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Chemia komputerowg J.Pople Nobel z chemii 1998

Bioinformatykac Karplus, LevittWarshel- Nobel z chemi2013
LYO@YASNAILICEtWION YA WO NG It RT A @

2 LJaeOK2f23aAAT az2022f 2 AMMOT WSSR &0 ¢
SztucznainteligencigR2 gal ead(1AS323x € AO0I yYyS

~N O UIN=Co

bl dzZl A 20t A0I SyA26SY 2117 se12Nl &ai
0§ NdzZRy e OK LINPOf SYsgK LYF2NXIFGEell b
1994, Albuquerque, konferencfaomputational Sciencdsep EnergiilUSAak

ge 12Nl eaideégl o &adzLJSNJ 2 YLz & NB®shoka 2 2 S



https://fizyka.umk.pl/publications/kmk/94-inform.pdf
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ALGORITHMIC
THINKING

Al: definicja informatyka

Sztuczna InteligencjéArtificial IntelligenceAl)
02 RIAIFIO AYyF2NXIFGEalA TFayd
LIN2EOf SY562 REBETINE NBOKOKAS
Dawnief w oparciu 0 modelowanie wiedzy,
przedstawianej w werbalnie opisywany, symboliczny
all2asoxX 3I0s¢6yAS |l aydzn
poziomie koncepcyjnym.
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The third wave of Al ofReA

Perceiving
contextual Learn mg
m°de' Abstracting

Reasoning
Imagmatlon & Control

Pierwsza fala (1980): systedwt 3 dzteRspeB8owe, klasyczne GOFAI.
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logical/causal reasoning at N N o 2 0 Il this type of statistical/Machine
enterprise scale: Cycorp : is! : -* ¢ # Learning Al
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Causation from Explicit Symbolic Logical
Reasoning guided by heuristics and causal models




Expectations

Gartner Hype Cycle

Secure Access Service Edge (SASE)
. Social Distancing Technologies

Embedded Al

Explainable Al
Data Fabric xplainable

Emerging Technologies
2020

Composable Enterprise
Al Augmented Development

Responsible Al_ Carbon-Based Transistors

Multiexperience ___

Digital Twin of the Person
Packaged Business Capabilities ___
Generative Al __

Composite Al _

Adaptive ML

Citizen Twin

Bring Your Own |dentity

— Social Data
— Private 5G
~. Differential Privacy

. Biodegradable
Sensors

Generative Adversarial .
Networks ™
2-Way BMI (Brain —
Machine Interface)

Ontologies and Graphs

12 Alsubjects

L ) Health Passport
Self-Supervised Learning

Low-Cost Single-Board ———

Computers at the Edge — DMA Computing and Storage

~. Al-Assisted Design
Authenticated

Provenance
Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
|-
[ ]
Time

Flateau will be reached:
() less than 2 years ® 2to5years @ 51010 years A more than 10 years () obsolete before plateau As of July 2020



WEF 4th Industrial Revolution driven by Al/neuro

T | A —
-1

_ N -
% — A .
/ - A1
iy - : ‘.

3D Printing

\L

Fourth Ir ;éﬁétfial ARé'voIUt'ion

Blockchain ‘ Drones

£ ¢
Human Enhaﬁrﬂement

Neuroscience

Thin

‘ o _\- e
. L Saf~

Interhe‘f%f gs


https://www.weforum.org/
https://toplink.weforum.org/knowledge/explore/4th-industrial-revolution
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Kogni
Nauki kognitywne

Biohybrydy

Bio

Nano
Fizyka
Lab Kwantowa
neuro-
kognitywne

Info

Informatyka, inteligencja obliczeniowa/sztuczna,
uczenie maszynowe, sieci neuronowe


https://www.youtube.com/watch?time_continue=98&v=V1D4FPNnoig
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Integracja:
Nano +
Neuro+
Info +
Kogni

NeuralAl
accelerators
AD 2021
200 x C2,

> 104 par.



https://cerebras.net/
Neuromorphic Computing Future of AI.mp4
https://spectrum.ieee.org/cerebras-ai-computers

