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Nobel Vat ly va Hoa hgc 2024: Xo0a nhoa bien gidi giita cac nganh
khoa hoc

Tia sdng

Co 1€ ching ta dang chitng kién mot thdi diém cot moc ctia xu hwdng lién két chat ché giita cdc nganh trong
khoa hoc dwong dai, nham dat dwgc nhitng thanh twu 16n hon. Néi riéng, dé la vai tro da va dang tré nén ngay
cang quan trong cua Al trong Vat ly, Héa hoc, va rat nhiéu nganh khoa hoc truyén thong khac.

Hang nam, giai Nobel Vat ly va Hoa hoc dwgc cong bo trong hai ngay lién tiép trong "tuan Nobel" dau thang
10, nam nay la ngay 8/10 va 9/10. Biém tht vi va gay ngac nhién cho rat nhiéu ngudi la nam nay, ca hai giai
nay déu dugc trao cho nhitng thanh twu cda tri tué nhan tao (Artificial Intelligence, hoac AI), mot linh vuc rat
mai va dang phat trién nhanh chéng, trong hai nganh khoa hoc c6 truyén thong lau doi nay. Cac phat minh
dugc trao giai Nobel Vat ly déu mang tinh nén tdng cho khoa hoc mdy tinh va tri tué nhan tao, trong khi cac
phat minh gianh giai Nobel thi hai thé hién sy két hgp ré rang va manh mé gitta Al va cac van dé quan trong
ctia Hoéa hoc. C6 1é chiing ta dang chitng kién mot thoi diém cot moc ctia xu huwdng lién két chat ché gitta cac
nganh trong khoa hoc dwong dai, nham dat dwgc nhitng thanh twu 16n hon. Noéi riéng, dé 1a vai tro da va dang
trd nén ngay cang quan trong caa Al trong Vat ly, Héa hoc, va rat nhiéu nganh khoa hoc truyén thong khac.

Minh hoa vé kién triic mang. Anh: Johan Jarnestad/Vién Han Idm Khoa hoc Thuy Pién

Al va nguon cam hirng tir vat ly
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Gidi Nobel Vit ly 2024 dugc trao cho GS. John Hopfield tit Pai hoc Princeton (M¥), ngwdi da "phat minh ra
mot kién tric mang (Hopfield network) c6 thé dung dé Iwu giir va tai tao cac cdu tric va hinh thai (caa di liéu)"
va GS. Geoffrey Hinton tir Dai hoc Toronto (Canada) v6i phat minh ra may Boltzmann, "mot kién tric mang
md&i xuat phét tir mang Hopfield".! Cac phat minh trén déu mang tinh nén tang cho khoa hoc may tinh va Al,
nhung dong gép cua ca hai nha khoa hoc nay sau rong va 16n lao hon thé. Du vay, viéc trao gidi Vat ly cho GS.
Hopfield va Hinton gdy ngac nhién cho nhiéu ngudi,? bdi khi néi dén Vat 1y, that khé dé hinh dung ra khoa hoc
may tinh va Al Cé 1é chiing ta can mot géc nhin toan canh, lién nganh dé hiéu ré hon vé quyét dinh nay.

GS. Hopfield sinh nam 1933, Iy bang Tién sy Vat Iy nam 1958, va c6 nhiéu déng gép cho Vat ly khi lam viéc
& phong thi nghiém Bell, Dai hoc Berkeley, Dai hoc Princeton, Vién Cong nghé California, va quay lai Pai hoc
Princeton nam 1997. Trong s6 cac nghién ctu sinh Tién sy 6ng hwdng dan c6 nhitng nha Vat 1y tén tudi nhw
Gerald Mahan, Bertrad Halperin, va Steven Girvin. Bén canh do6, GS. Hopfield cling c6 nhiéu déng gop trong
Héa hoc va Sinh hoc. Ong 1a ngudi dé xudt co ché ty sira 16i trong sao chép DNA, mdt qué trinh héa sinh quan
trong cho sy song.

