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Step one, solve intelligence. Step two, use it to solve everything" :qpima 1y 2010-n an'wna
.we're sort of on track 15 years in" [38:36]" ,mw 20 7w nn'wnd N1dIinn AN T 1N2aT? .else.” [6:12]

N'D 72N ,UNON NNDINNND nwan Naoo ' expert systems: Deep Blue 7y 1naa Learning systems ¢
[7:44] n*990 nrvaa'01'K7 nyan X7 YO N D71 019X X7 D'A¥N DY TTIANNY? NYTI X7

Lee Sedol nx nx1 AlphaGo .(2013) n'n%71a n'705'on Atari '‘pnwn 7 DQN :pm'x whand o'gnwn ©
.Move 37 [9:20, 10:51] nx x'xnni ,0'1x [I'7'n 200 7in 20162

X N9"7Nn X'n 55%-1 nnxan pwTNn nonan oxiLo'Pnwn 100,000 o'pnwn 110 701 :Self-play

QI7x 7ynY nN17 'RIPR PNYn YW NN N2y no>wnn  NIvY 24-n nino i ,01110 18-17 \nx .nnTign
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[I"7'n awn AN w0 ifen 200 1791 ™’n .nn9 nvanw 2020 9101 170N DRARANT,TIOK PIMT?
[27:50-23:18] n*uivux 30,000-n n7yn71 *01 D'wnnunw oMpin
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Jirtual cell [33:59] nina%? qunnal ,nvIaY? IR 0'WTING AT IR ¥R
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2v1 ,("someone had programmed this lump of inanimate plastic") Imix pnn 0TI VANW AwWNN .NNYY
v NTONIR'MIN N'MUNN DR NP7 KIN aTantpn .Othello > o'pnwn? Al nindim myxya an> Amiga 500
almost nobody was" 1maT71 ,AGI n'1a% "i719x n1oin"> 2010-2 nnj Shannon. DeepMind 7wi Turing
TIX R¥NI NINK 9T9T 1AW 72110 1901 NN'NN 7y D2 190N KIN .[6:12] noipn nnixa "working on Al
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TWO APPROACHES
Expert Systems
Relies on hardcoded

knowledge

Can't deal with the
unexpected, limited to
pre-programmed solutions

Inspired by logic systems

Building a general purpose learning system

Learning Systems

Learns solutions from
first principles

Can generalise to new
tasks and solve things
we don't know how to

Inspired & validated by
neuroscience

['n' ,(NIraI7 N> NXIWN2L LN9X X700 DY NITTINNA X7 ,wxn TTii7n vT') Expert Systems 7xnwn "Two approaches” qzwin
.(nmn 'wTn nxIWN2 ,NIYTN DIN'YN7 Ni7'7o1 ,01WX NNzyn niTai?) Learning Systems

"Deep Blue "can't deal with the unexpected > Expert systems .nxx1nn 727 0'0an X' qpwa nanann
1XYW NN 21T AT, NIR NDNY ' W yTY 1avn n077 N nnivt Learning systems .ninaw jn pa
deep learning :Tn' I7'wanw DT nwitw 7y vwa 2010 7w aminnw groin Xin Q&A-1 .[7:44] 'wTn n'7aa
GPU ("turns out everything's a matrix multiplication, right?"-7 naninn nayn ,reinforcement learning-i
N7 MY'N DYDY [INVAN Y21 KIN . TIAYN NYANY NIXTIN Y21 X7 NN .nima 'y nmTennni ,[49:20])

.TIAYN

.Demis Hassabis [6:12] Step one, solve intelligence. Step two, use it to solve everything else — |

DQN, AlphaGo, AlphaZero :jim'x waand n'znwn .3
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The Complexity of Go $1M match vs legendary Lee Sedol

3000 years old, 40M players
10170 positions > atoms in the universe!

AlphaGo wins the match 4-1in Seoul 2016
200M+ watched the match, YouTube dec

AlphaGo - mastering the game of Go through self-learning

(Mnih et al., ArXiv 2013 / Nature 2015)

The famous ‘Move 37’ in Game 2

Creative strategies never seen before
Interpolation, extrapolation, invention

[I"7' 7w jznwn (D172 0'ioxn a0t ,0'avn 100170) Go niad>un :"AlphaGo — mastering the game of Go through self-learning”
.2 7nwna Move 37-1,w'x 170 200 '1 7y noxiv 7ix'0a Lee Sedol 7 12T

PNwnn 2y 12T nyT? '72,0'70i7'on NN Y niwran end-to-end noayvnn 11277 nfn DQN (2013)
N2 X7 brute force-w 75 ,0mwor n'axn 170 nprna 10 v Go-a .[9:20] Tiz'an NN Dopn? nX1INN T
Move 37 "decided this Game 2 in favor of AlphaGo-I1 ,Lee Sedol nx nx1 AlphaGo 2016-2 .lawna