Nano: hybrydowe chmury

Bl YALFL&aG Tl glyazeéel yeOK aeé
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prywatne, tradycyjne + nowe sposoby przetwarzania.
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European Open Science Cloud (2048)x Nebula Science ClowdCERN.
L p{ @ 5SLI NLOYSYld 27F 9y YKBE&RMAge NatiGnal Sdb NX
COVIEL9 High Performanc€omputing] 2 Y & 2 N 2 dzY50.@0F GPNIHESB I
min rdzeni 600Pflops ¢ 100projel G d & A DT I y@ OK. T YSReéO
Y 2 yV & 2 NDO 2 dd6rganigazjdihrttlowe laboratoridUSA, NASA, NSF, NIH,
Amazon, Google, Dell, HBM, Intel, Microsoft, NvidiaMIT, RIKENKISTK

The COVID-19 High Performance
Computing Consortium



https://www.hnscicloud.eu/
https://covid19-hpc-consortium.org/

BERT
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Informacji semantycznych.

W BidirectionalEncoderRepresentationdrom Transformerg BERT.
Transformefbasedmachinelearningtechniquefor (NLP pre-training.
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https://www.wikiwand.com/en/BERT_(language_model)
https://www.wikiwand.com/en/Transformer_(machine_learning_model)
https://www.wikiwand.com/en/Machine_learning
https://www.wikiwand.com/en/English_Wikipedia
https://github.com/google-research/bert

State of the art

YA1A Rfl  wmn Senford@uestinrisverinbDataset! &
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Speech & NLP Technologies are Evolving Quickly

2012-present

Neural Networks & Al
Meural networks re-emerge as top machine-
learning models, yielding state-of-the-art GT.
Tgle

results aoross fields such asimage,
video, text and speech processing.
Smart phone revolution

y :E.g.,l..-"-:"s.&..,!':'i:Fat‘f-:"“: EDED_GPT_S
Fu-.'-s'ful.wmputes-.'-lth obust senso 201 7-BERT Approaching human
padkages in the palmof the mnsu;ne; Em ’W{"T“ﬂ'j.lg‘z':f“d capabilities in many
an o B
j.:r;r-: s Medical, Google NLP benchmarks

Siri — first successful PA introduced in 2011 At Cloud ASR are nelane]
Mid 2010's e o
: S rts
Mid 1990's T Alas i <5
Task- sp-eclﬁc: ArgumentExtractmn

, Nuan chworks)
User: “1 '-snttuflyf mEIuﬁtuntu Nr-'.-\r'u .EEIH}" 2000's

Irdt.-'r ﬂem'.e fan
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2020

Deep NLP systems surpass humans on the
SuperGLUE benchmark consisting of 11 NLP
fasks

nrodune without express permizsio




SupermodeldNLP
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https://openai.com/
https://beta.openai.com/

t NJ @3 LIASal Sy A

Exponential Growth of Neural Networks

Memory and compute requirements 1 OOOX |arger mOdels
100,000
2018 2019 2 +
. o a2 Gn 20200 1000x more compute
> e MSFT-1T (1T)
© .
g In just 2 years
= ® GPT-3 (1758B)
Q.
& A e T5(11B)
g T-NLG (1
- l(l /‘H) . T M
- Y- SHREH e (88) Today, GPT-3 with 175 billion
£ CCRE ' params trained on 1024 GPUs for 4
- e GPT-2(1.5B)
£ months.
- 10
Z e BERT Large (340M)
e BERT Base (110M) Tomorrow, multi-Trillion parameter
1 models and beyond.
1 10 100 1,000 10,000 100,000

Model memory requirement , GB

¢Fr1AS Y2RStl LRTgltlFan yI (122N Sy
systemach Nauka wykorzystuje nie tylko dedykowane systemy obliczeniowe,
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Rozumowanie 199%szachyDeepBlue wygrywa w
szachy; 2016AlphaGowygrywa w Go;
Percepcjarozpoznawaniéwarzy,?2 6 NJ teshg >
282020621 OAY LINBFSNBYyO2A
Strategia | sterowanie201€OpenAlwygrywa w
PokeraiDota2; 208 1 F NONJ Fd LL X
Eksperymenty naukowe2015! L 2 R NE g |
3SySieoOl ySkaedyl026S NbBF
2020 f LIKF C2f R H 1T gA2l OALFT
RobotykaY H n H n pafcduiiBastdn RAynainics,
autonomiczne pojazdy na drogach.

