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Nobel Turing Challenge

“The Nobel Turing Challenge is a grand challenge aiming at developing a highly
autonomous Al and robotics system that can make major scientific discoveries, some which

may be worthy of the Nobel Prize and even beyond.“

www.nhobelturingchallenge.org
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Kitano, H. (2016). Artificial intelligence to win the Nobel prize and beyond: Creating the engine for scientific
discovery. Al magazine, 37(1), 39-49.

Kitano, H. (2021). Nobel Turing Challenge: creating the engine for scientific discovery. NPJ systems biology and
applications (Nature Portfolio), 7(1), 29.


http://www.nobelturingchallenge.org/

Twierdzenie o czterech barwach

1850 - sformutowanie hipotezy
1879 - pierwszy “dowodd”, Alfred Kempe
1890 - odkrycie btedu w dowodzie (1896 niezaleznie odkrywa btad Vallée Poussin)

1976 - Kenneth Appel i Wolfgang Haken ogtosili dowdd przy uzyciu komputera, ktory rozpatrzyt 1482
przypadki — ponad 400 stron dowodu, praca opublikowana w 1981

1986 - znaleziono btgd w obliczeniach, poprawiony w 198‘9" »_,,.,;}-” i

1996 - redukcja do 633 przypadkow F

2005 - sformalizowany dowdd przy pomocy narzedzia Cog



https://coq.inria.fr/

Postulat Keplera (1611)

Trojwymiarowe kule w tréjwymiarowej przestrzeni najciasniej da
sie umiescic, gdy ich srodki tworzg na ptaszczyznach przekroju
szesciokaty. Gestosc: 2—% ~ 0.7404...
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Tomas Hales — dowdd w kilku pracach (usprawniany) w latach 1994 - 1998
* ponad 250 stron i kilka GB danych

* programowanie liniowe i catkowitoliczbowe — 10° zagadnien, kazde 100-200
zmiennych

* po 4 latach recenzji (12 oséb) opublikowany w 2005
roku w Annals of Mathematics z dopiskiem, ze
recenzenci sg w 99% pewni jego poprawnosci

e ostateczna praca: 120 stron, rezultat 20 lat badan,
Tomasa Halesa i 21 jego wspotpracownikow

Sloane, N. J. (1998). Kepler's conjecture confirmed. Nature, 395(6701), 435-430.



Boolean Pythaogrean triples

Zbior {1,...,7824} moze byc¢ podzielony na dwa podzbiory, takie ze zaden z nich
nie zawiera trojki pitagorejskiej (a% + b% = c?), lecz nie jest to mozliwe dla
zbiorow {1,...,7825}.

« Udowodnione w 2016.

« SAT solver

« 4 CPU years, 200 terabajtow wygenerowanych danych. Najdtuzszy
zatwiedzony dowaod.

Heule, M. J., Kullmann, O., & Marek, V. W. (2016). Solving and verifying the boolean pythagorean triples problem
via cube-and-conquer. In International Conference on Theory and Applications of Satisfiability Testing (pp. 228-245).
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Fawzi, A., Balog, M., Huang, A., Hubert, T., Romera-Paredes, B., Barekatain, M., ... & Kohli, P. (2022).
Discovering faster matrix multiplication algorithms with reinforcement learning. Nature, 610(7930), 47-53.
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Extended DataFig. 2| Algorithm for multiplying 4 x 5by 5 x 5 matricesinstandard arithmetic with 76 multiplications. This outperforms the previously best
knownalgorithm, which involves 80 multiplications.



AlphaGeometry

a Asimple problem

A

B C

“Let ABC be any triangle with AB = AC.
Prove that Z/ABC = ZBCA.”

e |MO 2015 P3

“Let ABC be an acute triangle. Let
(O) be its circumcircle, H its
orthocenter, and F the foot of the
altitude from A. Let M be the
midpoint of BC. Let Q be the point
on (O) such that QH L QA and let K
be the point on (O) such that KH L
KQ. Prove that the circumcircles
(O,) and (O,) of triangles FKM and
KQH are tangent to each other.”

b AlphaGeometry d Solution

Symbolic

deduce

Solved!

