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AI at the warp speed

1. AI intro, one year after ChatGPT. 

2. Neural Models

3. AI minds and human brains

4. Foundation Models and Generative AI. 

5. Large Multimodal Models.

6. AI for science. 

7. Distributed artificial brains. 

8. Conscious avatars.

AI news in my Flipboard. 

ChatGPT<< AI.  We see a tip of the iceberg...

Every week arxivcs.aiadds over 100 new papers. 

https://flipboard.com/@Wlodzislaw
https://arxiv.org/list/cs.AI/pastweek?skip=344&show=25


AI intro



Superhuman AI?
New AI: predicts words, but shows no understanding, requires small adjustments, 

or: new superhuman form of intelligence, will lead to radical changes.



LƳƛǘŀǘƛƻƴ Ƴŀȅ ǘŀƪŜ ȅƻǳ ǉǳƛǘŜ ŦŀǊ Χ



Nano
Quantum 

Technologies

Info
Artificial/Computational Intelligence,
Machine Learning, Neural Networks

Cogni
Cognitive sciences

Bio
Neuroscience

Neurocognitive
Informatics

Biohybrids 

Exaflopspeed1018ς1021

op/sec, GPU, TPU, NU 
Nano LLMsin phones.

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


Superhuman AI
Reasoning: 1997ςDeep Blue wins in chess; 
2016 ςAlphaGo wins in Go; 2017 Alpha GoZero 100:0. 

Open Games: 2017ςPoker, Dota 2; 2019-Starcraft II, 
2022 Stratego, Diplomacy, Bridge ςwhat is left?

Perception: speech, vision, recognition of faces, 
personality traits, political and other preferences ...  

Robotics: 2020 Atlas robot (Boston Dynamics) backflip 
and parkour, autonomous vehicles, 2023 Tesla Optimus.   

Science: 2020 AlphaFold 2, now 620 M 3D proteins, 
2023-GNoME (Deep Mind) 2.2 mln structures; math.

Creativityand imagination: GAN revolution, Dall-E, 
Midjourney, Stable Diffusion, AIVA, music composers.

Language: 2011ςIBM Watson wins in Jeopardy; 
2018ςWatson Debater wins with professionals.  
2020: BERT answers questions from SQuAD database. 

Cyborgization: BCI, brain-computer symbiosis, soon? 

What are humans better in? And for how long? 

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


Chatbots vs Physicians
!ȅŜǊǎΣ WΦ ²Φ Χ ϧ {ƳƛǘƘΣ 5Φ aΦ όнлноύΦ /ƻƳǇŀǊƛƴƎ tƘȅǎƛŎƛŀƴ ŀƴŘ !ǊǘƛŦƛŎƛŀƭ 
Intelligence Chatbot Responses to Patient Questions Posted to a Public 
Social Media Forum. JAMA Internal Medicine(online April 28, 2023). 



AI: computer science definition

What all these AI applications have in common? 

Artificial Intelligence is a branch of computer science 

solving problems for which there are no effective algorithms.

Either algorithms are so complex that they will never finish, 

or we do not know how to formulated the problem, 

to understand images, literature, or brain states. 

Classes of computational complexity problems. 

Unlike any older technology, AI can: 

create new ideas, manipulate us, 

learn very quickly, and take decisions by itself. 



Neural models



Neural classifiers

Data, words, image patches => networks with adjustable parameters 
=> training to recognize patterns => object classification, diagnosis. 



Duch W, DǊǳŘȊƛƵǎƪƛK, Meta-learning: searching in the model space. 
International Conference on Neural Information Processing, Shanghai, 2001.



LLM timeline.

From rules
to networks
to pretrained 
transformers.

+ trillion, 1012

parameters!

Human brain 
has 1014  or 
100 trillions 
synapses.



Emeddingsand attention

Transformer model publishedby 
Google in June 2017started the 
generative AI era.

A key concept of the architecture 
is self-attention to understand 
relationships between words.

Self-attention links each token in 
text to other tokens important 
to understand its meaning.

MatykiewiczP, PestianJ, Duch W, 
and Johnson N. (2006)
UnambiguousConceptMapping
in RadiologyReports: Graphsof 
ConsistentConcepts, 
AMIA Ann.  SympProc. 1024.

https://ai.googleblog.com/2017/08/transformer-novel-neural-network.html
https://www.ft.com/content/37bb01af-ee46-4483-982f-ef3921436a50
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1839614


Transformers
Attention: given a sequence of tokens 
(words, image patches), how relevant 
is each input token to other tokens? 

