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CD DAMSI

¦ƴƛǿŜǊǎȅǘŜŎƪƛŜ /ŜƴǘǊǳƳ 5ƻǎƪƻƴŀƱƻǏŎƛ (2020) w ramach IDUB
ά5ȅƴŀƳƛƪŀΣ ŀƴŀƭƛȊŀ ƳŀǘŜƳŀǘȅŎȊƴŀ ƛ ǎȊǘǳŎȊƴŀ ƛƴǘŜƭƛƎŜƴŎƧŀέΦ

ωDynamika i teoria ergodyczna.

ω Informatyka ςƧťȊȅƪƛ ŦƻǊƳŀƭƴŜ ƛ ǿǎǇƽƱōƛŜȍƴƻǏŏΦ

ωNeuroinformatyka i sztuczna inteligencja.

ω{ǘŀƴȅ ǎǇƭŊǘŀƴŜ ƛ ŘȅƴŀƳƛƪŀ ƻǘǿŀǊǘȅŎƘ ǳƪƱŀŘƽǿ ƪǿŀƴǘƻǿȅŎƘΦ

bŜǳǊƻƛƴŦƻǊƳŀǘȅƪŀ ƧŜǎǘ ƪƻƳōƛƴŀŎƧŊ ŘǿƽŎƘ ǿŀȍƴȅŎƘ ŘȅǎŎȅǇƭƛƴ ƴŀ ŦǊƻƴŎƛŜ ƴŀǳƪƛΥ 
ōŀŘŀƵ ƴŀŘ ƳƽȊƎƛŜƳ ƛ ǎȊǘǳŎȊƴŜƧ ƛƴǘŜƭƛƎŜƴŎƧƛΦ ²ȅƪƻǊȊȅǎǘǳƧŊŎ ƳŜǘƻŘȅ ǳŎȊŜƴƛŀ 
ƳŀǎȊȅƴƻǿŜƎƻ ƛ ǇǊȊŜǘǿŀǊȊŀƴƛŀ ǎȅƎƴŀƱƽǿΣ ǊƻȊǿƛƧŀƴŜ ǎŊ ƴƻǿŜ ǘŜƻǊƛŜ ƛ ŀƭƎƻǊȅǘƳȅ 
ŀƴŀƭƛȊȅ ǎȅƎƴŀƱƽǿ ƳƽȊƎǳΣ ƘƛǇƻǘŜȊȅ ǿŜǊȅŦƛƪƻǿŀƴŜ Ȋŀ ǇƻƳƻŎŊ ŜƪǎǇŜǊȅƳŜƴǘƽǿΦ 

bŀǎȊŀ ƎǊǳǇŀΥ ȊǊƻȊǳƳƛŜƴƛŜ ǇǊƻŎŜǎƽǿ ǿ ƳƽȊƎǳ ƛ ƛƴǎǇƛǊŀŎƧŜ Řƭŀ ŀƭƎƻǊȅǘƳƽǿ !LΦ 

Komitet Informatyki PAN: Sekcja Nauk Obliczeniowych, Bio- i Neuroinformatyki.  