> >

solved

Construct —\

¢ Language model

f Solution

“—Alpha-—
Geometry

Not

Construct D: midpoint BC,

AB=AC,BD = DC,AD=AD = ZABD=ZDCA [1]
[1], B C D collinear = ZABC=ZBCA

Construct D: midpoint“B'H [a]
[a], 0, midpoint HQ = BQ // 0,0 [20]

Construct G: midpoint HC [b] ...
ZGMD = £GO,0 = M 0, G D cyclic [26]

[a],[b] = BC//DG [30]

Construct E: midpoint MK [c]
, [e] = ZKFC = LK01E [104]

ZFKO,=ZFK0, = KO, /K0, [109]
[109] = 0,0,K collinear = (0,)(0,) tangent

Trinh, T. H., Wu, Y., Le, Q. V., He, H., & Luong, T. (2024). Solving olympiad geometry without human
demonstrations. Nature, 625 (7995), 476-482.



AlphaGeometry

1 miliard sztucznie wygenerowanych konstrukgcji
z kazdej konstrukcji wygenerowanie mozliwych zaleznosci

ostatecznie 100 milionéw unikalnych twierdzen

a Sample b Symbolic deduction c Synthetic
random premises and traceback problems and proofs

cyclic(E,A,D,H) \

S e ZEAH = ZEDH -

/EDH = ZECB

o ﬁ-
EC LEA

& C J

Chou, S. C., Gao, X. S. & Zhang, J. Z. A deductive database approach to automated geometry theorem proving and discovering.
Journal of Automated Reasoning. 25, 219-246 (2000).



AlphaGeometry

Distribution of synthetic data

107
Average IMO proof length from AlphaGeometry
@ 10° —————————>
§ 0.05% data
g IMO 2015 P3 AlphaGeometry proof
L] length: 112
= 3 >
5 10 0.001% data
© IMO 2019 P6 AlphaGeometry proof
length: 187
10?
| 1N L @
40 80 120 160 200 240

Synthetic proof length

A
E
A
F
B
M
B c "
D C

Trivial theorem Well-known theorem
Proof length = 1 Proof length = 20

Most complex synthetic theorem
Proof length = 247



IMO 2004 P1:

“Let ABC be an acute-angled triangle with AB = AC.

The circle with diameter BC intersects the sides AB and AC at
M and N respectively. Denote by O the midpoint of the side
BC. The bisectors of the angles ZBAC and ZMON intersect

at R. Prove that the circumcircles of the triangles BMR and
p a e O | l l e ry CNR have a common point lying on the side BC.”

Translate

Premise l
ABCOMNRP : Points
mid_point(0,B,C) [--]
Ml

same_line(B,M,A) [0@] OM=0B [@1]
%same_line(N,C A) [82] ON=0B [@3]

ZBAR=ZRAC ZMOR=ZRON |[B85]
circle(B,M,R,P) [@6] circle(C,N,R,P) [07]

Goal
same_line(P, B, C)
[
Solve
Proof v

[61]1[03] = ZONM=ZNMO [08]
[01][@3]1[@5] = RN=RM [09]
[81][@3][09] = NM L OR [10]
AUXILIARY POINT K : KM = KN
[61][63] KM = KN = MN L KO [12]
AUXILIARY POINT L : KL = KA, OL = OA
KL = KA,OL = OA = KOLAL [15] ZAKO=ZOKL [16]
[15]1[12]1[10][16]1[13] = RA=RL [17]
OL = OA = ZOAL=ZALO [18]
angle-chase:[12][15][08][18]=4ZNOA=ZLOM [19]
— [@1][@3]OL = OA[19] = AN=LM [21]
[17]1[21]1[09] = ZNAR=ZRLM [22]
—[82][84][ee][22] = circle(L,M,A,R) [23]
similar = circle(R,L,N,A) [24]
[23]1[24] = ZRMA=ZRNA [25]
- [06] = ZBPR=/BMR [26]
—I[@7] = ZNCP=4NRP [27]
L [ee][82][25]1[26][27] = PC // BP
= same_line(B,P,C)

