taking aim at Syngenta Corp., which had
announced that it had completed a draft of
the rice genome sequence in early 2001 but
had never made the data public. Starting last
July, the sequencing team was split into
two, 12-hour shifts. That allowed BGI to
keep the machines running 24 hours a day
for the 74 days needed to complete the ac-
tual sequencing. Then came the analysis
team, working practically around the clock.
“It was like going into battle,” says bio-
informatics head Wang.

Most of the Beijing staff lives in a hous-
ing development barely a kilometer down
the road from the center. But to save com-
muting time, mattresses and sleeping bags
were spread out in the halls. And some peo-
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ple didn’t even make it that far. “I just slept
in my chair,” says Han Yujun. Ping-Pong
was the only diversion from the data
crunching. On 8 October the paper was sent
off to Science.

The completion of the draft is certain to
put BGI on the sequencing map. Olson calls
it “a major accomplishment.” Adds plant ge-
neticist Jeff Bennetzen of Purdue University
in West Lafayette, Indiana, “the Chinese
showed how quickly you can do this if you
take a modern approach.”

Yang has drawn up a long list of organ-
isms he thinks should be sequenced, and the
institute has already dipped its toe into pro-
teomics and drug discovery, including a pro-
ject to isolate the active compounds in the

herbs used in traditional Chinese medicine.
“Diversification is a challenge all of the se-
quencing centers must face,” says Olson.

So is finding money to take the next
step. Chen Zhu, CAS vice president for life
sciences, says BGI is free to compete for
project grants but that “we think the big
genome sequencing projects should depend
on international cooperation.” Yang isn’t
saying where he plans to get the institute’s
next round of funding. But after going from
an empty building to a paper in Science in
40 months, Yang is confident that he hasn’t
run out of miracles.

—DENNIS NORMILE
With reporting by Ding Yimin and Elizabeth Pennisi.
Ding Yimin writes for China Features in Beijing.

Erdos’s Hard-to-Win Prizes
Still Draw Bounty Hunters

Half a decade after his death, a colorful mathematician continues to spur
his colleagues with challenges—and checks

It takes more than death to keep a good
mathematician down. Among many other
things, Paul Erdos proved that. In life, the

. world’s premier number theorist supported
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himself by wandering from colleague to
colleague, freeloading off friends and
strangers, and, in return, sharing his vast
mathematical insight with all comers. His
6-decade frenzy of near-nonstop work re-
sulted in more than 1500 papers that link
him to almost every academic mathemati-
cian in the world. Erdos’s death in 1996
has slowed, but not stopped, his publica-
tion rate: Over the past 5 years, journals
have published some 62. new papers bear-
ing his name. And he is still guiding the
research of mathematicians with the prob-
lems he left behind.

Problems, problems, problems. Erdds
hurled them out relentlessly, in lectures, pa-
pers, and informal talks: problems in num-
ber theory, logic, graph theory, geometry,
combinatorics, and other disciplines. Every
mathematician agrees on their importance.
Yet nobody has listed them all; nobody even
knows how many there are. ‘

“I'd say it’s in the small number of thou-
sands,” says Ronald Graham, a mathemati-
cian and computer scientist at the Univer-
sity of California (UC), San Diego, who
managed many of Erdos’s affairs in the last
few years of Erdos’s life. Andras Hajnal, a
set theorist at Rutgers University in New
Brunswick, New Jersey, says he can name
at least 100 in set theory alone.

As remarkable as their variety are the in-

centives Erdos attached to them. Early in his
career, Erdos began to offer small prizes for
solutions to his problems. “They were $10,

$25, $100. It was a way to stimulate people

and calibrate how difficult he thought the
problem was,” Graham says. “Some prizes
were larger: There is a famous $3000 one,

Puzzle master. Although he once called himself “a de-
vice for turning coffee into theorems,” Paul Erd6s was
equally adept at posing problems.

and there’s kind of a $10,000 one, but it’s
not well stated. There are hundreds and hun-
dreds of such problems.” Alert listeners jot-
ted the figures down in lecture notes; com-
pliant journal editors let Erdds publish them
in his papers.