http://snob.ippt.pan.pl/


aȅǏƭŜƴƛŜ ƛ ǊƻȊǿƽƧ ŎȅǿƛƭƛȊŀŎƧƛ

¢ƻ ƴŀŘȊǿȅŎȊŀƧƴȅ ƳƻƳŜƴǘ ǿ ƘƛǎǘƻǊƛƛ ǏǿƛŀǘŀΗ

Epoki rozwoju ŎȅǿƛƭƛȊŀŎƧƛ ƛ ǊƻȊǳƳƛŜƴƛŀ ǊȊŜŎȊȅǿƛǎǘƻǏŎƛΥ

1. aȅǏƭŜƴƛŜ ƳŀƎƛŎȊƴŜΣ ƪŀǇǊȅǎȅ ōƻƎƽǿΣ ŦŀǘŀƭƛȊƳΦ 

2. tǊȊȅŎȊȅƴƻǿƻǏŏ ƛ ŜƳǇƛǊȅŎȊƴŜ ƻōǎŜǊǿŀŎƧŜΣ ǿƛŜŘȊŀ ƻǇƛǎƻǿŀΦ 

3. ¢ŜƻǊƛŜ ƛ ǊƻȊǳƳƛŜƴƛŜ ƳŜŎƘŀƴƛȊƳƽǿΣ ǿŜǊȅŦƛƪŀŎƧŀΣ ƳŀǘŜƳŀǘȅƪŀ ƛ ǎǘŀǘȅǎǘȅƪŀΦ 

4. {ȅƳǳƭŀŎƧŜ ƪƻƳǇǳǘŜǊƻǿŜ ƛ αƴƻǿȅ ǊƻŘȊŀƧ ƴŀǳƪƛέ Wolframa. 

5. ²ƛŜŘȊŀ Ȋ ŘŀƴȅŎƘΣ ƎǊƻƳŀŘȊŜƴƛŜ ƛ ŘƻǎǘťǇ Řƻ ǿǎȊȅǎǘƪƛŎƘ ƛƴŦƻǊƳŀŎƧƛΦ

6. {ȊǘǳŎȊƴŀ ƛƴǘŜƭƛƎŜƴŎƧŀ ǿǎǇƛŜǊŀ ƭǳŘȊƪƛŜ ƳȅǏƭŜƴƛŜΦ

7. Autonomiczna sztuczna inteligencja. 

р ǇŀǊŀŘȅƎƳŀǘƽǿ ǊƻȊǿƻƧǳ ƴŀǳƪƛ ǿƎ L.aΥ ŜƳǇƛǊȅŎȊƴȅΣ ǘŜƻǊŜǘȅŎȊƴȅΣ ǎȅƳǳƭŀŎȅƧƴȅΣ 
wiedzy z danych (data drivenύΣ ƻǊŀȊ ǇǊȊȅǎǇƛŜǎȊƻƴȅŎƘ ƻŘƪǊȅŏΦ

/ƻǊŀȊ ōŀǊŘȊƛŜƧ ȊƱƻȍƻƴŜ ƳƻŘŜƭŜΥ L.a ²ŀǘǎƻƴΣ CyC, GPT-3, Google Mixture of 
Experts(MoEύΣ ƳƻŘŜƭ Ȋ м ǘǊȅƭƛƻƴŜƳ ǇŀǊŀƳŜǘǊƽǿ Χ 



Inteligencja to tylko 

to, czego jeszcze 

nie potrafiŃ sztuczne 

systemy AI? 



AI: definicja informatyka

Sztuczna Inteligencja(Artificial Intelligence, AI) 

ǘƻ ŘȊƛŀƱ ƛƴŦƻǊƳŀǘȅƪƛ ȊŀƧƳǳƧŊŎȅ ǎƛť ǊƻȊǿƛŊȊȅǿŀƴƛŜƳ 

ǇǊƻōƭŜƳƽǿΣ Řƭŀ ƪǘƽǊȅŎƘ ƴƛŜ Ƴŀ ŜŦŜƪǘȅǿƴȅŎƘ ŀƭƎƻǊȅǘƳƽǿ.

Dawniej: w oparciu o modelowanie wiedzy, przedstawianej w werbalnie 

ƻǇƛǎȅǿŀƴȅΣ ǎȅƳōƻƭƛŎȊƴȅ ǎǇƻǎƽōΣ ƎƱƽǿƴƛŜ ȊŀƧƳǳƧŊŎŀ ǎƛť ǊƻȊǳƳƻǿŀƴƛŜƳ ƴŀ 

poziomie koncepcyjnym. 

