Chuyén nguwoi tir chéi Huy chwong Fields va mét triéu dollars:

GRIGORI PERELMAN va DU DOAN POINCARE

Lé Quang Anh, Ph.D.

Dv dodn Poincaré (The Poincaré Conjecture) da dwgc nha Toan hoc vi dai Henri
Poincaré phat biéu vao ndm 1904. D6 la mét bai toan Topology lién quan dén mat
cau 3 chiéu trong khéng gian 4 chiéu, gitp ching ta hiéu duoc hinh dang cda vat
thé trong thé gidi ta sdng va trong thé gidi cla tri twdng tuwong. Ngay tir khi nd
mdi dugc phat biéu, dy doadn da duoc rat nhiéu nha Toan hoc tai gidi khap noi
quan tam giai, nhwng hau nhu chua cé ai lam duwoc.

Sau gan dung mot thé ky, vao ndm 2003, mdt nha Todn hoc lap di bi 4n ngudi Nga,
Grigori Perelman, d3 tim ra dwoc cach chirtng minh du doan nay. Ong ta duoc
quyén nhan mot gidi thuwdng Ién dau tién cha thé ky 21, gid tri vat chat 1a mét triéu
dollars (giai Clay), va Huy chuong Fields cao quy, nhung dng da tir chéi c3 hai, va
tlr bd ludn thé gidi Toan hoc roi bién mat trong nwdc Nga vo cung réng 1én.

Qua bai nay, ching t6i sé tim cach trinh bay néi dung du doan va nhitng nd luc
gidi quyét né theo thoi gian. Bai viét danh cho déc gia khéng chuyén vé mét bai
todn da tirng la thach thire cho nhiéu bd 6¢c théng minh nhat trong 13nh vire Toan
hoc, qua that 13 mot cong viéc khong dé cho ching téi. Tuy nhién ching t6i van
c6 gang tranh nhi*ng phuong trinh, nhitng phép tinh cé tinh cach chuyén moén, tim
cach dua doc gid dén nhirng hiéu biét co ban cta van dé.

Cudi bai, ching t6i trich dich mot bai bdo twong d6i méi nham giadi dap cau hdi cla
nhiéu nguwdi: Nha Todn hoc bi @n Perelman hién nay & déu va dang lam gi?*

1 Chung t6i chot nhé téi Alexandre Grothendieck, mét thién tai Toan hoc khéc, trudc dé hon mudi ndm, cling xa
ldnh loai ngudi gitra dinh cao cla s nghiép, réi bién mat trong rirng sdu cda day nui Pyrénées (mdi xem bai viét vé
ong cla cung tac giad trong Rosetta.vn/lequanganh).



Mét vai kién thirc co ban.

Vao cudithé ky 19, nha Todn hoc Phdp Henri Poincaré nghién ctru vé bai toan thién
van lién quan dén su bén virng cla Thai Dwong Hé. Nhitng hanh tinh, nhitng vé
tinh cda Thai Duong Hé tiép tuc chuyén déng quanh mat trdi, hay 1a dén mét lic
nao dé, mot s6 trong ching s& tach ra khéi quy dao dé di xa vao trong mét thién
ha nao khac hodc bi hat vao méat tr&i? Viéc nghién ciru van dé ay dua Poincaré
dén mét nganh Todn hoc mdi cd lién quan dén Hinh hoc, chuyén khdo séat hinh
dang cac vat thé ma Johann Listing (1808 — 1882), mét nha Toan hoc ngudi Dirc,
dat tén la Topology.

Henri Poincaré (1854 - 1912).

Vat thé don gian nhat 1a dudng tron, hay [a nhitng dudng “méo mé” clia né, chang
han nhw duwong ellip. Hay hinh dung ta c6 mot doan day trén ban, ndi hai dau soi
day lai, ta dwgc mot vong day, roi ta cho thay déi hinh dang vong day mién la dirng
cho vong day ty tiép xuc nhau. Ta dugc mot vat thé don gian nhu vong tron.

)Y

Tiép theo 13 mat cau (sphere). Hinh dnh cla nd Ia phan bén ngoai cda qua cam,
qua banh, bé mat qua dat, hay Ia nhitng mat cong bién dang cla nd thi du nhu 13
vO qua trirng.




Ta goi vong tron 1a 1-mat cau (1-sphere), mat cau la 2-mét ciu (2-sphere). C3 hai
la tap hop cac diém trong mat phang hodc trong khong gian, cach déu mot diém
c6 dinh (goi la tdm) mot khoang cach khéng ddi (goi la ban kinh). Chuing cé thé
duoc dién ta bdi nhitng phwong trinh. Cling nhu thé, ta cé thé nghi tdi 3-mét cau,
4-mat cau,...van van. Tuy nhién, trong nhitng trudng hop sau nay, ta kho co thé
hinh dung duwoc ching va dién ta ching bang hinh v&, bdi vi thé gidi ta séng ¢ 3
chiéu, con chung lai thudc khéng gian 4 chiéu, 5 chiéu,...van van.

Dai vdi cadc nha Toan hoc (nganh Topology), dudng tron hay dudng cong ellip 1a
nhu nhau, 2-méat cau hay bé mat qua trirng (vd) 1a nhu nhau, béi vi vat thé nay cé
thé bién thanh vat thé kia bang mot phép bién hinh lién tuc (co, kéo, khdng dugc
cat, khong dugc xoi 16, va khong dugc dan). C6 ngudi goi nganh Toan hoc nay 1a
Hinh hoc cao su (Rubber Geometry) 1a vi thé.

by

Du doan Poincaré dwoc hinh thanh nhuw thé nao?

Dau tién Poincaré di tim dic diém cha 2-mat cau (mat qua dat, mat qua banh,...)
bang cach tao ra nhém co’ bén clia mat cau (nhém tao nén b&i mot vong thun co
gidn khong roi mét cau, cé thé co lai thanh mot diém). Ong ta chitng minh duoc
rang nhdm co ban clia 2-mat cau la nhém tdm thuong (the trivial group)? va nhitng
mat 2 chiéu ndo cé nhédm co ban tdm thudng thi xem nhu 1a 2-mat cau (tuwong
duwong topo). Ta goi day la phép thi lién théng don gidn (simple connectivity test).
Poincaré ciing chitng minh duoc rang nhém co ban cla cdc 3-mit cau, 4-mét
cau,...van van cling la nhitng nhédm tam thuong.

Trong mot bai viét, Poincaré dat nghi van: Nhitng vét thé 3 chiéu trén dé nhirng
vong cé thé co lai thanh mét diém, cé twrong dwong topo vdi mét 3-mdt cdu khéng?

Ong cham dt bai bdo bang cau: “Mais cette question nous entrainerait trop
loin.”(Nhwng cdu héi ndy sé dwa ching ta di qud xa)3.

2 Nhém chi gdm mét phan ti, dé |la phan tlr trung hoa.
3 Nh& dén Fermat véi cau ghi bén 18 sich. Tim doc Pinh ly cudi cling clia Fermat cla clng tac gia, NXB Téng hop
TP.



Bo lirng & d6 va éng gdi bai viét dén toa soan béo Circolo Matematica & Palermo,
Y, vao ngay 3 thang 11 ndm 1903. Vai thang sau bai viét dwoc ding trong s6 bao
ra nam 1904.

V&i ngdn ngilr Todn hoc chinh xac, ngay nay dy doédn Poincaré duwoc phat biéu nhuw
sau:

Moi 3-da tap déng, lién théng don gidn déu déng phéi vdi
3-mdt cdu (Every simple connected, closed 3-manifold is
homeomorphic to the 3-sphere). Wikipedia.

Khéng gian cao chiéu.