Y NB I (1 e y@d a0 NVAi iirfe brogramy

1 2 Y LI2 yde2y fDSepArti programy malarskie.
Wt T 201kIBM Watson wygrywa \¥eopardyVa

Banqug; 2018 WatsonDebaterwygrywa z filozofami,
2020: BERT odpowiada na pytania z &@uAD

Cyborgizacja. / L X 2 LIJG & Yl PA] MHOEO !



https://aiartists.org/ai-generated-art-tools

Artificial General Intelligence (AGI),-Memphis 20(
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BICA (Brauinspired Cognitive
Architecture)uniwersalna inteligencja

Duch,Oentaryq Pasquier
Cognitive architectureswhere do we
go from here? e RAINS
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understanding the braif
Jeff Hawkins (2020) JEFF HAWKINS
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Preferencje wymalowane na twarzy?
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---------------------------------------------------------------------------------- - Algorithms: emotions (3)

M Entire sample
H Controlling for demographics

----------------------------------------------------------------------------------- = Algorithms: sexual orientation (7)
73%
71% 71%

72%

>
O
<
o
=
O
O
<

----+ Algorithms: personality (20)

,»Humans: personality (22)
---+Humans: sexual orientation (7)
“» Humans: political orientation (15)

,»Chance accuracy
u.S. Canada UK u.S. Accuracy of other face-based
predictions
(n=862,770) (n=67,122) (n=47,885) (n=108,018)

Dating Website Facebook




Kontrola: sterowanie robotami
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Text

2014

This bird is
blue with white

description and has a very
short beak

Stage-II

images

This bird has

wings that are
brown and has
a yellow belly

2015

A white bird
with a black
crown and

yellow beak

This bird is
white, black,
and brown in
color, with a
brown beak

Results from StackGAN Paper

2016

The bird has
small beak,
with reddish
brown crown
and gray belly

AN, ‘Generative Adversarial Networks

3§yél\mzaé Tl

Ol e

(0 2

2017

This is a small,
black bird with
a white breast
and white on
the wingbars.

This bird is
white black and
yellow in color,
with a short
black beak

LINJ
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Living portraits

Gender swap of compose®1 8 f A ! L 1T YASYAl LIJOSOH

.81 LA3AdzoS] 6 NJ dzOF ye OK L2 {NERe22Ydz R


https://www.youtube.com/watch?v=p1b5aiTrGzY
https://www.classicfm.com/discover-music/snapchat-gender-swapping-filter-composers/

Deepfakevideo
YIFdR& Y20 Sleecpfiked NI 80 «
az2z0yl (04SO0 R2RIG NlOYyND S{TaLINBaaS AYAl
DeepfakeVideos Are Qettinq RealGender swap of composers
GoogleDeep DreamOl €t A | YRNRBARE T yAND 2 St S|



https://www.youtube.com/watch?v=mUfJOQKdtAk
https://www.youtube.com/watch?v=Ex83dhTn0IU&feature=emb_logo
https://www.classicfm.com/discover-music/snapchat-gender-swapping-filter-composers/
https://deepdreamgenerator.com/#gallery

GoogleDeepDreani DeepStyle &Generator Gallery
LAGatys ASEcker M Bethge A Neural Algorithm of Artistic Sty{2015)



https://www.instagram.com/deepdreamgenerator/
https://deepdreamgenerator.com/gallery
https://deepdreamgenerator.com/#gallery
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AIVA YouTubehannel,Youtubed_etzmakeit happert, Op. 23
SoundCloud@hannel Spotify | Apple channel
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: ON:THE EDGE MIDNIGHT SUN

