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Overview



What is (human-centered) A(G)I
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Standard model of AI

Scientific fields

• Humans are intelligent to the extent that 
our actions can be expected to achieve our 
objectives

• Machines are intelligent to the extent that 
their actions can be expected to achieve 
their objectives

• Engineering
• Computer science
• Cognitive science
• Probability theory
• Utility theory
• Causality research

Human-compatible AI

Driving forces

• Machines are intelligent to the extent 
that their actions can be expected to help 
us achieving our objectives [S.Russell, 
2018: AI25]

• Moore's law 

• Hardware 
• Data 
• Methods: theorem provers, goal-driven 

search, generative grammars, .. transformers 

What is AI?
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Human-computer interaction

Human-centered AI (HCAIM)

• Man-machine interfaces
• Man-machine hybrids
• Linguistic interfaces
• Sensorimotoric/brain-computer interfaces
• Augmented reality

• Human rights (mental health,..)
• Democratic society (fake news, 1984,...)
• Trustworthy/Explainable AI
• Human-computer cooperation
• Collaborative workflows
• Auditing/approval (AI safety)

Human-compatible AI

Intelligence everywhere

• Intelligence explosion
• Artificial general intelligence (AGI)
• Superintelligence
• Existential risk
• Value alignment
• Provably beneficial AI

• Smart wearable electronics
• Smart homes/cities
• Autonomous vehicles

What is human-centred AI?



Zoo of AIs
Narrow AI (nAI): expert-level performance in a given domain/task

Good old fashioned AI (GOFAI): expert-based systems using well-defined
symbols and explainable rules

Deep learning: simultaneous learning of latent representations
(features, ~symbols) and their usage

Artificial general intelligence (AGI): can learn to accomplish any intellectual task that humans can perform.

Foundation models: "trained on broad data that can be adapted to a wide range of downstream tasks"1

Human-level (machine) intelligence (HLMI): "unaided machines can accomplish every task better and more cheaply than
human workers"2

Superintelligence: "machine intelligence that is vastly better than humans at all professions"2

Strong AI: emergence of mind-like properties (e.g., conscience) beyond mere simulations of weak AIs.

Explainable AI (XAI): AIs that can be understood by humans.

Trustworthy AI: AIs that can be expected to achieve our (human) objectives.

Human-centered AI (HCAI): human compatible AIs deferring to humans to respect human rights.

Common sense, 
foundation models

nAI1 nAIn….

AGI

[1] Bommasani, Rishi, D. A. Hudson, E. Adeli, R. Altman, S. Arora, S. von Arx, M. S. Bernstein et al. "On the opportunities and risks of foundation models." arXiv preprint arXiv:2108.07258 (2021).
[2] Katja Grace, Zach Stein-Perlman, Benjamin Weinstein-Raun, and John Salvatier, “2022 Expert Survey on Progress in AI.” AI Impacts, 3 Aug. 2022
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1936

A chronology of artificial general intelligence (AGI)

