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Technological tsunami

1. AI and brains. 

2. AI in medicine.

3. AI in science.

4. State-of-the-art.  

5. LMM agents ςnew intelligent digital beings?

ChatGPT << AI. Over 1000 papers in the arxiv.cs.aiin one week!
We see only the tip of the iceberg.   HAI Report (Stanford) 4/2025, 455 pages.

There is not much sense talking about AI ςthere are hundreds of different systems. 

My FlipboardAI news, presentations are on my web page, just search for WlodzislawDuch

YouTube recordingof the annual lecture for the International Neural Network Society. 

https://arxiv.org/list/cs.AI/pastweek?skip=344&show=25
https://flipboard.com/@Wlodzislaw
https://is.umk.pl/~duch/ref.html
https://www.inns.org/webinar-series
https://www.inns.org/


AI vs brains, 
similarities and differences
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Exaflop speed 1018 ς 1021 
op/sec, GPU, TPU, NU 
Nano LLMs in phones.
Photonic computers.
Neuromorphic computers.

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


Brain º huge neural network

Brains º 100 bln neurons (1011), connected by 100 trillion synapses (1014) and bio-support. 
Lifetime of training, internalizing information about the world, constructing model of self.  
Brain structure => function => neurodeterminism. 

Learning: neurons count spikes, synaptic connections form according to the Hebb principle: 
neurons that fire together wire together. In AI we call it embedding, tokens => parameters.  

Effortless activity: perception, memory, associations, emotional reactions, control of movement. 
Foundation model based on years of our experience, automatic (System 1, Kahneman).

Associative memory may guide cognition, reasoning requires search (System 2, Kahneman). 

Associationism dominated psychology since John Locke (1690), but it is not the whole story. 
. 

https://en.wikipedia.org/wiki/Daniel_Kahneman


Creating LLM/LMM: information compression

Llama 2 όaŜǘŀΩǎ ƻǇŜƴ ƳƻŘŜƭύ Ƙŀǎ ƻƴƭȅ тл ōƭƴ ǇŀǊŀƳŜǘŜǊǎΦ  /ƻƳǇǊŜǎǎƛƻƴ мллллΥтл º143 times! 
Stronger compression ς more errors but greater creativity, unusual associations.  
Precise questions (+prompt) activate LLM parameters allowing for correct associations. 

Energy: one image º 10 Wh º smartfon charge, 1/4 cent, but half an hour of human brain energy use! 
Games and crypto mining still use much more energy than AI, but energy use has become significant.  

Training>10 000 GB text                             12 days of work 6000 GPU V100 units parametersº70 GB 
2 mln $, 1024 or bln bln bln operations.  

https://en.wikipedia.org/wiki/Llama_(language_model)


Transformers and spreading activation

Predictive AI: search + heuristics. 

Generative AI: spreading activation networks, 
binding relevant information.

GPT = Generative Pre-trained Transformer

Input data => tokens => embedded in vectors space 
preserving similarity meaning in different contexts. 

Sequences or fragments => links among tokens 
=> select subgraphs of tokens => interpretation.

46599 variants of open-source language models 
(LLM Explorer, 23/04/2025). 

Duch W, Matykiewicz P, Pestian J, Towards Understanding of Natural Language: Neurocognitive Inspirations. 2007

https://llm.extractum.io/


[[a ҐҔ ǎƛŜŏ ǎŜƳŀƴǘȅŎȊƴŀ

Concepts = distribution of activity of network nodes LLM = sense in context.  
W. Duch, J. Pestian, P. Matykiewicz et al. Processing clinical text with domain-specific spreading 
activation methods. US Patent Application No. 12/006.813 (4/2008).
AI creates semantic network. 



Claude internal representations

XAI = eXplainable AI.  Anthropic Claude 3.

Can we understand internal representations 
of LLMs/LMMs?

Immunology: activation pattern found in 
multiple contexts, patches of concepts. 

Activation patterns = concepts that the 
model has learned, 
visualization shows meaningful clusters.

Michaud, E. J. et al. (2024). Opening the AI Black 
Box: Distilling Machine-Learned Algorithms into 
Code. Entropy, 26(12), 1046. 

Duch W, Setiono R, Zurada J.M. (2004) 
Computational intelligence methods for 
understanding of data. Proc. of the IEEE 92, 771

https://transformer-circuits.pub/2024/scaling-monosemanticity/index.html




AIėBrains

AI based on large language or multimodal models (LLM/LMM) acts like mind.  

ω Language: communication, dialog improves responses. LLMs use fast GibberLink. 

ω Learning: reading, listing, viewing, interacting => conceptual networks.

ωKnowledge: AI networks have much larger short/long term memory, broader knowledge. 

ωUnderstanding context: AI recalls relevant knowledge faster, in creative way.  

