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Agenda

• Introduction to Artificial Intelligence (AI)

• Introduction to Machine Learning (ML)

• Generative AI and Large Language Models (LLM)

• AI and ML Applications and Challenges

• AI and ML Tools for Productivity, Education and Research

• AI in Education: The End of Traditional Education Models

• Agents, Agentic AI and Multi-Agent Systems

• Robotics, Deep RL, LBMs and the Future

• Conclusions
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Image: Shutterstock / CNN  - ttps://edition.cnn.com/2019/02/17/investing/artificial-intelligence-investors-machine-learning/

AI is no longer a Tool! 
It is a Partner!

AI and the Discovery of the New World
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Artificial Intelligence (AI)

• Intelligence

– “Capacity to solve new problems through 
the use of knowledge”

• Artificial Intelligence

– “Science concerned with building intelligent machines, that is, machines that 
perform tasks that when performed by humans require intelligence”
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Weak and Strong AI

• Weak Artificial Intelligence

weak AI, also known as narrow AI is 
artificial intelligence that is focused on 
one single narrow task

• Strong Artificial Intelligence

Strong AI or Artificial General Intelligence 
(AGI) is the intelligence of a machine that 
could successfully perform any 
intellectual task that a human being can! 

Science fiction? Not any more…

Image: https://livingsmartheart.com/what-is-strong-ai/
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The World Is Changing Faster Than We Can Understand

• AI won’t replace humans —
but humans using AI will 
replace humans not using AI

• AI is moving from tools that 
assist humans to agents that 
act autonomously

• Autonomous, Physical, Goal-
Driven, Learning Systems
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Evolution of AI Paradigms
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The Birth of AI

• From Logic to Intelligence…

• The Dream Begins (1950–1980)

• “AI began as a dream of 
formalising reasoning!

https://jlanyon.substack.com/p/a-brief-history-of-ai
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AI Timeline

Image: [Paul Marsden, 2017] - https://digitalwellbeing.org/artificial-intelligence-timeline-infographic-from-eliza-to-tay-and-beyond/
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Strong AI – Star Wars and C3PO

Video: Lucasfilm Ltd. (1977). Star Wars: Episode IV - A New Hope. [Film]. 20th Century Fox.
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Symbolic AI and Expert Systems

• Knowledge is Power — Encoding the Mind into Rules!

• Symbolic AI represents knowledge through symbols 
and rules 

• Examples:

• MYCIN (medical diagnosis)

• DENDRAL (chemical analysis)

• Architecture: inference engine + knowledge base

• Early AI was explainable and logical!

• But could not learn or adapt…
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From Rules to Patterns

AI needed to evolve from being programmed to being trained

• From Rules to Patterns - AI Started to Learn from Data

• Instead of telling the machine what to do, we let it learn how to do it

• Machine Learning (ML) = algorithms that learn patterns from data

• Examples: email spam filters, handwriting recognition, early speech 
recognition

• ML marked the shift from explicit logic to statistical inference
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Machine Learning
Field of artificial intelligence that gives computer systems the ability to
"learn" (e.g., progressively improve performance on a specific task) from
data/results of their actions, without being explicitly programmed

Image: https://towardsdatascience.com/what-are-the-types-of-machine-learning-e2b9e5d1756f

Supervised Learning

Image: https://becominghuman.ai/an-introduction-to-machine-learning-33a1b5d3a560

Reinforcement Learning
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From Statistics to Intelligence

• Algorithms and Breakthroughs

• Between the 1980s and early 
2000s, we saw breakthroughs: 

• Decision Trees, Random Forests, 
SVMs, Neural Networks and the 
rediscovery of Backpropagation

• Paving the road to Deep Learning
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Artificial Neural Networks
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Transformer Architecture

Transformer architecture take a text sequence as input 
and produce another text sequence as output

https://towardsdatascience.com/transformers-explained-
visually-part-1-overview-of-functionality-95a6dd460452

I will have meatballs for …

dinner 0.3
lunch 0.28
…
my 0.1
a 0.08
…
breakfast 1e-4
dessert 1e-5
…
fun 1e-6
for 1e-90
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Attention is All You Need
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ChatGPT

Image: https://openai.com/blog/chatgpt



                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 19

The Data Revolution

• Data Is the New Oil — and the Fuel of AI

• With the internet, smartphones, and sensors, data grew exponentially 

• Algorithms improved — but what truly powered modern AI was scale!

• Algorithms got better — but data made them powerful!
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The Deep Learning Revolution

• When Neural Networks Got Deep — and Everything Changed!