[1] Turing, Alan Mathison. "On computable numbers, with an application to the Entscheidungsproblem." J. of Math 58, no. 345-363 (1936): 5.
[2] Chomsky, Noam. "Three models for the description of language." IRE Transactions on information theory 2, no. 3 (1956): 113-124.
[3] Newell, Allen, John C. Shaw, and Herbert A. Simon. "Report on a general problem solving program." In IFIP congress, vol. 256, p. 64. 1959.
[4] Werbos, Paul. "Beyond regression: New tools for prediction and analysis in the behavior science." PhD thesis, Harvard University (1974).
[5] Rumelhart, David E., Geoffrey E. Hinton, and Ronald J. Williams. "Learning representations by back-propagating errors." nature 323, no. 6088 (1986): 533-536.
[6] Lenat, D. B., M. Prakash, M. Shepherd. "CYC: Using common sense knowledge to overcome brittleness and knowledge acquisition bottlenecks." AI magazine 6, no. 4 (1985): 65-65.
[7] Ferrucci, David, Anthony Levas, Sugato Bagchi, David Gondek, and Erik T. Mueller. "Watson: beyond jeopardy!." Artificial Intelligence 199 (2013): 93-105.
[8] Silver, David, Thomas Hubert, Julian Schrittwieser, Ioannis Antonoglou, Matthew Lai, Arthur Guez, Marc Lanctot et al. "A general reinforcement learning algorithm that masters chess, shogi, and Go  
through self-play." Science 362, no. 6419 (2018): 1140-1144.
[9] Vaswani, Ashish, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones, Aidan N. Gomez, Łukasz Kaiser, and Illia Polosukhin. "Attention is all you need." Advances in neural information processing 
systems 30 (2017).
[10] Reed, Scott, K. Zolna, E. Parisotto, S. G. Colmenarejo, A. Novikov, G. Barth-Maron, M. Gimenez et al. "A generalist agent." arXiv preprint arXiv:2205.06175 (2022).
[11] Bubeck, Sébastien, Varun Chandrasekaran, Ronen Eldan, Johannes Gehrke, Eric Horvitz, Ece Kamar, Peter Lee et al. "Sparks of artificial general intelligence: Early experiments with gpt-4." arXiv 
preprint arXiv:2303.12712 (2023).
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Back-propagation4,5
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Large Language Models,
Multimodal agents:
GATO10, GPT-411

Boston Dynamics

Embodied agents?



LLM scaling laws for space, time, and data

Kaplan, Jared, et al. "Scaling laws for neural language models." arXiv preprint arXiv:2001.08361 (2020).
Hoffmann, Jordan, et al. "Training compute-optimal large language models." arXiv preprint arXiv:2203.15556 (2022).

Besiroglu, Tamay, et al. "Chinchilla Scaling: A replication attempt." arXiv preprint arXiv:2404.10102 (2024).
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Towards AGI
Year System Computation Data Knowledge

1957 General Problem 
Solver

kFLOPS KB

1995 Deep Blue gFLOPS MB

2011 IBM Watson 80 tFLOPS xTB

2017 AlphaZero 100 tFLOPS 0 0

2014< Tesla Autopilot x100 pFLOPS PB

2021 AlphaFold 100 pFLOPS TB

2022 Large language models 10-10k eFLOPS (1019) PB

Within 2Y Within 30Y

20162 10% 50%

20223 10% 60%

Probability of superintelligence

Human-level machine intelligence

[1] Bommasani, Rishi, D. A. Hudson, E. Adeli, R. Altman, S. Arora, S. von Arx, M. S. Bernstein et al. "On the opportunities and risks of foundation models." arXiv preprint arXiv:2108.07258 (2021).
[2] Grace, Katja, J. Salvatier, A. Dafoe, B. Zhang, and O. Evans. "When will AI exceed human performance? Evidence from AI experts." Journal of Artificial Intelligence Research 62 (2018): 729-754.
[3] Katja Grace, Zach Stein-Perlman, Benjamin Weinstein-Raun, and John Salvatier, “2022 Expert Survey on Progress in AI.” AI Impacts, 3 Aug. 2022



The causal hierarchy

Pearl, Judea. "The seven tools of causal inference, with reflections on machine learning." 
Communications of the ACM 62.3 (2019): 54-60.
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Causal inference with LLMs?

Ma, Jing. "Causal inference with large language model: A survey." arXiv preprint 
arXiv:2409.09822 (2024).



Hype Cycle for AI, 2023 (Gartner)

Foundation models/AGI

Causal AI



A(G)I in dementia/AD research



SOLID: Effects of early-Stress On Lipid mediators and 
Inflammation for early Detection of neurodegeneration 

The Joint Research Program incorporates seven main partners 
in a large-scale project with total funding of approximately $CA 
2 million from the European Union's Joint Research Program on 
Neurodegenerative Diseases (JPND). The project, which stems 
from the Food4BrainHealth International Research Network 
and the International Associated Laboratory Optinutribrain, 
brings together the expertise of researchers from France, 
Australia, the Netherlands, Hungary, Germany and Canada.



