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CTpyKTypa Kypca f

* JleKumn — ocCHOBbl MEeTOA0B
 CeMuHapbl — peannsaumsa B Koge, obcyxaeHune

° npaKTVIKyMbI — CdMOCTOATEe/IbHAA peaA/IN3allnA B KOAE

* Tembl — XMMWYECKNE AaHHbIE, MALLMHHOE 0byyeHne, reHepaTUBHbIE
MOZE/IN; MOJIEKYIIPHbIE AaHHble, KPUCTA/I/IMYEeCcKMe AaHHble; python,
bpenMBOpPKK, ONTUMM3ALLMA KOAQ.



@j Motivation

THIS |1 WHERE YOU
LOST YOUR WALLET?

X

NO, T LOST IT IN THE PARK.
BUT THIS IS WHERE THE LIGHT IS.




@j Artificial intelligence it 5

» “Data science is an interdisciplinary field that uses scientific methods,
processes, algorithms and systems to extract knowledge and insights from
noisy, structured and unstructured data, and apply knowledge and
actionable insights from data across a broad range of application domains.”

e “Artificial intelligence (Al) is intelligence demonstrated by machines, as
opposed to natural intelligence displayed by animals including humans.
Leading Al textbooks define the field as the study of "intelligent agents":
any system that perceives its environment and takes actions that maximize
its chance of achieving its goals.”

e “Machine learning (ML) is the study of computer algorithms that can
improve automatically through experience and by the use of data.”




General principles A

* laHHble: cbop, OYMNCTKA, Pa3MeTKa

* 3a4a4M: KnaccnduKkauma, perpeccus, Knacrtepmsaumna, reHepaums,
ONTUMM3ALMSA, aHaNU3

* MeToabl: «Knaccuyeckoe» mallmHHoe obyvyeHne, HeMPOHHbIE CeTw,
3BOJIIOLUMOHHbIE aNrOPUTMbl, POEBOI NHTENNEKT

* Human-readable vs. machine-readable

* OYHKUNM NOTEPb U METPUKM KaYyeCcTBa: K1aCCUPUKALMOHHDbIE,
perpeccuoHHble, Nogobus

* TectoBble HabOpbI AaHHbIX: KaK n3bexatb nepeobyyeHmna?

e O61aCTb NPUMEHUMOCTU MOAENM



@ General principles: QSPR example
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@j Big data

understanding, integration, applied,
reflected upon, actionable,
accumulated, principles, patterns,

+ insight
decision-making process

WISDOM
KNOWLEDGE

idea, learning, notion, concept,
synthesized, compared,
thought-out, discussed

+ meaning

organized, structured,
categorized, useful,
condensed, calculated

+ context INFORMATION

individual facts,
figures, signals,
measurements

DATA

DOI: 10.1093/af/vfz005



@j Big/Small data?

Performance

Traditional ML
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towardsdatascience.com
DOIL:10.1021/acs.jpclett.1c02477
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Feature vectors

o

 MoryT npeacTtaBnsaTb cobon AaHHble (YMCNEeHHble)

* CKopee Bcero, NnpnaeTca BEKTOpM30BaTb AaHHbIe APYrnX TUMOB —
TEKCT, KAPTUHKU, CTPYKTYPHble GOPMY/ibI:

* 3anncbiBaem NMPU3HaAKOBOE ONMCaHNe — MHOIO Pa3HbIX TECTOB

e 3anucbiBaem CTPYKTYpy — Kogmpyem 2/3D pasHoro pasmepa B 1/2D
NOCTOAHHOrO pa3smepa

* [lpegnaraem afirOPUTMy cAenaTb 3TO 3a Hac
* [lpoBepAem macwtabuposaHue (scaling)
 dopmupytot feature space
* OnpepensatoT Applicability domain



Data: Summary f

* OcHOBHble onpeaeneHusn: data science, artificial intelligence, machine
learning

* [lepexon KONMYECTBA B Ka4YeCTBO
* Hy)XHO NpeaBapuTenbHO 0bpabaTbiBaTb
* MoryT 6bITb pa3meyeHHble N HEPAa3MeYEeHHbIe
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Tasks

e ObyyeHune c yuntenem:
* Knaccmodunkaums
* Perpeccus

* ObyyeHune be3 yuntens
* Knacrepusauma

* ObyyeHue c NoAKpPENNEHNEM:

* [eHepaumnA
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Methods

©

Machine learning:

* Naive Bayes

e Support vector machine
* Nearest neighbors

e Decision tree/Random
forest/XGBoost

* Linear regression
e Deep learning

Generative:

* GAN

* Evolutionary algorithms
 Swarm Intelligence
Other:

* Autoencoders

* PCA/t-SNE
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@ Neural networks
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9