Nhu ta d3 thay, du dodn Poincaré d3 dugc chinh Poincaré chirng minh 1a dung vdi
2-mat cau (mat qua banh, mat dat,...), nhitng vat thé nay & trong khong gian 3
chiéu (thé gidi ching ta séng). Nhwng du dodn Poincaré thuc sy ndi vé 3-mat cau
nam trong khdng gian 4 chiéu thi chuwa chirng minh duoc.

K& tir khi du dodn duoc chinh thirc cdng bd vao ndm 1904, c6 nhiéu nha Todn hoc
c6 tai, ndi tiéng, tim cadch chirng minh nd, nhung tat ca déu that bai. Trong s6
nhitrng nha Todn hoc dy cé chinh Poincaré va

e John H.C. Whitehead (1904-1960), nha Toan hoc Anh*.
e RHBing (1914 - 1986), nha Todn hoc MY.
e Christos Papakyriakopoulos (1914-1976), nha Toan hoc Hy Lap.
e John Robert Stallings (1935- 2008), nha Toan hoc My,
va con nhiéu nita.

Tinh hinh cho d&n dau ndm 1960 van con that dm dam: moi ¢ gang chirng minh
Dy dodn Poincaré déu that bai, moi tim ki€ém mét phan thi du cling khéng cé két
qud. Cac nha Todn hoc khéng con biét bat dau tir ddu. Mot s& nha Toan hoc khac
nghirang da dé&n luc phai thay d6i “chién lugc”, khdng theo cach giai quyét van dé
nhuw may chuc ndm trwdce nita. Ho thir du hanh vao thé gidi cao chiéu hon>.

Vao giita nam 1960, cé mot tin vui lam ngac nhién moi nguwoi. Stephen Smale (sinh
ndm 1930, nay van con song), khi 4y mé&i 30 tudi, dang giang day tai Dai Hoc

4 Nhiéu ngudi hay 16n vai Alfred North Whitehead, nha Triét hoc va Toan hoc néi tiéng, dong tac gid vdi Bertrand
Russell tdc pham Principa Mathematica. Ong nay la chi rudt cia John H.C. Whitehead néi & day.

5 C6 ngudi vi von nhu 13 don vao mot cin nha nhiéu tang thi dé sdp d&t do dat hon 1a don vao cin nha it tang (hodc
nha trét)!



California, Berkeley, chirtng minh dwgc dy doan Poincaré cho truong hgp n 25
(ttc 1a n-mét cau, v&i n > 5) bang mot cdng cu todn hoc do chinh dng tao ra, goi
la dinh ly h-cobordism. Nha Toan hoc Samuel Eilenberg, chuyén gia hang dau thé
gidi vé Toplogy luc bay gid va ban bién tap to Bulletin of the AMS (T béo cla Hoi
Toan hoc My, the American Mathematical Society) kiém chirng va cho dang ngay
bai bdo cha Smale |&n t& Bulletin of the AMS s6 1961. Tuy nhién Stephen Smale
van chua chirtng minh dwoc dy dodn Poincaré (vé&in = 3). V&i thanh qua dang phan
kh&i nay, Stephen Smale dwoc ting thudng Huy chwong Fields vao nam 1966.°

Stephen Smale & Brazil (1960) va 47 ndm sau, thoi gian & trwong Dai hoc Hong Kong
(2007). (Internet).

Sau thanh céng cha Smale véi trwdng hop n > 5, viéc tim ki€ém chirng minh cho du
doan Poincaré chinh thirc (n = 3) tré nén hap dan hon.

Nam 1982, nha mot Todn hoc tré tudi tén la Michael Freedman (sinh ndm 1951),
giang day tai Dai hoc California, San Diego, tuyén bd rang minh d3 ching minh
duwoc du doan Poincaré cho truong hop n =4. N6i dung nghién ctru clia Freedman
duoc viét thanh bai bdo cé tinh chat sdng tao khai pha dai 97 trang cé tiéu dé “The
Topology of Four-Dimensional Manifolds” (Topology cua da tap 4 chiéu) dang trén
t& bao Journal of Differential Geometry. Nghién clru nay d3 dem vé cho Freedman
Huy chuong Fields cao qui nam 1986.

6 Stephen Smale con la mét nha hoat ddng chinh trj nita. Ong hoat ddng tich cwc cho phong trao phan chién (chién
tranh Viét Nam). Nam 1966, tai Moscow, khi qua nhan Huy chuong Fields, 6ng con gay rac réi cho ban t6 chirc Dai
Hoi bang cach t6 chirc mét cude hop bao ngay trudc thém toa nha dién ra Dai Hi. Ong 13 m6t nha Toan hoc vo
cung thoéng minh, sic sao, va khdng theo mot khuon khd nao cd. Ngudi ta néi dng chirng minh dwoc dy doédn
Poincaré cho trudng hop n 2 5 ngay trén bdi bién Copacabana, Brazil. (George Szpiro. Poincaré’s Prize).


https://en.wikipedia.org/wiki/City_University_of_Hong_Kong

Micheal Freedman, hinh chup nam 2010. (Internet).

Trong budi |8 trao tiing Huy chwong Fields, nha Toan hoc John Milnor thay mat Dai
Hb6i cac nha Toan hoc, doc ban céng trang clia Freedman, trong dé co doan:

Michael Freedman khéng nhirng chirng minh dwgc Dy dodn Poincaré cho da
tap topo 4 chiéu, ma éng con cho chung ta nhitng dinh ly phdn logi rét dé
phdt biéu va rét dé tng dung nhung rét khé chirng minh ma nhiing phurong
phdp cua nhitng ngudi di trwde khéng dem lai két qud.

Bay gid thi chi con trudng hop n = 3, tirc 1a du dodn Poincaré chinh thirc. Pay van
con 1a bai todn khé nhat ma rat nhiéu nd lwc clia nhiéu nha Todn hoc tir trudc tdi
nay chua vugt qua duwgc. Tuy nhién, sy nghién clru clia ho, mac du la chuwa thanh
codng, cling d3 duwa tdi nhiéu khdm pha bat ngd. D6 chinh la cdch ma Khoa hoc néi
chung va Toan hoc ndi riéng phat trién.

Dw doan Hinh-hoc-hdéa Thurston.

William Thurston (1946 — 2012), 1& mdt trong nhitng hoc trd xuat sdc nhat cla
Stephen Smale tai Dai hoc California, Berkeley. Tai nang clia 6ng mau chéng duoc
biét dén qua rat nhiéu nghién ctru, ngay trong thoi gian con dang hoc Cao hoc.
T&t nghiép Tién si, 6ng dugc nhan vé DPai hoc Princeton. Nam 28 tudi dugc phong
Gido su (Full Professor). Nam 1982, 6ng dugc tang thuwdng Huy chwong Fields vai
nhirng thanh qua vé Topology thép chiéu (Low-dimensional Topology).

Trong |oi vinh danh nhan dip trao Huy chuong Fields cho William Thurston cé
doan:
Nhirng tw twdng cta Thurston ld mét cudc cdch mang trong viéc nghién ctru
Topology trong khéng gian 2 va 3 chiéu, va éng dd mang dén cho lién nganh
Gidi tich, Topology va Hinh hoc nhitng két qué mdi va hitu ich.



William Thurston (1946 — 2012). Hinh chup tai DH Berkeley nam 1991.

(Courtesy of Archives of the Mathematisches Forschungsinstitut Oberwolfach)

Khi nghién ctru vé da tap 3 chiéu (trong khodng 1978 — 1981), 6ng cho rang moi
da tap 3 chiéu dugc tao nén bdi cac da tap nguyén td, cac da tap nguyén td nay
duwoc 18y tir tap hop cé khong qua 8 hinh duoc xac dinh. Y tudng nay tao nén diéu
ma nguoi ta goi la D dodn Hinh-hoc-hdéa Thurston (Thurston’s geometrization
conjecture)’.