Lay cam hitng tr Vat 1y va cac qua trinh Héa sinh, cac GS. Hopfield va Hinton c6 déng gép quan trong cho sw
phat trién caa Al, va cac ky thuat nay quay lai thay déi Vat ly.

Kién tric mang Hopfield phat minh nam 1982 la m6t mang than kinh nhan tao (artificial neural network) don
giadn véi cdu triic anh hudng tir mo hinh Ising trong Vat Iy va cdm hitng tir mang than kinh trong co' thé séng.3
Trong bai bao gidi thiéu kién tric mang Hopfield3, phong dich nhitng cau dau tién 1a "Di tir tinh chdt dién hda
cua cdc noron va tuong tdc cta chung, chiing ta cé thé tim hiéu cdc chitc ndng sinh hoc co ban. T hiéu biét vé
nhitng mach dién don gidn, chiing ta cé6 thé 1én ké hoach cho mét mdy tinh phtc tap. Tuy nhién, vi tién héa
(trong tw nhién) khéng theo ké hoach nao ddt trudc, sé la hop ly khi ddt cdu héi liéu chirc ndng cua mét mang
[wéi 16n cdc noron (trong co thé song) co phdi la hiéu ting tdp thé cta viéc c6 mét s6 lwgng rdt Ion cdc phan ti
don gidn va tuong tdc giita ching"? Pay chinh xac ciing 1a cau héi co ban cta Vat ly thong ké, va "hiéu tng
tap thé" chinh la nguon goc cua rat nhiéu tinh chat thi vi cia nhitng mé hinh Vat ly don gidn nhw cac md hinh
Ising va Heisenberg.

Mang Hopfield c6 dién c6 mot 16p nhiéu noron, minh hoa trong trieong hop don gian véi ba noron (cac hinh
tron mau xanh) trén Hinh 1. Cac noron, hodc ntit mang nay c6 trang thai X1, X2, X3, gt ra tin hiéu Y1, Y2,
Y3, va twong tac vdi nhau vGi cwong do W12, W21, W13, W31, W23, va W32 (mbi noron twrong tac véi moi
noron khac). Cac trang thai X1, X2, X3 la nhi nguyén, nhan mot trong hai gia tri roi rac, +/-1 hodc 0/1. Trong
qua trinh huan luyén (training), cac twong tac dwgc cap nhat dé t6i thiéu héa mot ham nang lwgng. Viéc cap
nhat twong tac khi huan luyén rat quen thudc vdi linh viee Al, trong khi cau tric mo hinh, gia tri trang thai roi
rac, twong tac gitta cac nit mang, va toi thiéu héa ham nang lwgng rat quen thudc véi Vat ly, cu thé 1a cadc mo
hinh Ising va mo hinh Heisenberg.

Mang Hopfield c6 thé lvu giit rat nhiéu cau trdac dit liéu, moi cau tric dugce biéu dién bai maét tap hop céac trang
thdi cia cac noron. Quan trong hon, mang Hopfield c6 thé khoi phuc mét cau tric dit liéu bi nhiéu tir mot phan
nao doé cua cau truc, no6i khac di la khoi phuc tin hiéu da bién dang (nhiéu). Gia du chiing ta c6 mot mang 100
noron. Khi biét trang thai ctia 90 noron, trang thi ctia 10 ndron con lai c6 thé dwgc khoi phuc bang qua trinh
toi thiéu hoéa ham nang lwgng. Kha nang nay c6 anh hwdng rat 16n dén linh vie nhan dang va khéi phuc dit liéu,
ching han hinh anh, nhitng van dé quan trong cia Al duong dai. O day, ngudi viét luvu y rdng co ché khoi phuc
dit liéu cling dugc lay cam hing tir hién twgng tri nhd khéi phuc cta ndo b con ngwasi: doi khi ching ta khong
nh& ngay dugc mot sy kién nao dé, nhung mét ggi y nho cling c6 thé kich hoat qua trinh khéi phuc tri nhé rat
nhanh.
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Hinh 1. M6t mang Hopfield cé dién don gidn vdi 3 noron.