ObecnieόƻǎǘŀǘƴƛŜ ŘŜƪŀŘȅύΥ !L ƧŜǎǘ ƴƛŜƳŀƭ ǳǘƻȍǎŀƳƛŀƴŀ Ȋ ǳŎȊŜƴƛŜƳ 

ƳŀǎȊȅƴƻǿȅƳΣ ŎȊȅƭƛ ǊƻȊǇƻȊƴŀǿŀƴƛŜƳ ƻōǊŀȊƽǿΣ ƻŘƪǊȅǿŀƴƛŜƳ ǿƛŜŘȊȅ 

ǿ ŘǳȍȅŎƘ ȊōƛƻǊŀŎƘ ŘŀƴȅŎƘΣ ŦǳƴƪŎƧƻƳ ǊŜŀƭƛȊƻǿŀƴȅƳ ƛƴǘǳƛŎȅƧƴƛŜΦ 

bŀƧǿŀȍƴƛŜƧǎȊŊ ǘŜŎƘƴƛƪŊ ǎǘŀƱȅ ǎƛť ǿƛŜƭƻǿŀǊǎǘǿƻǿŜ ǎƛŜŎƛ ƴŜǳǊƻƴƻǿŜΦ 

Technologie neurokognitywne: neuro=> cogito.

Regulacja AI? To jak regulacja matematyki. 



Third wave of AI

After rule-based (first wave) and statistical approaches (second wave), building 
causal models of objects and situations is the next step.  
GAN, Generative Adversarial Networks, artificial imagination! 

Imagination & Control



Emerging Technologies 

2020



WEF: 4th Industrial Revolution driven by AI/neuro

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


Nano
Fizyka

Kwantowa 

Info
Informatyka, inteligencja obliczeniowa/sztuczna,

uczenie maszynowe, sieci neuronowe

Kogni
Nauki kognitywne

Bio

Lab 
neuro-

kognitywne

Biohybrydy

https://www.youtube.com/watch?time_continue=98&v=V1D4FPNnoig


NeuromorficznaǇǊȊȅǎȊƱƻǏŏ
|Ŏƛŀƴŀ ƳƛŜǏŎƛ млнп ŎƘƛǇȅ ¢bΣ ŎȊȅƭƛ м ƳƭŘ ƴŜǳǊƻƴƽǿ ƛ 256 mld synaps, ok. 1/4 
ƳƽȊƎǳ ƎƻǊȅƭŀΣ мκс ǎȊȅƳǇŀƴǎŀΦ CerebrasCS-м ŎƘƛǇ Ƴŀ мнлл ƳƭŘ ǘǊŀƴȊȅǎǘƻǊƽǿΗ  

Integracja: 

Nano +

Neuro+

Info +

Kogni

Neural
accelerators
for PC

Neuromorphic Computing Future of AI.mp4


Nano: hybrydowe chmury
Science is moving beyond dedicated advanced compute systems to make greater 
use of hybrid cloud: local, public & private, traditional + new ways of computing.  

Heterogeneityto support seamless workflows across highly diverse resources 
including scientific instruments, sensors, physical devices, and entire labs and 
research organizations. 
Distributed farms, data flow machines, FPGA, quantum computing, 
neuromorphic computing, high-ŜƴŘ ƴŜǘǿƻǊƪ Χ 

European Open Science Cloud (2018) Helix Nebula Science Cloudrun by CERN.
¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ wŜǎŜŀǊŎƘ IȅōǊƛŘ /ƭƻǳŘ ŀǘ hŀƪ wƛŘƎŜ bŀǘƛƻƴŀƭ [ŀō 

COVID-19 High PerformanceComputing, huge consortium donating free 
computer time: 50.000 GPUs, 6.8 mln cores, 600 Pflops, 100 projects. 
43 consortium members: USA national labs, NASA, NSF, NIH, Amazon, Google, 
Dell, HP, Intel, Microsoft, NvidiaΣ wLY9b Χ 

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


Info/neuro+nano: AI/DNN
1997 ςszachy, DeepBlue wygrywa z Kasparowem.