Diéu quan trong cta Dy dodn Hinh-hoc-hdéa Thurston la né s& gay ra D dodn
Poincaré. Néi mot cach khac, chirng minh dugc Dy dodn Hinh-hoc-hda la xem nhu
chirng minh dugc Dw dodn Poincaré.

Richard Hamilton va luéng Ricci.

Richard Hamilton sinh ndm 1943 tai Cincinnati, My. Tét nghiép Dai hoc Yale ndm
20 tudi, Hamilton chuyén ti€p Ién Cao hoc tai Pai hoc Princeton. N3m 1966 (23
tudi) Hamilton 18y bang Tién si. Chang Tién s tré tré thanh gido su lan luot tai
nhiéu trwdong Dai hoc thudc hé théng UC (University of California): Irvine, San
Diego, va Berkeley. Hamilton cling d3 tirng giang day va nghién ctru tai cac vién
Toén néi tiéng: Vién Courant thudc Dai hoc New York, Vién Nghién ctru Cao cap
Princeton.

7 Thoi di€ém ma Thurston phat biu dw doan ctia minh thi cac van dé vé n-da tap vdin=1,n =2, n 25 d3 duoc
biét roi (v&i Smale, Stallings, Zeeman, va Wallace), nhung véi trudng hop n = 4 thi sau nady Freedman méi tim
ra, con truwong hop n = 3 (ing véi D dodn Poincaré) phai con doi mot thoi gian nita. (L.Q.A)



Richard Hamilton (1943 - ), nha Toan hoc My, ngudi thiét 1ap ra ludng Ricci.

DE ndi tiép cdng viéc cha Thurston, dau nhirng ndm 1980, Hamilton gidi thiéu khai
niém Ricci flow (ludng Ricci hodc dong Ricci)®. D6 1a mét phwong trinh vi phan do
Hamilton thiét 1ap, bat chudc theo phuwong trinh dong nhiét lan tda trong vat thé
cla Fourier trong tdc pham Théorie analytique de la chaleur. Chinh khéi niém
lubng Ricci s& déng vai trd trung tdm trong viéc tim ki€m chirng minh cho Dy dodn
Poincaré sau nay.

That ra Hamilton bat dau nght dén van dé nay tir ndm 1979. Rdi 3 ndm sau do,
nam 1982, éng mdi gidi thiéu cho thé gidi Todn hoc khai niém vé luéng Ricci trong
mot bai bdo co tiéu dé 1a “Three - manifolds with positive Ricci curvature” (Pa tap
3 chiéu vdi dé cong Ricci duong) dang trén t& bdo Journal of Differential Geometry.
Bai bdo dwoc moi ngwoi chu y ngay. Trong nghién clru nay, Hamilton chirng minh
duwoc rang, dwdi tdc dung cta ludng Ricci, nhitng da tap véi do cong dwong sé tién
hoa t&i nhitng da tap ma dod cong khéng d6i & khap moi huéng.

AAAAA

Several stages of Ricci flow on a 2D manifold.
(Mot sé giai doan cla ludng Ricci tac déng 1én mot da tap 2 chiéu).

8 D3t tén Ricci dé tudng nhé nha Toan hoc ngudi Y tén |a Gregorio Ricci-Curbastro (1853-1925), ngudi phat minh
ra phép tinh tensor (Tensor Calculus) duoc st dung trong cac phuong trinh vi phan.



Trong khi nghién ctru nhitng da tap duwdi tac dung cda luéng Ricci, Hamilton gap
phai mét van nan. D6 la nhitng hién tugng ky di (singularites) cé thé xuat hién.
Chung xuat hién khi d6 cong phat trién trong nhiéu huéng khac nhau véi van téc
khac nhau. Sudt gan 20 ndm, Hamilton van khong giai quyét duoc hién tuong ki
di nay.

Grigori Perelman va Dy doan Poincaré.

Grigori Perelman (1966 - ), rdu rdm, may ram, mong tay dai, hinh anh cia mot nguoi
nhu bwdc ra tir sach Cuyu Udrc.

Grigori Perelman sinh nam 1966 tai Saint Petersburg (Nga), trong moét gia dinh co
ngudn goc Do thai. Mot thang sau ngay sinh nhat th& 16, Perelman d3 lam gidi
Todan hoc chu y khi chang doat Huy chuwong Vang trong ky thi Toan qudc té danh
cho hoc sinh trung hoc t6 chirc tai Budapest ndm 1982. Chang d3 tra |&i 6 bai toan
khdong mot chut sai sot va dat diém tdi da 1a 42 diém. Nam 1990, Perelman |ay
bang Tién st va&i dé tai luan an |1a Saddle Surfaces in Euclidean Spaces (Cdc mét yén
nguwa trong khéng gian Euclid). Chang tan Tién si cé dwoc mét viéc lam tai Vién
Todn Steklov & ngay tai thanh phd qué hwong cha chang.

Mot vai ndm sau Perelman xin dwoc hoc bong di hoc tap va nghién cru &@ M. Ong
dén M vao mua Thu ndm 1992, rdi xin ngay dugc mdt chd trong vién Toan hoc
Courant, thu6c Dai hoc New York. o} day Perelman c6 mot déng nghiép va ciing
la ban ngudi My gbc Trung hoa tén 1 Gang Tian®. Tian va Perelman thuwdng tham
du cac seminars t6 chirc tai Vién Nghién ciru Cao cap Princeton (Tian lai xe ché
Perelman). Mot hdm Richard Hamilton dwoc mai téi ndi chuyén vé van dé dang

9 Gang Tian, &m Han Viét doc 1a Dién Cuong (1958 - ), hién 13 gido su PH Princeton, chuyén gia vé Giai tich-Hinh
(Geometric Analysis).
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“néng”: Ludng Ricci. Mac du khdng phai van dé minh dang nghién clru, nhung
Perelman d3 tirng doc nhiéu bai bdo cla Hamilton, nén khi nghe Hamilton néi,
Perelman bi 16i cuén ngay.

Mua Thu ndm 1993, Perelman nhan duwoc hoc bong Miller Fellowship 2 ndm tai
Dai hoc California, Berkeley. Thai gian nay Perelman d3 cé nhiéu thanh qua dang
ngac nhién trong 1anh vuc Hinh hoc. Ong d3 cé mat 16 gidi ngdn va dep cho mat
bai toan chua co6 loi giai trong 20 nam nay: Cheeger and Gromoll's soul conjecture.
Trong gidi Todn hoc & day, 6ng dwoc xem |a mot siéu sao mdi xuat hién. Phaicong
nhan 13 ngudi ta khd nhan ra “hat ngoc” nay vi dng khong ban tdm dén viéc viét
va cong bé nhitng két qua lam dugc. C6 thé dng nghi rang nhitng viéc [am nay
chang cé gi quan trong va khdng can thiét phai cong b6, ng chi bao cho cac dong
nghiép biét thdi. Trong méi trudng ma khau hiéu “céng bé hay 13 bi dao thai”
(publish or perish) dang Ilwu hanh trong truong Dai hoc My, ngudi ta da phai chira
Perelman ra nhu mét trudng hop ngoai |é hi€m hoi.

Nam 1994, Perelman duoc mai dén ndi chuyén tai Dai HOi cdc nha Toadn hoc Thé
gidi tai Zurich'®. Bai ndi cia éng nhan dugc su chl y cla cdc chuyén gia. Hai nam
sau, hoi Toan hoc Chau Au ting 6ng mot gidi thudng nhu mot cach gitp d& 6ng vé
tai chdnh. C& bén ndm mot 1an, hdi nay vinh danh mét nha Toédn hoc tré tudi cé
nhiéu hra hen di kem mét gidi thudng Idn. Anatoly Vershik, mot dong nghiép 1on
tudi clia Perelman & vién Steklov, goiy véi Gy ban tuyén chon nén chon Perelman
vi 6ng 1a ngudi xirng dang nhat duwoc nhan giai thudng nay. Vershik nght rang
minh d3 c6 mét co héi giip d& Perelman. Nhung 6ng ta da lam, Perelman d3 tir
chéi giadi thwdng ayt.

