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Strojoveé Uceni v Chemii
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Datové Reprezentace Molekul Y v

Diklofenac (C,,H,,CI,NO,)

Graficka reprezentace Textova reprezentace
SMILES C1=CC=C(C(=C1)CC(=0)O)NC2=C(C=CC=C2CI)CI

o SELFIES [C][=C][C][=C][Branch1][=N][C][=Branch1][Ring2][=C][Ring1][=Branch1][C][C][=Branch1][C][=0][O]
[N][C][=C][Branch1][Branch2][C][=C][C][=C][Ring1][=Branch1][CI][CI]
OH InChl InChl=1S/C14H11CI2NO2/c15-10-5-3-6-11(16)14(10)17-12-7-2-1-4-9(12)8-13(18)19/h1-7,17H,8H2,
(H,18,19)
NH
Maticova reprezentace

X A

1 ol1]|2]~]0
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Molekularni Databaze

Dataset

QM9
Zinc250k
Guacamol
Moses
GEOM
PubChem

Pocet vzorkli Maximalni pocet

(miliony)
0,134
0,250

1,6
1,9
38
86

Al Center FEE CTU

atom (pfiblizné)
9
38
88
27
50
91

Poznamka

Simulované molekuly
Filtrovano pro GenAl
Anotace bioaktivity
Pfevazné syntetizovatelné
3D konformace
Siroké pokryti molekularniho prostoru

SMILES
OC1CCCC(=0)C1=0
CN(CC#N)C(=N)C#N
CC1C2CCC=CC102

CN1N=NC(F)=CC1=N

0=C1C=C(C#C)C2NC12

3.56
3.34
1.59
1.69

3.97

69.15
73.79
82.26
69.88

80.61

homo
-0.2477
-0.2658
-0.2359
-0.2373

-0.2410

lumo
-0.0795
-0.0604
0.0099
-0.0761

-0.0803

-458.99
-412.99
-387.07
-474.12

-399.50

Cv
30.94
32.01
31.79
27.83

28.33



Zakladni Ulohy Strojového U&eni

Uceni s ucitelem

Y— Chyba uceni «—
X— Model —L >y
X Y
SMILES U a Cv
OC1CCCC(=0)C1=0 3.56 69.15 30.94
CN1N=NC(F)=CC1=N 1.69 69.88 27.83
O=C1C=C(C#C)C2NC12 | 3.97 80.61 28.33
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Uceni bez ucitele

Chyba uéeni

l

Model

P —

X

SMILES

OC1CCCC(=0)C1=0
CN1N=NC(F)=CC1=N

O=C1C=C(C#C)C2NC1




Hluboké Generativni Modely v Chemi
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Hluboké Generativni Modely

X Model reprezentuje
SMILES u a -~ Cv pravdépodobnostni distribuci
OC1CCCC(=0)C1=0 356 69.15 -  30.94 .
CN1N=NC(F)=CC1=N  1.69 69.88 - 27.83 pX) =pX;,.... X))
O=C1C=C(C#C)C2NC12 3.97 80.61 -~  28.33

Generovani novych dat je provedeno vzorkovanim z pravdépodobnostni distribuce, X ~ p(X).
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Hluboké Generativni Modely

Traktabilni modely
= VypocCetné levné
= Ridka propojeni

= Velky pocet uloh
(témér vSechny)

Netraktabilni modely
= Vypocetné drahé
= Husta propojeni

= Nizky pocCet tloh
(jedna az dve)
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{D\O\ Typy dloh
-0

o e

H N

Sl C
L OH

COCIHN

Odstran vybrany atom (marginalizace)

.

Vyjadfeni nejistoty
(otekavana hodnota)

0]

OH

Rozsif existujici molekulu
(podmiriovani)



Tokenizace SMILES Retézci

OH

0]
/&O
CC(=0)0C1=CC=CC=C1C(=0)0O

|

OH .