2011 ςIBM Watson wygrywa z dwoma mistrzami 
teleturnieju Jeopardy(VaBanque) 

2015 ςzrobotyzowane laboratorium + AI odkrywa 
ǏŎƛŜȍƪƛ ƎŜƴŜǘȅŎȊƴŜκǎȅƎƴŀƱƻǿŜ ǊŜƎŜƴŜǊŀŎƧƛ ǇƱŀȊƛƵŎƽǿ 

2016 ςGoogle AlphaGowygrywa z Lee Sedolem

2017 ςLibratusό/aύ ǿȅƎǊȅǿŀ Ȋ ƭǳŘȋƳƛ ǿ ǇƻƪŜǊŀ   
OpenAIǿȅƎǊȅǿŀ ǿ 5ƻǘŀ н Ȋ ǇǊƻŦŜǎƧƻƴŀƭƛǎǘŊΦ  

2018 ςWatson Debaterwygrywa z filozofami.

2019 ς5ƻǘŀн ŘǊǳȍȅƴƻǿŀΣ StarcraftLL Χ Ŏƻ ȊƻǎǘŀƱƻΚ



Artificial General Intelligence (AGI), Memphis 2008



Reasoning: AlphaGozero learns from 0!

Playing against itself, now at superhuman level, beats all human experience. 



Deep NN for protein folding

The ability to accurately 
predict protein structures 
from their amino-acid 
sequence will vastly 
accelerate efforts to 
understand the building 
blocks of cells, and enable 
quicker and more advanced 
drug discovery.

AlphaFold2 using deep neural 
networks has made great 
improvement,  over 2/3 of 
predicted structures are 
equivalent to experimental!
Nature, 30.11.2020
Perception+learning+reason.

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


Perception: superhuman
Automatic analysis of face images: 
prediction of physical properties: 
gender, age, race, emotions, BMI.

Surprise! Social and psychological 
propertiesare also predicted with 
much higher accuracy than  
humans can: sexual preferences, 
criminality, political and religious 
attitudes.

Gay/hetero men in 91% of cases, 
and in 83% for women (5 images 
per person). 35 human judges 
guessed 61% men/54% for women

Facial recognition applied to images of >1M individuals predicts with 72% 
accuracy liberalςconservative orientation; human accuracy is 55%. 
Criminal tendencies tested on10,000 facial images, CNN achieved 97% test 
accuracy (paper retraced due to the lack of ethical committee approval).



Political preference is in your face?
Facial recognition of >1M individuals predicts with 72% accuracy liberalς
conservative orientation; humans 55% (M. YƻǎƛƵǎƪƛ, Sci. Rep. 2021).



Control: robot movements
Behavioral intelligence: build robot and teach it like a child. 

Cog MIT project, Rodney Brooks lab, since 1994. 



GAN, Generative Adversarial Networks
Idea (2014): one network creates false examples distorting learning data in latent 
space, another learns to distinguish them from natural ones.   Imagination! 



GAN-animacja
Obrazy Ƴƻȍƴŀ ƻȍȅǿƛŏƭǳō ȊŀƳƛŜƴƛŏ ŀǳǘƻƳŀǘȅŎȊƴƛŜ ǿ ƪŀǊȅƪŀǘǳǊȅΦ 
wŜŀƭƛǎǘȅŎȊƴȅ ƳƻŘŜƭ ǿȅƳŀƎŀ ƪƛƭƪǳ ȊŘƧťŏ ƭǳō ƻōǊŀȊƽǿΦ 
aƻȍƴŀ ǘŜȍ ŘƻŘŀŏ ǊƽȍƴŊ ŜƪǎǇǊŜǎƧŜ ƛƳƛǘǳƧŊŎ ƻǎƻōƻǿƻǏŏ ƛ ƎƱƻǎΦ
YŀȍŘȅ ƳƻȍŜ ǎǘǿƻǊȊȅŏ αdeepfakeέΦ  

DeepfakeVideos Are Getting Real,   Gender swap of composers
Google Deep Dream

https://www.youtube.com/watch?v=p1b5aiTrGzY
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


Google DeepDream/DeepStyle & Generator,  Gallery
LA Gatys, AS Ecker, M Bethge, A Neural Algorithm of Artistic Style(2015)

Deep Dream

https://www.instagram.com/deepdreamgenerator/
https://deepdreamgenerator.com/gallery
https://deepdreamgenerator.com/#gallery


Creativity: AI Virtual Artist
AIVAςAI Virtual Artist, member of author's rights society (SACEM), 206 works.