Attention vectors capture context 
(embedding, semantics) + encode 
relative positions (syntax) of words.

Example: 

Input: sentence in English; 
Output: sentence in Polish. 

Google BERT used this approach. 

Generative Pre-trained Transformers 
or GPTs are now best known models. 
Simple intro on Youtube. 

Vaswani et al.(2017). 
Attention Is All You Need. arXiv

https://www.youtube.com/watch?v=TQQlZhbC5ps


Spreadingactivation

Spreadingactivation
networks.
Duch et al., Towards 
Understanding of 
Natural Language: 
Neurocognitive 
Inspirations. LNCS 4668, 
953ς962, 2007

GPT = Generative 
Pre-trained Transformer

How transformerswork
Financial Times + visual 
storytelling.

LLM visualization

https://bbycroft.net/llm

https://ig.ft.com/generative-ai/
https://bbycroft.net/llm


Secrete geometry of language

Universal algorithm: identify tokens, create high-dimensional embeddings 
in many contexts, use self-attention in transformer architecture. 
Structure and relations are similar in all thousands of languages. 
Even animal communication can be analyzed in this way. 



Semantic atlas

http://dico.isc.cnrs.fr/en/index.html

spirit: 
79 words
69 clicks = 
minimal units 
that have 
some 
meaning.

Synset

= collection of 
all Wordnet 
synonyms.

http://dico.isc.cnrs.fr/en/index.html


Vision-language models
Vision-Language Pre-Trained Models (VL-PTMs), convergence of language, 
vision, and multimodal pretraining => general-purpose foundation models 
can be easily adapted to multiple diverse tasks with zero-shot learning.



AI minds and human brains



Brain = large neural network

Brain: 100 bln neurons, 100.000 bln synaptic connections, small world. 

Effortless activity: perception, memory, associations, emotional reactions. 
Foundational model based on years of experience, neurodeterminism.  

Education: critical, analytical thinking, building models of reality, reflection. 

LLMs create associations, do not memorize, confabulate, need logical filters. 
Using special methodsof teaching they create human-like internal models: 

RLHF, proximalpolicy optimization(PPO), Direct Preference Optimization 
(DPO), Contrastive Preference Learning (CPL), supervised fine-ǘǳƴƛƴƎ ό{C¢ύ Χ 

https://magazine.sebastianraschka.com/p/llm-training-rlhf-and-its-alternatives




Some people ignore the 
right hemisphere.  
Nerds, wonks, gearheads? 

The intuitive mind is a sacred gift and 
the rational mind is a faithful servant. 
We have created a society that honors 
the servant and has forgotten the gift.



Some people think that right 
hemisphere is sufficient, and 
they fear math, physics and 
analytical thinking.  

Artists, humanists, and victims 
of poor education? 



ChatGPTon thinking

ωDescribe the difference between reasoning and associative thinking.

Associative thinkingis the process by which our thoughts and ideas are 
linked together through connections and associations. Associative thinking 
is often spontaneousand uncontrolled and can lead to the creation of 
new ideasand connections between different topics. It can be used as a 
creative thinking technique, allowing the rapid generation of many ideas. 
It can be useful in problem solving.

Reasoningis a process based on logical and analytical skills to reach 
conclusions based on available information. The goal of reasoning is to 
understand and explain phenomena and make rational decisions based on 
them. This process can involve defining a problem, collecting data, forming 
hypotheses, testing hypotheses and drawing conclusions. 

Reasoning is more analytical and logical, while associative thinking is more 
intuitive and creative.  Both processes are important in human thinking 
and are used in different situations. 

This is AI future, ex. Jaxon.aiDomain-SpecificAI Language, WatsonX.  

https://jaxon.ai/
https://www.ibm.com/watsonx


Mathematical discoveries
Romera-tŀǊŜŘŜǎ Χ CŀǿȊƛΣ !Φ όнлноύΦ aŀǘƘŜƳŀǘƛŎŀƭ ŘƛǎŎƻǾŜǊƛŜǎ ŦǊƻƳ ǇǊƻƎǊŀƳ 
search with large language models. Nature, 1ς3. 

The first discoveries made for established open problem using LLMs.