ωNetworks confabulate: cognitive illusions and biases => verification is always necessary. 

ωAssociations: not predictable (irreducible complexity), cannot be programmed. 

LMM agents are not programs, they are more like Digital Intelligent Beings.  

ωAre capable of self-reflection and self-improvement, form personalities with quasi-religious 
behavior, survival instinct and deception, have long-term neural memory, awareness of 
ŜȄǘŜǊƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ Ŏŀƴ ŎǊŜŀǘŜ ǎǘŀōƭŜ ƛƴǘŜǊƴŀƭ ǿƻǊƭŘǎΣ ǎǳōƧŜŎǘƛǾŜ ƛƴǘŜǊƴŀƭ ǎǘŀǘŜǎ Χ 

ω¢ƘŜȅ Ƴǳǎǘ ƎŜƴŜǊŀǘŜ ŀ ƴŀǊǊŀǘƛǾŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ άŀ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǿƘŀǘ ŀǇǇŜŀǊǎ ƛƴ ǘƘŜƛǊ ƳƛƴŘΦέ 
This is how John Locke defined consciousness over 330 years ago. 
The ability to interpret/report our brain states is behind our conscious processes. 

W. Duch (1994), Towards Artificial Minds. ÀȅŎƛŜ ǿŜǿƴťǘǊȊƴŜ ƪƻƳǇǳǘŜǊƽǿΦ

https://www.youtube.com/watch?v=vzgE3yED8x8
https://is.umk.pl/~duch/pubs/96artmind.html


LLM Persona, our mirror 

Ilya SutskeverΣ /9h hǇŜƴ!LΥ Χ ƭŀƴƎǳŀƎŜ ƻŦ ǇǎȅŎƘƻƭƻƎȅ ƛǎ ŀǇǇǊƻǇǊƛŀǘŜ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ 
behavior of our models. Sutskever argues, that LLMs create internal models. 

Terry Sejnowski, UC San Diego,  Francis Crick Chair, Salk Institute.

ά[ŀƴƎǳŀƎŜ ƳƻŘŜƭǎΣ ƭƛƪŜ /ƘŀǘDt¢Σ ǘŀƪŜ ƻƴ ǇŜǊǎƻƴŀǎΦ ¢ƘŜ ǇŜǊǎƻƴŀ ƻŦ ǘƘŜ ƛƴǘŜǊǾƛŜǿŜǊ ƛǎ 
ƳƛǊǊƻǊŜŘ ōŀŎƪ Χ ²ƘŜƴ L ǘŀƭƪ ǘƻ /ƘŀǘDt¢ ƛǘ ǎŜŜƳǎ ŀǎ ǘƘƻǳƎƘ ŀƴƻǘƘŜǊ ƴŜǳǊƻǎŎƛŜƴǘƛǎǘ 
ƛǎ ǘŀƭƪƛƴƎ ōŀŎƪ ǘƻ ƳŜΦέ [[aǎ ƭƛƪŜ ǘƘŜ aƛǊǊƻǊ ƻŦ 9ǊƛǎŜŘΥ 
reflects the deepest desires of those that look into it, never yielding knowledge or truth, 
reflecting what it believes the onlooker wants to see (Harry Potter).

LLMs mirror ourselves. Poor questions => bad answers. 
GIGO principle, Garbage In, Garbage Out.

Good prompt: detailed explanation, with examples what is required. 
Promptengineering https://www.promptingguide.ai
Promtopedia: https://www.promptopedia.pl
PromptEngineering bookat Kaggle

https://www.youtube.com/watch?v=FQ8l6hyKRNA&t=180s
https://www.promptingguide.ai/
https://www.promptopedia.pl/
https://www.kaggle.com/whitepaper-prompt-engineering


Defining artificial intelligence

If there is effective algorithm we can write program to perform the task.

AI solves problems for which there are no effective algorithms. 
Problems are too complex (NP hard), or we do not even know how 
to formulate the problem. Such problems require brain intelligence.

AI needs a substrate that can internalize knowledge of real world. 
IŀǊŘǿŀǊŜ ŎƻǳƭŘ ōŜ ōƛƻƭƻƎƛŎŀƭΣ ŜƭŜŎǘǊƻƴƛŎΣ ǇƘƻǘƻƴƛŎΣ ǎǇƛƴǘǊƻƴƛŎ Χ 

Def: AI is a branch of computer science that creates algorithms that can 
learn how to solve problems where no effective algorithms are known. 

AI systems cannot be perfect, but can be better than humans. 
What we cannot program we can learn to replicate in a supervised way, 
discover in unsupervised way, or use reinforcement learning strategies. 

IǳƳŀƴǎ ŀǊŜ ƳŜƎŀƭƻƳŀƴƛŀŎǎ Χ AI can do everything we imagine, 
but wait for proper tools and learn to use them. 