Common complex factors of multimorbidities

Marx, P., Antal, P., Bolgar, B., Bagdy, G., Deakin, B. and Juhasz, G., 2017. Comorbidities in the 

diseasome are more apparent than real. PLoS computational biology, 13(6), p.e1005487.
Gezsi, Andras, et al. "Unique genetic and risk-factor profiles in clusters of major depressive 
disorder-related multimorbidity trajectories." Nature Communications 15.1 (2024): 7190.



Dementia and factors of intelligence

Grunden, Nicholas, and Natalie A. Phillips. "A network approach to subjective cognitive decline: Exploring multivariate

relationships in neuropsychological test performance across Alzheimer's disease risk states." Cortex 173 (2024): 313-332.



Foundation models in AD research

Mao, Chengsheng, et al. "AD-BERT: Using pre-trained language model to predict the progression from mild 
cognitive impairment to Alzheimer's disease." Journal of Biomedical Informatics 144 (2023): 104442.



AGI for dementia care



Modifiable
risk factors 
related to 

dementia/AD

Frisoni, Giovanni B., et al. "Dementia prevention in memory clinics: recommendations from the European task force for brain 
health services." The Lancet Regional Health–Europe 26 (2023).



Roadmap for brain health services

Frisoni, Giovanni B., et al. "Dementia prevention in memory clinics: recommendations from the 
European task force for brain health services." The Lancet Regional Health–Europe 26 (2023).



Technologies supporting people with dementia - 1

Moyle, Wendy. "The promise of technology in the future of dementia care." Nature Reviews Neurology 15.6 (2019): 353-359.



Technologies supporting people with dementia - 2

Moyle, Wendy. "The promise of technology in the future of dementia care." Nature Reviews Neurology 15.6 (2019): 353-359.



Overview of assistive solutions in dementia care

Ali, Muhammed Toqeer, et al. "ICT-based solutions for Alzheimer’s Disease Care: A systematic 
review." IEEE Access (2024).

Personalized
Assistive
Solutions

Faisal, Mohammed, et al. "Robot-

based solution for helping 

Alzheimer patients." SLAS 

technology 29.3 (2024): 100140.



Chronology of technologies

Ali, Muhammed Toqeer, et al. "ICT-based solutions for Alzheimer’s Disease Care: A systematic 
review." IEEE Access (2024).

2020<
Personalized
Assistive
Solutions
(PAS)



Use of robots in dementia care

Faisal, Mohammed, et al. "Robot-based solution for helping Alzheimer patients." SLAS technology 
29.3 (2024): 100140. 



Data types in technologies

Ali, Muhammed Toqeer, et al. "ICT-based solutions for Alzheimer’s Disease Care: A systematic 
review." IEEE Access (2024).



Cognitive assessment tests in PAS

Karami, Vania, et al. "Socially Assistive Robots for Individuals with Alzheimer's 
Disease: A Scoping Review." Archives of Gerontology and Geriatrics (2024): 
105409.



E-health-based technologies

Ali, Muhammed Toqeer, et al. "ICT-based solutions for Alzheimer’s Disease Care: A systematic 
review." IEEE Access (2024).



Smart-
environment-

based 
technologies

Ali, Muhammed Toqeer, et al. "ICT-based 
solutions for Alzheimer’s Disease Care: A 
systematic review." IEEE Access (2024).



IoT-based 
technologies

Ali, Muhammed Toqeer, et al. 
"ICT-based solutions for 
Alzheimer’s Disease Care: A 
systematic review." IEEE Access 
(2024).



AAL-based 
technologies

Ali, Muhammed Toqeer, et al. 
"ICT-based solutions for 
Alzheimer’s Disease Care: A 
systematic review." IEEE Access 
(2024).