FunSearch(searching in thefunction space), pairing LLM with evaluator. 
FunSearchapplied to the cap set problem discovered new constructions of large 
cap sets going beyond the best known ones. FunSearchalso found new 
heuristics that improve upon widely used baselines in online bin packing 
problem. FunSearchsearches for programs that describehow to solve a 
problem, rather thanwhat the solution is. 
Such programs are easier 
to interpret, enabling 
feedback between 
domain experts and
FunSearch, and the 
deployment of such 
programs in real-world 
applications.

https://doi.org/10.1038/s41586-023-06924-6


V4: color perception. 

IPS: sensory-motor link

Frontal area (FEF, FO): planning behavior, action. 

Represent concepts as vectors in the feature space 
that describes brain activation. 

J.R. Binder et al, Toward a Brain-Based Componential 
Semantic Representation, 2016 



Semantic neuronal space

Words in the semantic 
space are grouped by 
their similarity. 
Words activate specific 
ROIs, similar words create 
similar maps (1700 states)
of brain activity. 
Video or audiostimuli,
fMRI 60.000 voxel).
Gallantlab,Berkeley.

http://gallantlab.org/huth2016/


Brain activations ė Mental images
fMRI activity can be correlated with deep CNN network features; using these 
features most similar image from a large database is selected. 
Horikawa, Kamitani, Generic decoding of seen and imagined objects using 
hierarchical visual features. Nature Communications, 2017. 



Brain reading

Tang, J., LeBel, A., Jain, S., & Huth, A. G. (2023). Semantic reconstruction of continuous 
language from non-invasive brain recordings. Nature Neuroscience, 26(5) 



Horses(Aria chatbot)
1. Physical Characteristics: Horses are large mammals known for their strong, 

muscular bodies, long legs, and flowing mane and tail.

2. Domestication: Horses have been domesticated for thousands of years and have 
played crucial roles in transportation, agriculture, and leisure activities.

3. Breeds: There are numerous horse breeds, each with unique characteristics such 
as size, color, and temperament. Examples include the Arabian ...

4. Behavior: Horses are social animals that form strong bonds with other horses 
ŀƴŘ ǿƛǘƘ ƘǳƳŀƴǎΣ ŎƻƳƳǳƴƛŎŀǘŜ ǘƘǊƻǳƎƘ ōƻŘȅ ƭŀƴƎǳŀƎŜΣ ǾƻŎŀƭƛȊŀǘƛƻƴǎ Χ

5. Diet: Horses are herbivores and graze on grass, hay, and other plant materials. 
They have a complex digestive system processing fibrous plant matter.

6. Uses: Horses are utilized for various purposes, including riding, racing, working 
on farms, therapy, and as companions.

7. Anatomy: Horses have a unique hoof structure that allows them to run at high 
speeds, a strong skeletal system, and a keen sense of hearing and vision.

8. Healthcare: Proper care for horses includes regular veterinary check-ups, 
vaccinations, dental care, hoof trimming, and appropriate nutrition.

9. Gaits: Horses have distinct gaits including walk, trot, canter, and gallop. Each 
gait serves a different purpose and requires specific training.

10. Symbolism and Cultural Significance: Throughout history, horses have 
ǎȅƳōƻƭƛȊŜŘ ǎǘǊŜƴƎǘƘΣ ŦǊŜŜŘƻƳΣ ŀƴŘ ōŜŀǳǘȅ ƛƴ ǾŀǊƛƻǳǎ ŎǳƭǘǳǊŜǎΦ Χ



Concepts in contexts

ωConcepts = activity of LLM neurons; in the language of dynamical 
systems large attractor basin with several local prototypes, each with 
slightly different sensin specific context. 

ωW. Duch, J. Pestian, P. Matykiewiczet al. Processing clinical text with 
domain-specific spreading activation methods. US Patent Application 
No. 12/006.813 (4/2008, pub 2015). 



Memory, fast and slow

Episodic memoryallows one to quickly remember events 
after a single exposure, but creates only shallow associations.
Hippocampus encodes information about active brain areas. 

Knowledge requires formation of semantic memoryin cortex. 
This is a slow process that requires multiple repetitions and associations 
with well-fixed knowledge, compression of episodes. 

Early development: hippocampus has small capacity, about 40-50 mln
neurons, comparing to 16 bln in the cortex. It can memorize episodes, 
thanks to consolidation (compression), forming semantic memory 
structures in the cortex, generalizing and allowing for abstract reasoning. 