Mang Hopfield c6 dién don gidn, c6 nhitng han ché nhét dinh, va da dugc nang cdp sau d6. Cau tric ctia mang
trd nén phitc tap hon véi nhiéu 16p noron, gia tri trang thai va twong tac trd nén lién tuc. Mot phét trién quan
trong 1a khi c6 thém nhitng ham kich hoat (activation functions) nhat dinh,* kha ning luu giit ciia mang
Hopfield dwgc tang theo cap s6 nhan. Trong mot phat trién khac, may Boltzmann dé xuat bai GS. Geoffrey
Hinton, ngwoi sinh nam 1947 va duwgc ménh danh la mét "bo gia" cta Al, la mot phién ban c6 yéu té ngau
nhién ctia mang Hopfield. Trong khi mang Hopfield cé qua trinh huan luyén tat dinh (deterministics), ham
nang lwgng ludn phai di xuong, thi may Boltzmann cho phép ham nang lwgng tang 1én v4i mot xac suat nhat
dinh, tuan theo phan bd Boltzmann. M4y Boltmann thiét lap nhiéu nguyén tac nén tang quan trong cho céc ky
thudt AT hién dai nhuw mang than kinh nhan tao, hoc khong giam sét (unsupervised learning — cho phép may
tinh c6 thé ty phan tich dit lieu ma khong can thém théng tin bo sung) hay mo hinh cé yéu t6 ngau nhién
(probabilistic models — k¥ thudt dy bao tinh dén sy xuat hién cua nhitng si kién ngau nhién).

Ldy cam hirng tir Vat ly va cac qua trinh Hoéa sinh, cac GS. Hopfield va Hinton c6 déng gop quan trong cho sy
phat trién caa Al, va cac k¥ thuat nay quay lai thay doi Vat ly. Mét vi du dién hinh la nhitng kién tric va ky
thuat AT hién dai da cung cdp mat giai phap tiém nang cho viéc giai phuwong trinh Schrodinger nhiéu hat twong
tac,” try Ot quan trong nhat ctia co hoc lwgng tir. Vé nguyén tic, moi van dé trong vat 1y lugng tir déu bat dau
tir viéc gidi phwong trinh Schrodinger, nhung gidi duwgc hay khong lai 1a chuyén khac. Pay la van dé co ban va
rat kho cua Vat Iy ma mat trong nhitng giai phap la quy phuwong trinh Schrodinger nhiéu hat twong tac vé phién
ban cho mét hat twéng twgng c6 cuing ham mat do, va doé la ngudn goc cua phwong phap phiém ham mat do
(Density Functional Theory, viét tat 1la DFT). Du dugc st dung rat rong rai, DFT khong gidi quyét dugc moi
vén dé, va viéc giai phwong trinh Schrédinger nhiéu hat van rat can thiét. Cac n6 lyc dung Al cho cong viéc
nay la 6 trién vong t6t nhung chua di qua xa.> Cé 1& Uy ban Nobel di st dung géc nhin rdng va toan dién dé
déanh gia cac dong gop ctia GS. Hopfield va Hinton trong quyét dinh trao giai?

Nguwoi viét cho rang viéc trao giai thvdng Nobel Vat 1y cho cum cong trinh Al phan anh sy cong nhan rang

khoa hoc hién dai ngay cang mang tinh lién nganh, noi ma nhitng &ng dung va kham pha 16n c6 thé bat nguon
tir sy hiéu biét va sy giao thoa gitta cac linh vire khac nhau. Mdc du cong trinh khong tao ra mot ly thuyét Vat
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ly m&i, nhung Al c6 thé ap dung vao Vat ly nhw mét hudng di hiva hen nhitng nghién cttu doét pha trong twong
lai. Viéc trao gidi cling c6 thé la mot 161 khang dinh rang nhitng ng dung vugt bac va cé tac dong 1én dén thé
gidi, 1dy cam hing tir Vat ly, cling xing dang dugc ton vinh.

