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Nobel Vat ly va Héa hoc
2024: X6a nhoa bién gidi
gitra cac nganh khoa hoc

Tran Doan Huén (Vién Cdng nghé Georgia),
Vi Ngoc Tudc (tuocvungoc@gmail.com)
Dai hoc Bach khoa Ha Noi

C6 Ié ching ta dang chirng kién mét thoi diém
cét méc cua xu hwong lién két chit ché giira cdc
nganh trong khoa hoc dwong dai, nham dat
dwoc nhirng thanh twu Ion hon. NGi riéng, do
la vai tro dé va dang tré nén ngay cang quan
trong cua Al trong Vit ly, Héa hoc, va rét nhiéu
nganh khoa hoc truyén théng khdc.
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Minh hoa vé kién tric mang. Anh: Johan
Jarnestad/Vién Han Idm Khoa hoc Thuy Dién

Hang ndm, gidi Nobel Vat ly va Héa hoc duoc
céng bd trong hai ngay lién ti€p trong “tuan
Nobel” dau thang 10, ndm nay la ngay 8/10 va
9/10. Piém tha vi va gy ngac nhién cho réat
nhiéu ngudi 1a ndm nay, ca hai gidi nay déu duogc
trao cho nhitng thanh twu cua tri tué nhan tao
(Artificial Intelligence, hodc Al), mét linh vuc rat
mdi va dang phat trién nhanh chéng, trong hai
nganh khoa hoc cé truyén théng l1au doi nay. Cac
phat minh dworc trao gidi Nobel V4t ly déu mang
tinh nén tdng cho khoa hoc may tinh va tri tué
nhan tao, trong khi cdc phat minh gianh giai
Nobel tht hai thé hién su két hop ré rang va
manh mé gilra Al va cac van dé quan trong cta
Héa hoc. Cé 18 chung ta dang chirng kién mét
thoi diém cot mdc cla xu hudng lién két chat
ché gilta cac nganh trong khoa hoc duong dai,
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nham dat dugc nhitng thanh twu I&n hon. Noi
riéng, do la vai tro da va dang trd nén ngay cang
quan trong cta Al trong Vat ly, Héa hoc, va rat
nhiéu nganh khoa hoc truyén théng khac.

Al va nguén cdm hirng tir vat ly

Giai Nobel Vat ly 2024 duoc trao cho GS. John
Hopfield tlr Dai hoc Princeton (My), nguwoi da
“phdt minh ra moét kién trdc mang (Hopfield
network) c6 thé dung dé lwu gilr va tai tao cac
cdu tric va hinh thai (cda dir liéu)” va GS.
Geoffrey Hinton tir Dai hoc Toronto (Canada) vdi
phat minh ra may Boltzmann, “mét kién tric
mang md&i xuat phat tir mang Hopfield”.} Cac
phat minh trén déu mang tinh nén tang cho khoa
hoc may tinh va Al, nhuwng dong gdp cua ca hai
nha khoa hoc nay siu réng va 1én lao hon thé.
Du vay, viéc trao giai Vat ly cho GS. Hopfield va
Hinton gy ngac nhién cho nhigu ngudi,? bdi khi
néi dén Vat ly, that khé dé hinh dung ra khoa hoc
may tinh va Al. Cé 18 ching ta cdn mot géc nhin
toan canh, lién nganh dé hiéu rd hon vé quyét
dinh nay.

GS. Hopfield sinh ndm 1933, 13y bang Tién sy Vat
ly ndm 1958, va c6 nhiéu déng gép cho Vat ly khi
lam viéc & phong thi nghiém Bell, Pai hoc
Berkeley, Dai hoc Princeton, Vién Cong nghé
California, va quay lai Dai hoc Princeton nam
1997. Trong sé cac nghién cltu sinh Tién s§ éng
huéng dan cé nhitng nha Vat ly tén tudi nhu
Gerald Mahan, Bertrad Halperin, va Steven
Girvin. Bén canh d6, GS. Hopfield cling c6 nhiéu
déng gdép trong Héa hoc va Sinh hoc. Ong 1a
ngudi dé xuat co ché ty sira 16i trong sao chép
DNA, mot qua trinh héa sinh quan trong cho sv
séng.