• AlexNet on ImageNet triggered the deep-learning boom

• Multi-layer neural networks, learn features automatically
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Generative AI - Machines That Create

• Generative AI (GenAI) can create a wide variety of data,
such as images, videos, audio, text, and 3D models

• Learning patterns from existing data, and then using this 
knowledge to generate new and unique  outputs in 
response to prompts

• GenAI produce highly realistic  and complex content that 
mimics human creativity

• Large language models (LLM) -Very large neural networks 
with billions of weights, 
trained on very large 
quantities of text
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Artificial Intelligence Today
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AI Timeline
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Generative AI Competition
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LLM Evolution
2022/3->2024/5
https://www.mckinsey.com/capabilities/mck
insey-digital/our-insights/superagency-in-
the-workplace-empowering-people-to-
unlock-ais-full-potential-at-work
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Chatbot Arena LLM Leaderboard (12/04/2025)
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Programming vs Machine Learning
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The End of Programming!



                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 29

2025 International Collegiate Programming Contest
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Coding Applications – Practical Example
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Technology: Adapt or Resist?!
So! You are the guy…

That took all of our Jobs!

• COVID-19 - Use of 
technology

• Educate New 
Generations

• Ethical Use

• Technical Use

• AI Policy

• Prompt Engineering
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AI Text Detectors/Classifiers
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Working with AI - Anti-Anti ChatGPT

Text V1 in 
Portuguese

Good Query in 
Portuguese

Text V2 in 
English

Text V3 in 
English

Final Text
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Chat GPT – Dunning-Kruger Effect

Cognitive bias whereby people with low ability, expertise, or experience 
regarding a certain type of task or area of knowledge tend to overestimate 
their ability/knowledge 



                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 35

Google Search Engine

• Hummingbird Algorithm

– PageRank algorithm that covers a specific way of giving pages credit based on the links 
from other pages pointing at them

– Panda, Penguin and Payday to fight spam

– Pigeon designed to improve local results

– Top Heavy designed to demote ad-heavy pages, 

– Mobile Friendly designed to reward mobile-friendly pages 

– Pirate designed to fight copyright infringement

• 200 major ranking signals (up to 10,000 variations or sub-signals)

• Google RankBrain Algorithm

– Machine-Learning System

– 3rd most important signal

– Interpret searches people submit to find pages that might not have the exact words 
that were searched for
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Bing Search Engine

Reinventing search with AI with four technical breakthroughs:

• Next-generation OpenAI model more powerful than ChatGPT and customized specifically for search. 
It takes key learnings and advancements from ChatGPT and GPT-3.5/4.0 and it is even faster, more 
accurate and more capable

• Microsoft Prometheus model. Proprietary way of working with OpenAI model that allows to best 
leverage its power

• Applying AI to core search algorithm. AI model to core Bing search ranking engine, which led to the 
largest jump in relevance in two decades. Search queries are more accurate and more relevant

• New user experience. Reimagining interaction with search, browser and chat into a unified 
experience in a completely new way to interact with the web.



                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 37

GitHub Copilot

• June 2021: GitHub Releases Copilot

• March 2023: GitHub uses OpenAI’s GPT-4 to go way beyond auto-completing comments 
and code and gets chat and voice support
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Google Bard

• Language Model for Dialogue Applications (LaMDA)

• Experimental conversational AI service, 
powered by LaMDA

• Very fast and easy to use
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Gemini – Google Deep Mind
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Gemini
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Microsoft Copilot
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Claude
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Perplexity AI

Perplexity AI is a conversational search engine that uses large 
language models (LLMs) to answer queries using sources from 
the web and cites links within the text response. 
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Grammarly
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DeepL
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QuillBot

Vocabulary enhancement feature, Thesaurus powered by AI, 
Integrations (Word, GoogleDocs), Grammar check, Summarizing tool
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Image Generation - Dall-E
DALL·E 3 is an AI system that can create realistic images and art from a description 
in natural language

A beach similar to "praia da baia" in Espinho
with surfers, surfing in the sea and big waves

An astronaut riding a horse in 
photorealistic style
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Generating a Podecast
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Explore GPTs
Custom GPTs — special-purpose 
versions of the model created by others
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Llama 4 – Meta Open Source Models

https://www.youtube.com/watch?v=diuXUn0aqzM&ab_channel=AIRevolution
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Mistral AI – Open Source Models
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Gemma 3n – Gemini Google Open Source
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Ernie Bot - Baidu