Al va bai toan twéng chirng vo vong trong Hoa hoc

Giai Nobel Hoa hoc ndm 2024 dugc trao cho GS. David Baker (Pai hoc bang Washington, M) cho viéc du
doan cau tric va tr do, thiét ké cac phan ti protein mdi, TS. Demis Hassabis, va TS. John Jumper, déu thudc
bo phan Google DeepMind ¢ London, Anh cta Tap doan Google, cho cong trinh tao ra AlphaFold, mot mo
hinh trf tué nhan tao c6 thé di doan cau tric ctia cac phan ti protein & cdp do chinh xac nguyén ti5. Ngay sau
dé, AlphaFold da duwgc dung dé dw doan cau tric ctia 220 triéu phan ti¥ protein, twong dwong vdi hau nhuw tat ca
nhitng protein da biét trén Trai dat.”

Cac ky thuat AT hién dai cho phép kién tric AlphaFold doc vao cau tric protein 3 chiéu, xac dinh cac cau tric
dia phvong quan trong, tham s6 hoé hinh théi va cau triic caa toan thé phan t& protein, va anh xa cac tham so6
nay lén chudi axit amin tao nén phan t¥ protein.

Dé hiéu thém vé ban chat va tam quan trong cua nhitng cong trinh nay, chiing ta bat dau tir mot nguyeén ly can
béan cua tw nhién: ciu tric ctia moi vat chat déu huwdng tdi trang thai c6 nang lwgng toi thiéu. Nuwdc chay cho
triing la mot vi du hang ngay dién hinh cho nguyén ly d6. Trong cac khoa hoc lién quan dén vat chat nhu Vat ly
va Hoéa hoc, rat nhiéu tredng hgp thanh phan cia mét chat hoac mét phan tr cé thé do dugc, nhung céu tric
nguyeén tw, tirc 1a titng nguyén tr mot & vi tri nao trong khong gian, thi viéc xac dinh bang cac phwong phéap
thue nghiém la rat kho, cham, hodc don gian la khong thyc hién duwgce. Vi dy, phwong phap (thuyc nghiém) do
pho tia X dé giai cau tric tinh thé khong thé "nhin" thay nguyén tit Hydro vi n6 qua nhe. Vi thé, st dung cac
cong cu tinh toan dé tim trang thai c6 nang lwgng t6i thiéu ctia mot tap hgp cac nguyén tw, la con duwong kha di.
Trén nguyén tac, day la bai toan t6i wu toan cuc (global optimization), di tim cuc tiéu toan cuc (global
minimum) cia ham nang lwgng twong tac gitta cac nguyén t¥ (ngudi viét lvu y doc gia sy twong tu vé nguyén
ly dén ham nang lwgng ctia mang Hopfield & trén). Rat nhiéu phwong phap dw doan cau tric vat chat trong doé
c6 protein da dwoc phat trién trong vai chuc nam qua. M6i phwong phap nay phéi c6 mot phwong an dé tinh
ham nang lvgng va mot thuat toan t6i wu toan cuc, chang han nhw thuét toan tién hoéa (evolutional algorithm),
thudt toan "mo phong G nhiét" (simulated annealing), hay t6i wu bay dan (particle swarm optimization). Moi
phuong phép c6 diém manh va diém yéu riéng, khong Iwa chon nao 1a hoan hao.