.100 moves later" [10:51]
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100 1inn 55%-2 1 no0Na NX NNXIN 2 N0NA DX .[INX'N MID'0 NX DAl DXA0 070N NTINY 2 N01A D'INKRN
vana .[12:23] o7iyn q17xn npth NdwAN ,nnn'M NiNg ,0'10 18—17 MNX .NNIX N9*7nn XN ,0'PNUN
227 nu'wn nx 7*n AlphaZero [[13:57] T2%2 0'n'vann 0'91Y7 NIPNMWOKRN YV MR NNYNXN YN 7Rvnn
2un% ,min 19 7Y NI qrTvnY 11202 vnnwa Stockfish nx Nyl XM YT DY AENY-IT Znwn
.Immortal Zugzwang Game" [15:28]"-a

Garry Kasparov [15:28] the programs usually reflect priorities and prejudices nx voxn Hassabis —
.of the programmer, but because AlphaZero learns for itself, | would say that its style reflects the truth

yTn"? Al-1 AlphaFold .4

What makes for a suitable problem for Al?

Massive combinatorial Clear objective function Either lots of data
search space (metric) to optimise against and/or an accurate and
efficient simulator

1112 (n7'on) Non nrye (2 ,01xy N0z wion ana (1 .0moniz nwizw "?What makes for a suitable problem for Al"
S7w 7T w07into X/ 0'ina N2 (3,0 nuoIXT

X'D  NIMYYYN IX DI'YTA ,'NMRD 07102 NI'YYA 11'NAY7 Nonn .a means to an end” [15:28]" 'n o'znwnin
ASR-1) Levinthal 7w ojimon 9% .0nwiw 7y N1y na7n 7197 .[17:01] 9pwaw narmopgn nwiw
MY M 7900 Kin yava NRT a1, nmwox nnix 3004M0-> wr yxinn 12707 ("Leventhal” yoin

John"-> 7mn ASR-n paxnn ow nx) 1994 ten nnvpnnw ,CASP nnnn .naNnpy n1'Mo 2'vany [Xon
7'nnn vp'Nen .ground truth [20:12—-21:42]-> o119 X7 TIvw 0"1'01 0Y1an npoon ,('KTI X7 owni ,"Malt
root n7xd> Nirva nadn Kin C"pretty much the day after we got back from the AlphaGo match" ,2016-2
NN Y 0w 0'91Y NNIS INNSY NiIYva i ,node problems



AlphaFold2 achieved atomic accuracy at CASP14 (2020)

Mean GDT score for top team (avg across protein difficulty)

100

ALPHAFOLD 2

S T o A e AR N T A 1 Not much progress made for

g 8 a decade. Advanced the field
t; ALPHAFOLD with AlphaFold1 at CASP13
3 70 by introducing cutting edge ML

as a main component for first time

Percentage

50 Re-architected AlphaFold2
for CASP14 to reach atomic
40 accuracy - leading the organisers

to declare the problem solved!

2006 2008 2010 2012 2014 2016 2018 2020
CASP7 CASP8 CASP9 CASP10 CASP11 CASP12 CASP13 CASP14

Critical assessment of siructure prediction

qwn2 (IX9'7 .NI'NNN )UX7 nxann nixn 7w yximnin GDT-n iy :"AlphaFold2 achieved atomic accuracy at CASP14 (2020)"
.CASP14-a AlphaFold2 oy nx'9;7 Tivi CASP13-a2 AlphaFold py ny'o7 , 1wy

2V 1Mo 0710 0110 1AW qon 0TI, DILK 7w AN NNV T IV 90 iy .60 2120 TAY [I'NN NIWY Jwna
72x ,nxan n>wninn 50% vynd 7w 1o ("CAS13" y'oin ASR-1) CASP13-a nx1 AlphaFold 1 .nm'nin
N7 X .0o9xn AlphaFold 2 nx n1a1 "had to go back to the drawing board” nixn .miox jpir17 yvan X7
nx mia the problem had been solved in the end of 2020" [24:48]. AlphaFold 2"-w 1130 nfaNnn
("2 200 5 17917 MW N2 .NIMWA yX¥Inn 1270 79mi 01y 192 IK7 Inxy nX tnnn  NFYI0'RA N1ann
'nnin 30-n Ani' oy 1IxyUNn Nnwn 197 .EMBL-EBI oy Tn' D1'n Nniwi y'% 0Mdimn 011700

it's kind of like a billion years of PhD" ,7nx n1an% nuw 54 ¥ uivpIT ox .bioethics-1 biosecurity
niTny ,(Portsmouth) j7*00%79 n'onY DTN "YW n7'apn 'win'y | .time done in one year" [26:19]
o777 o' ("ASR "nano pore-a) nuclear pore complex-n ,(DNDi) ninatm ni7nn ,nj'oiaroix’?
.Broad Institute [27:50]-a