Kién tric mang Hopfield phat minh ndm 1982 |3
mot mang than kinh nhan tao (artificial neural
network) don gian véi cau truc anh hudng tir mé
hinh Ising trong Vat ly va cdm hirng tir mang than
kinh trong co thé s6ng.3 Trong bai bao gidi thiéu
kién trdc mang Hopfield3, phéng dich nhitng cau
dau tién la “Pi tir tinh chat dién hda cla céc
noron va twong tac cta ching, ching ta cé thé
tim hiéu cdc chirc nang sinh hoc co ban. Tir hiéu
biét vé nhitng mach dién don gian, ching ta cé
thé I&n k& hoach cho m6t may tinh phirc tap. Tuy
nhién, vi tién hda (trong ty nhién) khéng theo ké
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hoach nao dat truwdec, sé la hop ly khi dat cau hoi
liéu chirc nang cia mot mang lwdi lén cac noron
(trong co thé séng) cd phai la hiéu &ng tap thé
cla viéc cd mot sé lugng rat I&n cédc phan tlr don
gian va twong tac gitta ching”? Day chinh xac
cling 1a cdu hdi co ban cha Vat ly théng ké, va
“hiéu rng tap thé” chinh 1a nguén géc cla rat
nhiéu tinh chat tha vi cia nhitng mé hinh Vat ly
don gian nhw cac moé hinh Ising va Heisenberg.

Mang Hopfield c6 dién c6 mét I&p nhiéu noron,
minh hoa trong truong hop don gian vdi ba
noron (cac hinh tron mau xanh) trén Hinh 1. Cac
noron, hodc nat mang nay cd trang thai X1, X2,
X3, gli ra tin hiéu Y1, Y2, Y3, va tuwong tac vdi
nhau v&i cwong d6 W12, W21, W13, W31, W23,
va W32 (mbi noron twong tac véi moi noron
khac). Cac trang thai X1, X2, X3 la nhi nguyén,
nhan mét trong hai gia tri roi rac, +/-1 hoac 0/1.
Trong qua trinh huan luyén (training), cac twong
tac dugc cap nhat dé tdi thiéu hdoa mot ham
nang luong. Viéc cdp nhat tuwong tac khi huln
luyén rat quen thudc vdi linh vyc Al, trong khi
cau tric mé hinh, gia tri trang thai roi rac, twong
tac gilra cdc nit mang, va tdi thiéu héa ham nang
lvgng rat quen thudc vdi Vat ly, cu thé [a cac mé
hinh Ising va m6 hinh Heisenberg.

Vi
2
1

w31,/ w3z /

w21 w23

wWi2 wi3

Hinh 1. M6t mang Hopfield c6 dién don gidn vdi
3 noron.

Mang Hopfield cé thé Iwu gilt rat nhiéu ciu truc
dit lieu, mdi cau tric dwoc biéu dién bdi mot tap
hop céc trang thai cla cdc noron. Quan trong
hon, mang Hopfield cé thé khdi phuc mot cau
trac dit liéu bi nhiéu tir mot phan nao dé cla cau
trac, néi khac di 1a khéi phuc tin hiéu d3 bién
dang (nhiéu). Gia du ching ta c6 mét mang 100
noron. Khi biét trang thai cia 90 noron, trang
thai ca 10 noron con lai cé thé duoc khoi phuc
bang qua trinh tdi thiéu héa ham nidng luong.
Kha ndng nay cé anh huwédng rat Ién dén linh vuc

nhan dang va khéi phuc dit liéu, chang han hinh
anh, nhirng van dé quan trong cta Al duwong dai.

O day, ngudi viét luu v ring co ché khdi phuc di
lieu cling dugc 1y cam hing tir hién tuong tri
nh& khoi phuc cla ndo bdé con nguoi: doi khi
ching ta khong nhé ngay dugc mot sy kién nao
dd, nhwng moét goi y nhd cling ¢ thé kich hoat
qua trinh khéi phuc tri nhé rat nhanh.