• ERNIE - Enhanced Representation 
through Knowledge Integration

• AI chatbot product of Baidu, 
started 2019

• Based on LLM "Ernie 3.0-Titan“

• Released on March 17, 2023
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DeepSeek
DeepSeek is a Chinese AI research lab focused on developing LLMs and AI 
systems. DeepSeek series includes DeepSeek-V2, a high-performance 
open-weight model trained on diverse multilingual datasets, aiming to 
compete with top-tier models like GPT and LLaMA. DeepSeek emphasizes 
efficiency, scalability, and domain-specific capabilities, particularly in 
Chinese language understanding and applications. The lab has also 
developed DeepSeekCoder, an advanced AI model optimized for code 
generation and programming assistance. With strong computational 
resources and a growing presence in the AI research landscape, DeepSeek
is positioning itself as a significant player in the global LLM ecosystem.
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Qwen - Alibaba
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Grok 3 – Chocolate xAI
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RAG Architecture Model

• Retrieval Augmented Generation (RAG) has emerged as a powerful technique for 
improving LLMs

• Retrieving and conditioning external knowledge, RAG allows models to generate 
more accurate, relevant, and comprehensive text

• Advanced RAG enhances each module further with innovations like higher-order 
retrievers, cross-encoder rerankers, and evidence manipulation architectures

https://medium.com/@gulernilay088/

https://medium.com/@gulernilay088/
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AI Applications in Health

• Radiology (X-ray, CT, MRI)
• Dermatology (Image)
• Drug/Treatment Discovery
• Risk Identification in Patients
• Primary Care and Screening
• Health Monitoring/Wearables
• Cognitive and Social Rehabilitation 
• Physical Rehabilitation
• Patient Interaction with the Health System
• Health Systems Exchange of Information
• Surgical/Medical Robots
• Efficient Resource Allocation in Health
• …



                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 59

AI&Robotics Applications in Surgery
Mako 

SmartRobotics

Senhance Surgical System          Versisus Surgical System               Navio S.S. 

da Vinci 
Surgical System

Hugo Surgical 
Robot

Rosa Brain 
Robot
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Advantages of Robotic Surgery:

• Increased Precision: High-definition, 3D views, filter 
out hand tremors, allowing for precise movements 

• Enhanced Dexterity and Control: Robotic arms can 
rotate and bend beyond capability of the human hand

• Minimally Invasive: Small Incisions

• Shorter Hospital Stay: Faster Recovery (less invasive), 
Reduced Risk of Infection, Reduced Blood Loss 

• Greater Surgical Reach

• Enhanced Visualization

• Improved Ergonomics for Surgeon

• Robot Deep Reinforcement Learning

AI&Robotics Applications in Surgery
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AI in Nursing:

• Personalized Treatment Plans based on individual patient data, 
optimizing care

• Workflow Optimization with automatization of administrative 
tasks, efficient scheduling, allowing nurse staff to focus more on 
patient care

• Patient Monitoring with AI-powered devices continuously 
monitor vital signs and alert nurses to any deviations

• Robotics and Automated assistants helping with 
physical tasks, reducing strain and increasing 
efficiency in patient handling and monitoring

AI&Robotics in Nursing
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Robotic Devices for Rehabilitation

• Robotic exoskeletons and limbs

• Assist patients in performing exercises correctly

• Intensity and duration of therapy sessions

• Automated gait training

Gamming and Virtual/Augmented Reality 

• Immersive rehabilitation environments

• Engaging patients through gamified therapy sessions

• Enhance motivation and adherence to treatment plans

• Simulate walking scenarios or activities of daily living 

• Improve balance, coordination, and motor skills.

AI&Robotics in Physiotherapy
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AI-driven Assessment Tools

• AI in assessing patient progress

• Data from sensors and wearable devices

• Track motion and muscle activity, AI systems 
to tailor personalized rehab programs

• AI analyze data to provide real-time feedback 
and adjust therapy programs

AI Integration with Biomechanical Models

• Predict outcomes of therapy interventions, 
allowing for highly customized therapy plans.

• Predict optimal set of exercises and impact 
on patient's recovery, based on injury and 
body mechanics

AI&Robotics in Physiotherapy

Physiotherapy Education with AI

• AI Tools for Education and Research

• AI-Enhanced Learning Platforms

• Simulation and Virtual Patients

• Data-Driven Education

• Continuous Professional Development
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Artificial Intelligence in Digital Media

• Digital Images

• Digital Video

• Digital Audio 

• Movie Industry

• Video Games

• Web Pages and Websites

• Social Media

• Digital Data and Databases

• Electronic Documents/Books
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Artificial Intelligence in Video Games

