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Kvantova mechanika

“I think | can safely say that nobody understands quantum mechanics.”

— Richard Feynman
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“Shut up and calculate!” iw
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Praktické vystupy kvantové chemie

® Elektronovéa struktura ® Spektroskopie
® Vlastnosti molekul ® Predikce spekter
® Rovnovaznéa struktura molekul ® Chemicka analyza
® Elektronové hustota ® Materidlova charakterizace
® Vysvétleni reakénich mechanismd ® Teoretické predikce
® Energeticky prabéh reakce ® Hledani vhodnych vlastnosti
¢ Katalyza a syntéza ® Design a screening materiall
® Metabolické dréhy ® Vyvoj léciv

J. Martinka (UFCh JH, AV CR) Co je to kvantovéa chemie? 26.10. 2023 12/30



Praktické vystupy kvantové chemie

“We can calculate everything!” S

— Enrico Clementi
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Praktické vystupy kvantové chemie

“We can calculate everything!”
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Uméla inteligence: Strojové uceni
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Uméla inteligence: Strojové uceni
1997: Garry Kasparov (elo: 2820) vs. Deep Blue

Ab initio E

o
£ Semi-
E empirical
. [ Machine Learning |
Molecular
Mechanics
Accuracy
/ © /\
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——— A ———
2019: AlphaZero vs. StockFish (elo: 3600)
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Uméla inteligence: Strojové uceni

1997: Garry Kasparov (elo: 2820) vs. Deep Blue
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TOP GRANDMASTERS SPEAK ABOUT
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STOCKFISH

2019: AlphaZero vs. StockFish (elo: 3600)
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Quantum Chemistry
a) solve HY = EY —>| Training Data
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_ Machine
C) solve HMLLP =E¥ Learning
d) predict and use ¥y,
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Al v kontextu kvantové chemie

@ Priklady:
FermiNet: strojové uceni v kvantové chemii
AlphaFold: predikce 3D struktury proteind
MLatom: molekulova dynamika excitovanych stavi

J. Martinka (UFCh JH, AV CR) Priklady: 26.10. 2023

16 / 30



FermiNet: strojové uceni v kvantové chemii
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FermiNet: strojové uéeni v kvantové chemii
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AlphaFold: predikce 3D struktury proteind

Histone
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AlphaFold: predikce 3D struktury proteind
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AlphaFold: predikce 3D struktury proteind
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Primary structure
amino acid sequence

Secondary structure
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AlphaFold: predikce 3D struktury proteind

LevinthalGv paradox

Nalezeni nativni struktury proteinu ve sloZzeném stavu pomoci ndhodného
hledani mize trvat pfilis dlouhy ¢as kvdli velkému poétu moznych konfiguraci.

Nalezeni globalntho minima potencidlové funkce je NP-Gplny problém, proteiny
se vSak sbaluji v polynomiélnim ¢ase.
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LevinthalGv paradox

Nalezeni nativni struktury proteinu ve sloZzeném stavu pomoci ndhodného
hledani mize trvat pfilis dlouhy ¢as kvdli velkému poétu moznych konfiguraci.

Nalezeni globalntho minima potencidlové funkce je NP-Gplny problém, proteiny
se vSak sbaluji v polynomiélnim ¢ase.

Anfinsenovo dogma

“The native conformation is determined by the totality of interatomic
interactions and hence by the amino acid sequence, in a given environment.”

— Christian B. Anfinsen
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Recycling iteration 0, block 01
Secondary structure assigned from the final prediction
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MLatom: molekulova dynamika excitovanych stav
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ol 1 WANT YOU
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Leptej se
veédce!

Machine Learning in
Quantum Chemistry
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Prostor pro dotazy

People with no idea about Al
saying it will take over the world:

My Neural Network:
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