V@ lai Berkeley, Perelman bat dau quan tam dén Dy dodn Poincaré. Hamilton cé
qua b Tay Hoa ky (chi yé&u |a & California) dién thuyét nhiéu Ian vé ludng Ricci.
Trong nhi*ng [an thuyét trinh dy, Hamilton ¢ nhan manh rang cac phuong trinh
vi phan clia 6ng cé thé dan dudng téi chirng minh Dy dodn Poincaré. Cai diéu can
phai gidi quyét |a hién tugng ky di diéu xi ga (cigar singularity), nhwng chuwdng ngai
vat nay qua khé Hamilton chuwa vuot qua duorc.

Thoi gian dugc hwdng hoc béng & My sap két thuc, Perelman phai néi l&i tam biét
v@i cac ban va dong nghiép. Trudc d6 co nhiéu tredng Dai hoc vao hang dau nuéc
M§ moi dén, thi du nhu DH Stanford, PH Princeton, nhung Perelman tir chdi tat
ca. Perelman tr& vé qué nha, Perelman trd vé vai Vién Sketlov, va 6ng ra khoi tam

10 purge moi ndi chuyén trudce Pai Hoi cdc nha Todn hoc Thé gidi (ICM) la mdt vinh dy rat I&n danh cho mét sé it
nha Todn hoc d3 thanh danh trén thé gidi.

1 vershik giai thich cho Perelman rang hoi Todn hoc Chau Au chon Perelman téng giai thuwdng vi nhitng nghién ctru
cla Perelman d3 va dang lam. Khi biét dwoc ai |3 ngudi trong ban tuyén chon, Perelman tir chdi giai thwéng vi
“nhirng vi nay hiéu gi vé nhitng viéc téi dang lam.” (George Szpiro. Poincaré’s Prize).
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nhin cta thé gidi Todn hoc. Gan nhu don ddc, Perelman &m tham lam viéc véi Dy
dodn Poincaré.

Tam ndm sau, mot hém Perelman cho rang thoi gian d3 tdi. Khong trao déi véi ai,
khéng tham khao véi ai, Perelman tu xac dinh rang 6ng d3 gidi dwoc bai toan
Poincaré. Ong bat dau viét mot loat ba bai bdo, khong nhitng cung cap 1oi gidi cho
Dy dodn Poincaré ma con i gidi cho dy dodn nhiéu tham vong hon: D dodn
Hinh-hoc-héa Thurston. Ca ba bai déu cho dang |én arXiv.org?.

Bai bao th& nhat cda Perelman xuat hién vao ngay 11 thang 11 ndm 2002, dai 39
trang (va |a bai dai nhat trong 3 bai) véinhan dé “The entropy formula for the Ricci
flow and its geometric applications.” Cudi trang th& nhat & phan ghi chd,
Perelman viét nhiém s& la chi nhanh Vién Sketlov tai Saint Pertersburg. Phan tai
tro viét: “Tién téi danh dum trong thoi gian lam viéc & Vién Courant trong mua
Thu 1992, & SUNY®3mua Xudn 1993, va & UC Berkeley 1993-1995. Téi xin duwoc
cdm on nhitng ai dd tao diéu kién cho téi dé c6 nhitng co héi ndy.” Trong phan
tham khdo, Perelman cé liét ké 10 bai bdo cdia Hamilton.

Vao thang 3 nam 2003, tirc la 4 thang sau, Perelman cho cong bd bai bao tiép theo
v3i tya dé “Ricci flow with surgery on three-manifolds.” Bai bdo dai 22 trang vdi
ndi dung gobm nhirng ky thuat chuyén mén, mét sé dinh chinh, va mot sé chi tiét
ndi tiép bai bdo trudc. Mot [an nira, 5 bai bdo cia Hamilton duoc ghi ra trong
phan tai liéu tham khao.

Ngay 17 thang 7 ndm 2003, Perelman cho cdng bé bai bdo th ba (bai bdo cudi
cung) chi dai cé 7 trang vai twa dé “Finite extinction times for the solutions to the
Ricci flow on certain three-manifolds.” Day mdi la tran chién véi “con quai vat”.
Noi dung bai nay dua ra nhitng chi din dé chirng minh Dy dodn Poincaré cu thé,
(con chirng minh Dy dodn Hinh-hoc-hda Thurston da dugc trinh bay trong bai bao
th& nhat roi).

Perelman d3 két thic mot thanh tyu to I&n cha lich s Todn hoc. Perelman khdng
ndi thém mot 101 nao cé tinh ha hé théa man gi ca, lam nhu 1a 6ng chi liét ké mot
cach binh than cac sy kién d3 cé san.

Qua email, Perelman g&i t&i mot sé ban déng nghiép théng bao vé cic cdng bé
céia minh.

12 arXiv.org 1a mét trang trén Internet danh dang nhirng bai viét vé Toan, Vit ly, Khoa hoc may tinh,..khdng phai 13
mot to bdo chuyén nganh bac cao.
13 State University of New York.
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Ky cdng clia Perelman duwoc loan truyén rat nhanh ra khap thé gigi. Hay diém qua

vai tiéu deé trén cac phuong tién truyén théng bdo chi thoi do:

e M@ét ngudi Nga théng bdo dd gidi dugc bai todn ndi tiéng nhdt (The New York
Times).

e Bai Todn Idn nhét dé duoc gidi xong (The Wall Street Journal).

e Thé gidi xén xao vi bdi todn Poincaré dd duwoc gidi xong (Science).

e Bai todn Ién nhédt dd dworc gidi xong (BBC).

e M6ét ngudi Nga cd thé dé gidi xong bi én I&n nhdt cda Todn hoc (CNN).

e D dodn Poincaré dé duoc gidi — 1én nay la thuc (Math World).

Ngay cd Hamilton (nguwdi tao ra ludng Ricci) cling phai chd y. Md&i dau, dng bd
ngoai tai tin tirc vé nhirng bai bao clia Perelman. Trong gan 100 nam lich st cua
bai todn Poincaré, c6 khdng it [an ngudi ta cling d3 loan tin ram rd trén bdo chi 13
bai todn Poincaré d3 duoc giai xong, ké ca nhitrng théng tin chac nich va don gian
nhu kiu cia Perelman. Nhwng mot thoi gian ngdn sau do, ngudi ta phat hién ra
16i, hodc do tinh todn hoidc do ly thuyét. Trwéc sy hdo hirc qua mirc cla nhiéu
ngudi, Perelman dugc moi qua My dé tu minh trinh bay chirng minh cta minh.
Va ong ta nhan |oi.

Grigori Perelman dang gidi Dy dodn Poincaré tai gidng duwdrng Weaver Hall vao ngay 25 thang 4
nam 2003 (Photo: FRANCES M. ROBERTS).

O dau Perelman ciing duwgc dén chao mdi mot khi dng xuét hién. C6 ngudi dén tir
noi rat xa. Nhung cé mot sy vang mat rat dang ghi nhan, d6 1a sy vang mét cla
Richard Hamilton. Ong chuwa dén dy bat c mdt cudc thuyét trinh nao cua
Perelman, ngay ca & MIT, & Princeton hay la & Stony Brook, nhitng noi ma
Hamilton d3 tirng lam viéc. Diéu nay lam Perelman that vong, vi liic ndo Perelman
cling coi minh nhu 1a hoc trdo cGa Hamilton, hon nita trong cac bai bdo cla
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Perelman, danh sach tai liéu tham khao bao gi¢ cling cé ghi sach v& va cac bai bao
clia Hamilton.