Mang Hopfield c¢6 dién don gian, c6 nhitng han
ché& nhat dinh, va da duwoc nang cap sau dé. Cau
trdc cla mang tré nén phirc tap hon véi nhiéu
|&p noron, gid tri trang thai va twong tac trd nén
lién tuc. Mot phat trién quan trong la khi ¢
thém nhitng ham kich hoat (activation
functions) nhat dinh,* kha ning luvu gitt cla
mang Hopfield dwgc tang theo cdp s6 nhan.
Trong mot phat trién khac, may Boltzmann dé
xuat bdi GS. Geoffrey Hinton, ngudi sinh ndm
1947 va dwgc ménh danh la mét “b6 gia” cla Al,
la mot phién ban cé y&u t& ngiu nhién clia mang
Hopfield. Trong khi mang Hopfield cé qua trinh
huan luyén tat dinh (deterministics), ham nang
lwong luén phdi di xuéng, thi may Boltzmann
cho phép ham nang lwgng tang 1én v&i mot xac
suat nhat dinh, tuin theo phan bd Boltzmann.
M4dy Boltmann thiét 1ap nhiéu nguyén tic nén
tang quan trong cho cac ky thuat Al hién dai nhu
mang than kinh nhan tao, hoc khéng gidm sat
(unsupervised learning — cho phép mdy tinh cé
thé tu phan tich dir liéu ma khéng can thém
théng tin b6 sung) hay mé hinh ¢é yéu t& ngau
nhién (probabilistic models — ki thuat du bao
tinh dé&n sy xuat hién clia nhitng sy kién ngau
nhién).

Ly cAm hirng tir Vat ly va cac qua trinh Héa sinh,
cac GS. Hopfield va Hinton cé déng gép quan
trong cho su phat trién cda Al, va cac ky thuat
nay quay lai thay déi Vat ly. Mot vi du dién hinh
|a nhirng kién tric va ki thuat Al hién dai d3 cung
cdp modt gidi phdp tiém ning cho viéc gidi
phuong trinh Schrédinger nhigu hat tuwong tac,”
tru cét quan trong nhat cda co hoc luvgng tir. Vé
nguyén tac, moi van dé trong vat ly lwong tir déu
bat dau tir viéc gidi phwong trinh Schrédinger,
nhung giai dwoc hay khong lai la chuyén khac.
Day la van dé co ban va rat khé caa Vat ly ma
mot trong nhitng giai phap la quy phuwong trinh
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Schrédinger nhiéu hat tuong tac vé phién ban
cho mot hat twdng twgng cd cing ham mat do,
va dé 1a ngudn géc cla phuong phdp phiém ham
mat do (Density Functional Theory, viét tat I3
DFT). DU dugc st dung rat rong rai, DFT khdng
giai quyét dwoc moi van deé, va viéc gidi phuong
trinh Schrodinger nhiéu hat van rat can thiét.
Cac nd luyc dung Al cho cdng viéc nay 1a cé trién
vong tét nhung chua di qua xa.> C6 18 Uy ban
Nobel d3 s&r dung géc nhin rong va toan dién dé
danh gia cac doéng gop cua GS. Hopfield va
Hinton trong quyét dinh trao giai?

Ngudi viét cho rang viéc trao giai thwdng Nobel
Vat ly 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
khdm phd |&n cé thé bat ngudn tir sy hidu biét
va su giao thoa gilra cac linh vyc khac nhau. Mac
du coéng trinh khéng tao ra mét ly thuyét Vat ly
mdi, nhung Al c6 thé dp dung vao Vat Iy nhuw mot
hudng di hira hen nhitng nghién clru dot pha
trong tuong lai. Viéc trao giai cling cé thé 1a mot
| khang dinh rang nhitng ng dung vurot bac va
cé tac dong lon dén thé gidi, 1ay cdm hing tir
Vat ly, cling xirng dang dwoc tén vinh.

Al va bai toan twéng chirng vo vong trong Héa
hoc

Giai Nobel Héa hoc nam 2024 duwoc trao cho GS.
David Baker (Pai hoc bang Washington, My) cho
viéc du dodn ciu tric va tir d6, thiét ké cac phan
tlr protein madi, TS. Demis Hassabis, va TS. John
Jumper, déu thudc bé phan Google DeepMind &
London, Anh cla Tap doan Google, cho cong
trinh tao ra AlphaFold, m6t mé hinh tri tué nhan
tao c6 thé dy dodn cau tric cla cac phan tl
protein & cap dd chinh xac nguyén tir.6. Ngay
sau do, AlphaFold d3 dwoc dung dé du doan cau
trdc cta 220 triéu phéan tl protein, twong duong
v3i hau nhu tat cd nhitng protein d3 biét trén
Trai dat.’

