Grigori Perelman

Biography

Grigori Perelman was born in Leningrad, Soviet Union (now Saint Petersburg, Russia)
on 13 June 1966, to Jewish parents, Yakov (who now lives in Israel) and Lubov. Grigori's
mother Lubov gave up graduate work in mathematics to raise him. Grigori's mathematical
talent became apparent at the age of ten, and his mother enrolled him in Sergei Rukshin's

after-school math training program.



His mathematical education continued at the Leningrad Secondary School Ne239, a
specialized school with advanced mathematics and physics programs. Grigori excelled in all
subjects except physical education. In 1982, as a member of the Soviet Union team
competing in the International Mathematical Olympiad, an international competition for
high school students, he won a gold medal, achieving a perfect score. In the late 1980s,
Perelman went on to earn a Candidate of Sciences degree (the Soviet equivalent to the
Ph.D.) at the School of Mathematics and Mechanics of the Leningrad State University, one
of the leading universities in the former Soviet Union. His dissertation was titled "Saddle

surfaces in Euclidean spaces."

After graduation, Perelman began work at the renowned Leningrad Department of
Steklov Institute of Mathematics of the USSR Academy of Sciences, where his advisors
were Aleksandr Aleksandrov and Yuri Burago. In the late 1980s and early 1990s, Perelman
held research positions at several universities in the United States. In 1991 Perelman won the
Young Mathematician Prize of the St. Petersburg Mathematical Society for his work on
Aleksandrov's spaces of curvature bounded from below . In 1992, he was invited to spend a
semester each at the Courant Institute in New York University and State University of New
York at Stony Brook where he began work on manifolds with lower bounds on Ricci
curvature. From there, he accepted a two-year Miller Research Fellowship at the University
of California, Berkeley in 1993. After having proved the soul conjecture in 1994, he was
offered jobs at several top universities in the US, including Princeton and Stanford, but he
rejected them all and returned to the Steklov Institute in Saint Petersburg in the summer of

1995 for a research-only position.

As of the spring of 2003, Perelman no longer worked at the Steklov Institute. His
friends are said to have stated that he currently finds mathematics a painful topic to discuss;
some even say that he has abandoned mathematics entirely. According to a 2006 interview,

Perelman was then unemployed, living with his mother in Saint Petersburg.

Perelman is quoted in an article in The New Yorker saying that he is disappointed with
the ethical standards of the field of mathematics. The article implies that Perelman refers
particularly to the efforts of Fields medalist Shing-Tung Yau to downplay Perelman's role in

the proof and play up the work of Cao and Zhu. Perelman added, "l can't say I'm outraged.



Other people do worse. Of course, there are many mathematicians who are more or less
honest. But almost all of them are conformists. They are more or less honest, but they
tolerate those who are not honest.” He has also said that "It is not people who break ethical

standards who are regarded as aliens. It is people like me who are isolated."

This, combined with the possibility of being awarded a Fields medal, led him to quit
professional mathematics. He has said that "As long as | was not conspicuous, | had a
choice. Either to make some ugly thing or, if I didn't do this kind of thing, to be treated as a
pet. Now, when | become a very conspicuous person, | cannot stay a pet and say nothing.
That is why | had to quit." (The New Yorker authors explained Perelman's reference to

"some ugly thing" as "a fuss" on Perelman's part about the ethical breaches he perceived).

It is uncertain whether his resignation from Steklov and subsequent seclusion mean that
he has ceased to practice mathematics. Fellow countryman and mathematician Yakov
Eliashberg said that, in 2007, Perelman confided to him that he was working on other things
but it was too premature to talk about it. He is said to have been interested in the past in the
Navier—Stokes equations and the set of problems related to them that also constitutes a

Millennium Prize, and there has been speculation that he may be working on them now.

Perelman avoided journalists and other media people. Masha Gessen, the author of a

book about him, found it challenging to write about a person she never met.

A recent Russian documentary about Perelman in which his work is discussed by
several leading mathematicians including Mikhail Gromov was released in 2011 under the

title "Muoxomen. Ypok Ilepensmana”, "A pacer. A lesson from Perelman”.

In April 2011 Aleksandr Zabrovsky, producer of "President-Film" studio, claimed to
have held an interview with Perelman and agreed to shoot a film about him, under the
tentative title The Formula of the Universe. Zabrovsky says that in the interview, Perelman

explained why he rejected the one million prize:

I've learned how to calculate the voids; along with my colleagues we are getting to

know the mechanisms for filling in the social and economic "voids". VVoids are everywhere.