Metrics/Loss functions

e OYHKUMA NOTEPb — ONTUMM3MpYeTCA (MUHUMU3MPYETCA) B 3aaa4e:

e OnpeaeneHa Ana TMna 3agadu (knaccndukaums/perpeccms/reHepaums)
e [lo/’KHa y4nTbiBaTb HECOaNaHCMPOBAHHOCTb HAabopa AaHHbIX

* YacTto gonxHa bbiTb aAnddepeHunpyema

e YacTo Ao/1KHa MMeTb PU3UYECKUN/XMMNYECKUIA CMbICA

* MoKeT bbITb COCTaBHOM

* MoKeT 6bITb CBA3aHA C METPUKOM

* MeTpuKa — oueHMBaeTcsa nocae obyyeHuns:
* OnpepeneHa ana TMna 3agaum (knaccndukauma/perpeccmsa/reHepauyms)
e [lon*KHa y4nTbiBaTb HECHaNAaHCMPOBAHHOCTb HAboOpa AaHHbIX
* YacTo A0/1KHbl UMETb GPU3NYECKUIN/XUMUYECKUI/NOrMYeCcKnii CMbICA
* MoKeT 6bITb COCTaBHOM
* Jlydwe, Korga x HECKO/NbKO
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Metrics: examples

True Positive Rate
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@j Quality: Summary

* Hy*XHa GYHKUMUA, KOTOPYIO Mbl XOTUM ONTUMM3NPOBATb

* Hy*XHbl METPUKU, KOTOPbIE Mbl XOTUM AEMOHCTPUPOBATL MUPY
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@ External testing
D




@ Internal/external testing: cross-fold validation f

Learning Curve Schematic
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@j Applicability domain

[] =
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Examples



Al for the radiopharmaceuticals design f
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E. V. Matazova, B. V. Egorova, E. A. Konopkina, G. Y. Aleshin, A. D. Zubenko, A. A. Mitrofanov, K. V. Karpov, O. A. Fedorova, Y. V.
Fedorov, and S. N. Kalmykov, “Benzoazacrown compound: a highly effective chelator for therapeutic bismuth
radioisotopes,” MedChemComm, vol. 10, pp. 1641-1645, 2019

B. V. Egorova, E. V. Matazova, A. A. Mitrofanov, G. Y. Aleshin, A. L. Trigub, A. D. Zubenko, O. A. Fedorova, Y. V. Fedorov, and S. N.
Kalmykov, “Novel pyridine-containing azacrown-ethers for the chelation of therapeutic bismuth radioisotopes: complexation study,
radiolabeling, serum stability and biodistribution,” Nuclear Medicine and Biology, vol. 60, pp. 1-10, 2018
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Al for the materials A

ek G At
R? = 0.9005 W g
> 3.5 MAD = 0.103 CI_A--'-' A:Q,Q
v RMSD = 0.136 - A %
o A O
B 3 0 = = '( >l
.g Br'," ‘{ ‘ ®
@ * .;.
o
o
(1]
[*)]
©
c
3
- train set
* test set

15 2.0 25 30 35 40
band gap calculated, eV

E. I. Marchenko, S. A. Fateev, A. A. Petrov, V. V. Korolev, A. Mitrofanov, A. V.
Petrov, E. A. Goodilin, and A. B. Tarasov, “Database of 2d hybrid perovskite
materials: open-access collection of crystal structures, band gaps and atomic
partial charges predicted by machine learning,” Chemistry of Materials, , 2020

V. V. Korolev, A. Mitrofanov, E. |I. Marchenko et al. Transferable and extensible
machine learning derived atomic charges for modeling hybrid nanoporous
materials // Chemistry of Materials. , American Chemical Society (United States),
DOI: 10.1021/acs.chemmater.0c02468, 2020
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@j Al proposes materials i

chemical space

PrOMISing

matenals

promising
hypothetical
raterials

V. Korolev, A. Mitrofanov, A. Eliseev, and V. Tkachenko, “Machine-learning-assisted search for functional materials over extended chemical
space,” Materials Horizons, 2020

https://nplusl.ru/news/2020/08/27/my-chemical-space
23



@j Try it yourself:

aKHMra HENHCAHE BEAYIIMMH CNELMANHCTAMK B 3T0H 06NaCTH M
L THOS WANAHKE npegcTasnaeT coboil eHHCTBENHOE NONHOE HANOMEHHE NPeAMETas:,
— Hnon Mack,

CODCHOBATEN: KOMAHWR Teslk i SpaceX
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MalluHHOe obyyeHune

 https://scikit-learn.org/stable/tutorial/basic/tutorial.html
 https://www.tensorflow.org/tutorials/keras/classification?hl=ru
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