonmathematician Guest 
       of registered mathematician US$ 16  US$ 16

                   $
AMS Short Course: Finite Frame Theory: A Complete     
Introduction to Overcompleteness (1/8–1/9)
o Member of AMS US$  108  US$ 142
o Nonmember US$  160  US$ 190
o Student, Unemployed, Emeritus US$    56  US$ 77
                  $

MAA Minicourses (see listing in text)
 I would like to attend:   o One Minicourse  o Two Minicourses
 Please enroll me in MAA Minicourse(s)   #______  and   #______ 
 Price: US$ 85 for each minicourse. 
 (For more than 2 minicourses, call or email the MMSB.)         $

Graduate School Fair       
o Graduate Program Table    US$ 75   US$ 75
       (includes table, posterboard & electricity)           $

Receptions & Banquets
o Graduate Student/First Time Attendee Reception? (1/10)  (no charge)                               
o NAM Banquet (1/12)  US$63 #____Chicken  #____Vegan  
          #____Kosher    
(Additional fees may apply for Kosher meals.) 

o AMS Dinner (1/13)  Regular Price      #____US$ 67
         Student Price)     #____US$ 25
                     $
         

Total for Registrations and Events           $   

Registration for the Joint Meetings is not required for the short course but it 
is required for the minicourses and the Employment Center. To register for 
the Employment Center, go to www.ams.org/profession/employment-services/
employment-center.

Other Information
Mathematical Reviews field of interest #                          
o I am a mathematics department chair. 
o For planning purposes for the MAA Two-year College Reception, please
   check if you are a faculty member at a two-year college.
o Please do not include my name and postal address on any promotional 
  mailing lists. (The JMM does not share email addresses.)
o Please do not include my name on any list of JMM participants other than  
   the scientific program if I am, in fact, making a presentation that is part of  
    the meeting.
o Please P  this box if you have a disability requiring special services.

Mailing Address/Contact:
Mathematics Meetings Service Bureau (MMSB)
P. O. Box 6887
Providence, RI  02940-6887 Fax: 401-455-4004; Email: mmsb@ams.org    
Telephone: 401-455-4144 or 1-800-321-4267 x4144 or x4137 

Deadlines  
Eligible for the complimentary room drawing: Nov.    3, 2014
Receiving badges/programs in the mail: Nov.  18, 2014
Housing reservations, changes/cancellations 
  through the JMM website:   Dec.  17, 2014
Advance registration for the Joint Meetings, short 
 course, minicourses, and tickets: Dec. 23, 2014
50% refund on banquets, cancel by Jan.   5,  2015*
50% refund on advance registration, minicourses,
 and short course, cancel by Jan. 6,  2015*
*no refunds issued after this date

2015 Joint Mathematics Meetings Advance Registration/Housing Form
   Name 

   Mailing Address

                                                    Telephone     Fax:

                                                    In case of emergency (for you) at the meeting, call: Day #                                         Evening #:  

                                                    Email Address      Additional email address for receipt
  

Affiliation for badge                       Nonmathematician guest badge name:

Acknowledgment of this registration and any hotel reservations will be sent to the email address(s) given here.     Check this box to receive a copy in U.S. Mail:   

(please write name as you would like it to appear on your badge)

(company/university)

 I DO NOT want my program and badge to be mailed to me on 12/12/14. (Materials will be mailed to the address listed above unless 
  you check this box.) 

                     (Note fee of US$15)

SAN ANTONIO   JAN 10 -13, 2015

SAN ANTONIO   JAN 10 -13, 2015
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