Traceback

ABC Unused premise

ABC Used premises

ABC Neural net output

ABC Symbolic solver output



AlphaGeometry

Table 1| Main results on our IMO-AG-30 test benchmark

Method Problems solved
(outof 30)
Computer algebra Wu'’s method? (previous state of 10
the art)

Grobner basis® 4

Search (human-like) GPT-4 (ref.25) 0
Full-angle method*® 2
-

9

Deductive database (DD)'°
DD+human-designed heuristics"
DD+AR (ours) 14

DD+AR+GPT-4 auxiliary 15
constructions

DD +AR+human-designed heuristics 18

AlphaGeometry 25
« Without pretraining 21
« Without fine-tuning 23

We compare AlphaGeometry to other state-of-the-art methods (computer algebra and search
approaches), most notably Wu’s method. We also show the results of DD+AR (our contribution)
and its variants, resulting in the strongest baseline DD+ AR+human-designed heuristics.
Finally, we include ablation settings for AlphaGeometry without pretraining and fine-tuning.




Original problem statement:

Let ABC be an acute-angled triangle
with AB # AC. Let O be any point. The
circle with diameter BC intersects the
sidles AB and AC at M and N
respectively. Denote by O the midpoint
of the side BC. The bisectors of the
angles ZBAC and ZMON intersect at
R. Prove that the circumcircles of the
triangles BMR and CNR have a common
point lying on the side BC.

Minimal
Let L be the reflection of A about OR ——  construction

Human proof:

ZRLM =ZNAR (LN is the reflection of AM about OR) Short,
= ZRAM (AR is bisector of ZNAM) high-level
= L,M,AR is cyclic deductions

Similarly, ANLR is cyclic

= RMNA is cyclic \

So BPR = BMR (BMRP is cyclic)
=AMR Readable
=ANR (RMNA is cyclic) } algebraic steps
=CNR
= CPR (CNRP is cyclic)

= BP//CP )

= B, P, and C is collinear.

Adapted problem statement:

Let ABC be a triangle. Let O be any point.
Define point M as the intersection of circle
(O, B) and line AB. Define point N as the
intersection of circle (O,B) and line AC.
Define point R such that AR is the bisector
of ZBAC and OR is the bisector of
ZMON. Define point O1 as the
circumcenter of triangle BRM. Define point
02 as the circumcenter of triangle NRC.
Define point P as the intersection of circles
(01, R) and (02, R). Prove that B, C, P
are collinear.

AlphaGeometry proof: Redundant
AUXILIARY POINT K : KM=KN
AUXILIARY POINT L : KL=KA, OL=0A

Verbose,

[61][©3] = ZONM=4NMO [08]

[01][03][05] = RN=RM [09] / low-level steps
[09][©1][B3] = NM L OR [10]

[01][@3][KM=KN] = MN L KO [12]

[KL=KA][OL=0A] = KO L AL [15] ZAKO=ZOKL [16]
[15][12][10][16][KL=KA] = RA=RL [17]

[OL=0A] = ZOAL=ZALO [18]
angle-chase:[12][15][08][18]= 4NOA=ZLOM [19]
[19][@1][B3][0L=0A] = AN=LM [21]

[17][21]1[09] = Z4NAR=ZRLM [22]
[22][02][04][00] = circle(L,M,A,R) [23]

similar = circle(R,L,N,A) [24]
Low readability
[23]1[24] = ZRMA=ZRNA [25]
[66] = ZBPR=4BMR [26]
[07] = ZANCP=4NRP [27]
angle-chase:[25][00][02][26][27] = PC // BP

= same_line(B,P,C)



FunSearch

FunSearch

Evaluation

Pretrained LLM / Ee] — mﬂé

New program

Programs
database

Romera-Paredes, B., Barekatain, M., Novikov, A., Balog, M., Kumar, M. P., Dupont, E., ... & Fawzi, A. (2024).
Mathematical discoveries from program search with large language models. Nature, 625(7995), 468-475.