During Erdos’s lifetime, the mounting
most-wanted list could reap unexpected
windfalls for his colleagues. “Some years
ago, he was visiting in Athens, Georgia. He
was going back into town, and my colleague
Helmut Maier was giving him a ride,” says
Carl Pomerance, a mathematician at Lucent
Technologies’ Bell Labs in Murray Hill,
New Jersey. The conversation naturally
turned to mathematics and to a theorem that
Maier had just proven. “ ‘Maybe I of-
fered a prize for that,” said Erdés, and
instead of going to town, they went to
the library,” says Pomerance. Sure
enough, Erdos had offered $100 for
that particular problemin a math jour-
nal, and he paid up. “I said to Erdos,
“That’s a pretty expensive taxi ride,
and he found that hilarious,” adds
Pomerance. ’

Collecting a bounty could be tricky.
Erdds often changed his mind about a
problem’s value, stating one sum in a
lecture and another in print, and he
could alter the figure on a whim based
on his own sense of aesthetics. “I
solved a $250 problem, but I only got
$50 because Erdos didn’t like the
proof,” says Hajnal. Hajnal’s proof,
which had to do with partitioning the
real numbers into different sets, hinged
upon a logical trick rather than any
special properties of the numbers.
Erdos also abhorred proofs related to
Godel’s incompleteness theorem,
which states, in essence, that certain
propositions are unprovable and un-
falsifiable. As a result, there are state-
ments that one can simply declare to
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be true or false. In the early 1960s, mathe-
matician Paul Cohen of Stanford University
proved that the answer to a crucial question
about set theory was both yes and no. “Erdés
didn’t like that,” says Hajnal. “He stopped
offering prizes for that kind of question.”

Erdos’s cashless, bank-free lifestyle also
played havoc with his incentive system. In
1993, Graham tried to iron out the snags by
having Erdds sign some of Graham’s
checks to be filled out later, “suitable for
framing.” Graham himself provided checks
suitable for cashing. Since Erdés’s death,
Graham says, his informal foundation has
cost him about $3000 in award money. He
estimates that the outstanding bounties on
unsolved problems total about $25,000.

The arrangement has worked smoothly
on the whole, Graham says, but there have
been hiccups. One occurred in 1999, when
Ernie Croot, currently a post-
doc at UC Berkeley, solved a
$750 Erdds problem related
to the ancient Egyptian style
of writing fractions. Instead
of writing a fractional num-
ber as a ratio of two numbers,
like 7/8, Egyptian mathe-
maticians expressed it as a
sum of “unit fractions”
whose numerator is always
one, such as 1/2 + 1/4 + 1/8.
Erdds challenged his peers to
find out, given certain re-
strictions, how large the de-
nominators have to get to
represent a given number.

When Croot announced
his solution, Graham duly prepared one of
the Erdds-signed checks. “Graham present-
ed it to Ernie at a meeting,” says Pomerance.
“But Ernie, being a poor graduate student at
the time, didn’t realize that it was only suit-
able for framing—he went and cashed it.”
Graham still marvels that his bank honored
Erdds’s posthumous check.

Graham’s banking skills, of course,
don’t explain the staying power of Erdds’s
problems. That rests in the mathematical
power of the problems themselves, some
of which have turned out to be incredibly
subtle and important. “One of the attrac-
tions of a lot of these problems is that they
are of unknown difficulty,” says Graham.
“It might be a marshmallow, tasty and
light, or it might be an acorn and grow
into something huge.”