• Generate responsive, adaptive or intelligent behaviours 

• Non-player characters (NPCs) with human-like intelligence

• Improve the game-player experience 

• Game Balancing/ Dynamic Difficulty Adjustment

• Movement patterns, in-game events based on player's input

• Pathfinding and decision trees for NPCs actions

• Procedural-content generation

• Text to speech and speech recognition

• AI for automatic level generation

• AI opponents for board/strategic games 
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Artificial Intelligence in Social Media

• Social Creation and Management

• Social Insights

• Social Media Advertising

• Image/Face Recognition 

• Fake News/Improper Content Recognition

• Personalised User Experience

• Advise Contacts/ Job candidates / Matches

• AI Powered Chatbots

• Social Listening

• Sentiment Analysis

• Improved Influencer strategies

• Increased Security
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AI for the Environment
• AI for Land/Agriculture

– Soil pollution, population growth, intensive agriculture
– Land cover mapping, automating and optimizing farming 

processes
• AI for Air/Pollution

– Pollution/air quality sources identification, reduce emissions
– Intelligent and green transportation, 

autonomous cars, ride shares, dynamic bus routing, intelligent 
traffic lights

• AI for Water
– Garbage collection, Intelligent ocean farming (fish and shellfish)
– Predict storms, tsunamis, hurricanes, cost-effective water 

management
• AI for Biodiversity

– Surveillance, tracking, analysis, prediction
• AI for Climate Change

– Better climate predictions, effects of extreme weather, predict 
where carbon is coming from
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Artificial Intelligence in Security

• AI in Physical Security
– Facial and behavioral recognition for smart access control and surveillance

– Predictive analytics to anticipate security incidents based on historical patterns

– Patrol robots and drones for large-scale and hard-to-access surveillance areas

• AI in Electronic Security
– Intelligent CCTV monitoring with automatic detection of suspicious 

movements or critical events

– Automated alarm systems to reduce false alarms and intervention time

– Real-time risk analysis through data integration from multiple sensors

• AI in Cash Handling and Transport
– Optimized routing for cash-in-transit vehicles (reducing risk and increasing 

efficiency)

– Anomaly detection in transactions to prevent fraud in ATMs and financial 
operations

– Smart cash management with AI-driven forecasting of ATM and retail cash 
needs
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Moral Machine

• 39 millions of 
decisions

• 10 languages

• 233 countries

• 13 core 
scenarios

• Who will you 
spare?
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Moral Machine
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Moral Machine – Results
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Moral Machine – Configurable AI!

Configurable AI:  European Union, Region, Country, Citizen!
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AI in Government

• UAE Ministery of Artificial Intelligence - http://www.uaeai.ae/en/

http://www.uaeai.ae/en/
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Research in Artificial Intelligence in Portugal

530 PhD Researchers, more than 800 
PhD Students from 13 Labs including 
LIACC

Porto, Braga and Vila Real
350 PhD Researchers, more than 400 PhD 
Students from 13 Lab,  Including LIAAD
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IA.SAE - Artificial Intelligence in Food and 
Economic Safety

• Risk Analysis and Selection Models of Economic Agents to be 
Supervised, based on AI and ML applied to ASAE’s databases

• Georeferencing of economic agents in Portugal

• Electronic complaint analysis, automatic 
classification and prioritization

• Intelligent selection of economic agents to be 
inspected and flexible routes generation

• Intelligent data and KPIs visualization
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CIGESCOP – ASAE Intelligent Control Center

• Real-time Virtual Inspection Office, to optimize 
management and operational control

• Assisted disruption management

• Flexible global risk matrices

• Smart forms with filling assistant

• Customizable dashboards that adapt to users' 
preferences
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ERS AI – Health Regulatory Agency

• Electronic complaints automated analysis and 
classification, as well as severity assessment

• Duplicate and related complaints detection

• Intelligent suggestions of the complaint's outcome
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ERS AI 2 – Risk Based Supervision

• Solution that automates the risk-based supervision model of health establishments

• Supervision based on risk analysis using a ML model
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SIAP – AI System for Detection and Alert of Heritage Risks
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JurisVis – Promeneum/FEUP/LIACC AI Law Tool

AI aims to assist, not replace, legal 
reasoning. The final responsibility 
lies with the human professional

Link Demo Jurisvis C.M.Porto:
https://jurisvis.com/demo_cmp/

https://jurisvis.com/demo_cmp/
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Multi-Agent System and Human Supervision

Human Oversight: In line with CCBE 
guidelines the institution/professional 
remains fully responsible for AI-
generated results, with JURISVIS 
ensuring confidence and transparency 
in the process

JURISVIS goes beyond simple search, acting as a sophisticated reasoning assistant that 
supports, rather than replaces, human decision-making
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Retrieval Augmented Generation Pipeline