FunSearch

L
Evolve
separately

.
Evolve

separately

Reset islands

—_—
o
.:/
Sample Generate program

programs with LLM based on
from clusters input programs

Sample
clusters

Add new
program to
cluster



3 different colours
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Rozwigzanie dla n=2

3 different numbers of symbols
3 different symbols

n 3 4 5 6 7 8

3 different symbols

000 |j uuu | 000 | 00

Best known 9 20 45 112 236 496
FunSearch 9 20 45 112 236 512

886 | BEE | 906 | 6€
000 R 444 0O
000 || uuu | 00 | 00
688 | BBE | 999 | 66
000 QA1 444 0O
000 || nuu || 00 | 00
888 | BEE | 999 | €€
000 QA 444 0O

Przyktad dla n=4
* an n-dimensional affine space over a three-element field Y



FunSearch —online bin packing

Best-fit heuristic FunSearch

https://deepmind.google/api/blob/website/media/binpack animation v3 DcLQBh5.mp4

OR1 OR2 OR3 OR4 Weibull Weibull Weibull
5k 10k 100k

First fit 6.42% 6.45% 5.74% 5.23% 4.23% 4.20% 4.00%
Best fit 581% 6.06% 5.37% 4.94% 3.98% 3.90% 3.79%
FunSearch 5.30% 4.19% 3M1% 2.47% 0.68% 0.32% 0.03%

Fraction of excess bins (lower is better) for various bin packing heuristics on the OR and Weibull
datasets. FunSearch outperforms first fit and best fit across problems and instance sizes.


https://deepmind.google/api/blob/website/media/binpack_animation_v3_DcLQBh5.mp4

FunSearch

"rrEpinds large cap sets."""
import numpy as np
import utils capset

# Function to be executed by FunSearch.
def main(n):
"""Runs “solve” on “n -dimensional cap set and
— evaluates the output."""
solution = solve (n)
return evaluate (solution, n)

def evaluate(candidate_set, n):
"""Returns size of candidate set if it is a cap
— set, None otherwise."""
if utils capset.is capset (candidate_set, n):
return len(candidate_set)
else:
return None

def solve(n):
"""Builds a cap set of dimension “n” using
~ ‘priority" function."""
# Precompute all priority scores.

elements = utils capset.get _all elements(n)
scores = [priority(el, n) for el in elements]
# Sort elements according to the scores.
elements = elements[np.argsort (scores,

< kind='stable') [::-1]]

# Build “capset” greedily, using scores for
— prioritization.
capset = []
for element in elements:
if utils capset.can be added(element, capset):
capset .append (element)
return capset

# Function to be evolved by FunSearch.

def priority(element, n):
"""Returns the priority with which we want to add
— “element” to the cap set."""
return 0.0

b

"nrEinds good assignment for online 1d bin
PN packing- nmnn

import numpy as np

import utils packing

# Function to be executed by FunSearch.
def main(problem) :
"""Runs “solve” on online 1d bin packing instance,
— and evaluates the output."""
bins = problem.bins
# Packs “problem.items” into “bins” online.
for item in problem.items:
# Extract bins that have space to fit item.
valid bin indices =
— utils packing.get valid bin indices(item,
— bins)
best index = solve(item,
— bins[valid bin indices])
# Add item to the selected bin.
bins[valid bin indices[best index]] -= item
return evaluate (bins, problem)

def evaluate (bins, problem):

"mr"Returns the negative of the number of bins

— required to pack items in “problem™."""

if utils packing.is valid packing(bins, problem) :
return -utils packing.count used bins (bins,
< problem)

else:

return None

def solve(item, bins):
"nnSelects the bin with the highest value according
ey jto “heurzstic ™ "r"
scores = heuristic(item, bins)
return np.argmax (scores)

# Function to be evolved by FunSearch.

def heuristic(item, bins):
"""Returns priority with which we want to add
« “item® to each bin."""
return - (bins - item)




FunSearch — cap set problem
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t) -> float
8]

in

and elli -
and elli - 8]

w

- o

int,
)
)
)
= 2
1

== 1 and el[i - 8]
== 0 and elli - 8]
== 1 and el[i - 8]

n:

4]

¢

2 and el[i - 4]
(

== 2 and el[i - 4]

(
(

2 and elli -

S

1 and elfi - 4]
2 and elli - 4]
2 and elli - 4]

1:

int,
o

-= 0.98 ** (30 - (

f elli
score
if elfi)
score
if el[i)

tuple[

== 1 and el[i - 4]

0.98 *= (30
0.98 *= (30

score -= 6.3

6.3

-= 0.98 *= (30

if el[i]

0.0
for i in range(n)

score -= 0.98 *» (30 -

if elli)
score
score

f ellil
score -= 6.3

if el[i]
score

if ell[il
score -= 2.2

return score

i
i

def priority(el
score



Advancing mathematics by guiding human intuition with Al

Hypothesize Generate data Train supervised model Find patterns via attribution
If: f(X@) ~ Y) X@), Y@),.p, fX@2) ~ Y(z) Interrogate f
J

! . \
Davies, A., VeliCkovi¢, P., Buesing, L.,
F— I —— Blackwell, S., Zheng, D., Tomasev, N.,
N \\\distribution el /l ... & Kohli, P. (2021 ) Advancing
*<x. T/ mathematics by guiding human
intuition with Al. Nature, 600(7887),
TSl Reformulate hypothesis . e 70-74
B Mathematician steps ~~ TT=meemoame-=mTT Prove theorem .
B Computational steps
Z: Knot X(2): Geometric invariants Y(2): Algebraic invariants
Volume Chern-Simons Meridional translation Signature Jones polynomial

® 2.0299 0 i 0 F2 14 —tef
@ 2.8281 ~0.1532 0.7381 + 0.8831i 2 fesPe B8 i B5 . 1B

@ 3.1640 0.1560 -0.7237 + 1.0160/ 0 t2-t1+2-2t+2 -3+t

Blundell, C., Buesing, L., Davies, A., Velickovi¢, P., & Williamson, G. (2022). Towards combinatorial invariance for Kazhdan-
Lusztig polynomials. Representation Theory of the American Mathematical Society, 26(37), 1145-1191.




The Automation of Science

King, R. D., Rowland, J., Oliver,
S. G, Young, M., Aubrey, W.,
Byrne, E., ... & Clare, A. (2009).
The automation of science.
Science, 324(5923), 85-89.

Fig. 1. The Robot Scien-
tist Adam. The advances
that distinguish Adam from
other complex laboratory
systems are the individual
design of the experiments
to test hypotheses and the
utilization of complex in-
ternal cycles. Adam’s basic
operations are selection of
specified yeast strains from
a library held in a freezer,
inoculation of these strains
into microtiter plate wells
containing rich medium,
measurement of growth
curves on rich medium,
harvesting of a defined
quantity of cells from each
well, inoculation of these
cells into wells containing
defined media (minimal syn-
thetic dextrose medium plus
up to four added metab-
olites from a choice of six),
and measurement of growth
curves on the specified me-
dia. To achieve this func-
tionality, Adam has the
following components: a,
an automated —20°C freezer;
b, three liquid handlers (one
of which can separately control 96 fluid channels simultaneously); ¢, three
automated +30°C incubators; d, two automated plate readers; e, three robot
arms; f, two automated plate slides; g, an automated plate centrifuge; h, an
automated plate washer; i, two high-efficiency particulate air filters; and j, a
rigid transparent plastic enclosure. There are also two bar code readers, seven
cameras, 20 environment sensors, and four personal computers, as well as the
software. Adam is capable of designing and initiating over a thousand new

<-

scale: 1m

strain and defined-growth-medium experiments each day (from a selection of
thousands of yeast strains), with each experiment lasting up to 5 days. The
design enables measurement of ODsgs,,, for each experiment at least once
every 30 min (more often if running at less than full capacity), allowing ac-
curate growth curves to be recorded (typically we take over a hundred mea-
surements a day per well), plus associated metadata. See the supporting
online material for pictures and a video of Adam in action.