CC(=0)0C1=CC=CC=C1C(=0)0

|

Tokenizator I 0 8| 10 - Tokenizator
(encode) Bos |clc| (| .. |o]| Eos (decode)
Slovnik
) 1 2 = C Cl N O BOS | EOS | PAD | UNK
0 1 2 3 4 5 6 7 8 9 10 11 12
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Chemické Jazykové Modely | Text

OH

0]
/&O
CC(=0)0C1=CC=CC=C1C(=0)0O

|

Tokenizator
(encode)

= Generativni predtrénovany transformer (GPT)

10

BOS

EOS

= Strukturovany stavovy model (S4, Mamba)

=  Difuzni model
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Chyba uéeni <

GPT —>

10

CN(=0)0C1=CC=CC=C1C(=0)0

|

Tokenizator

BOS

EOS

(decode)



Chemické Jazykové Modely | Text Ry v
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Chemické Jazykove Modely | Text+Spektrum - . A4
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Chemicke Jazykove Modely | Text+Spektrum - .

OH

(0}

A,

CC(=0)0C1=CC=CC=C1C(=0)O

=
=)
X

o
o
:

Intensity

o©
N

o
o

|

v

o
o

e
IS

Tokenizator | 9 |s5[s]o 8| 10 |
(encode) Bos |c|c| (| .. |o|Eos
> Neuronova sit
60 80 100 120 140
m/z

Al Center FEE CTU

v

Chyba uéeni
(Text)

A

GPT —>

Chyba uceni

10
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Generovani Molekul Pomoci Spektra
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Intensity
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Generovani Molekul Pomoci Spektra Ry v

M1.4 M. M3.4 M4
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Pravdepodobnostni Grafové Obvody

Maticova reprezentace
P Model
X A

1 o|l1]2|~]o0
1 1{of1|~]o0 O /

| O

] b 20

pX,A)
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Pravdepodobnostni Grafové Obvody

p(X, A)

1 1 Aiir Ann Al Ann
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Pravdepodobnostni Grafové Obvody :

QM9 Zinc250k
Model Validitat NSPDK| FCD|, Unikatnostt Novostt Validitat NSPDK| FCD]  Unikatnostt Novostt
GraphAF 74.43 0.021 527 88.64 86.59 68.47 0.044 16.02 98.64 100.00
GraphDF 93.88 0.064 10.93 98.58 98.54 90.61 0.177 33.55 99.63 99.99
MoFlow 91.36 0.017 447 98.65 94.72 63.1 0.046 20.93 99.99 100.00
EDP-GNN 47.52 0.005 2.68 99.25 86.58 82.97 0.049 16.74 99.79 100.00
GraphEBM 8.22 0.030 6.14  97.90 97.01 5.29 0.212 35.47 98.79 100.00
SPECTRE 87.30 0.163 4796 35.70 97.28 90.20 0.109 18.44 67.05 100.00
GDSS 95.72 0.003 2.90 98.46 86.27 97.01 0.019 14.66 99.64 100.00
DiGress 99.00 0.005 0.36 96.20 33.40 91.02 0.082 23.06 81.23 100.00
GRAPHARM  90.25 0.002 1.22 95.62 70.39 88.23 0.055 16.26 99.46 100.00
BT 78.15 0.004 1.68 99.66 93.20 17.00 0.050 9.42 100.00 100.00
LT 62.81 0.007 2.57 99.72 95.95 4.11 0.056 11.53  100.00 100.00
RT 81.83 0.003 1.29 99.37 90.67 6.90 0.047 9.59 100.00 100.00
RT-S 88.83 0.002 111 99.38 88.49 14.66 0.043 8.78 100.00 100.00
HCLT 89.00 0.003 1.45 99.45 90.62 23.67 0.035 8.93 100.00 100.00
Prvni misto Druhé misto Treti misto
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Podminené generovani novych molekul
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