AIVA YouTubechannel, YoutubeαLetzmakeit happen", Op. 23

SoundCloudchannel

Spotify and    Apple channel

Duch W,Intuition, Insight, Imagination and Creativity.
IEEE Computational Intelligence Magazine 2(3), August 2007, pp. 40-52

https://www.aiva.ai/about
https://repertoire.sacem.fr/resultats?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


S. Lem: O ƪǊƽƭŜǿƛŎȊǳ Ferrycymƛ ƪǊƽƭŜǿƴƛŜ Krystali.
Inteligentne bladawceΚ /Ȋȅ ǘƻ ƳƻȍƭƛǿŜΚ 



Just choose your method

Applications of machine learning become rather easy, with hundreds of open 
software packages and thousands of applications. 



Neurons

Simplest inspiration: neurons (100 G) => perceptron function  s(W*X+q)

Reality: diverse types, ion channels, 
neurochemistry, complex spatio-temporal 
integration, >10 KƛƴǇǳǘǎ Χ

Detailed biophysical models of neurons are 
required for neuropsychiatric disorders, 
influence of neurotransmitters, drugs, etc.  



bŜǳǊŀƭ bŜǘǿƻǊƪǎΥ {ŜƭŦǊƛŘƎŜΩǎ aƻŘŜƭ όмфрфύ



Methods: NN for images



Tensorization of Convolutive Deep Learning NN

28

Most neural models: networks 
of simple non-linear neurons 
(recently ReLu, simplest), exchanging 
information via fixed connections, 
adapting simple parameters to learn 
vector mappings. 
But backprop-like learning has no 
biological justification. 

Ex: tensor networks 
Cichocki Lab, RIKEN BSI

Support Feature 
Machines(2011).
We do not know how
to use oscillators for 
computations. 

https://fizyka.umk.pl/publications/kmk/11-Features-Meta.pdf


The Society of Mind
NN people ignored AI people (and vv). Will more sophisticated version of 
pandemonium ςbased on deep learning ςlead to AGI? 

The Society of Mind(Minsky 1986) presents theory of natural intelligence 
based on interactions of mindless agents constituting a άǎƻŎƛŜǘȅ of ƳƛƴŘέΣ 
or multi-agent model, but at the symbolic level.

Duch W, MandziukJ,Quo Vadis Computational Intelligence? Advances in 
Fuzzy Systems - Applications and Theory Vol. 21, World Scientific 2004, 3-28.

Minsky+PapertςMLPs is universal approximatorbut 
cannot solve connectednessproblem.  

ÝNCE, modules, more internal knowledge, adding phase 
solves it, opens new complexity problem class. 
This shows importance of various transfer functions and 
led to the FSM model with separable transfer functions.  

file:///D:/public_html/cv/04-Challenges.html


Brain Inspirations
1. Simple neurons, 1 parameter, fixed synaptic connections
 Ýperceptrons, MLPs. 

2. Complex neurons, microcircuits, small neural cortical ensembles with 
structural connections (fixed, or slowly changing). 

3. Complex network states: rich internal knowledge in modules interacting 
in a flexible way, functional connections activated by priming, working 
memory control. Attractors of neurodynamics that synchronize many 
cortical ensembles, solving novel combinatorial problems. 

4. Society of minds: for different tasks using flexible arrangement of 
functional connections between specialized brain regions, a lot of 
knowledge in such modules, no fixed connections.  

5. Society of brains: collaboration between brains on symbolic level. 

These inspirations led me to creation of many interesting ideas and 
algorithms. Some ideas are now verified experimentally using neuroimaging.

Still, we do not know how to compute using oscillations. 



Transformation-based framework

Find simplest model that is suitable for a given data, creating non-sep.that is 
easy to handle: simpler models generalize better, interpretation.