Théch thitc trong viéc tim cye tiéu toan cuc cua ham nang lwgng la rat 16n. Pau tién, s6 lwgng cac cyc tiéu dia
phurong cia ham nang lwgng tang theo cdp s6 nhan cta so6 bac tu do, tirc 1a khoang gap ba lan s6 lwgng nguyén
t,% dan d&n mot nhan xét ndi tiéng nam 1988 ring viéc khong dv doan dugc cau tric ctia nhitng tinh thé don
gian 1a mot "bé béi ctia khoa hoc™.? Phan ti protein, diwrgc ménh danh 1a nhitng vién gach ctia si song, bao gom
nhitng chudi cta cac axit amin duwgc uén va quan vao nhau, tao thanh cac cau tric 3 chiéu hwdng téi mitc nang
lwgng toi thiéu. Vi s6 lvgng nguyén tir cé thé 1én dén hang chuc hodc tram ngan, khong gian cau hinh va s6
lwong curc tiéu dia phwong cua ham nang lwgng thue sy la vo han. Tuy nhién, tinh hinh chwra han vo vong.
Trong cac cdu tric hod hoc hitu co, cac nguyén tir khong thé ¢ bat cir dau. Lién két hoa hoc gitta mot nguyén ti
Carbon va mdt nguyén tir Hydro & dau d6 khoang 1.1 Angstrom!? trong khi lién két héa hoc gitta hai nguyén ti
Carbon, tuy ban chat, vao khoang 1.2 cho dén 1.5 Angstrom. Ngoai ra, géc giita cac lién két hda hoc cua cac
nguyén tir Carbon cling tirong doi xac dinh, khoang 109 do vdi trang thai lai hoa sp-3, va khoang 120 do vdi
trang thai lai hoa sp-2. Céc rang budc nay, cung vdi cac diéu kién khac, néu dugc st dung, c6 thé thu hep
khong gian cdu hinh cta céc protein rat nhiéu, nhw cach ma ca ba nha khoa hoc nhan giai Nobel nam nay da
lam. Tiép theo, dinh nghia va tinh ham nang lwgng cho nhitng dai phan tt c6 hang chuc hodc tram ngan phan t
la rat cham. Cong vdi viéc phai khao sat vo s6 cau hinh nguyén t¥ dé tim cau hinh ¢6 ham nang lwgng thap
nhat, ngay ca nhitng wdc tinh nhanh nhét cho ham nang lwgng van con chwa di nhanh. Cudi cung thi van dé
van con vo cung thach thirc!
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Hinh 2. Cdu truc protein dy dodn bdang AlphaFold va thuc nghiém. Nguon: https://
www.nature.com/articles/s41586-021-03819-2

GS. David Baker da phat trién cac phwong phap dy doan cau tric protein trong nhiéu nam, st dung nhiéu cach
tinh toan va t6i thiéu h6a ham nang lwgng nhu gan ding béan thuc nghiém cho cac twong tac quan trong nhw
twong tac tinh dién, trong tac van de Waals, lién két hydro, va ning lwgng hoa tan.1! Dé thu hep khong gian
cau hinh, GS Baker da 4p dung nhiéu ky thuat, trong d6 viéc st dung cac cum nguyén t¥ (cau tric dia phuwong)
ma hinh hoc cia ching khong thay doi nhiéu tr phan t nay sang phan t khac, mot hé qua cta do dai va goéc
lién két twong doi xac dinh trong cac hgp chat hitu co nhw da néi ¢ trén. Cac phwong phap nay cho phép GS.
Baker tién doan va thiét ké nhitng phan ti protein hoan toan méi, chura c6 trong ty nhién.12 Trong du 4n
Rosetta@home, 3 cic phuong phap nay cho phép ngudi ding tién doan cdu tric cac protein khi biét chudi axit
amin. Trong cac nghién citu gan day ctia dng, cac ky thuat AI méi nhat ciing da dugc sit dung. 4