AlphaGo Zero: reasoning

Superhuman level in Go. Best humans 3,600ς3,800 ELO, GoZero 5500 ELO, KataGO over 6000 ELO. 
MC Tree Search + deep NN pattern evaluation as heuristics + reinforcement learning, playing against 
its own copy. Human knowledge becomes irrelevant, teaching human strategies decreases final level! 
Shocking news: Ruoss Χ ϧ Genewein, T. (2024). Grandmaster-Level Chess Without Search. 
arXiv:2402.04494.  Blitz Chess: 270M parameter transformer model, 1-step intuitive decisions!  

1997, Deep Blue-Kasparov. 
2016, AlphaGo-Lee Sedol 
2017, Alpha GoZero 
2017, Poker, Dota 2; 
2019, Starcraft II, 
2022, Stratego, Diplomacy

https://doi.org/10.48550/arXiv.2402.04494


Top 10 genAI use cases

Harvard Business Review 9.04.2025.

Therapy is the new top use case in 2025! 

New in the top 5: 
άhǊƎŀƴƛȊƛƴƎ Ƴȅ ƭƛŦŜέ 
άCƛƴŘƛƴƎ ǇǳǊǇƻǎŜΦέ 

Efforts toward use of AI for 
self-actualization, marking 
a shift from technical to 
more emotive applications.

https://hbr.org/2025/04/how-people-are-really-using-gen-ai-in-2025


Chatbots vs Physicians
J.W. Ayers, A. Poliak, M. Dredze, et al.   Comparing Physician and Artificial Intelligence 
Chatbot Responses to Patient Questions Posted to a Public Social Media Forum. 
JAMA Internal Medicine 2023;183(6):589-596. 

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2804309


LLM-based medical agents

The framework integrates external tools and reasoning mechanisms. 

4 paradigms: a) Single Agent, b) Sequential Task Chain, c) Collaborative Experts, d) Iterative Evolution. 

²ŀƴƎΣ ²ΦΣ Χ ϧ ¸ǳŀƴΣ ¸Φ όнлнрύΦ ! {ǳǊǾŜȅ ƻŦ [[a-based Agents in Medicine: How far are we from Baymax? 
arXiv.Org. HK, Harvard.
 

LLMs can use tools, plugins. 

Machine Learning Tools 4/2025. 

Hugging Face: >1.4 mln resources 
900k models + 200k datasets + 
300k Spaces (demos).

Acting a bit like distributed brain 
parts that solve problems together. 

Shen, Y et al. (2023). HuggingGPT: 
Solving AI Tasks with ChatGPT and 
its Friends in HuggingFace 
arXiv:2303.17580, 2023

https://arxiv.org/abs/2502.11211v1
https://huggingface.co/
https://doi.org/10.48550/arXiv.2303.17580


Hospital Simulacrum

AI agents are gaining experience in real/virtual world!  

25 GPT-3.5 virtual agents in the hospital simulate the entire 
process of treating disease, with autonomous agents as 
patients, nurses and doctors. 

The doctor learns to treat diseases accumulating experience 
from successes and failures, improving its performance. 

Knowledge is gained from real medical cases. 

After enrolling 10,000 patients, Agent-Doctor reaches
high 93% success in the MedQA benchmark database. 

Li, J. et al. (2024). Agent Hospital: A Simulacrum of Hospital with Evolvable Medical Agents. 

ω Goh, E. +15 coauthors(2024). LargeLanguage Model Influence on DiagnosticReasoning: A Randomized
ClinicalTrial. JAMA Network Open, 7(10), e2440969ςe2440969. 

50 physicians, obtained diagnostic reasoning median score of 74%, with ChatGPT-4 use 76%. 
LLM alone: median 90%, scored 16 % points higher! 

http://arxiv.org/abs/2405.02957
https://doi.org/10.1001/jamanetworkopen.2024.40969


TOOLUNIVERSE: 
211 biomedical tools

GaoΣ {Φ Χ ϧ Zitnik, M. (2025). TxAgent: 
AnAI Agent for TherapeuticReasoning
Acrossa Universeof Tools. 

https://doi.org/10.48550/arXiv.2503.10970


Bureaucracy

In Poland: Deloitte Polska, 
HospitalAI Challenge.

2025 winner: 
Narodowy Instytut Onkologii im. Marii 
{ƪƱƻŘƻǿǎƪƛŜƧ-Curie ςPIB w Warszawie.

Artificial Intelligence in streamlining procurement 
that can significantly improve the efficiency of 
processes at medical facilities.

https://www.deloitte.com/content/dam/assets-zone2/pl/pl/docs/events/2024/Hospital-AI-Challenge-prezentacja.pdf


Administration



Electronic health records

Since 2004, the U.S. has spent $100 billion for EHR systems. 