Retrieval-Augmented Generation (RAG) pipeline: domain-specific documents are split into 
chunks, each chunk is converted into an embedding and stored in a vector database, the most 
relevant chunks are retrieved for a user query, and the language model uses that retrieved 
context to generate a grounded answer.
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Chunking Process for Retrieval

Chunking process for RAG: a long document is split into smaller overlapping chunks; each 
chunk is converted into an embedding and stored in a vector database; when a user asks a 
question, the system retrieves the most relevant chunks and sends them to the language 
model as context.
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AI & LLM Key Trends in 2025

• Small Language Models (SLM) drive enterprise AI adoption

• Mixture of Experts (MoE) + LoRA enable SLMs to outperform 10x larger LLMs

• Open-source are becoming the de facto way for LLMs use

• Large language models start adopting modular architectures

• Synthetic data revolution arrives to LLMs

• LLM hallucinations disappear as training techniques evolve

• Data (not LLMs) becomes the true competitive advantage

• RAGs (Retrieval-Augmented Generation) used in most LLMs tasks

• Shift from closed to open-source democratizes AI (transparency)

• Agentic AI – AI that acts!

• LLMs for Machines and Robots, not just people - LBMs
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Prompt Engineering
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Prompt Engineering – Anatomy of a Prompt

https://www.kccourses.org/enrol/index.php?id=150
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Anatomy of a Prompt – Five Core Components

Introduction: 

• State your goal or task (e.g., "Summarize this article and give me five key 
takeaways.")

Specific Instructions: 

• Detail what kind of information you want and what to focus on

Context: 

• Provide the relevant information the LLM needs to work with (e.g., the article text). Beyond 
just providing text, tell the LLM what you're doing with the information (e.g., creating a slide 
deck, outlining a story, prepping for an interview) and for what audience.

Constraints: 

• Define what you don't want the bot to do (e.g., "Don't use title case," "Don't write in the first 
person") and specify the desired style or tone (e.g., "concise, direct, straightforward"). This 
saves time by preventing rambling or irrelevant responses.

Reiteration/Emphasis: 

• Re-emphasize the most critical aspects of your request to ensure the LLM prioritizes them.
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AI Tools Compendium
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Concerns of AI and ChatGPT in Education

• More in person exams and oral assignments

• Continuous evaluation of projects

• Help students develop their critical thinking skills by comparing AI-
produced content with reliable, valid sources of information

• Be careful with over-reliance on AI

• Shift the object of evaluation from the “product” to the “process” 
of student learning

• Emphasize ethical use of AI and the importance of proper research 
and citation practices and avoiding plagiarism



                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 104

Changing Role/New Skills for the Teacher

From Knowledge Transmitter → Learning Architect

• Teachers evolve from information deliverers to curators and facilitators

• Designers of AI-enhanced learning experiences, integrating adaptive systems and 
data-driven insights

• Need for AI pedagogical literacy – understanding how AI supports, not replaces, 
learning

• Ethical and responsible use of AI in the classroom (bias, privacy, transparency)

• Human judgment remains essential to interpret, contextualize, and emotionally 
support students

• Teachers as mentors of critical and creative thinking, helping students question AI 
outputs

• Collaboration with AI systems to create personalized yet human-centered education

• Continuous professional development in digital pedagogy and emotional intelligence
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Changing Role/New Skills for Students

From Memorization → Cognitive Adaptation in the Age of AI

• Beyond calculation and memorization: focus on reasoning, abstraction, and 
problem framing

• Prompt engineering and critical evaluation of AI-generated solutions

• Developing AI literacy: understanding how algorithms work, their limits, and ethical 
implications

• Data literacy — ability to interpret, question, and visualize quantitative information

• Algorithmic thinking: breaking problems into logical, computable steps

• Metacognition — awareness of how one learns with and without AI support

• Collaboration with AI systems: treating AI as a partner, not a shortcut

• Strengthening creativity, curiosity, and adaptability in problem-solving contexts

• Ethical and responsible use of AI in learning and assessment
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The Lesson of the Twin Sparrows

• When AI meets Humanity in Learning!

• Two twin sisters — same potential, different paths

• One guided by an advanced AI tutor, mastering 
precision and speed - AI Learning Partner (AIP)

• The other supported by a human teacher, growing 
through curiosity and empathy

• Final open challenge:
• AI-trained twin falters — unable to act without 

algorithmic guidance

• Her sister succeeds through intuition, collaboration, 
and creativity

• Their teacher, Lixin, realizes…
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The Lesson of the Twin Sparrows
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AI and ChatGPT in Education

“AI and Can Complement Learning, Not Replace It!”