Sau thoi gian di thuyét trinh & mot sé trudng Dai hoc ndi tiéng & My, Perelman
tré vé lai qué nha, tir chéi moi & mdi cdng tac vai quyén lgi vat chat rat hau hy.

Sudt 3 ndm sau d6 chura ai tim thay mot 16i nghiém trong nao trong ba bai bao cua
Perelman duoc cdng bd trén arXiv.org, c6 thé cé nhiéu chd t6i tdim do thiéu dan
giai, can phai cé thém gidi thich, nhung chac chan 1a khéng cé ly luan hodc phuwong
phdap nao sai ca.

3k 3k 3k % % %k

Chuyén hau Perelman.

Sau khi tao nén mot con I8¢ trén nudc My réi bi€n mat trong mudén trung nguoi

Nga & Saint Persterburg, Perelman d3 dé lai sau lwng mot kho kién thirc véi nhirng

phuong phap va cong cu mdi lam cho bao nhiéu nha Todn hoc trén thé gidi phai

ban rén trong nhiéu nam.

D3 c6 khong dwdi ba nhém, mdi nhém gdm 2 nha Todn hoc day tai ndng, 1am viéc

tan luc trén cai di san cda Perelman. Ta cé thé ké ra sau day:

e John Morgan thudc Dai hoc Columbia va Tian Gang (Pién Cuwong) thudc Vién
MIT.

e Bruce Kleiner va John Lott ca hai thudc Dai hoc Michigan.

e Cao Huai-Dong (Tao Hoai Pong) thudc Pai hoc Lehigh Pennsylvania va Zhu Xi-
Ping (Chu Hi Binh) thu6c Dai hoc Sun Yat-Sen (Ton Dat Tién), Trung Hoa.

Ngoai ra, Richard Hamilton, ngudi khai sinh ra ludng Ricci, cing xan tay 4o |én dé

goép cdng vao viéc nghién ctru trén. Ong thanh 1ap mot nhém gém thém hai nha

Todn hoc khac: Gerhard Huisken thudc Vién Vat ly-Thién van Max Planck, Berlin

va Tom llmanen thudc Vién Ky thuat ETH (Eidgenéssische Technische Hochschule)

Zlrich, Thuy sT.

Ca 4 nhédm déu tich cuc doc, nghién clru, tinh toan lai tirng trang cla cong trinh
cla Perelman céng bd trén Internet bdi vi cac bai viét cia Perelman quéa cd dong.
N6 chi chita tinh chat, thi€u mdt s6 buéc dan gidi va cé nhiéu diéu Perelman khong
nadi ra.

Tat ca cic nha Toan hoc ndi trén lam viéc tan luc trong 3 nam, cho dén mua He
nam 2006 thi mot s6 két qua bat dau dugc trinh véi cong ching.
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Gang Tian (sinh ndm 1958), nha Todn hoc My géc Trung Hoa, GS Vién MIT
va John Morgan (sinh nam 1946), nha Toan hoc MY, GS Vién MIT.

Clay Mathomatics Monographs

Ricci Flow a.4 the
Poincaré Conjecture
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Ammarican Mathematical Scciety
Clay Vathematcs iminute

Sach Ludng Ricci va D dodn Poincaré ctia John Morgan va Gang Tian.

Sach day 473 trang nham tra 10i cau hdi: C6 phdi Perelman dd chirng minh duoc
Dw dodn Poincaré khéng? Néu phdi thi chitng minh nhw thé ndo?
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John Lott (sinh nam 1959), nha Toan hoc My, GS BH Michigan
va Bruce Kleiner, nha Toan hoc My, GS DH Michigan.

e

Notes on Perelman’s papers

BRUCE KLEINER
JOHN LOTT

These are detailed notes on Perelman’s papers “The entropy formula for the Ricci flow
and its geometric applications™ [46] and “Ricci flow with surgery on three-manifolds™
[47].

57M40, 57M50; 53C21, 53C44

1 Introduction

These are notes on Perelman’s papers “The Entropy Formula for the Ricci Flow and its
Geometric Applications” [46] and “Ricci Flow with Surgery on Three-Manifolds’ [47].
In these two remarkable preprints, which were posted on the arXiv in 2002 and 2003,
Grisha Perelman announced a proof of the Poincaré Conjecture, and more generally
Thurston’s Geometrization Conjecture, using the Ricci flow approach of Hamilton.
Perelman’s proofs are concise and, at times, sketchy. The purpose of these notes is
to provide the details that are missing in [46] and [47], which contain Perelman’s
arguments for the Geometrization Conjecture.

Among other things, we cover the construction of the Ricci flow with surgery of [47].
We also discuss the long-time behavior of the Ricci flow with surgery, which is needed
for the full Geometrization Conjecture. The papers of Colding and Minicozzi [23;
24] and Perelman [48], which are not covered in these notes, each provide a shortcut
in the case of the Poincaré Conjecture. Namely, these papers show that if the initial
manifold is simply-connected then the Ricci flow with surgery becomes extinct in a
finite time, thereby removing the issue of the long-time behavior. Combining this claim
with the proof of existence of Ricci flow with surgery gives the shortened proof in the
simply-connected case.

These notes are intended for readers with a solid background in geometric analysis.
Good sources for background material on Ricci flow are Chow and Knopf [21], Chow,
Lu and Ni [22], Hamilton [30] and Topping [60]. The notes are self-contained but are
designed to be read along with [46; 47]. For the most part we follow the format of [46;

«2.

Con day la trang dau cua bai bdo dai 159 trang cta Kleiner va Lott tap trung gia
thich, kiém chirng nhitng gi Perelman da viét vé Dy dodn Hinh-hoc-hdéa Thurston.
Bai bdo xuat hién trén arXiv.org vao thang 5 ndm 2006, trwdc sach cha Morgan va
Tian hai thang.
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Co mot am muu?

Yau Shing-Tung (Khau Thanh Déng) (sinh ndm 1949), nha Toan hoc MY, géc Trung hoa.

Yau Shing-Tung |& mot nha Toan hoc géc Trung hoa. Ong t6t nghiép Dai hoc Hong
Kong ndm 1966, réi qua My lam Tién si & Dai hoc California, Berkeley, duéi sy
hudng dan cla gido su Chern Shiing-Shen (Tran Tinh Than). Sau khi t&t nghiép,
ong vé lam viéc tai Vién Nghién clru Cao cap Princeton va gidng day tai nhiéu
trudng Dai hoc ndi tiéng khiéc.

Trong thoi gian nay (1977-1978), Yau bat dau “tan cong” vao mdt s6 bai Toan quan
trong, thi du nhu dy dodn ndi tiéng clha Calabi 14, Ly thuyét ddy (String Theory),
mot ly thuyét rat mai cda Vat ly hién dai. Roi 6ng chirng minh dwgc Dy dodn khéi
lwong duong (Positive Mass Conjecture), dy dodn nay c6 mot y nghia Ién trong ly
thuyét tvong déi téng quat, va nhiéu két qua khéc nira.

Véi nhiéu dong gop cho Toadn hoc, Yau nhan dugc rat nhiéu phan thudng cao quy.
Ngoai Huy chuwong Fields nam 1982 (cung vd&i Thurston), 6ng nhan duwgc giai
thudng Oswald Veblen cho Hinh hoc nam 1981, gidi thuwdng cla Han Lam Vién
Khoa hoc ndm 1993 (va sau d6é dwoc tuyén chon lam thanh vién cta Vién), giai
thuwdng Crafoord cda Vién Han LAm Khoa hoc Thuy Dién ndm 1994.

%k %k %k %k

Cao Huai-Dong sinh ndm 1959 tai Jiangsu, t&t nghiép tai Dai hoc Tsinghua, Bac kinh
nam 1981 va Tién si tai Pai hoc Princeton nam 1986.

