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Generative Learning

‣ In this lecture we will focus on machines that create and autonomously plan. 

‣ In the recent years, many systems that exhbit the capacity of creating new artefacts and autonomously 
“invent” new solutions have been presented. 

‣ And we are just at beginning…
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A Brave New World



Autonomous and Adaptive Systems 2025-2026 Mirco Musolesi

Generative Modeling

‣ A generative model describes how a dataset is generated for example through a probabilistic 
description. Through sampling of this model, we generate new data. 

‣ The goal is to generate data are variations of the existing ones, but not “too far” from the original 
dataset. 

‣ A generative model is usually probabilistic rather than deterministic in nature.
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Discriminative Model

Source: David Foster. Generative Deep Learning. O’Reilly. 2019.
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Generative Model

Source: David Foster. Generative Deep Learning. O’Reilly. 2019.
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Generative Modelling Framework

‣ Given a dataset , we assume that the observation has been generated according to some unknown 
distribution . 

‣ The goal is to create a generative model  that can be used to generate samples that look like they 
were drawn from . 

‣We achieved our goal if the generated data are also suitably different from the observations in .  

‣ The model should not simply reproduce the things that have already been seen.
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Variational Autoencoders

‣ An autoencoder is a neural network that is trained to perform the task of encoding and decoding an 
item, such that the output from this process is close to the original item as much as possible. 

‣ An autoencoder is composed of two parts: 

‣ An encoder network that compresses high-dimensional input data such an image into a lower-
dimensional embedding vector. 

‣ A decoder network that decompresses a given embedding vector back to the original.
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Variational Autoencoders

Source: Wikimedia

z
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Variational Autoencoders

‣ The embedding  is a compression of the original input into a lower-dimensional latent space. 

‣ By sampling the latent space, we can generate new outputs by passing the sample to the decoder, 
since the decoder has learned how to convert points into “realistic” outputs.

z
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Variational Autoencoders

Source: Wikimedia

The encoder takes each input image and encode it into two vectors that defines a 
multivariate normal distribution in the latent space with mean  and variance  

 is sampled from a normal distribution  

 We calculate  as follows  

μ σ
ϵ (0,I)

z z = μ + σϵ
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Variational Autoencoders

Original VAE Reconstruction

Colab notebook: https://colab.research.google.com/github/smartgeometry-ucl/dl4g/blob/master/
variational_autoencoder.ipynb
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Generative Adversarial Networks (GANs)

‣ A Generative Adversarial Network (GAN) is a class of machine learning techniques in which two neural networks 
play against each other. 

‣ The generative network generates candidates, while the discriminative network evaluate them. 

‣ The generative network tries to create new samples that look similar from the true data (an original distribution, for 
example portraits). The goal of the discriminator is to identify if the data given in input are from the original 
distribution or not. 

‣ The generative network’s training objective is to increase the error rate of the discriminative network (i.e., to fool 
the discriminative network) 

‣ Indeed, the discriminative network’s training objective is to minimise its error rate in discriminating the input. 

‣ This is used for images, videogame generation, scientific images, etc.
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Generative Adversarial Networks (GANs)

Source: https://developers.google.com/machine-learning/gan/generator 
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Generation of Images using Generative 
Adversarial Networks (GANs)

Source: David Foster. Generative Deep Learning. O’Reilly. 2019.
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StyleGAN
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https://www.youtube.com/watch?v=kSLJriaOumA
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Transformers
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Transformers
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Generative Agents

ACM UIST 2023
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LLM Agents

‣ Cognitive Core: The LLM serves as the core decision-making units, performing zero-shot task decomposition and semantic 
world-modeling. 

‣ Planning Architectures examples:  

‣ ReAct (Reason + Act)  

‣ Chain-of-Thought (CoT) to generate intermediate execution steps. 

‣ Memory Systems:  

‣ Dual-tier integration: 

‣ Short-term: In-context window management. 

‣ Long-term: Vector DBs for semantic retrieval.



Mirco MusolesiAutonomous and Adaptive Systems 2025-2026

LLM Agents

‣ Cognitive Core: The LLM serves as the core decision-making units, performing zero-shot task decomposition and semantic 
world-modeling. 

‣ Planning Architectures examples:  

‣ ReAct (Reason + Act)  

‣ Chain-of-Thought (CoT) to generate intermediate execution steps. 

‣ Memory Systems:  

‣ Dual-tier integration: 

‣ Short-term: In-context window management. 

‣ Long-term: Vector DBs for semantic retrieval.



Autonomous and Adaptive Systems 2025-2026 Mirco Musolesi

Reinforcement Learning from Human Feedback



Autonomous and Adaptive Systems 2025-2026 Mirco Musolesi

Reinforcement Learning from Human 
Feedback (RLHF)

Source: OpenAI
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Direct Preference Optimization (DPO)
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What is Creativity?

“Creativity can be defined as the ability to 
generate novel, and valuable, ideas. 
Valuable, here, has many meanings: 
interesting, useful, beautiful, simple, richly 
complex, and so on. Ideas covers many 
meaning too: not only ideas as such 
(concepts, theories, interpretations, stories), 
but also artifacts such as graphic images, 
sculptures, houses and jet engines. 
Computer models have been designed to 
generate ideas in all these areas and more.” 

Margaret A. Boden

Source: Wikimedia
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Ada Lovelace’s Objection

“The Analytical Engine has no pretensions 
whatever to originate anything. It can do 
whatever we know how to order it to perform; 
but it has no power of anticipating any 
analytical relations or truths.” 

Ada Lovelace

Source: Computer History Museum
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Turing’s Response

‣ Ada Lovelace’s objection can be seen as 
the assertion that computers cannot 
surprise us. 

‣ Alan Turing in his Mind paper argues that 
actually computers are still able to 
surprise us. He also underlines the fact 
that Ada Lovelace lived in a period where 
neurological phenomena were not 
known.
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Can an (artificial) agent be creative?
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