From Knowledge Transmitter → Learning Architect
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Concerns of AI and ChatGPT in Research

• Risk of fabricated or inaccurate references and data (“hallucinations”)
• Possible erosion of methodological rigor due to over-reliance on 

automated reasoning
• Challenges in ensuring reproducibility and transparency when AI is 

involved
• Need for explicit disclosure of AI use in research design, writing, and 

analysis
• Potential bias amplification from training data and opaque model behavior
• Ethical responsibility to validate, interpret, and contextualize AI outputs 

using human expertise
• Importance of maintaining authorship integrity and avoiding ghost-writing 

by AI
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Research with AI

Scopus AI
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Jobs Most at Risk of Disappearance

Repetition Disappears. Creativity Remains!
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Emerging High-Value Roles in the AI Economy

Hybrid experts who can make AI systems reliable, explainable, and human-compatible!
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Reskilling for the AI Era
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Limits of Deep Learning

• Brilliant but Passive!

• Deep nets can predict, but they 
can not plan. They lack goals, 
intents, and common sense

• This sets the stage for Agentic AI:
From Prediction to Decision and Action…

• The next leap is agency — AI that senses, 
reasons, and acts toward goals

• Predictive (Model→Output) vs 
Agentic (Sense→Think→Act→Learn)
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Agent (1995):

“Computational System, situated in a given 
environment, that has the ability to 
perceive that environment using sensors
and act, in an autonomous way, in that 
environment using its actuators to fulfill a 
given function.”

Multi-Agent System (1995):

– Agents exhibit autonomous behavior

– Interact with other agents in the system

From Russel and Norvig, “AI: A Modern Approach”, 1995

Autonomous Agents and Multi-Agent Systems
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Agentic AI

• Autonomy: Ability to initiate and complete tasks with limited direct human supervision, with 
great flexibility and efficiency in executing tasks

• Reasoning: Sophisticated decision-making based on context and trade-offs
• Reinforcement Learning: Dynamically evolve by interacting with their environment and 

receiving feedback from these interactions.
• Language Understanding: Capacity to understand and follow complex instructions
• Workflow Optimization: Efficient execution of multi-step complex processes

https://aisera.com/blog/agentic-ai/

https://aisera.com/blog/agentic-ai/
https://aisera.com/blog/agentic-ai/
https://aisera.com/blog/agentic-ai/
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Agentic AI – Manus AI

https://www.youtube.com/watch?v=K27diMbCsuw

https://www.youtube.com/watch?v=K27diMbCsuw
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New & Emerging Trends (2025+)

• Agentic AI Rises — Autonomous agents that reason, plan, and act 
toward goals

• Large Behavior Models (LBMs) — Models learning from actions and 
interactions, not just text

• Multi-Agent Collaboration — Intelligent agents cooperate and 
negotiate to solve complex tasks

• Responsible & Regulated AI — Transparency, fairness, and compliance 
standards

• Edge & On-Device AI — Efficient, private models running locally on 
devices /robots

• Hybrid Human–AI Teams — Shared intelligence combining human 
oversight and machine efficiency
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EU AI Act – Regulating the Past…

• First regulation on artificial intelligence

• AI can create many benefits: 

– better healthcare 

– safer and cleaner transport

– more efficient manufacturing

– cheaper and more sustainable energy.
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The Rise of Deep Reinforcement Learning (DRL)

• Beyond Short-Term Thinking

– LLMs have limited context windows — they forget. 

– Memory and planning enable continuity and strategic reasoning

• Reflection and Self-Improvement

– Evaluate their own reasoning, detect failures, and adapt 

– Self-reflection transforms agents from reactive to self-correcting

• Tools/Actuators Use and World Interaction

– Intelligence changes into capability

• Learning by Doing

– Reinforcement Learning teaches through feedback — an agent acts, 
receives a reward, and updates its policy to improve next time.
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Strong AI – Star Wars and C3PO

Video: Lucasfilm Ltd. (1977). Star Wars: Episode IV - A New Hope. [Film]. 20th Century Fox.
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Edifício da Alfândega do Porto

Monumento Nacional
25 / 26 Outubro

2024

AI in Robotics   
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Robotics – Atlas Robot