14 Eygenio Calabi (1923 - ), nha Toan hoc ngudi MY, goc Y, gido s danh dy tai DH Princeton va M.I.T., chuyén vé
Hinh Vi phan va Phuong trinh Vi phan. Dy doan Calabi néi vé sy tdn tai cila mot loai khéng gian metric Riemann
trén mot da tap phirc nao dé.
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Zhu Xi-Ping thi khéng duoc biét t&i nhieu & ngoai nwédc Trung Hoa. Ong tdt nghiép

Pai hoc Sun Yat-Sen nam 1982, roi 1ay bang Thac si ciing tai trwdng Dai hoc ay.
N3m 1989, 6ng |ay bang Tién si tai Vién Nghién cttu Wuhan (thudéc Han Lam Vién
Khoa hoc Trung Hoa). Ca hai nha Todn hoc Trung hoa nay déu |3 hoc trd cla Yau
va duoc Yau yéu cau viét lai cic bai bdo cla Perelman nhu nhém bén nha Toan
hoc MY (ndi & trén) da va dang lam.

T& bado The Asian Journal of Mathematics - téng bién tap la Yau Shing-Tung - s
ra thang 6 nam 2006 cho ra bai bdo cta Cao Huai-Dong va Zhu Xi-Ping vdi tiéu
dé: “A complete proof of the Poincaré and Geometrization conjectures —
Application of the Hamilton-Perelman theory of the Ricci flow.” (Mt chirng minh
ddy dd cho cdc dy dodn Poincaré va Hinh-hoc-héa — Ap dung ly thuyét ludng Ricci
cua Hamilton va Perelman). Bai bdo dai 326 trang chiém toan bd sé bdo ay.

Tan Hoa Xa mau chdng nhay vao cudc vdi cdu chuyén nhu sau:

Bdc Kinh ngady 4 thdng 6. M6t nha Todn hoc hang déu Trung Hoa, gido su
Yang Le, hém chia nh@t cé néi rdng hai nha Todn hoc Trung Hoa dd lam
duwoc mét viéc thé gian hi hitu la gidi dwoc bai todn khé nhat thé gidi: bai
Todn Poincaré. Tén hai nha Todn hoc nay la Zhu Xi-Ping va Cao Huai-Dong.
Ho dd két thic bai todn dé lam bén tri nhiéu nha Todn hoc trén thé gidi trong
suét 100 ndm qua. Perelman chi dwa ra vai chi hwéng nhung khéng dwa ra
10 gidi cu thé.

Tiép theo la t& Nhan Dan Nhat Bdo phu hoa: Cdc nha Todn hoc hang déu Trung
Hoa dd giai xong Dw dodn Poincaré.

Trong khi dé céc Toa Dai s Trung Hoa trén khap thé gidi déu dong loat dua tin
trén cac Website cta minh: Cdc nha Todn hoc Trung Hoa dé gidi duoc bdi todn
toan céu.

%k %k %k %k %k %k

Dai hdi cac nha Vat ly thé gidi dién ra tai Bac Kinh tir ngay 19 thang 6 dén ngay 24
thang 6 nam 2006. Chd dé Pai hdi nay 1a Ly thuyét vé déy (String Theory). Lay ly
do Yau la ngudi c6 nghién clru vé mat ly thuyét van dé nay nén nguodi ta d3 dua
Yau vao ban t6 chirc Pai hdi. Pai hoi dwoc khai mac tai Nhan Dan Dai Lé Budng
mot cach ram rd, vdi kén tréng tung birng. Nha Vat Iy huyén thoai Stephen
Hawking dwoc moi doc dién van khai mac trwdc 6 ngan ngudi tham du.

Chiéu ngay th hai cha Dai hdi, mot bai néi chuyén dugc quang cdo rat rong rai la
“Bai néi chuyén ddc biét cua Gido s Yau. Trong djp nay Gido s Yau sé trinh bay
thanh twu cda mot nghién ctru méi.” Sap téi gio néi chuyén, dai 1&é dwong déng
kin khach m&i gdbm mdt sd quan chirc nha nudc va chirng 6 ngan ngudi tham du.
Gido su Yau trinh trong budc 1én dién dang va bat dau:
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“Kinh thuwa qui ba, kinh thwa qui 6ng, hém nay téi sé tuong trinh cho qui vi

cGu chuyén lam thé ndo dé khép lai mét thoi ky va md ra mét thoi ky mdi

cta Todn hoc. Nhuwng truréc hét cho phép téi bat déu bang mét vai quan

sdat don gian.”
Ong bat dau gidi thiéu mot cach “phd thdng” D dodn Poincaré. Roi Yau néi téi
Hamilton va luéng Ricci. Yau ndi vé dic diém cha sy dong gép cla Perelman 13 rat
quan trong, va rang chirng minh dwoc Dy dodn Poincaré va Dv dodn Hinh-hoc-
héa la nh& cong trinh cha Hamilton va sy bd sung céng trinh nay cta Perelman.
Yau két thic phan trinh bay cta minh, va ddy mai 1 y chinh xuyén suét ma Yau
mudn noi:

Trong cdc bai bdo cua Perelman, cé rdt nhiéu y then chét chi duwoc phdc thdo,
hodc néi so qua, chitrng minh khéng ddy du chi tiét hodc thiéu sét. Bai bdo
mdi ddy cua Cao va Zhu, ddng trong The Asian Journal of Mathematics 2006,
la céng trinh déu tién dé dua ra mét chirng minh ddy du véi moi chi tiét cho
Dy dodn Poincaré va Dy dodn Hinh-hoc-héa. Hai tdc gid dd thay thé mét sé
ché téi nghia ctia Perelman bdng phwong phdp riéng cla minh.

Bay gid thi y d6 da ré rdi. Yau mudn |3y chiéc Huy chuong Fields tir ¢d cua
Perelman!

Bwc minh vi nhirng tiéu chuan théng thudng dao dirc bi pha v, Joan Birman, mot
nit gido sw & Pai hoc Columbia, trat su tirc gidn [én t& bao clia H6i Toan Hoc My,
t& Notices of the AMS, s6 thang 1 ndm 2007:

“Nhirng nha Todn hoc thudng thudng rdt réng lwgng vdi nhirng sai trdi cho
du hoi qud ddng, nhung néu dé la thdi dé den téi trong hanh vi dao dirc thi
khéng thé tha thu dugrc, ddc biét Ia khi né xudt phdt tir nhitng ngudi rit cé
tai. Trong vdn dé bai bdo cua Cao va Zhu, sw binh duyét (peer review)* la
mét déng thdi trung thuwc clia nghé nghiép, dé bi ném qua cira s6.”

Ba két luan:

“Cd céng d6ng chung ta dé nhdn tir cdng ching mét vét den rét ddng buén.”

Trong khi moi viéc dang dién ra nhu thé, thi t& The New Yorker, s6 ra ngay 22
thang 8 nam 2006, cho dang mét bai bdo ndi vé Poincaré va Perelman cda Sylvia
Nasar® va David Gruber. Ngoai phan phdng van dic biét vai Perelman, bai bao ké

15 Sur binh duyét (peer review) 13 cach théng thudng dung dé€ danh gia mot cdng trinh ndo dé dé bao dadm tinh ding
dén, tinh trung thyc, va dé tin cay cta cong trinh. S binh duyét do mét tap thé nhitrng ngwoi cé chuyén mén cao
cla lanh vuc chuyén mon cla cong trinh thyc hién. (L.Q.A)

16 Sylvia Nasar |a tac gia cudn sach ndi tiéng (d3 dwoc dwng thanh phim): The Beautiful Mind.
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lai sw tham gia ca Yau vao cau chuyén clng nhitng ddng co den t&i cé thé cd. Cac
tac gid bai bdo mo ta Yau 13 mot con ngudi dirng tudi kiéu ngao, rat cd kha ndng
chuyén mén, chién d4u cho vj tri va danh tiéng cla minh. Bai bdo dai 14 trang di
kém véi mot hinh hi hoa (caricature) mot ta Yau cé kéo cai Huy chuong Fields deo
& ¢ Perelman. Bai bdo ra dung vao ngay khai mac Dai Hoi cac nha Todn hoc Thé
gidi (ICM), ngay 22 thang 8 nam 2006.