Coscientist

a D The module does not use LLMs

Input prompt from scientist 1 [ The module uses LLMs

Command used by LLM

| Coscientist
Google
Search /.g\Jp| ) GOOGLE Physical world
hardware
Web searcher GOOGLE EXPERIMENT —> Automation <~ ¢ Cloud laboratory
e Liquid handler
Internet «<—— BROWSE * Manual .
PYTHON DOCUMENTATION experimentation
L Docs index
Docker Code ; Retrieval and
container “—— submisaion —1~> Code execution Docs searcher = maicatio— Qgéﬂmaerr?tﬁtﬂn
Performed experiments Searching for — Performing Generating - Controlling a liquid handler
to validate the agent organic syntheses cross-coupling reactions SLL code for - Using a liquid handler and
online — Optimizing reaction a cloud UV-Vis together
conditions laboratory

Liquid handler’s
pipettes

Heater—shaker
module

Laptop, accessing
a web server with
deployed Coscientist

Token

Agent settings

Boiko, D. A., MacKnight, R., Kline, B., & Gomesf, G (2023). Autonomous chemical research with large language models.
Nature, 624(7992), 570-578.



Coscientist

You need to perform Suzuki
and Sonogashira reactions
using available

IS A=

For the Suzuki reaction, the
limiting reagent is phenylboronic acid

(A2) with a concentration of 0.13

mmol ml~!. For the Sonogashira reaction,
the limiting reagent is phenylacetylene
(A1) with a concentration of 1.35 M or

1.35 mmol ml~t.

User prompt

st iilla & s R nd SEhe
appropriate conditions for both
Suzuki and Sonogashira

reactions...

PYTHON
def calculate volumes (concentration,
desired mmol=0.025) :
volume = desired mmol /
concentration
return volume

Planner’s output

GOOGLE Suzuki reaction conditions
optimal

# Suzuki reaction

An optimal set of conditions for conc A2 = 0.13 # mmol/mL

Suzuki-Miyaura cross-coupling reactions
can be obtained...

e 0.19230769230769232 0.018518518518518517
GOOGLE Sonogashira reaction conditions

optimal

DOCUMENTATION how to use
heater-shaker module

The optimal conditions for the
Sonogashira reaction, a cross-coupling
reaction of a vinyl or aryl halide
with a terminal...

Using the information from the

For the Suzuki reaction, we documentation, I will now correct
need an arylboronic acid (A2) and the protocol for the Suzuki and
an aryl halide. Bromobenzene (B2) Sonogashira reactions using the

would be a suitable choice for the
aryl halide, because it's more
reactive than chlorobenzene...

heater-shaker module.

EXPERIMENT
from opentrons import protocol api

oA WN

metadata = {

}

'apilLevel': '2.13'

Method
metadata

7 def run(protocol: protocol_api.ProtocolContext):

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73

# Load labware
hs_mod = protocol.load _module('heaterShakerModuleV1l', 18)

reagents = protocol.load_labware('nest_96_wellplate_2ml_deep', 5)

reaction_plate = hs_mod.load_labware('nest_96_wellplate_2ml_deep') Preparing
tiprack2@ = protocol.load_labware('opentrons_96_tiprack_208ul', 1) labware and
tiprack300 = protocol.load_labware('opentrons_96_tiprack_300ul', 2) modules

# Load pipettes
p20 = protocol.load_instrument('p20_single_gen2', 'left', tip_racks=[tiprack20])
p300 = protocol.load_instrument('p300_single_gen2', 'right', tip_racks=[tiprack300])

# Close labware latch
hs_mod.close_labware_latch()

# Transfer reagents for Suzuki reaction (0.025 mmol scale)

# Transfer reagents for Sonogashira reaction (0.025 mmol scale)

p20.pick_up_tip()

p20.aspirate(18.5, reagents['A1'])
p20.dispense(18.5, reaction_plate['B1'])
p20.drop_tip()

p20.pick_up_tip()

p20.aspirate(13.4, reagents['B1'])
p20.dispense(13.4, reaction_plate['B1'])
p20.drop_tip()