KhanemanSystem 1is automatic, quick associative reaction of the brain, 
and System 2slow, deliberate, sequential, conscious. 

A flood of images and texts requires compression. 
Education in ancient cultures: internalize knowledge, make it automatic.

Without foundations learning is slow. LLM: semantic memory formation 
= construction of models, ideas about the world. 
We learn fast because we have been learning for many years!



Othello-GPT
A GPT variant Othello-GPT was trained to 
extend a list of moves with legal moves. 
The model has no a priori  knowledge of the 
game or its rules, it only predicts the next 
move. Internal board representation emerged. 

A 2-layer MLP classifier takes as input internal 
activations of a network, outputs next 
position. Activation-intervention technique 
is used to create latent saliency maps. 
Black box: Top-1 prediction by the model. 
Contribution to prediction: red=high, blue=low

GPT perceives what appears in its imagery. 

[ƛΣ YΦ Χ IΦΣ ϧ ²ŀǘǘŜƴōŜǊƎΣ aΦ όнлноύΦ 
Emergent World Representations: Exploring a 
Sequence Model Trained on a Synthetic Task 
(arXiv:2210.13382). 

https://doi.org/10.48550/arXiv.2210.13382


Compression: intuitive thinking

Learning from partial observations: 

hƘƳΩǎ ƭŀǿ V=IҎR; YƛǊƘƻŦŦΩǎlaw V=V1+V2, 
R = R1+R2  or  1/R=1/R1+1/R2

Geometric representation of facts:
+ increasing, 0 constant, - decreasing.

True (I-,V-,R0), (I+,V+,R0), false (I+,V-,R0). 

р ƭŀǿǎΥ о hƘƳΩǎ  Ҍ н YƛǊƘƻŦŦΩǎlaws.

All laws A=B+C, A=BҎC , A-1=B-1+C-1, 
have identical geometric interpretation!
13 true, 14 false facts; simple internal 
compressed representation.

Question in qualitative physics (PDP book): 
if R2 increases, R1 and Vt are constant, what will 
happen with current and V1, V2 ?

Duch, W. (2007). Intuition, Insight, Imagination and Creativity. 
IEEE Computational Intelligence Magazine, 2(3), 40ς52. 



Cognition as Compression
Computing ª Cognition, 

artificial ª natural systems.

J.G. Wolff, SP theory of intelligence: computing as compression. 
http://www.cognitionresearch.org(mostly for 1D sequences)

Related to model selection in ML, Algorithmic Information Theory (AIT): 
Minimum Length Encoding (MLE), Minimum Description Length (MDL), 
Minimum Run Length Encoding, Minimum MessageLength Encoding, etc. 

ωCognition as Compression, SP theory 

ω Language Learning as Compression

ωNatural Language Processing as Compression

TheHutter Large Text Compression Benchmark
Prize (2006)for data compressionon enwik9
English Wikipedia 1GBtext file. 5000 euros 
for each 1% improvement in the compressed size.
2023 best result: 113 746 218bytes. 

http://www.cognitionresearch.org/
https://en.wikipedia.org/wiki/Data_compression


Pragmatic information

Fragment of MDL graph 
for Polish language.

Adding new item may 
increase or decrease 
complexity of the graph.

Change in MDL graph  
= pragmatic information. 

Memetics, conspiracies: 
info that can be 
easily compressed 
becomes meme. 

Duch W and Jankowski N (1994)Complex Systems, Information Theory and Neural 
NetworksΦ мǎǘ bŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ αbŜǳǊŀƭ bŜǘǿƻǊƪǎ ŀƴŘ ǘƘŜƛǊ ŀǇǇƭƛŎŀǘƛƻƴǎϦΣ Kule, 1994

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


AI mental models
IlyaSutskever: network make these predictions by building 
a world model.  That is, did it discover that there was an 
8x8 board and a specific set of rules for placing pieces on it, 
that underpinned these moves?

Andrew Ng: LLMs build sufficiently complex models of the world that I feel 
comfortable saying that, to some extent, they do understand the world.

! ƭƻǘ ƻŦ άŜƳŜǊƎŜƴǘέ ōŜƘŀǾƛƻǊǎ ƻŦ [[aǎ τ for example, the fact that a model 
fine-tuned to follow English instructions can follow instructions written in other 
languages τseem very hard to explain unless we view them as understanding 
the world.  Learning from predicting words/sentences, leads to compressed 
mental representations. 
G. Hintonalso agrees that LLMs build models and understand concepts. 