They can be calculated, and this gives us great opportunities ... | know how to control the

Universe. So tell me — why should I chase a million?

A number of journalistsbelieve that Zabrovky's interview is most likely a fake, pointing

to contradictions in statements supposedly made by Perelman.

He has a younger sister, Elena, who is also a scientist. She received a Ph.D. from
Weizmann Institute of Science in Israel and is a biostatistician at Karolinska Institutet, in

Stockholm, Sweden.

Perelman is also a talented violinist and a strong table tennis player. He could go to any
university of the country without examination, but he chose the Mechanics and Mathematics,

although he could go at the conservatory.
Scientific contribution

The Poincaré conjecture, proposed by French mathematician Henri Poincaré in 1904,
was the most famous open problem in topology. Any loop on a three-dimensional sphere—
as exemplified by the set of points at a distance of 1 from the origin in four-dimensional
Euclidean space—can be contracted to a point. The Poincaré conjecture asserts that any
closed three-dimensional manifold such that any loop can be contracted to a point is
topologically a three-dimensional sphere. The analogous result has been known to be true in
dimensions greater than or equal to five since 1960 (work of Stephen Smale). The four-
dimensional case resisted longer, finally being solved in 1982 by Michael Freedman. But the
case of three-manifolds turned out to be the hardest of them all. Roughly speaking, this is
because in topologically manipulating a three-manifold, there are too few dimensions to

move "'problematic regions™ out of the way without interfering with something else.
Chronography

In 1999, the Clay Mathematics Institute announced the Millennium Prize Problems:
$1,000,000 prizes for the proof of any of seven conjectures, including the Poincaré
conjecture. There was a wide agreement that a successful proof of any of these would

constitute a landmark event in the history of mathematics.



*In November 2002, Perelman posted the first of a series of eprints to the arXiv, in
which he claimed to have outlined a proof of the geometrization conjecture, of which the

Poincaré conjecture is a particular case.

Perelman modified Richard Hamilton's program for a proof of the conjecture, in which
the central idea is the notion of the Ricci flow. Hamilton's basic idea is to formulate a
"dynamical process™ in which a given three-manifold is geometrically distorted, such that
this distortion process is governed by a differential equation analogous to the heat equation.
The heat equation describes the behavior of scalar quantities such as temperature; it ensures
that concentrations of elevated temperature will spread out until a uniform temperature is
achieved throughout an object. Similarly, the Ricci flow describes the behavior of a tensorial
quantity, the Ricci curvature tensor. Hamilton's hope was that under the Ricci flow,
concentrations of large curvature will spread out until a uniform curvature is achieved over
the entire three-manifold. If so, if one starts with any three-manifold and lets the Ricci flow
occur, eventually one should in principle obtain a kind of "normal form". According to
William Thurston, this normal form must take one of a small number of possibilities, each

having a different kind of geometry, called Thurston model geometries.

This is similar to formulating a dynamical process that gradually "perturbs™ a given
square matrix, and that is guaranteed to result after a finite time in its rational canonical

form.

Hamilton's idea attracted a great deal of attention, but no one could prove that the
process would not be impeded by developing "singularities”, until Perelman's eprints
sketched a program for overcoming these obstacles. According to Perelman, a modification
of the standard Ricci flow, called Ricci flow with surgery, can systematically excise singular

regions as they develop, in a controlled way.

We know that singularities (including those that, roughly speaking, occur after the flow
has continued for an infinite amount of time) must occur in many cases. However, any
singularity that develops in a finite time is essentially a "pinching™ along certain spheres
corresponding to the prime decomposition of the 3-manifold. Furthermore, any "infinite



time" singularities result from certain collapsing pieces of the JSJ decomposition. Perelman's

work proves this claim and thus proves the geometrization conjecture.

*Since 2003, Perelman's program has attracted increasing attention from the

mathematical community.

*In April 2003, he accepted an invitation to visit Massachusetts Institute of
Technology, Princeton University, State University of New York at Stony Brook, Columbia

University and New York University, where he gave a series of talks on his work.

Three independent groups of scholars have verified that Perelman's papers contain all

the essentials for a complete proof of the geometrization conjecture:

*On 25 May 2006, Bruce Kleiner and John Lot, both of the University of Michigan,
posted a paper on arXiv that fills in the details of Perelman's proof of the Geometrization
conjecture. John Lott said in ICM2006, "It has taken us some time to examine Perelman's
work. This is partly due to the originality of Perelman's work and partly to the technical
sophistication of his arguments. All indications are that his arguments are correct.”