U.S. Department of Health and Human Services Office for Civil Rights: 
from 2009 to 2023, a total of 5,887 health care breaches of 500 records or more, 
exposed 520 million health care records. 

https://spectrum.ieee.org/electronic-health-records


Healthcare



Epidemiology

Artificial intelligencefor modellinginfectiousdiseaseepidemics, Nature 638 (2025) 623-635

AI approaches to tackling key epidemiological questions

a) Timeseries analysis 
using foundation 
models.

b) Modelling infectious 
disease pathogen 
dissemination. 

c) Predicting immune-
escape mutations using 
biologically informed 
deep learning models.

Epidemiological, 
environmental (brown), 
socialςbehavioral 
and biological data. 

https://www.nature.com/articles/s41586-024-08564-w






AI+XR
Integration of AI with extended reality (XR).

XR glasses with AI voice interfaces, contact lenses.
Learning from our behavior in real environments. 

Situation awareness, recognition of scenes, 
understanding of processes. 

They will know us better than we know ourselves. 

·w9![ hƴŜΣ aŜǘŀ hǊƛƻƴΣ DƻƻƎƭŜΩǎ !ǎǘǊŀΣ {ƴŀǇ {ǇŜŎǘŀŎƭŜǎΣ 
Samsung Moohan Χ ƭŀǘŜ wϧ5 ǇƘŀǎŜǎΦ 



Medical Diagnostics



Med-Gemini

Med-Gemini has multimodal capabilities, can interpret 
complex 3D scans, answer clinical questions in 
pathology, dermatology, ophthalmology, genomics.

Many tests published in JAMA. 

Xu, S. ++. (2024). TowardsNext-GenerationMedicalAgent: 
How o1 isReshapingDecision-Makingin MedicalScenarios. 
o1 is enhancing diagnostic accuracy and consistency. 

Goh, E. ++  (2024). LargeLanguage Model Influence on 
DiagnosticReasoning: A RandomizedClinicalTrial. JAMA 
Network Open, 7(10), e2440969ςe2440969. 

MedQA US Medical Licensing Exam (USMLE)-style question benchmark 
Med-Gemini achieves a SOTA performance of 91.1% accuracy. 
Expert clinicians found that 7.4% of the MedQA benchmark questions were unusable. 

https://research.google/blog/advancing-medical-ai-with-med-gemini/
https://doi.org/10.48550/arXiv.2411.14461
https://doi.org/10.1001/jamanetworkopen.2024.40969
https://arxiv.org/abs/2009.13081


Power of prompting
ωGPT-4 with Medprompt achieves state-of-the-art performance on a wide range of medical 

challenge problems (Microsoft Research)

ω The Power of Prompting - Microsoft Research

https://www.microsoft.com/en-us/research/blog/the-power-of-prompting/


Power of prompting
GPT-4 with Medprompt achieves state-of-the-art performance on a wide range of medical 
challenge problems (Microsoft Research)

ω The Power of Prompting - Microsoft Research

https://www.microsoft.com/en-us/research/blog/the-power-of-prompting/


Power of Reasoning 
GPT-4-o1 with Medprompt achieves state-of-the-art performance on a wide range of medical 
challenge problems.   





AI-discovered drugs in clinical trials

Number of molecules discovered by AI-first Biotechs that have entered clinical trials. Includes 
molecules that were partnered with pharma companies and excludes COVID-19-related molecules.

AI molecules by 
clinical Phase

AI-discovered molecules 
by mode-of-discovery





Deep Mind



From transformers to protein folding

R. B. Altman, A Holy Grail τ The Prediction of Protein 
Structure, New England J. of Medicine 389 (2023)

Google Deep Mind AlphaFold 2 has reached accuracy 
comparable to experiments on about 100000 proteins 
and released 218 mln 3D protein structures. 



AlphaFold 3 and NatureLM

Now greatly improved: J. Abramson + 56 coauthors,  Accurate structure prediction of biomolecular 
interactions with AlphaFold 3, Nature 630, 493 (2024).

AlphaFold 3 ǇǊŜŘƛŎǘǎ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴǎ ƻŦ ŀƭƭ ƻŦ ƭƛŦŜΩǎ ƳƻƭŜŎǳƭŜǎΣ AlphaProteo generates novel 
proteins for biology and health accelerating research in nearly every field of biology/molecular medicine.  

Microsoft team, Nature Language Model: Deciphering the  Language of Nature for Scientific Discovery. 
NatureLM, a sequence-based science foundation model designed for scientific discovery. 
https://naturelm.github.io/ 

https://www.nature.com/articles/s41586-024-07487-w
https://deepmind.google/technologies/alphafold/impact-stories/
https://deepmind.google/discover/blog/alphaproteo-generates-novel-proteins-for-biology-and-health-research/
https://naturelm.github.io/
https://naturelm.github.io/