Dé& hiéu thém vé ban chat va tdm quan trong cla
nhi*rng cdng trinh nay, ching ta bat dau tir mot
nguyén ly can ban cla tu nhién: cau tric ciia moi
vat chat déu huwdng tdi trang thai cé ndng lwong
t8i thiu. Nudc chay cho triing 1a mét vi du hang
ngay dién hinh cho nguyén ly d6. Trong céc khoa
hoc lién quan dén vat chat nhw Vat ly va Héa hoc,
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rat nhiéu tredng hop thanh phan cda mét chat
hodc mét phan t&r cé thé do dugc, nhung ciu
trdc nguyén tl, tirc 13 trng nguyén t&r mot & vi
tri ndo trong khoéng gian, thi viéc xac dinh bang
cac phuong phap thuc nghiém 13 rat khé, cham,
hoac don gian la khéng thyc hién dugc. Vi duy,
phuong phap (thuc nghiém) do phé tia X dé giai
ciu trac tinh thé khdng thé “nhin” thay nguyén
t& Hydro vi né qud nhe. Vi thé, sir dung céc cdng
cu tinh todn dé tim trang thai cé nang lwong toi
thiéu cla mét tap hop cdc nguyén tl, la con
duwong kha di. Trén nguyén tic, day 1a bai toan
t8i wu toan cuc (global optimization), di tim cuc
tiéu toan cuc (global minimum) clda ham ning
lwong twong tac gilta cac nguyén tlr (ngudi viét
lvu y déc gid suw tuwong tu vé nguyén ly dén ham
nang lwgng cia mang Hopfield & trén). Rat nhiéu
phuong phdp du doan cau tric vat chat trong do
c6é protein d3 duwoc phat trién trong vai chuc
ndm qua. M&i phwong phap nay phai c6 mot
phuong an dé tinh ham ning lwvong va mot thuit
toan t8i wu toan cuc, chdng han nhu thuat todn
tién héa (evolutional algorithm), thuat toan “md
phong G nhiét” (simulated annealing), hay téi vu
bay dan (particle swarm optimization). M®oi
phuong phap c6 diém manh va diém yéu riéng,
khéng lra chon nao la hoan hao.

Théach thirc trong viéc tim cye tiu toan cuc cla
ham nang luong la rat 1én. Dau tién, s6 luong
cac cuc tiéu dia phuong cia ham ndng luong
tadng theo cap s6 nhan cla s6 béac tu do, tirc la
khodng gap ba Ian s6 lvgng nguyén tr,® dan dén
mot nhan xét ndi tiéng ndm 1988 rang viéc
khéng du dodn duogc ciu truc cha nhirng tinh
thé don gidn 13 mot “bé bdi cua khoa hoc”.’
Phan tl protein, dugc ménh danh la nhirng vién
gach cua sy sdng, bao gdbm nhitrng chudi ctia cac
axit amin dugc udn va quan vao nhau, tao thanh
cdc cau truc 3 chiéu hudng téi mire nang luong
tdi thiéu. Vi s6 lugng nguyén tlr c6 thé 1én dén
hang chuc hodc trdm ngan, khéng gian cau hinh
va s6 lvong cyc tiéu dia phuong cda ham nang
lvgng thuc sy la vo han. Tuy nhién, tinh hinh
chuwa hdn vé vong. Trong cac cau truc hod hoc
hitu co, cac nguyén tlr khong thé & bat cir dau.
Lién két hda hoc gitta mét nguyén tir Carbon va
mét nguyén t& Hydro & dau do khoang 1.1
Angstrom10 trong khi lién két hoda hoc gitra hai
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nguyén tlr Carbon, tuy ban chat, vao khoang 1.2
cho dén 1.5 Angstrom. Ngoai ra, goc gilta cac
lién két hda hoc cla cac nguyén tlr Carbon ciling
twong doi xac dinh, khodng 109 dd véi trang thai
lai hod sp-3, va khoang 120 dd vd&i trang thai lai
hod sp-2. Cac rang budc nay, cung vdi céc diéu
kién khac, néu duoc sir dung, cé thé thu hep
khdng gian cdu hinh cla céc protein rat nhiéu,
nhuw cach ma ca ba nha khoa hoc nhan giai Nobel
b c

N terminus

C terminus

AlphaFold Experiment
r.m.s.d.qs = 0.8A; TM-score = 0.93

AlphaFold Experiment
r.m.s.d. = 0.59 A within 8 A of Zn

nam nay da lam. Tiép theo, dinh nghfa va tinh
ham nang lwvgng cho nhitng dai phan tir c6 hang
chuc hodc trdm ngan phan tir 1a rat chdm. Céng
V@i viéc phai khao sat vd sé ciu hinh nguyén tlr
dé tim cau hinh c6 ham nang lwgng thap nhat,
ngay ca nhitng udc tinh nhanh nhat cho ham
nang lwong van con chua dd nhanh. Cudi clng
thi van dé van con vé cung thach thic!