*In May 2006, a committee of nine mathematicians voted to award Perelman a Fields
Medal for his work on the Poincaré conjecture. The Fields Medal is the highest award in
mathematics; two to four medals are awarded every four years. However, Perelman declined
to accept the prize. Sir John Ball, president of the International Mathematical Union,
approached Perelman in Saint Petersburg in June 2006 to persuade him to accept the prize.
After 10 hours of persuasion over two days, Ball gave up. Two weeks later, Perelman
summed up the conversation as follows: "He proposed to me three alternatives: accept and
come; accept and don't come, and we will send you the medal later; third, | don't accept the
prize. From the very beginning, | told him | have chosen the third one... [the prize] was
completely irrelevant for me. Everybody understood that if the proof is correct, then no other
recognition is needed.” "™'I'm not interested in money or fame,' he is quoted to have said at
the time. 'l don't want to be on display like an animal in a zoo. I'm not a hero of mathematics.
I'm not even that successful; that is why | don't want to have everybody looking at me.™
Nevertheless, on 22 August 2006, Perelman was publicly offered the medal at the

International Congress of Mathematicians in Madrid "for his contributions to geometry and



his revolutionary insights into the analytical and geometric structure of the Ricci flow." He
did not attend the ceremony, and declined to accept the medal, making him the first person
to decline this prestigious prize.

*In June 2006, the Asian Journal of Mathematics published a paper by Xi-Ping Zhu of
Sun Yat-sen University in China and Huai-Dong Cao of Lehigh University in Pennsylvania,
giving a complete description of Perelman's proof of the Poincaré and the geometrization
conjectures. The June 2006 paper claimed: "This proof should be considered as the crowning
achievement of the Hamilton-Perelman theory of Ricci flow."

*In July 2006, John Morgan of Columbia University and Gang Tian of the
Massachusetts Institute of Technology posted a paper on the arXiv titled, "Ricci Flow and
the Poincaré Conjecture". In this paper, they provide a detailed version of Perelman's proof
of the Poincaré conjecture. On 24 August 2006, Morgan delivered a lecture at the ICM in
Madrid on the Poincaré conjecture. This was followed up with the paper on the arXiv,
"Completion of the Proof of the Geometrization Conjecture™ on 24 September 2008.

*In November 2006, Cao and Zhu published an erratum disclosing that they had failed
to cite properly the previous work of Kleiner and Lott published in 2003. In the same issue,
the AJM editorial board issued an apology for what it called "incautions™ in the Cao—Zhu
paper.

*On December 3, 2006, Cao and Zhu retracted the original version of their paper,
which was titled “A Complete Proof of the Poincaré and Geometrization Conjectures —
Application of the Hamilton—Perelman Theory of the Ricci Flow” and posted a revised
version, renamed, more modestly, "Hamilton—Perelman's Proof of the Poincaré Conjecture
and the Geometrization Conjecture”. Rather than the grand claim of the original abstract,
"we give a complete proof", suggesting the proof is by the authors, the revised abstract
states: "we give a detailed exposition of a complete proof'. The authors also removed the

phrase "crowning achievement"” from the abstract.

He had previously turned down a prestigious prize from the European Mathematical
Society, allegedly saying that he felt the prize committee was unqualified to assess his work,

even positively.



*On 18 March 2010, Perelman was awarded a Millennium Prize for solving the
problem. On June 8, 2010, he did not attend a ceremony in his honor at the Institut
Océanographique, Paris to accept his $1 million prize. According to Interfax, Perelman
refused to accept the Millennium prize in July 2010. He considered the decision of Clay
Institute unfair for not sharing the prize with Richard Hamilton, and stated that "the main
reason is my disagreement with the organized mathematical community. | don't like their

decisions, | consider them unjust."

*Perelman's proof was rated one of the top cited articles in Math-Physics in 2008.



[ lpunmoxenue

I'puropui Sixosaesuu Ilepeabman
buorpadus

I'puropuii Ilepensman poawics 13 urons 1966 roga B Jlenunrpage. Ero orer SIkoB
ObUT MHXKEHEpOM-3JeKTpukoM. Matb JI1000Bb octanack B Cankt-IletepOypre, pabotana
yuurteneM mMareMatukul B [ITY. IMeHHO MaTh, urpaBiiiasg Ha CKpUIIKE, MPUBUIIA Oy ylIeMy
MaTEeMaTuKy JI000Bb K KIAacCHYeCKOM My3bike. Marematuueckuit Tanant [lepenbmana
nposiBuiics, korjaa emy 010 10 set. Ero math 3anucana ero 3aHUMAaThCsl B MaTEMaTUYECKOM
ueHTpe npu JBopue IInonepoB noxa pykoBoactBom gorieHta PI'TIY Cepres Pykuivna, 4bu

YUYCHHUKH 3aBOCBAJIM MHOJKCCTBO Harpaa Ha MaTCMAaTHYCCKUX OJIMMIIMAAaX.