AlphaFold 3 AlphaProteo

Modelling all of life’s molecules Designing novel proteins that bind
to a target molecule or protein

(Protein Design and Wet Lab teams)

(Abramson et al., Nature 2024)

D'227n 1100 ,AlphaProteo-1 ,(0'122'7-DNA/RNA—127n) nnin 7w niziz7zinn 725 7w 2mn ,AlphaFold 3 :nr 7x7 nr p'oj7'no av
.N0N N2EP2N7 DYZIY D'YTN

DY D1IA7N 7¥ NIXPRILVIR 7TAn ,nMTEX? Nniww AlphaFold 3 ."n'vvo ninn" xin AlphaFold 2
|22 n'wan nx yn AlphaProteo .nirmainn niadan imd orma'? oyl RNA-1 DNA oy ,0nx 011170
[30:57-29:24] hnix y¥xanw N1an [N"W 12'AXN NIXAIN ¥ IR UONN KIN ,N'¥Y 2'YRAID N1 1900
nx 017 ."making this search tractable" xin 2j7'vn ya DAl 0'Pnwna na :Hassabis 7w n%'Dnn
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.[32:29-30:57] nisnn

The new era of ‘digital biology’

Biology at its most fundamental level can be thought of as an infermation
processing system albeit a phenomenally complex and emergent one

Alis potentially the perfect description language for biology
AlphaFold is a proof point that could usher in a new era of ‘digital biclogy’

Started Isomorphic Labs to build on AlphaFeld and reimagine the drug
discovery process from first principles with Al (years to months)

We sometimes think of this as doing Science at Digital Speed

(7] 1somorphic [ Labs | [isomorphiclabscom |

Isomorphic Labs-1 ,nnoin nTi71> AlphaFold ,n7v 2ux'nin nows Al ,yTn Ti2'v n>wnd n'ai7i'a :""The new era of 'digital biology"
.virtual cell 7w 1'% DY ,0'wTINT DU NIDINNN 17'2 NX Xj77 NNI0NY

| think that Al is potentially the perfect description™ :n'ai7ira%7 17w thesis-n nx a'xn Hassabis |80
spin--n X'n Isomorphic Labs .njp'm'on 7w 1N Now X' njpronnnw nd Jlanguage for biology" [32:29]
X' N9'RUNIL,DTIRY' 0711 0w 10 yXimna Npi? n9NN NIM'S DIFN .AMDY7 0T DX NP7 Inkw out

in D"10" 0'¥N 1AW ,0NNY RN 7Y wnY virtual cell xin XN NNoY? Itnn ."science at digital speed"
nivNN INT NIN RN 7Y 1avn [33:59] wion? K71 nin'X? W7'va nunwn wet lab-n nTayni silico
[I7'D NN AT IT'N,NE NN NIXN0N 793 NN NID2 ARt N1pa L, DTN 0NN, DMWY Nihon 0y
[35:34] '0117 21wnn2 NINAY

agents-1 nin'va ,AGIl: world models-7 70 Th .5

Genie 2 - An interactive world model

saat ST

Generato a piayable world
on a spaceship

Generaie a playable warid
8 @ robol in a Auluristic Gty

701 'I7'Y DTY71,NAX (AT DN OI7Y7 WWOXYI VOV NXINA DIXNY znwn nin7iy "Genie 2 — An interactive world model"”
.N¥NY nia'a0nn

naTn (Veo 2.0-> y'am xin qpwal "our new video model called which" ,y721 nwin 717nn2) INT'HD 77N
wnn 194 .like the Turing test for video models" [37:05]" X'n nd>nniw 1OXNINI ,NP'T'D 7¢ N1AN 1N2TY
07w Pnwn X' YouTube. Genie 2 110101 n"oxn 1 N'T'9 TINY7 TWORY |'ARN NN K7 RIN DY



NN Tv'n At the moment, it's only consistent for a few seconds." [37:05]" 72ax ,n"7RIVOV NXINN
DT

AT 2y Dnxnw IXT Al MmN L IFTIRA 0oLV DR MY 0 N'o ,SynthID N a'xn XIn NINLaN T¥a
the kind of mantra in Silicon Valley is like move fast and" ;17w nTayn .Bletchley Park naos nx 1omi
| think it's not appropriate, in my opinion, for this type of transformative technology.""-1 ,"break things
state of the"w multimodal 71m ,Gemini 2.0 naxin YwNN2 .nMYI N'YTN NU'W Y¥n KN Nt Dipna .[40:09]
D"'opwN71 (19707 '7071211K TTIYd Project Astra-1 ,(nnoon '71) "art across many leading benchmarks
.[41:40]