Pai Hdi cac nha Toan hoc Thé gi¢i tai Madrid, Tdy Ban Nha.

Dai Hoi cdc nha Todn hoc Thé gidi (International Congress of Mathematicians viét
tat 13 ICM) duoc t6 chirc dudi sy bao tro clia hdi Todn hoc Thé gidi (Internatinal
Mathematical Union viét tat 1a IMU). Dai Hoi [an th nhat dwoc té chire tai Zurich,
Thuy Si, ndm 1897, Ian th( hai tai Paris, ndm 1900. Roi tir d6 tré di, Dai Hoi dién
ra c&* 4 ndm mot Ian, trir thoi gian gidn doan gitta hai cudc Thé Chién. Trai vdi
hang trdm hoi nghi chuyén dé Toan hoc dién ra moi noi trén thé gidi véi quy mé
nhd gitta nhitng nha Todn hoc cung chuyén nganh véi nhau, Pai Hoi ICM rat quy
md, quy tu hang nghin nha Todn hoc v&i dd cdc chuyén nganh. DAy 1a co hoi dé
céc nha Todn hoc khac chuyén nganh cé dip gap g& va trao ddi kién thirc, va cling
c6 thé hoa nhip véi nhau. Dai HOi dau tién hon mot thé ky trudce tai Zurich cé 204
nha Todn hoc nam va 4 nha Toan hoc nit gdp nhau, nay sau mot thé ky, con sé tr&
nén to I&n hon nhiéu.

Dai Hoi 1an nay duoc té chirc tai Madrid, thi d6 Tay Ban Nha, vao ngay 22 thang
8 ndm 2006. Sy kién chinh yéu cla Dai Hoi 13 budi |1& khai mac, & d6 vua Juan
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Carlos I, vua nuwéc Tay Ban Nha, sé trao Huy chuong Fields cho 4 nha Toan hoc.
Huy chuong Fields dwoc thé gidi xem nhu gidi Nobel cda Toan hoc, giai thuédng
cao quy nhat clia Toan hoc danh cho nhitng nha Toan hoc xuat sac nhat khdng qua
40 tudi. Mac du sd tién thudng khdng |a bao nhiéu so vdi sé tién thuwdng cla giai
Nobel, nhung viéc chon lwa ngudi duoc gidi — tdi da 1a 4 ngudi cho mdi Dai Hoi 4
nam mot lan - khé khdn hon nhiéu. Tén tudi nhitng ngudi duoc gidi duoc gilr kin
cho dé&n phut chét. Viéc gidi han tudi khong qua 40 dugc ICM gidi thich 1a nham
khuyén khich cac tai nang tré.

Nhiéu thang trwdc khi Dai Hoi dién ra, mdt Oy ban — ma tén cac thanh vién duoc

gilt kin - gdm 9 nha Toan hoc gidi nhat thé gidi dai dién dd cac nganh cta Toan
hoc, dd doc ky cac cong trinh cla khodng hon 10 &ng vién siang gia nhat. Cudi
cung, vao cudi thang 5, ho d3 chon duwoc 4 nguwdi néi trdi nhat trong s6 nhirng
ngudi duwoc dé clr ay.

Trach nhiém dirng dau Pai HOi ICM lan nay dwoc giao cho Sir John Ball, gido suw Dai
hoc Oxford, cht tich hdi Todn hoc Thé gi¢i. Ong cling 1a ngudi ding dau Gy ban
tuyén chon ngudi dugce trao tang Huy chuong. Uy ban cua Sir John Ball d& chon
duoc cdc nha Todn hoc sau day:

1. Terence Tao tir trwdng Pai hoc California, Los Angeles (M), 31 tudi, ngudi
Uc gbc Trung hoa, d3 tirng |a than dong.

2. Andrei Okounkov, tlr trvong Dai hoc Princeton (M), ngudi Nga.

Wendelin Werner tlr Dai hoc Paris-Sud, nguoi Phap, sinh dé tai Dirc.

4. Grigori Perelman, nguoi Nga, khéng cé nhiém sd, trwdc day lam viéc tai Vién
Todn hoc Steklov, thudc Vién Han Ldm Khoa hoc Saint Petersburg, da ti
nhiém nhiéu thang truwdc.

w

Puoc bdo trudce tinh khi dc biét cia Perelman va lo s chuong trinh ké hoach
budi I& trao Huy chuong Fields cé thé bi tré ngai, dich than Sir John Ball phai bay
qua Saint Pertersburg tim gap Perelman trudc mét thang dé ban bac.

Mot cude gdp cong khai gilta Perelman va Sir John Ball, chd tich hdi Toan hoc Thé
gidi, s& lam mat di s bi mat vé tdm Huy chuwong Fields (trudc khi khai mac budi
1&), cho nén ca hai s& gdp nhau & mot noi vang vé it ngudi biét, dé ndi chuyén. Sir
Ball nhan ra rang chuy&n minh lo ngai trudc day nay d3 thanh sy thue. Sudt trong
hai ngay, Perelman vui vé duwa 6ng ch( tich di dao khap moi noi & mién qué noi
chang sinh truéng, nhuwng khi dung dén y chinh cla Sir Ball, chang van gilt thai do
clng ran. Chang khdng mudén nhan Huy chwong Fields, ké ca nhan danh dw nhung
vang mat trong budi |, theo dé nghj cudi cling cta Sir Ball.

Néu 6ng ta khong can danh tiéng, khong can ai cdng nhan, thi cé thé tién 16i kéo
dugc 6ng? Co thé cé dong co nay chang? Vién Todn hoc Clay & Boston, dwoc mét
doanh nhan giau co tén la Landon T. Clay sang lap va bao tro, cé muc dich “phdt



21

trién va phé bién Todn hoc”. Vién sé tang giai thwdng mot triéu dollars cho ai gii
duoc mot trong 7 bai todn cta Thién Nién ky'’. Dy dodn Poincaré 1a mét trong
nhitng bai todn dy. D8i véi Perelman, giai thudng nay da danh san va van con dé,
chi chd 6ng dem vé. Nhirng gi dng can lam theo thd tuc 13 lam cé mdt chat niva dé
nhan nd, dé 1a cho dang bai viét cGa minh 1én mdt t& bao co tiéng va dugc gidi
Toéan hoc cong nhan. That 1a hét strc ngac nhién, nha Todn hoc ngudi Nga nay
khéng muén lam theo yéu cau trén. Ong ta chi “ném” ba bai bao clia minh lén
Internet va chilam cé vay théi, mét triéu dollars hay khong mot triéu dollars khéng
thanh van deé.

Sau nhirng ngay thadng 8 nam 2006, nguwoi ta khong tim ra Perelman nira. Trudc
day 6ng séng cung me trong mot khu tap thé binh dan & ngoai 6 thanh phé Saint
Petersburg. Nay ngudita khdng biét éng roi cdn ho tir IUc nao va di an noi dau.
Cu dan Saint Petersburg c6 hang triéu, nuédc Nga thi rong ménh moéng....

| know how to control the Universe.
Why would | run to get a million, tell
me?

— G‘zi.({,w’zi, Perelman —

AZQUOTES

Téi biét cdch kiém sodt vii try. Tai sao toi lai phdi tranh dua dé kiém mét triéu, ndi di?