Ho 9 knacca IlepenbmaH yuwicsi B CPEHEW IIKOJIE HA OKPaWHE ropojia, OAHAKO B 5
KJIacCe Hayajl 3aHUMaTbCs B MareMaTudyeckoM I1eHTpe mpu JlBopue IluonepoB mnoj
pykoBoactBoM goreHTa PITIY Cepress PykmmHa, 4bM y4€HUKH 3aBOEBAIA MHOKECTBO
HarpaJ Ha MareMaTtudyeckux onummnuagax. B 1982 romy B cocTtaBe KOMaHIbl COBETCKHX
IIKOJIBHUKOB 3aBOEBAJI 30JIOTYIO MeJalib HA MexXyHapoaJHON MaTeMaTUYECKON OJIMMITHALE
B bynanemre, nogyuuB TONHBIMA Oamn 3a OE3YKOPU3HEHHOE peElIeHHE BCeX 3ajad.
[lepensman okoHumn 239-10 (U3HKO-MaTeMaTHUECKyI0 IIKOJIy ropoaa JleHuHrpaza.
Xopomio urpajql B HACTOJABHBIM TEHHHC, TOCEMIad MY3bIKAIbHYIO KONy, o001aman
rPaMOTHBIM MUCBMOM U PEYbI0. 30JIOTYIO MEIaJIb HE MOJYYUII TOJIBKO U3-3a (U3KYILTYPHI,
He caaB HopMmbl ['TO. B xonme 1980 roma, Ilepensman mpomospkan padoTy — Haj
KaHIUJAATCKOW  JUCCEpPTallMe B IIIKOJIE MAaT€MAaTUKM W MEXAaHUKHA JIEHWHIPaJCKOTO
roCyJIJapCTBEHHOTO YHUBEPCUTETA, OJJHOTO M3 BEAYIIMX YHUBEPCUTETOB B CTpaHaX OBIBIIIETO
Cogerckoro Coro3a. Ero auccepramus HasbiBanach "IloBepXHOCTH cenjia B EBKIMIOBBIX

MPOCTPAHCTBAX .



beur  6e3 9K3aMEHOB 3aUMCICH Ha  MaTeMAaTUKO-MEXaHWYECKUH  (aKyJIbTeT
JleHUHTPACKOTO TOCYMapCTBEHHOTO yHUBepcuteTa. IloOexxman Ha (PakyIbTeTCKUX,
TOPOJICKUX M BCECOIO3HBIX CTYJCHUECKUX MaTEeMaTHUYECKHX OJMMIHAnax. Bece Toapl yauics
TOJIBKO Ha «OTJIMYHO». 3a ycrexu B y4€oe mosrydan JIeHMHCKyro ctuneHanto. OKOHYUB C
OTIIMYUEM YHUBEPCUTET, TIOCTYNWI B aCHHPaHTYpy (PYKOBOOUTENh —  aKaJIEMHK
A. JI. AnekcarnpoB) nipu JICHHHTpaJaCKOM OTIEIEHWH MaTeMaTH4ecKOTr0 WHCTUTYTa WM.
B. A. CreknoBa (JIOMU — no 1992 r.; 3arem — IIOMM). 3ammutuB B 1990 rony
KaHTUAATCKYI0 JUCCEepTaIuio, ocTaics paboTaTh B HWHCTHTYTE CTapiiuM HAyIHBIM

COTPYAHHUKOM.