Compose transformations (neural layers), for example: 

ωMatching pursuit network for signal decomposition, QPC index.

ωPCA network, with each node computing principal component.

ωLDA nets, each node computes LDA direction (including FDA).

ωICA network, nodes computing independent components.

ωKL, or Kullback-Leiblernetwork with orthogonal or non-orthogonal 
components; max. of mutual information is a special case.  

ωc2 and other statistical tests for dependency to aggregate features.

ωFactor analysis network, computing common and unique factors.

Evolving Transformation Systems(Goldfarb 1990-2008), giving unified 
paradigm for inductive learning, structural processes as representations.



T-based meta-learning
To create successful meta-learning through search in the model space fine 
granulation of methods is needed, extracting info using support features, 
learning from others, knowledge  transfer and deep learning. 

Learn to compose, using complexity guided search, various transformations 
(neural or processing layers), for example: 

ω Creation of new support features: linear, radial, cylindrical, restricted 
localized projections, binarizedΧ ŦŜŀǘǳǊŜ ǎŜƭŜŎǘƛƻƴ ƻǊ ǿŜƛƎƘǘƛƴƎΦ

ω{ǇŜŎƛŀƭƛȊŜŘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ƛƴ ŀ ƎƛǾŜƴ ŦƛŜƭŘΥ ǘŜȄǘΣ ōƛƻΣ ǎƛƎƴŀƭ ŀƴŀƭȅǎƛǎΣ ΧΦ

ω Matching pursuit networks for signal decomposition, QPC index, PCA or ICA 
components, LDA, FDA, max. of mutual information etc. 

ω Transfer learning, granular computing, learning from successes: discovering 
interesting higher-order patterns created by initial models of the data.

ω Stacked models: learning from the failures of other methods.

ω Schemes constraining search, learning from the history of previous runs at 
the meta-level. 





AI for science



Science cycle

HOW MUCH OF SCIENCEcan be delegated to machine-learning systems? 
Science2017, CyberscientistΥ Χ the ǳƭǘƛƳŀǘŜ Ǝƻŀƭ ƛǎ άǘƻ ƎŜǘ ǊƛŘ ƻŦ ƘǳƳŀƴ ƛƴǘǳƛǘƛƻƴέΦ

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


Discovery bottlenecks

Human-expert-driven and episodic, depending on the field of study. 

ω Finding good questionsrequire increasingly deep and broad expertise.

ω Flood of scientific papersand growing knowledge: > 2 million articles
in 30,000 scientific journals each year, >74,000 new COVID-19 papers added 
to the PubMed in 2020. 

ωChallenges in developing hypotheses: there are about 1063 potential drug-
like molecules, our knowledge is incredibly sparse compared to that.

ω There are gaps in testing, including bridging digital models/physical testing. 

ω Ensuring reproducibilityis hard, especially in social science, medicine, 
psychology: 70% of scientists have at least once failed to replicate 
experiments of other scientists. Statistics conceals individual differences. 

ω Scale-out, or translation into practiceis slow. 

AI enables knowledge extraction, integration, reasoning at a large scale with  
knowledge from real data. The steps in scientific method are accelerating. 

Speed-up, scale-up and scale out!



Accelerated discoveries
AI tools support discovery process at every step, from questions to reports.
Try Labwormlist of tools.

https://labworm.com/


BERT
Language models may encode knowledge about relation of words in complex 
network structures. In 2018 Google group created BERT, language model pre-
trained on a large text corpusto gain a general-purpose άƭŀƴƎǳŀƎŜ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎέΦ ¢Ƙŀǘ model is then fine-tuned for specific NLP tasks such as 
question answering or semantic information retrieval.

ω Bidirectional EncoderRepresentations from Transformers(BERT). 
Transformer-basedmachine learningtechnique for (NLP) pre-training.

ω English-language BERT: two networks, smaller 110M parameters, and 
larger model, a 24-layer 340M parameter architecture; trained on the 
BooksCorpuswith 800M words, and Wikipediawith 2,500M words.