IoMT-based 
technologies

Ali, Muhammed 
Toqeer, et al. "ICT-
based solutions for 
Alzheimer’s Disease 
Care: A systematic 
review." IEEE Access 
(2024).



PAS-based 
technologies

Ali, Muhammed Toqeer, et al. 
"ICT-based solutions for 
Alzheimer’s Disease Care: A 
systematic review." IEEE 
Access (2024).



Dilemmas



Ethical considerations in intelligent 
assistive technologies for dementia

Ienca, Marcello, et al. "Ethical design of intelligent assistive technologies for dementia: a descriptive 
review." Science and engineering ethics 24 (2018): 1035-1055.



Abnormal Behavior Detection
in Activities of Daily Living

Tay, Nian Chi, et al. "A review of abnormal behavior detection in activities of daily living." IEEE Access 
11 (2023): 5069-5088.

Challenges:
• Lack of real-life datasets
• Limited actions are studied
• Vast variation of ADL
• High false alarm rate
• Limited to one location



Complex 
models in fall 

detection.. 

Sihag, Gulshan, et al. "Evaluation of risk factors for fall in elderly using Bayesian networks: A case 
study." Computer Methods and Programs in Biomedicine Update 1 (2021): 100035.

"Gondos óra" program in Hungary



Advanced driver-assistance system (ADAS)

Moyle, Wendy. "The promise of technology in the future of dementia care." Nature Reviews 
Neurology 15.6 (2019): 353-359.

Standards and regulations

The new Vehicle General Safety 

Regulation starts applying today 

[2024]. It introduces a range of 
mandatory advanced driver assistant 

systems to improve road safety and 

establishes the legal framework for 

the approval of automated and fully 

driverless vehicles in the EU. The 
new safety measures will help to 

better protect passengers, 

pedestrians and cyclists across the 

EU, expectedly saving over 25,000 

lives and avoid at least 140,000 
serious injuries by 2038.

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32019R2144
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32019R2144


Regulation for drug discovery

Dunne, Suzanne, et al. "A review of the differences and similarities 
between generic drugs and their originator counterparts, including 
economic benefits associated with usage of generic medicines, using 

Ireland as a case study." BMC Pharmacology and Toxicology 14 (2013): 1-
19.

Nwaka, Solomon, and Robert G. Ridley. "Virtual drug discovery and development for neglected diseases through 
public–private partnerships." Nature Reviews Drug Discovery 2.11 (2003): 919-928.
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• Safety
• Trustworthy
• Accountability
• Regulation
• Human rights and values
• Un(bias)ed
• Fairness
• Privacy
• Shared power
• Diversity and inclusivity
• Collaboration
• Transparency

Issues and principles for HC-AI

Russel-Norvig: Artificial Intelligence. A Modern Approach (4th edition)

1. Autonomous weapon systems
2. Privacy
3. Fairness and bias
4. Trust and transparency
5. Job safety
6. Robot rights
7. Long-term AI prospects

Issues in AI ethics Principles



Theory

Ethics

• Privacy-preserving AI: federated learning
• Trustworthy AI: structured/causal inference (XAI)
• Human-compatible AI: collaborative inverse reinforcement 

learning
• Machine teaching: reinforcement learning with human 

feedback
• Artificial general intelligence: foundation models, transfer 

learning

• Rights for digital assistants/twins

Practice

Society & law

• Automated programming
• Collaborative workflow systems
• Testing/Auditing
• Ecosystem

• Medical device regulation
• The EU AI Act

Novel solutions for HC-AI 
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2018

AI regulations

2023 June 2023 June 2023 October 2024 August

AI Act

HCAIR
„Human-centred Regulation of AI” 

workshop @ BME

USA

EUProposal for AI Act

Executive Order on Safe, Secure, and 

Trustworthy Artificial Intelligence

Accepted

Active: 2026

https://hcaim.bme.hu/en/
hcrai/

https://hcaim.bme.hu/en/hcrai/
https://hcaim.bme.hu/en/hcrai/


Thank you for your attention!
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