At the top end, those acorns can grow
into huge oaks indeed. The record-holding
$10,000 problem may never yield a check,
Graham says, because it’s for a “significant
improvement” upon a previous result: a sub-
jective judgment. But the next few in line
have proven Herculean in their difficulty. In
the 1930s, for example, Erdos challenged
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number theorists to prove a conjecture hav-
ing to do with a collection of whole num-
bers: If the collection has a certain type of
“density,” then there must be an arithmetic
progression (a set of evenly spaced num-
bers, such as 4, 8, 12) of arbitrary length. In
1958, Klaus Roth of University College
London won mathematics’ top honor, the
Fields Medal, in part for solving a special
case of Erdds’s problem. The problem itself
will net $1000 for the person who eventual-
ly solves it in full.

The famous $3000 problem is a variation
on the same theme: to prove that there is an

$1000 rather than $10,000. “Most impor-
tantly, the problem was not of Erdos cal-
iber, so that both John and I would be em-
barrassed to have it enshrined as the
world-record prize.” The two settled on
$1000 as the bounty.

Such cautionary tales are few; for most
mathematicians, Erdds’s beyond-the-grave
sweepstakes remains the only game in
town. Graham still has a few Erdds-signed
checks left and will pay for many of the
Erdés problems. So will Andrew Beal, a
Texas banker and amateur mathematician
who made a splash in the mathematical world

in 1997 when he of-
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arithmetic progression
of arbitrary length if
the reciprocals of the
elements in a collec-
tion goes off to infini-
ty. If true, it will imply
several important re-
sults in number theory.
For instance, it will mean that there are arbi-
trarily long arithmetic progressions of prime
numbers. So far, however, the proof has re-
sisted all comers. “Nobody can touch it.”
says Graham.

Most of the other problems are more ac-
cessible. “Erdds had an unparalleled innate
ability to form problems just out of current
reach,” says Graham. “You can get it if you
stand on your tiptoes and jump a little bit.
Once you're there, it’s one more piton into
the cliff”

How rare that knack for problem-
framing is can be seen in the fate of some
who have dared to emulate it. In 1989, for
example, John Conway, a mathematician
at Princeton University, offered $10,000
for the solution to a problem about a pecu-
liar sequence of numbers. Colin Mallows,
a statistician currently at Avaya Labs in
Basking Ridge, New Jersey, solved it with-
in a few weeks. Conway paid up. “I don’t
know what kind of maneuvers he went
through to get $10,000, but he sent it,”
says Mallows. “I was embarrassed and
sent it back.” Mallows says that Conway
had misspoken and meant the prize to be

You may be a winner! Along with offering cash
for proofs, Erdos signed some of mathematician
Ron Graham's checks as award certificates.

odd prize here or
there—although he’s
no more concerned
about being bank-
rupted by prize problems than he is about a
run on the bank. Not that it would matter if
the money ran out; becoming a piece of the
Erdés legend is enough of a reward for
most mathematicians.

Deciding which claims are bona fide
may pose more of a challenge. Unfortu-
nately, the problems are in disarray, be-
cause Erdos talked at so many universities
and wrote papers in so many journals and
languages. (After hearing a limerick about
“a paper by Erdds/Written in Kurdish,” he
allegedly tried, unsuccessfully, to publish a
paper in that language.) Graham and his
wife, UC San Diego mathematician Fan
Chung, collected more than 125 Erdds
problems in graph theory and published
them in 1998. Hajnal says he hopes some-
day to compile all the problems into a sin-
gle volume. “It’s still being planned, but
not much is happening,” he sighs.

Despite the disorder, most mathemati-
cians would agree that their field has bene-
fited from Erdés’s gentle goading. His hit
list spurs them to approach problems they
wouldn’t normally tackle, says Jerrold
Grossman, a graph theorist at Oakland Uni-
versity in Rochester, Michigan. “It’s sort of £
like Fermat’s Last Theorem, which guided 3
research in number theory for the good,
Grossman says. Graham reaches farther
back for an analogy. “The problems serve as
Socratic gadflies,” he says, “reminding us of
how much we have to learn.”
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