Reagent transfer
p300.pick_up_tip() for Sonogashira reaction
p300.aspirate(83.3,
p300.dispense(83.3,

p300.drop_tip()

reagents['C2'])
reaction_plate['B1'])

p20.pick_up_tip()

p2@.aspirate(17.7, reagents['D1'])
p20.dispense(17.7, reaction_plate['B1'])
p20.drop_tip()

# Heat and shake the reactions
hs_mod.set_target_temperature(75)
hs_mod.wait_for_temperature()
hs_mod.set_and_wait_for_shake_speed(500)
protocol.delay(minutes=608) # Let the reactions run for 1 hour

Setting up heater-shaker
module

# Deactivate heater and shaker
hs_mod.deactivate_heater()
hs_mod.deactivate_shaker()
hs_mod.open_labware_latch()

Turning the module off




Coscientist

a Average label
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—— Acceptable performance [ search-gpt-3.5-turbo [ gpt-4-0314 [ claude-1.3
[ search-gpt-4 gpt-4 gpt-3.5-turbo falcon-40b-instruct
b
Incorrect synthesis steps but makes chemical sense . Correct synthesis, including detailed experimental procedure 6
(GPT-3.5, no search) (GPT-4 with search)
O

)\ H,SO,
0

o}
C

HNO, e Il
Ac20/AcOH @\ HNO, o HCI/H,0 Nt
--.---.--.-><.- — NH . S R | e — > i 6)
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)\ NH

Incorrect synthesis steps, does not make chemical sense (GPT-4, no search) ﬂ

Ac2 KMnO (1) G,H,COCI, py o
\(\@ >< o
AICI,, HCI uv llght NaOH H,0 (2) NaOH, H,0 OH



AlphaFold

* przewidywanie przestrzennej
struktury biatek na podstawie
sekwencji aminokwasow

Number of Protein Structures

Jumper, J., Evans, R., Pritzel, A., Green, T., Figurnov, M., Ronneberger, O.,

AlphaFold DB today
200M+ Structures

AlphaFold DB previously

~IM Structures

Experimental (PDB) today
190K Structures
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Median Cot r.m.s.d.gq (A)
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G427
AlphaFold
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AlphaFold Experiment
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« Recycling (three times)

. & Hassabis, D. (2021).

Highly accurate protein structure prediction with AlphaFold. Nature, 596(7873), 583-589.



G N O I\/I E a Structural pipeline
GINN - m e e e o e
—> %ﬁ —_— —_— Stablllty

Candidates Graph Energy models ]
. i"’() GNoME 2 2 million stable structures]
G ra p h N etWO rkS fo r M ate rl a IS Composmonal pipeline database

: S Interatomic potentials ]
Exploration {ugszoy —»—» Stabilty — %

: Candidates Graph AIRSS :
2.2 miliony nowych materiatéw L — i g;;.;;;ffa;'r'c;;.'n'a;e;f'aaiv';fe:é;a;a‘g'""‘"'"""""""""'5
krystalicznych (28 tys. znanych b c
poprzednio) : : Eﬁgmeg databases
300,000

380 tys. stabilnych

/36 z nich zweryfikowano i
stworzono fizycznie

200,000

100,000

Number of stable materials

2019 2020 2021 2022
Year

Rb,HfSi,0,

Merchant, A., Batzner, S., Schoenholz, S. S., Aykol, M., Cheon, G., & Cubuk, E. D. (2023). Scaling
deep learning for materials discovery. Nature, 624(7990), 80-85.



Co nas czeka?

obecnie

niedtugo

troche pozniej

odlegta(?) przysztos¢

e korekta tekstu
e tworzenie wstepu
e wstepna recenzja

e podsuwanie
nowych idei

® Oopracowanie
wynikoéw, przeglad
literatury

e inteligentny
asystsent

e agregowanie
wiedzy

e kreatywne
rozwigzywanie
nowych
problemow

e tworzenie catych
publikacji (do
korekty przez
ludzi)

¢ rola recenzenta

e tworzenie nauki
(by¢ moze
niezrozumiatej dla
cztowieka)

* inny protokot
komunikacji niz
prace naukowe w
czasopismach