Agent-based systems

Systems that can plan and reason, and act in the world

AlphaGo Gemini

Planning systems Waorld models

Gemini Tii (planning ni>1vn) Agent-based systems — Systems that can plan and reason, and act in the world": AlphaGo"
.(world models)

27wn .071vn DX 'an Gemini-1 2% Dinn2 Ny won y1ir AlphaGo .ax¥nn 75 NX "anny Qpwn Nt
N NN Hassabis .'/mmxn 071ya 71997 15 ,"9%900 7TIimn 7yn (115N01 19NN 12211 DX NIY RN XN
.which | think in the next two, three years is gonna be a huge area" [43:12]" ,nj7"012IN"? NNon

Q&A-1 ,'ox"770 2IwNnA Ni71aa .6

What are the limits of classical systems?

Classical Turing Machines can do much more than we previously thought
By doing a massive amount of pre-compute upfront to develop a good model

Then use the model to efficiently explore a solution space in polynomial time

My Proposed Conjecture:

“Any pattern that can be generated or found in nature can be efficiently
discovered and modelled by a classical learning algorithm™

If it turns out that classic systems can model certain types of quantum systems,
it could pot y have big for theory including P=NP,
and maybe even fundamental physics!

NITYA NI7Z'WA 77771 NI7A7 [N Ya02a XIXA7 IX X7 WWOXY 019T 7> .nyxinn nwwinn "?What are the limits of classical systems"
'mo'n niren 7wt P=NP 7u nidswn nirn? nifwy 371 ,'0X77 nT'R7 DNNIAX

n21%n .("ASR "P equals MP-1) P=NP n"ya nx 71 "Turing's champion" inxy nx 1v1an Hassabis
QYW NN 7D 7Y NYWNN [XON .0N7Y D12 NN N2 N'OXRYZ DRINYI WA NIRT 7221, NIFvIR NIdvN 0N
nn .[50:51 ,44:45] Tin%77 "WONRW N1an 12 W' 271,|AT IXRT7 2% 27O IR 171N L1171 ,0N71IAR 170N



YNT ,T'NR D'A79NN NNK2 D'YA0UN D900 DX N'9NIVOMPA 0'71TA D190 71IN'D 7wnY ,N1an 11 |'RY
.[67:02] r0aup 2awnn

Demis Hassabis [44:45] any pattern that can be generated or found in nature, so i.e. it has some —
real structure, physical structure, can be efficiently discovered and modeled by one of these classical
Jearning algorithms, like AlphaFold

[N ]"'¥N XINW NINIMO9N NIZRYN .019N719'N2 017N DNIWIL|IMTAL [ND'TA oY 17W 0II0PZITA :NINA 'y °
[46:15] 1*'2*0 NnIv? NN TNIM INwn W' oXN substrate-n Nl Ay TINE AN Ny

Pong-a ."?So for the first couple of years, nothing worked, right" :n'7xn n'n X7 deep learning nx
Babbage. "l always say you wanna be n> " o'mTpin Dnw IWwNI ,NNR AT 17'9X 2'win? IN'7xn X7 DN
like five years ahead of your time, not 50 years ahead." [50:51]

.N2ND DAL RN D2 )X IRITR [9IRALL,DRIZIT KD NN 72K, TIRNA IMIR DR2'YN :NIDN-NIn '‘pynn ©
.to keep up with the technology" [52:23]" 11T *2Ix T'nyal ,'RI91 DINN N7 DIFN

n'yav nowa nidn . still would recommend that you get good at coding and math" [563:56]" :namp
,"enhance engineers to be able to do 10X of what they can do today" ,n"n'x' n'wax? ninnn NX NN
.[65:28] o'wTn DMAT 7w NN nTM7a nRkNn? awni

N'OIIN'T N2'0 NXRN K7 NIN 71222 72K ,7™T7 "woN 'Ry 070N v D' :deep learning-n ni7aa ¢
[55:28] nixnaIT 7'90N1 N1AN W'Y 'RINA ,N'7XN K7 N'OXRTP NdWNY

N7y 0'aNa Nz'1a ,n'7'7a playthroughs [1'7'm nivynka pnwn Ir'R ,assets n'y' :nfpnwn nino1a Al ¢
MNX 7 v kN holodeck-ni ,world model 7w nian jnan 715 omie xin Genie .nirn Al nirmTi 0NN
AGI [568:33, 1:00:04]
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