Video:  Boston Dynamics: Atlas Gets a Grip - https://www.youtube.com/watch?v=-e1_QhJ1EhQ&ab_channel=BostonDynamics

https://www.youtube.com/watch?v=-e1_QhJ1EhQ&ab_channel=BostonDynamics
https://www.youtube.com/watch?v=-e1_QhJ1EhQ&ab_channel=BostonDynamics
https://www.youtube.com/watch?v=-e1_QhJ1EhQ&ab_channel=BostonDynamics
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Robotic Humanoids

https://pplware.sapo.pt/high-tech/existem-tantos-robos-humanoides-que-fica-dificil-distingui-los-mas-este-grafico-pode-
ajudar/?fbclid=IwY2xjawI1Zg9leHRuA2FlbQIxMQABHS_EdekrvewLEgIyq3RZRfPy-HaU4MdNtaFgqa6bT2lkcoYfBoF_Jkqd9w_aem_RO6nDQ16bQJ51jD6bM6-TQ 
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Unitree and Booster Robots
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China New Year Celebration Humanoid Robotics

https://www.google.com/search?q=chinese+new+year+video+unitree&oq=chinese+new+year+video+unitree&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIKCAEQABiiBBiJBTIKCAIQABiAB
BiiBDIHCAMQABjvBTIHCAQQABjvBTIHCAUQABjvBdIBBzk4MGowajeoAgiwAgHxBUVOrobSVba-&sourceid=chrome&ie=UTF-8#fpstate=ive&vld=cid:0d729985,vid:R40IDdAkRZM,st:0
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RoboCup: Objectives

• Joint International Project: 
– (Distributed) Artificial Intelligence
– Intelligent Robotics

• Soccer – Central Research Topic:
– Very complex collective game
– Huge number of technologies involved:

• Autonomous Agents, Multi-Robot Systems, Cooperation, Communication, Strategic 
Reasoning, Robotics, Sensor Fusion, Real-Time Reasoning, Machine Learning, etc 

• 5 Challenges: Soccer, Rescue, @Home, Industrial, Junior
• 17 Leagues, 2500 Humans and 2000 Robots!

• Main Goal: “By 2050, develop a team of fully autonomous humanoid robots 
that may win against the human world champion team in soccer!”

RoboCup 2008 Suzhou

RoboCup 2007

RoboCup 2006 Bremen

RoboCup 2004 Libson

http://124.146.198.189/games/03Padova/images/2003logo.gif

http://124.146.198.189/images/logo2002.gif

RoboCup 2005 Osaka

http://124.146.198.189/games/01Seattle/images/2001Logo.jpg

RoboCup-99 Stockholm

http://www.robocup-cn.org/
http://www.robocup-us.org/Old/robocup-2007/
http://www.robocup2006.org/start?lang=en
http://www.robocup2004.pt/
http://www.robocup2003.org/
http://www.robocup.or.jp/fukuoka/
http://www.robocup2005.org/
http://www.cs.cmu.edu/~robocup2001/
http://www.ida.liu.se/ext/RoboCup-99/
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RoboCup Leagues and Challenges 

Rescue

@Home

Industrial

Soccer
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RoboCup - Robotic Soccer Competitions

Standard 
Platform 
League

Middle 
Size 
League

Humanoid 
Leaguehttps://robocup.org

Small
Size 
League

RoboCup
• Real, Standard, Simulated Robots
• Mini, Small, Medium and Large Robots
• Wheeled, Legged and Humanoid Robots
• Distinct but interrelated Leagues/Problems
• Only a Few Research Groups able to develop 

code that works in more than one league!
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RoboCup Leagues and Participations

FC Portugal Team (FEUP/UAveiro)
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Simulation 3D League (Humanoids)

• Realistic physics and humanoid robot model:

• Spheres in 2004, Humanoids in 2007, NAO Robot 
Model: 2008, Heterogeneous Robots: 2013

• Strong relation with SPL and Humanoid

• 2 vs 2 -> 6 vs 6 -> 9 vs 9 -> 11 vs 11

• Server/Simulator (SimSpark) 
• Updates world state

• Forces the “laws of physics”: collisions, drag, gravity, ...

• Send sensor information (perceptors)

• Executes actions (effectors)

• Enforces soccer rules – referee

• Impossible to create competitive skills by hand!
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Simulation 3D League (Humanoids)
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Simulation 3D League Challenges

• Real-time, realistic, multi-robot simulation

• Several sources of sensorial information: visual, auditory, and physical

• Unreliable and low-bandwidth communication

• Heterogeneous robots (5 different types)

• Impossible to generate competitive skills by hand

• Multi-objective, partially cooperative, partially competitive environment

• Need to transform very low-level actions (use motors to move joints in 
time) into high-level skills (walking, kicking, dribbling)

• Need to create complex collective actions (passes, setplays, formations)

• Evolving rules and challenges
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Deep Reinforcement Learning (DRL)

Image: https://ucsdneuro.wordpress.com/2021/06/13/diving-deep-into-
the-brain-a-case-for-deep-reinforcement-learning-in-neuroscience/