B nagane 1990-x romoB Ilepensman mpuexan B CIHIA, rae pabotanm HaydHBIM
COTPY/JHMKOM B Pa3HbIX YHUBEPCUTETAX. Y AUBIISUI KOJJIET aCKETUYHOCTBIO ObITa, TIOOMMOI
enor Obutn MoJioko, xJed u ceip. B 1996 romy Bepuyncs B Cankrt-IlerepOypr, rae
npoaomxui padory B [IOMU. B nekabpe 2005 roga oH ymi€n ¢ mocta BEAyIIEro HayqYHOTo
COTpYy/JHMKA JabopaTopuu Marematudeckoi ¢usuku, yBoawics uz [IOMU u npakruyuecku

IIOJIHOCTBIO IMPEPBAJI KOHTAKTHI C KOJUICTaMH’

K manpHEenmen HaydHou Kapbepe HHTEpeEca He MPOSABILUL. B HacTosmee Bpems KUBET B
KynmunHO B OJHOW KBapTHUpE C MaTepblo, BEAET JOCTATOYHO 3aMKHYTHIM 00pa3 *KU3HW,

UTHOPUPYET IIpeccy.
HayuHblil BRI

B 1994 rony nokasan runoTesy o Aaylie.

bynyun mnpencraBuTeNEM JIEHUHTPAACKOM TEOMETPUYECKOM IIKOJBI, pPa3BWI U
OPUMEHUJ CYry0o JIEHMHIPAACKYI0 TEOPHIO0 MPOCTPAHCTB AJIEKCAaHApOBa Ui aHajau3a
notokoB Puuun. B 2002 romy IlepenbMan BmepBbie OIyOJMKOBAJI CBOIO HOBAaTOPCKYIO
paboTy, MOCBSIIEHHYIO PEIICHUIO OJHOTO M3 YACTHBIX CIIy4aeB TMIIOTE3bl T€OMETPU3ALUU
Yunbsima TEpCTOHA, U3 KOTOPOM CIEAYyET CHPaBEMIMBOCTh 3HAMEHUTOM THIIOTE3bI
[Tyankape, chopmynupoBaHHON (paHIy3cKMM MaTeMaTukoM, (usukoM u Quiuocopom
Anpu Ilyankape B 1904 romy. OnucaHHbIi Y4EHBIM METOJ HM3Yy4YE€HHMs NOTOKa Puuunm

MOJIyYWJI Ha3BaHue Teopuu [ 'amuiibTona — [lepenbmana.



Xponorpadus

B 1996 roxy 6bu1 yaocToeH npemMun EBporneiickoro MaTeMaTH4ecKoro o0IecTna Jjis

MOJIOABIX MaTCMAaTHUKOB, HO OTKa3aJICA ec IIOJIYy4aThb.

B 2006 rony I'puropuro Ilepensmany 3a pemenue runotessl [lyankape mpucykiaeHa

MCIXKAYHapOaIHAaA IIPCMUA «MeI[aJIB cDI/IJ'II[C&)), OJHAKO OH OTKa3aJICA U OT HEE.

B 2006 romy »xypHan SCience Ha3BaJ JI0Ka3aTeJIbCTBO TeopeMbl [lyaHkape Hay4YHBIM

«IPOPBIBOM T'0J1a.JTO nepBas padoTa N0 MaTEMATHKE, 3aCIyKUBILAs TAKOE 3BaHUE.

B 2006 roxy Cuibust Hazap u [IsBua I'pybGep omyOnmkoBamu crathio «Manifold
Destiny», kotopas pacckasbiBaet o ['puropuu IlepenbMane 1 MaTeMaTHYECKOM COOOIIECTRE

H COACPKUT pEAKOC HHTCPBbIO C HUM CaMHUM.

B 2007 roxy Oputanckas raszera The Daily Telegraph omy0aukoBana crnucok «Cto
HBIHE >KMBYIIUX T'€HHEB», B KOTOpoM I'puropuit Ilepenpman 3anumaer 9-¢ mecro. Kpome
[lepenpMaHa B 3TOT CIUCOK HOMANK BCero Juiib 2 poccusianHa — ["appu Kacmapos (25-¢

MecTo) 1 Muxawmn Kanamraukos (83-¢ mecto).

B wmapre 2010 roma Marematuueckuii uHCTUTYT Kidsi npucyaun ['puropuro
[lepenpMany mpemuro B pasmepe ogHOro MwumoHa aojuapoB CIIA 3a noka3arenbCTBO
runoressl [lyankape, 4To cTano NEpBbIM B UCTOPUH NPHUCYXKIAECHUEM NMPEMHH 3a PEILICHHE

oaHo u3 [Ipobiiem TrICSUEIeTHS.

B urone 2010 roga IlepensMaH mpOUTHOPHUPOBAT MAaTEMAaTHYECKYI0 KOH(EPEHIINIO B
[Tapmxe, Ha KoTOpOU Mpeanonaraiock Bpyuenue «IIpemun Thicsuenetus», a 1 urons 2010

roaga HY6JII/I‘1HO 3asiBUJI O CBOEM OTKa3e OT IIpEMHUMN.