S phat trién cua AlphaFold dwdi sy dan dét cta TS. Hassabis va TS. Jumper 6 DeepMind da cach mang hoéa
cong viéc dy doan cau tric va thiét ké phan ti protein. Vé mat ky thuat, AlphaFold 1a mot kién tric mang than
kinh nhéan tao rat phitc tap véi cac "co ché lvu y" (attention mechanism) cé anh huwéng tir mang Hopfield, dung
dé tién doan cau tric xwong song (tirc la toa do nguyén ti¥ cia cac nguyén t nang hon Hydro) caa cac phan t
protein khi biét trinh ty chu6i axit amin. Ky thuat nay khong dva trén viéc tinh va t6i thiéu héa ham nang
lwong. Trai lai, AlphaFold dwgc hudn luyén trén mét s6 co s@ di liéu cau tric Protein noi tiéng nhuw "Protein
Data Bank" va "UniProt" v&i hang triéu Protein von da & san trang thai nang lwgng t6i thiéu. Vi thé, gia dinh co
bén Ia sau khi dwgc huan luyén, AlphaFold nhan vao chudi axit amin va cdu truc dugc tién doan ciing & trang
thai nang luwgng toi thiu. Gia dinh nay vé co ban la ding, hodc it nhat la gan ding tot.

Cac k¥ thuat AT hién dai cho phép kién tric AlphaFold doc vao cau tric protein ba chiéu, xac dinh cac cau tric
dia phwong quan trong, tham s6 héa hinh thdi va cdu tric cta toan thé phan t protein, va anh xa cac tham s6
nay lén chuoi axit amin tao nén phan t protein. Cac ky thuat nay la thanh qua cua rat nhiéu nam phat trién cua
ca cong dong, trong d6 c6 dong gop ctia nhitng nghién citu co ban nhu cia GS. Hopfield va Hinton ti* nhiéu
chuc nam trdc hodc nhitng ngudi da tao nén cac co sd dir liu ma DeepMind dung dé huan luyén AlphaFold.
Kha nang ctia m6 hinh AI nay rat an twgng. Hinh 2 minh hoa ba dy doan cdu tric cua AlphaFold cho 3 protein
(mau dam), khép mat cach gan hoan hao véi cau tric thye nghiém (mau nhat). Dwdi goc nhin cta cac chuyén
gia trong nganh, do chinh xac nay la phi thwong, mé ra kha nang thiét ké cac protein méi vgi nhitng chitc nang
mong muodn. Day la bé phéng cho nhitng thay doi 16n trong nganh y hoc va sinh 1y hoc ma truée hét la tiem
nang thiét ké thuéc nham dén cac bénh ma chwa c6 liéu phap hiéu qua, giam thiéu nguy co phu thudc vao cac
qua trinh sinh hoc ty nhién, von c6 thé khong t6i wu hodc bi gi¢i han bai sy tién hoa.

Du khong c6 giai Nobel chinh thitc danh cho cac khoa hoc vé mdy tinh va tri tué nhan tao, anh hwdng cta

nhitng nganh nay dén moi mat ctia cudc séng con nguoi la vo cung to 16n. Giai Nobel Vat ly va Héa hoc nam
nay c6 1é chi la khédi dau cho viéc ghi nhan vai tro ctia Al trong cac nganh khoa hoc truyén thong va cho nhan
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loai. Trong twong lai, néu c6 mot loai thudc dac tri ung thw dwgc thiét ké bang cach "lap rap" tirng nguyeén ti
v6i nhau duéi sy hwdng dan ctia cac mo hinh Al hodc mét vat liéu siéu dan & nhiét do phong (20-30 do C)
dwgc phat hién véi sy giup do cua Al, nhitng phat minh nay déu sé & tam c¢& cta giai Nobel, theo y kién cua
nguoi viét. Khi khoa hoc dang chuyén dich theo hwéng lién nganh, nhiéu co hoi sé dwgc tao ra. Chiing toi
mong rang mot ngay nao do, c6 mot cai tén Viét Nam dugc xwdng 1én & nhitng dién dan dinh cao nhw giai
Nobel.O

*TS. Tran Doan Huan hién cong tac tai Vién Cong nghé Georgia, My va GS.TS. Vii Ngoc Tudc dang lam viéc
tai Pai hoc Bach khoa Ha Noi, Viét Nam.
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