_ AIVA .
: 2% .,'..-'....r .'.,;: . i : , ! / / L7
AIVA ’ e '.". .':..‘.'-."'. “ : %-. e
_AMONG THE STARS _"_,‘.:'..".."_.f' b :j:.z S b~ L i
. .' .., '... ..::." :. :‘ T.. .4.- e et
k 7 AICENERATED ROCK MUSIC BY AIVA
; x Genesis ORIGINAL COMPOSITION BY AIVA
vol. | for Piano and Symphonic Orchestra
3% (Vol. 3 from artificial Among the Stars (For - . On the Edge (.Al-Gerterate Midnight Sun
composer Aiva) Symphonic Orchestra and.. gnoa Rock Music by Aiva) Aiva
Aiva Aiva Aiva Aiva

Duch W]|ntuition, Insight, Imagination and Creativity
IEEE Computational Intelligence Magazine 2(3), August 2007, $1. 40



https://www.aiva.ai/about
https://repertoire.sacem.fr/resultats?filters=parties&query=aiva#searchBtn
https://repertoire.sacem.fr/en/results?filters=parties&query=AIVA#searchBtn
https://www.youtube.com/channel/UCykVChITx5kqBoGkzfz8iZg
https://www.youtube.com/watch?v=H6Z2n7BhMPY
https://soundcloud.com/user-95265362
https://open.spotify.com/artist/785Ystnoa1blYHi5DmBcqp
https://itunes.apple.com/us/album/genesis/id1193203860
file:///D:/public_html/cv/07-Creativity-CIM.pdf
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Nature, 30.11.2020

STRUCTURE SOLVER

e

S8 DeepMind’s AlphaFold 2 algorithm significantly

N outperformed other teams at the CASP14 protein-
folding contest — and its previous version’s
performance at the last CASP.

Rozpoznawanie struktur +

)
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dzOl SYAS aAt b § g experimentally
S 3 determined structure
c AL e ~ Y
t NJ Sﬁ)_\ReﬂI-}_/)\S EE'
na podstawie sekwencj =53]
FYAy216tass 2|
LJ2 &1 dz‘[)\é YV AL
LINP2S1 G261 VAL
LI20NRI ye OK g0 2006 2008 2010 2012 2014 2016 2018 2020

Contest year



https://www.nature.com/articles/d41586-020-03348-4
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Prawnicy

Prawnicy: EMERJ.canautomatyzacja 6 kategorii:
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Based on:

Selfridge, O. 6. (1959). Pandemonium: A A Senso ry Stimulus

paradigm for learning. In Symposium on the
mechanization of thought processes (Pp.
513-526). London: HM Stationery Office.




Tensorization of Convolutive Deep Learning N

2 At 1. é.i 2 ‘I' o 3 A @o@viele Deep neural network
LINP Al é OK NBEBYSY a4z
elementarne nieliniowe funkcje

s hidden layer 1 hidden layer 2 hidden layer 3
input layer

(p-1 k61 O1F YReL) Ay A MRS
68YASYAlI 2N0OS Ay THRe :
ustaloneLJ2 ONOT Sy Al & e >
FRELIGE Od_2yS galLls 8
a Arénsformaciji.Algorytmy 4=
uczenialbackproy Y A S Y I =
biologicznych podstaw.
Ex: tensor networks o fngsu(z}:;ws few;x;%'x;:ws mlrgx(ix;;ws fem:%x:nps Y o
Cichocki Lab, RIKEN B il ANt N
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WD: Support Feature X 1 s \\ T
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https://fizyka.umk.pl/publications/kmk/11-Features-Meta.pdf

Feature maps

Convolutions

Input data

Lee et al., ICML 2009;
CACM 2011

Subsampling Convolutions Subsampling Fully connected

Feature representation

S | 3rd layer
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EEL Mo
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"l  “Object parts”
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TransformatioAbased learning, Support Feature Machines, Universal Learning
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https://www.is.umk.pl/~duch/cv/WD-topics-exp.html#NN




[“RI-Z VI dz]
. Run experiment
Keep track of thousands of tiny tubes, molecules,
and cells, minimizing the imprecision and mistakes
hat ruin careers.

xplore the scientific literature

Find the most relevant papers in a sea of millions,
rack new topics as they emerge.