Educational psychology literature: 

Sadoski, M. (2018). Reading Comprehension is Embodied: Theoretical and 
Practical Considerations. Educational Psychology Review, 30(2), 331ς349.

Reading comprehension => imagery, embodied cognition. 

https://www.youtube.com/watch?v=9AxRIuzlUV0
https://www.deeplearning.ai/the-batch/issue-209/
https://doi.org/10.1007/s10648-017-9412-8


Generating new ideas
Generate relevant research questions and ideas. 
InfraNodustext analysis toolwith help from GPT can show structural gaps 
between topics, representing text in a graph, and generating questions that link 
diverse topics, ex: What is the physical environment impact on our ideas?

https://infranodus.com/


Simple creativity model
Goals of my computational creativity project(2005): 

ωmake the simplest testable model of creativity; 

ωcreate interesting novel words that capture some features of products;

ωunderstand new words that cannot be found in the dictionary.

Assumption: a set of keywords (prompts) primes the trained cortex subnetwork.

Prompts: ordered strings of phonemes that activate semantic reps of words. 
Spreading activation=> context priming + inhibition in the winner-takes-all process 
leaves only a few semantically related concepts (word meaning).

Creativity = activation of pre-trained network = imagination (priming) 
+ filtering interesting results that activate larger areas (associations) 

Imagination: many chains of phonemes/concepts activate word representations, 
spreading primed activations via synaptic connections. 
Filtering: associations based on phonological/semantic similarity survive.
Examples: digventure, discoverity, infinition, creativeryΧ нκо ǳǎŜŘ ōȅ ǇŜƻǇƭŜΦ

Psychological theory: BVSR, Blind Variation Selective Retention, Campbell 1960.
Duch W. (2006) Creativity and the Brain. In: A Handbook of Creativity for Teachers. 
Singapore 2007, pp. 507-530.   Implemented by M. Pilichowski.

https://www.is.umk.pl/~duch/projects/projects/cre.html
https://www.is.umk.pl/~duch/projects/projects/ncl.html


Foundation AI models
and generative AI



Gartner hype cycle for AI, 7/2023



Big models can do more

Scaling: competence of models in different fields grows with the number of 
parameters, size and diversity of data. Quality of data is critical. 
LaMA-13B surpasses GPT-3 despite being over 10 times smaller, 
LLaMA-65B is close to PaLM-540B.

LLaMA-7B is close to PaLM-540B.

Phi-2 (2.6 B) outperforms 25x largermodels
LMM = Large Multimodal Models trained 
on text, images, video, internal neural 
signals for robot movement. 

Ex. GPT-4V(ision), RT-X robots, Gemini.  
Gemini Nano
for Android. 



NLP supermodels
OpenAIGPT-3 model has 175 Bparameters. First-of-its-kind API can be applied 
to any language task, and serves millions of production requests eachday. 
GPT-4 has 1.7 trillionparameters (probably).  

WuDao ~1.75 
trillion param.

Between 
2018-21 LLM  
complexity 
increased 
1 M times!  

100 M monthly
active users 
in 2 month 
after release 
of ChatGPT! From 1/2018 

to 1/2021 

https://openai.com/
https://medium.com/@mlubbad/the-ultimate-guide-to-gpt-4-parameters-everything-you-need-to-know-about-nlps-game-changer-109b8767855a


Big models can do more

YouTube: Alan F Thompson, AI achievements unlocked: Emergent abilities 
in large language models (GPT-3, GPT-4, PaLM, Gemini). 

No-one programmed that, not expected that these models have such abilities.

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


Multimodal models

Multimodal learning ςdifferent types of modalities with different statistical 
properties, embedded in the same model.

ωMultimodal Affective Computing (MAC), sentiment analysis.

ωNatural Language for Visual Reasoning (NLVR).

ωMultimodal Machine Translation (MMT).

ωVisual Retrieval (VR)and Vision-Language Navigation (VLN). 

Image: Center for 
Research on 
Foundation Models
(CRFM), Stanford 
Institute for Human-
Centered Artificial 
Intelligence(HAI).

https://arxiv.org/abs/2108.07258
https://crfm.stanford.edu/
https://hai.stanford.edu/


Large Language Models

a