ω 12/2019 BERT worked in 70 languages, in 2020 many smaller pre-trained 
models with the whole word maskingopen software models were 
published in GitHub repository. 

ωMasking some words the system learns to predict them, ex: 
Input: the man went to the [MASK1] . he bought a [MASK2] of milk. 
Labels:[MASK1] = store; [MASK2] = gallon

ω Super-human Q/A on Stanford Question Answering Dataset(SQuAD)

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
https://rajpurkar.github.io/SQuAD-explorer/


State of the art
ω Super-human Q/A on Stanford Question Answering Dataset(SQuAD)

https://rajpurkar.github.io/SQuAD-explorer/


NLP supermodels
OpenAIGPT-3 model with 175 B parameters! See it in action here. 

Google Switch Transformer ~1.6 trillion parameters 

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


Accelerated discoveries (IBM)
AI support in materials design.

Communities of Discovery are becoming the new paradigm for the practice and 
advancement of scientific discovery.



Communities of Discovery
Sharing resources and skills in an open collaborative environment.

COVID-19 High PerformanceComputing, huge public-private partnership in 
molecular medicine, protein interaction, epidemiology, dozens of consortium 
members from top government, industry, and academia institutions. 
JEDI challenge, 54 billion molecules against COVID-19 screened in phase  1 of 3

https://covid19-hpc-consortium.org/
https://www.jedi.foundation/home


Serious application
Tshitoyan, VΦ  Χ Jain, A. (2019). Unsupervised word embeddings capture 
latent knowledge from materials science literature. Nature, 571(7763), 95. 

Materials science knowledge present in the published literature can be 
efficiently encoded as information-dense word embeddings without human 
supervision. Without any explicit insertion of chemical knowledge, these 
embeddings capture complex materials science concepts such as the 
underlying structure of the periodic table and structureςproperty 
relationships in materials. 

An unsupervised method 
can recommend materials for
functional applications several 
years before their discovery. 

GPT Crush: see applications in 
business, design, education, 
philosophy, research, creative 
writing and many other areas.  

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


Applications in chemistry/materials
ω A. C. Vaucher, F. Zipoli, J. Geluykens, V. H. Nair, P. Schwaller, T. Laino,

Automated extraction of chemical synthesis actions from experimental
procedures. Nature Communications, 2020.

ω P. B. WǄǊƎŜƴǎŜƴ, M. N. Schmidt, O. Winther, Deep Generative 
Modelsfor Molecular Science. Molecular Informatics, 2018.

ωD. Schwalbe-Koda, R. Gomez-BombarelliΣ άDŜƴŜǊŀǘƛǾŜ aƻŘŜƭǎ ŦƻǊ
!ǳǘƻƳŀǘƛŎ /ƘŜƳƛŎŀƭ 5ŜǎƛƎƴΣέ ŀǊ·ƛǾΥмфлтΦлмсонǾм , 2019

ω T. Maziarka, A. Pocha, J. Kaczmarski, K. Rataj, T. Danel, M. ²ŀǊŎƘƻƱ,
Mol-CycleGAN: a generative model for molecular optimization, Journal
of Cheminformatics, 2020.

ωC.W. Coley, N.S. Eyke, K.F. Jensenz, Autonomous discovery in the chemical 
sciences part I: Progress, part II: Outlook. arXiv:2003.13754v1, 2020.

ω E. O. Pyzer-Knapp, T. Laino(edsύΣ άaŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ ƛƴ /ƘŜƳƛǎǘǊȅΥ 5ŀǘŀ-
5ǊƛǾŜƴ !ƭƎƻǊƛǘƘƳǎΣ [ŜŀǊƴƛƴƎ {ȅǎǘŜƳǎΣ ŀƴŘ tǊŜŘƛŎǘƛƻƴǎΣέ 1326, 2019.