AlphaFold Experiment
r.m.s.d.q; = 2.2A; TM-score = 0.96

Hinh 2. C4u truc protein dw dodn bang Alpha-Fold va thuc nghiém.
Ngubn: https://www.nature.com/articles/s41586-021-03819-2

GS. David Baker d3 phét trién cac phuong phap
du dodn cau truc protein trong nhiéu nam, s
dung nhiéu cach tinh toadn va t6i thiéu héa ham
nang lvong nhw gan ddng ban thuc nghiém cho
cac tuong tac quan trong nhu tuwong tac tinh
dién, tvong tac van de Waals, lién két hydro, va
ning luong hoa tan.!! D& thu hep khéng gian
cau hinh, GS Baker d3 ap dung nhiéu ky thuét,
trong dd viéc st dung cdc cum nguyén tlr (cau
trac dia phwong) ma hinh hoc cda ching khong
thay d6i nhiéu tir phan tlr nay sang phan tir khac,
mot hé qua cha dé dai va goc lién két tuvong doi
xac dinh trong cac hgp chat hitu co nhu d3 néi
& trén. Cac phuong phap nay cho phép GS. Baker
tién doan va thiét ké nhirng phan tl protein
hoan toan mdi, chua co trong ty nhién.2 Trong
dyu an Rosetta@home,*® cac phuong phap nay
cho phép ngudi dung tién dodn ciu tric cac
protein khi biét chudi axit amin. Trong cdac
nghién clru gan day cha 6ng, cac k§ thudt Al méi
nhat cling d3 duoc st dung.*

Su phat trién cla AlphaFold dwdi sy dan dat cla
TS. Hassabis va TS. Jumper & DeepMind d3 céach
mang héa cong viéc du dodn ciu tric va thiét ké

phan t&r protein. V& mat ky thuat, AlphaFold la
mot ki€n trdc mang than kinh nhan tao rat phirc
tap vdi cac “co ché lvu y” (attention mechanism)
c6 anh hudng tir mang Hopfield, dung dé tién
dodn cau tric xwong sdng (tic la toa dd nguyén
tlr clia cac nguyén t&r nang hon Hydro) cla cac
phan t& protein khi biét trinh tw chudi axit amin.
Ky thuat nay khéng dua trén viéc tinh va toi
thiéu hda ham nang lwong. Trai lai, AlphaFold
duoc huln luyén trén mét sé co sé dit liéu cau
trdc Protein ndi tiéng nhu “Protein Data Bank”
va “UniProt” véi hang triéu Protein von d3 & san
trang thai nang luvgng tdi thiéu. Vi thé, gia dinh
co ban 1a sau khi dwoc hudn luyén, AlphaFold
nhan vao chudi axit amin va ciu truc duwoc tién
dodn cling & trang thai nang lvong téi thiéu. Gia
dinh nay vé co ban la dung, hodc it nhat 1a gan
dung tot.

Cac ky thudt Al hién dai cho phép kién tric
AlphaFold doc vao cu truc protein ba chiéu, xac
dinh cdc cau tric dia phuong quan trong, tham
s6 hda hinh théi va ciu tric cha toan thé phan
tlr protein, va anh xa cac tham s6 nay 1én chubi
axit amin tao nén phan tlr protein. Cac ky thuat
nay la thanh qua cda rat nhiéu ndm phét trién
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cla ca cdng dong, trong d6 cd déng gop cla
nhirng nghién ctru co ban nhu cda GS. Hopfield
va Hinton tr nhiéu chuc ndm trwdc hodc nhirng
nguoi dd tao nén cac co so dit liéu ma DeepMind
dung dé huan luyén AlphaFold. Kha nang cla md
hinh Al nay rat an twong. Hinh 2 minh hoa ba dv
dodn c4u trac cda AlphaFold cho 3 protein (mau
dam), khép mét cach gan hoan hdo vdi cau tric
thuc nghiém (mau nhat). Dudi gdc nhin cla cac
chuyén gia trong nganh, d6 chinh xac nay la phi
thuwdng, ma ra kha nang thiét ké cac protein mdi
v@i nhitng chirc ndng mong muén. Pay 1a bé
phéng cho nhirng thay d&i I&n trong nganh y hoc
va sinh ly hoc ma trudc hét 1a tiém nang thiét ké
thuéc nham dén cac bénh ma chua cé liéu phép
hiéu qua, giam thiéu nguy co phu thudc vao cac
qua trinh sinh hoc ty nhién, vén c6 thé khdng toi
uwu hodc bj gidi han bdi sy tién hoa.