Brains + Experience = 
Deep Reinforcement 
Learning

DRL proved machines 
can outperform humans 
in dynamic 
environments

Robots can now learn 
directly from physical 
interaction
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Deep Reinforcement Learning (DRL)
Model-Free RL learns directly from 
interaction with the environment.
Model-Based RL builds an internal 
model of the environment to improve 
decision-making

Policy Optimization: Directly optimizes policy
Q-Learning: Optimizes a value function and 
derives the policy from it

PPO (Proximal Policy Optimization)

- Stability in training

- Sample efficiency

- Balancing exploration and exploitation
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Robot/Team Architecture

● Short kick (3 - 9m) for passes and long kick (17 - 19m) for shooting
● Omnidirectional walk (0.7 - 0.9 m/s)
● Dribble (1.2 - 1.4 m/s)
● Get Up (3 variations per robot type: front, back, side)
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Model Architecture

Model Architecture for the Long/Short Kick, Walk, 
and Dribble skills

Optimization is performed by the Proximal Policy Optimization 
algorithm extended with Proximal Symmetry Loss

- Enhanced motion 
control pipeline for a 
robot, integrating neural 
networks and predictive 
control

- Learning-based and 

physics-based 

approaches.

- NN acts as an 

enhancement layer, 

improving traditional 

motion models

- Precise movements, 

such as kicking or 

driblling a ball



                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 154

DRL for Learning to Sprint
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DRL for Learning to Sprint
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DRL for Learning to Dribble

Reinforcement 
Learning

Analytical Controller

Walk in place

Residual 
dynamics

Predictive Control

Analytical Model

0.8s                           0.5s                               0.3s                           0.2s
Step Duration

Walk in place
(LIPM model)

N
eu

ra
l N

et
w

o
rk

Robot

Ball

state

state

relative 
position

Inputs

relative position of 
feet / hands

Inverse Kinematics

1-step predictive 
controller

O
u

tp
u

t 
La

ye
r

enhanced position 
of feet / hands

residuals

Code Release - https://github.com/m-abr/FCPCodebase

https://github.com/m-abr/FCPCodebase
https://github.com/m-abr/FCPCodebase
https://github.com/m-abr/FCPCodebase
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DRL for Learning to Dribble
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DRL for Learning to Dribble

https://www.youtube.com/channel/UCpMr8nYaN_EuBDRl0m9drGQ/videos

https://www.youtube.com/channel/UCpMr8nYaN_EuBDRl0m9drGQ/videos


                                      Luis Paulo Reis :: Ensinar na Era da Inteligência Artificial: O Fim dos Modelos Tradicionais? :: Funchal :: Madeira :: May 22nd, 2026 :: 159

Large Behavior Models - LBMs

● LBMs go beyond processing language. They’re designed to interpret, predict, 
and generate complex sequences of human-like actions and behaviors

● While LLMs focus on text and dialogue, LBMs specialize in behavioural
patterns, decision-making processes, and interactive scenarios

● LLMs try to guess the next word, while LBMs try to guess the next 
action or behaviour

● LBMs are enhancing robots' abilities to move naturally and respond 
intuitively to their surrounding

● LBMs rely on:
○ Transformer Architecture: Similar to LLMs but 

adapted to handle sequences of actions/behaviours
○ Multi-Modal Learning: Integrating visual, spatial, and 

temporal data to enhance understanding
○ Reinforcement Learning: Learning from interactions 

and feedback to improve behavior over time
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Transformers and DRL: RT-X
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Conclusions

• AI has become a Partner no longer a Tool!

• We’ve travelled from Symbolic Logic to self-learning Agents and Robots

• Impossible to prevent AI use in All Areas of of Education and Research

• Agentic AI, LBMs and New GenAI and DRL powered and trained Robots

• Are We Ready for Self-Improving Intelligent Machines?

• Next generation of AI won’t just predict — it will act, learn, and evolve

• By 2030, AI agents will be integrated into every digital platform/robotic 
system — from industry to healthcare to daily life (LLMs, DRL, LBMs)

• Our challenge is to ensure AI Grows With Us, Not Against Us!
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Artificial Intelligence – The Future

• Super Artificial Intelligence

Hypothetical agent that possesses intelligence far surpassing 
that of the brightest and most gifted human minds

• Explainable AI

Interpretable AI, or Transparent AI refer to techniques in 
artificial intelligence (AI) which can be trusted and easily 
understood by humans It contrasts with "black box" in machine 
learning

• The Singularity

The technological singularity is a hypothetical future point in 
time at which technological growth becomes uncontrollable 
and irreversible, resulting in unfathomable changes to human 
civilization. Intelligence explosion! 
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