ω P. Schwaller, T. Laino, T. Gaudin, P. Bolgar, C. A. Hunter, C. Bekas, A. A.
[ŜŜΣ άaƻƭŜŎǳƭŀǊ ¢ǊŀƴǎŦƻǊƳŜǊΥ ! aƻŘŜƭ ŦƻǊ ¦ƴŎŜǊǘŀƛƴǘȅ-Calibrated
/ƘŜƳƛŎŀƭ wŜŀŎǘƛƻƴ tǊŜŘƛŎǘƛƻƴΣέ ACS Cent. Sci., 5, 1572-1583, 2019.



More chemistry/materials
ωN. NosengoΣ ά/ŀƴ ȅƻǳ ǘŜŀŎƘ ƻƭŘ ŘǊǳƎǎ ƴŜǿ ǘǊƛŎƪǎΚέ Nature, 534, (2016), 314

ω L. Himanen, A. Geurts, A. S. Foster, P. Rinke, Data-Driven Materials Science: 
Status, Challenges, and Perspectives. Advanced Science, 2019.

ωD. C. Elton, Z. Boukouvalas, M. D. FugeΣ tΦ ²Φ /ƘǳƴƎΣ ά5ŜŜǇ ƭŜŀǊƴƛƴƎ ŦƻǊ
molecular designτŀ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘΣέ arXiv:1903.04388v3, 
[cs. LG], 2019. 

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

ω S. Takeda, et al, Molecular Inverse-Design Platform for 
Material Industries. Proc. ACM KDD-2020.

ω_Φ Maziarka, T. Danel, S. Mucha, K. Rataj, J. Tabor, 
S. Jastrzebski. Molecule Attention Transformer. 
arXiv:2002.08264v1 [cs.LG], 2020.

Duch W and DiercksenGHF (1994)Neural networks as 
tools to solve problems in physics and chemistry. CPC 82, 91-103.

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


Brains and minds



Geometric model of mind

Brain ė Psyche

Objective ė Subjective

Neurodynamics: bioelectrical activity of the 
brain, neural activity measured using 
EEG, MEG, NIRS-OT, PET, fMRI, other techniques.

Mapping S(M)ėS(B) but how to describe 
the state of mind? Brain fingerprints?

Verbal description is not sufficient. 
A space with dimensions that measure 
different aspects of experience is needed. 

Mental states, movement of thoughts
ė trajectories in psychological spaces.  

Problem: good phenomenology. We are not 
able to describe our mental states. 

Hurlburt & Schwitzgabel, DescribingInner Experience? MIT Press 2007



Mental state: strongcoherent activation

Many processes go on in parallel, controlling homeostasis and behavior. 
Most are automatic, hidden from our Self. What goes on in my head? 

Various subnetworks compete for access to the highest level of control -
consciousness, the winner-takes-most mechanism leaves only the strongest. 
How to extract stable intentions from such chaos? BCI is never easy.  



hƴ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ƻŦ ŀ ŘǊŜŀƳ Χ 
Final goal: optimize brain processes! 

Although whole brain is always active we are far from 
achieving full human potential. To repair damaged brains 
and increase efficiency of healthy brains we need to 
understand brain processes: 

1. Find fingerprints of specific activityof brain 
structures (regions, networks) using neuroimaging 
technology (and new neurotechnologies).

2. Create models of cognitive architectures that help 
to understand information processing in the brain.

3. Create new diagnostic and therapeutic procedures.  

4. Use neurofeedback based on decoding and changes 
in connectivityand close-loop system that directly  
stimulate the brain.  

G-tec wireless NIRS/EEG on my head. 

Duch W,Brains and Education: Towards Neurocognitive Phenomics. 2013



BCIΥ ǿƛǊŜ ȅƻǳǊ ōǊŀƛƴ Χ 
Non-invasive, partially invasive and invasive signals carry progressively more 
information, but are also harder to implement. EEG is still the king! 



Brain activity ė Mental image
fMRIactivity can be correlated with deep CNN network features; 
using these features closest image from large database is selected. 
Horikawa, Kamitani, Generic decoding of seen and imagined objects using 
hierarchical visual features. Nature Comm. 2017. 