DU khéng co giai Nobel chinh thirc danh cho cac
khoa hoc vé mdy tinh va tri tué nhan tao, anh
hwéng cla nhitng nganh nay dén moi mat cla
cudc sdng con ngudila vo cung to 1én. Gidi Nobel
Vat ly va Héa hoc ndm nay c6 |18 chi 1 kh&i dau
cho viéc ghi nhén vai tro cha Al trong cac nganh
khoa hoc truyén thdng va cho nhéan loai. Trong
tuong lai, néu cé mét loai thuéc dac tri ung thw
duwoc thiét ké bang cach “Iap rap” tirng nguyén
tlr vdi nhau duédi sy huwéng dan ctia cdc mé hinh
Al, hodc mot vat liéu siéu din & nhiét d6 phong
(20-30 do C) dwoc phat hién vai sy gitp d& cta
Al, nhitng phat minh nay déu s& & tdm c& cla
gidi Nobel, theo y kién cla ngudi viét. Khi khoa
hoc dang chuyén dich theo huéng lién nganh,
nhiéu co héi s&é duoc tao ra. Chung t6i mong
rang mot ngay nao dé, cé mot cai tén Viét Nam
dwoc xudng Ién & nhitng dién dan dinh cao nhu
giai Nobel.

Chu thich

1. “Théng cdo bdo chi”:
https://www.nobelprize.org/prizes/physics/2024
/press-release/

2. “Why the Nobel Prize in Physics Went to Al
Research”: https://spectrum.ieee.org/nobel-
prize-in-physics

3. “Neural networks and physical systems with
emergent collective computational abilities”:
Proc. Natl. Acad. Sci. USA. 1982 Apr; 79(8):
2554-2558.

KHOA HOC — CONG NGHE - NG DUNG

4. “Dense associative memory for pattern
recognition”: https://arxiv.org/abs/1606.01164
va “On a model of associative memory with huge
storage capacity”:
https://link.springer.com/article/10.1007/s1095
5-017-1806-y

5. “Accelerating quantum molecular
simulations”:https://www.nature.com/articles/s
43588-022-00237-w

6. “Highly accurate protein structure prediction
with AlphaFold”:
https://www.nature.com/articles/s41586-021-
03819-2

7. “AlphaFold Protein Structure Database: massively
expanding the structural coverage of protein-
sequence space with high-accuracy
models”:https://academic.oup.com/nar/article/
50/D1/D439/6430488?login=false

8. “Exponential multiplicity of inherent structures”:
https://journals.aps.org/pre/abstract/10.1103/P
hysRevE.59.48

9. “Crystals from first principles”:
https://doi.org/10.1038/335201a0

10. 1 Angstrom = 10°0m

11. “Protein structure prediction and structural
genomics”:
https://www.science.org/doi/abs/10.1126/scien
ce.1065659, “Protein structure prediction and
analysis using the Robetta server”:
https://www.science.org/doi/abs/10.1126/scien
ce.1065659, “Contact order and ab initio protein
structure prediction”:
https://onlinelibrary.wiley.com/doi/10.1110/ps.
3790102

12 “Design of a Novel Globular Protein Fold with
Atomic-Level Accuracy”:
https://www.science.org/doi/abs/10.1126/scien
ce.1089427

13“Rosetta@home”:https://boinc.bakerlab.org/ros
etta/

14. “Accurate prediction of protein structures and
interactions using a three-track neural network”:
https://www.science.org/doi/abs/10.1126/scien
ce.abj8754

Nguodn: Tia sang 20/2024

VAT LY NGAY NAY, N3m thi 23, S6 4, Thang 12 -2024 29