California, mua Xudn ndm 2018.

©lequanganh 2018.

17 1. P versus NP

. The Hodge conjecture

The Poincaré conjecture (solved)

The Riemann hypothesis

. Yang—Mills existence and mass gap

. Navier—Stokes existence and smoothness

. The Birch and Swinnerton-Dyer conjecture.
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Di tim thién tai Todn hoc bi én ngudi Nga:
Grigori Perelman

Bai viét cla Brett Forrest
(The Telegraph 22 thang 8 nam 2012)

Toi chwa bao gio |3 mét tham tlr, nhung t6i biét phai lam gi. Chi can ¢ mdt cubn sach,
mua vai miéng banh mi kep thit, mé radio, va tinh tdo ngbi chd muc tiéu cda minh: Grigori
Yakovlevich Perelman.

To6i dén day dé phong van dng ay, nhung t6i biét 13 khong dé: Perelman séng an dat xa
ldnh moi ngudi va nhat 13 rat ghét bao gidi.

D6 1a mot ngudi dan 6ng 46 tudi, hon sdu ndm vé trudc ndi tiéng khap thé gidi vi d3 giai
dwoc mét bai todan ma 100 ndm trwdc dé chua ai giai duwoc: Dw dodn Poincaré. Dy doan
nay lién quan dén Hinh hoc trong khéng gian da chiéu, gidi thich phan nao d6 hinh dang
vat thé trong vii try, cé it nhiéu lién hé dén Vat ly lvong tlr va Thuyét tuong doi.

Sau ndm 2006, Perelman cat ditt lién lac véi ban be, dong nghiép va ngung lam Toan. Ong
khoéng budn cét tdc, tia rau va cat mong tay. Ong 1a ngudi dau tién tir chéi Huy chuong
Fields cao quy ma ngudi ta tdng thudng cho dng vi gidi duoc bai Todn thé ky. Va thé gidi
cling vo cung ngac nhién khi dng tir chdi tién thwédng 1 triéu dollars cda Vién Todn hoc
Clay, Boston. Ong d3 tirng ndi v&i vai ngudi ban than: “Téi dd cé duworc cdi téi can.” Qua
khung clra s, dng da tirng ndi v4i modt phong vién Nga: “Téi khéng mudn ngudi ta xem
téi nhuw con thd trong s¢ tha.”

Con t6i thi t6i rat mudn duoc gap 6ng, chia sé sy vinh quang cla 6ng. Diéu tdi biét phai
lam gi 1a bay sang Nga, tim cho ra chd & clia dng ay va doi cho téi khi 6ng dy xuat hién.
Trwédce khi bay, tdi d3 dién thoai cho Sergei Kislyakov, dang la gidm ddc Vién Toan hoc
Steklov, noi ma trudc day Perelman da tirng lam viéc, nh& gidp d&. Kislyakov néi: “Anh
s& thdt vong vi Perelman khéng mudén ndi chuyén vdi ai cd. Bdc biét Id 6ng Gy rat ghét
bdo gidi.” Khong biét vi sao khi nghe thé y muén cla tdi lai cang tdng thém manh liét
hon.

Téi dén day vao mua Xuan. Tram Kupchino 1a tram cudi cta tuyén xe dién mau xanh. K&
hoach clia t6i |a mwén mot cin phong dau dé trong khu vire ndy dé dé quan sat cai chung
cw ma Perelman &. Tdi hoi nhan vién nha nghi: “Trong khu nay cé mét nha Khoa hoc néi
tiéng nao khéng?” Ong tra |oi mot cach lo dénh: “Ong dy séng déu dé bén kia.” Toi hoi
tiép: “Thé éng c6 thdy éng Gy Iédn nao chuwa?” Tra |6i: “C6, téi thdy trén TV, 6ng dy di cling
v@iPutin.” . .
Téi thué mét chiéc Hyundai, dau bén dwdng rdi nhin ngudi 1én xudng xe dién. Xom nay
cuw dan ngheo, rat nghéo. Cau hdi ct |&n vén trong dau téi rang tai sao 6ng ay khong nhan
Huy chuong Fields va quay lwng di vai 1 triéu dollars? Tai sao 6ng ay lai khong trd 1o cau
nao vdi bao chi?

R6i tdi @3 nhin ra 6ng dy. Kia, dung |a Perelman. Rau d6, téc d6, di bén canh ba Lyubov,
me cla éng dy. La Perelman, khéng thé sai dwoc. Ho di xudng xe, bdng qua mét cdi san
rong dé vao can chung cu bén trong.
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Khda xe, t6i voi di theo. T6i biét Perelman ndi tiéng Anh gibi, nhwng téi sé ndi tiéng Nga
cho tu nhién hon. Khi di t&i ngang tdm Perelman, tdi néi: “Grigori Yakovlevich, phéi anh
dé khéng?” Anh quay mat nhin téi. T6i néi ti€p: “Xin 16i, téi khéng muén lam phién anh,
nhung téi dén tir My va muén ndi chuyén véi anh.” Nhin gan thay Perelman cao khoang 5
ft 10 in va trong khong di¥ nhu téi tudng tuwgng. Perelman néi, am sic hoi cao: “Ong la
nha bdo?” Toi lac dau. Ong ta ndi ti€p: “Téi khéng trd Idi phdng van.” T6i néi: “Toi biét.”
Perelman va me dirng lai, cd hai nhin tdi tir ddu dén chan. Tdi néi dung sach vd: “Troi
hém nay dep qud.” Ca hai pha 1én cudi, toi cling cudi theo. C6 vé nhu si viéc bat dau dé
dang hon.

Ba Lyubov mang mat kién day, doi mii trum tai. Ba hdi t6i : ”Sao 6ng biét chiing téi séng
& ddy?” Téitrd |oi: “Téi ngdi trén xe, bén kia dwédng, quan sdat va doi.” Ba vui vé noi: “That
sao?” Perelman than trong héi: “Ong la ngui Nga?” T6i lac dau: “Khéng, My.”

Téi biét d3 dén luc toi phai hdi nhirng gi can héi. Tdi ndi: “Anh cé phién khéng néu ching
ta di b6 lanh quanh mét chut?” Perelman nhin trdi, nhin xuéng, réi nhin vai khdng tra 1oi.
Ba me vdi vang néi: “Néu la bat ddu cudc phdng vén thi théi di.” Perelman vong tay qua
vai ba va néi: “Khéng sao, me. Minh di bé chut xiu ni¥a.” T6i nghi rang tdi cd thé hoi cau
gi d6 du tru trudc dugce roi.  Toi hoi: “Téi cé nghe ndi bdy gid anh khéng con lam Todn
nita, vy anh dang lom gi?” Perelman noi: “Téi r&i bé Todn réi. Bdy gid téi lam gi thi téi
s& khéng ndi vdi 6ng.” Toi sap hai ti€p mot cau nira thi Perelman danh trong lang: “Ong
khéng phdi ngudi Nga that sao? Ong ndi tiéng Nga ct nhw I éng sinh dé & Nga.” Toi ¢
gang hdi mdt cau nghiém tuc bdi vi ching ti sdp t&i clra chung cu roi. “Anh réit cd tai, lai
con tré, anh cé y dinh tré lai vdi Khoa hoc khéng?” Ong la lau bau cai gi d6 va nhun vai.
Trudc khi hai me con budc vao clra tdoa nha, tdi hdi nhanh bang tiéng Anh: “Réi giai doan
tiép theo cudc séng cua anh sé thé ndo?” Perelman dirng lai va ndi: “Cdi gi?” Toi lap lai
cau hoi. Ong ta lau bau: “Téi khéng biét.” DEn dé hai me con buéc vao trong béng téi cla
hanh lang chung cu.
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