Semantic Scholar

A search engine that
extracts not just words
from papers. 2, Design experiments

and "influentic rind the right trade-off between exploration of
Iris.Al ground and exploitation of well-trodden pheno

Transcriptic,

Emerald Cloud Lab
Cloud-based robotic
laboratories for remotely
doing automated
molecular and cellular

Science

?C?gmfsi'cng;m biology experiments.
P Zymergen
Goncepts that A company with an Al
_ ‘ that tracks thousands of _
4. Interpret data Va,”abt')es while vg_ Write scientific paper
Make sense of the flood of genetic and biochemical :];Lostifeno'%e)st) far the closest thing to a paper-writing Al is a postdoc
results that now flow from biological experiments. ¥ P-©)But even writing papers can be enhanced with software

that can read the draft of your paper.
Nutonian

A software platform
@ ‘ that ingests very large _ .
data sets and spits out Clteomat_lc
a mathematical theory A free online tool that
~./ that explains the patterns reads your paper and

in the data. predicts what citations
A are missing. -
/1@ yldzZll Y20S dagdgsSvye

Scienc017, Cyberscientist XK y - U I Aa «a


https://science.sciencemag.org/content/357/6346/18.full
https://www.datarobot.com/nutonian/

Garuda open,
community
driven, common
platform. A
framework to
connect,
discover and
navigate
through
applications,
databases and
services In
biology and
medicine.

Garudalools 2SBl

H. Kitano Nobel Turing Challenge: creating the engine for scientific discovery

MATHEMATICAL
MODELING
and SIMULATION STUDIES

KNOWLEDGE
AGGREGATION,
INFERENCE and

HYPOTHESIS

GENERATION

TEXT, IMAGE AND VIDEO
UNDERSTANDING FOR
HEALTHCARE AND
BIOMEDICINE

MACHINE LEARNING FOR

Al FOR SCIENCE

A! for Science

Artificial intelligence (Al) is poised to
change the way science is done. Our
work revolves around using the best
of Al technologies to the theme of
bettering our understanding of

biological systems.

BIG DATA IN HEALTHCARE

AND BIOMEDICINE

COMPUTATIONAL
PLATFORMS
for
SYSTEMS BIOLOGY (CPSB)

THEORETICAL
STUDIES
BIOLOGICAL ROBUSTNESS

FUNDAMENTAL SYSTEMS
BIOLOGY STUDIES
(YEAST, CORAL REEFS etc.)

SYSTEMS DRUG, COMBINATION
THERAPIES
AND THERAPY DESIGN


http://www.garuda-alliance.org/
http://www.sbi.jp/
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AI and Quantum-enriched / Generative models

simulation \ / 10x faster designs
2-40x faster screening % Identify knowledge gaps
Automatically determine
the right multi-physics

W B e
N
A
simulation workflow
Al Q
///'\\\

and generate new

. P4
4 material candidates
uantum

~
~
N

Cloud-based AI-driven
Deep search / M autonomous labs

1000x faster ingestion / 100x faster synthesis
Ingest and structure 5 A Synthesize and validate
technical literature at scale N most suitable candidates
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https://labworm.com/

Communities of Discovery

' R2AGt LIWALYAS T1a2656 A dzyaSetdyzi

Community

open + collaborative Open data

FAIRdata  OPenfora

/

Open access Open
Open source Discovery notebooks
pre-prints /hardware

Partnership
closed + collaborative |

Institution \ /
proprietary + siloed ' /

Open
: annotation
\_ science blogs

Open peer
review

COVIEL9 High Performanc€omputingio wielkie publiczneprywatne

LI NI YSNERGE2 o6 RIFIFZ 6 RIASRIAYAS, YSR
epidemiologii] 2y a2 NDadzy 6ASt {AOK Ayadeiddzo
JEDI challengbdadania przesiewowe, etap 54Y f R Y ZOARLAzO



https://covid19-hpc-consortium.org/
https://www.jedi.foundation/home
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latent knowledge from materials science literatuiéature, 571(7763), 95

2 ASRI I 2 YluSNJ\lUQlylzaug)\s 20SO0Y
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funkcjonalnych kilka lat przed ic
odkryciem na podstawie

Ol STyaASz2al & OK
GPT Cruslzastosowania w
biznesie, projektowaniu, edukac]

filozofii, badaniach, kreatywnym
pisaniu | wielu innych dziedzinac

Output layer Context word
(softmax) probability

thod
Hidden layer cathodes

{linear)
electrochemical

properties

neurons

LiCoO, [0]
LiMn,O,

500,000 500,000
vocabulary words neurons


https://doi.org/10.1038/s41586-019-1335-8
http://gptcrush.com/

Chemi#zY I 1 SNA | Oé

®W N.Noseng& G/ Iy @&2dz (S| OK NatireRs3R (R0, 814

W L.Himanen A.Geurts A. S. Foster, P. Rinke, DBiaven Materials Science:
Status, Challenges, and Perspectivedvanced Scienc20109.

W A. CVaucher F.Zipol;y J.GeluykensV. H. Nair, Fschwaller T.Lainqg
Automated extraction of chemical synthesis actions from experimental
procedures. Nature Communications, 2020.

w P.Staar M. Dolfi, C. Auer. Corpus Processing Service: A Knowledge
Graph Platform to perform deep data exploration on corpora.
Authorea2020.

W C.W. Coley, N.&yke K.FJensenzAutonomous discovery in the chemical
sciences part I: Progress, part Il: Outlook. arXiv:2003.13754v1, 2020.

W _ Waziarka T.Dane] S.Mucha K.Rataj J. Tabor,

! -'u
0. 0

S.JastrzebskiMolecule Attention Transformer. fx 1 )\
arXiv:2002.08264vcs.LG 2020. Ll,_;;l'
Duch W andierckserGHF (1994)eural networks as ol

tools to solve problems in physics and chemi<ERC 82, 9103 l\l
L


https://fizyka.umk.pl/publications/kmk/94-nnfit-abstract.html




Neuroscience> Al

Hassabis, D., Kumaran, D., SummerfieldB@yinick M. (2017). ‘
Neurosciencenspired Artificial IntelligenceNeuron 95(2), 24%258.

Affiliations: Google DeepMingdGatsby, ICN, UCL, Oxford.

Bengiq Y. (2017). Th€onsciousness PrioArXiv:1709.08568.
Amosetal. (2018)Learning Awareness ModelfCRLArXiv:1804.06318
Poggiot = @ I f {FebRGRO. ¢ 2 NHzZ =

Al Systems inspired by Neural Models of Behavior:

(A)Visual attention ¥ 2 @St f 20F 0A2ya FT2N Ydzt (A
representation, prediction of next location to attend to.

(B) Complementary learning systenmand episodic control: fast learning
hippocampal system and parametric ski@arning neocortical system.

(C) Models otvorking memoryand the Neural Turing Machine.

(D) Neurobiological models efnaptic consolidation

SANOnNew Centrefor IndividualizedComputational Medicinen Y NJ |(BUg
Team project, with Sheffieldni, FraunhoferSociety, Research Centiaelich


https://sano.science/

Al=>Neuroscience

ML techniques are basic tools for analysis of neuroimaging data TS

ideas from animal psychology helped to give birth to reinforcemern
learning (RL) research. Ndwy concepts from RL inform neuroscience

Activity of midbrain dopaminergic neurons in conditioning paradigms has a
striking resemblance teemporaldifference(TD) generated prediction errors
brain implements a form of TD learning!

CNNe interpret neural representations in higlevel ventral visual stream of
humans and monkeys, finding evidence for deep supervised networks.

LSTM architectur@rovides key insights for development of working memory,
gatingbased maintenance of tagklevant information in the prefrontal cortex.

Backpropagatiorwith symmetric feedback and feedforward connectivity is nof
realistic, butrandom backward connectioredlow the backpropagation algorithn
to function effectively through a process whereby adjustment of the forward
weights allows backward projections to transmit useful teaching signals.
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Three-armed drummers.mp4
http://compressorhead.rocks/
Compressorhead.mp4

