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Kort om emnet
Advances in artificial intelligence/, machine learning methods and statistical inference provide tools that have broad applicability in scientific research. These techniques are being applied across the diversity of research topics in modern science, leading to advances that will facilitate scientific discoveries and societal applications.This course focuses on advanced machine learning and statistical learning methods applied to a broad variety of problems in the physical sciences and life science, from computational neuroscience to the analysis of high-energy physics experiments. Supervised and unsupervised learning methods are discussed, spanning from various deep learning methods to Bayesian modeling.powerful tools for analysing complex data, accelerating simulations, constructing surrogate models and supporting scientific discovery. This course presents advanced machine-learning and statistical methods for applications across the physical and life sciences, including computational neuroscience, materials science, astrophysics and high-energy physics.
The course covers supervised, unsupervised and self-supervised learning, together with modern deep-learning architectures. Particular emphasis is placed on generative methods, including variational autoencoders, generative adversarial networks, normalising flows and diffusion models, as well as transformers and selected elements of reinforcement learning. Bayesian modelling, uncertainty quantification, interpretability and the incorporation of physical principles are recurring themes. Students will learn to implement these methods and critically assess their accuracy, robustness, generalisation and scientific validity.

Hva lærer du?

After completing this course, you should be able to: 
· explain and apply
be familiar with
central deep-learning methods
and how to use them
in
actual
scientific research
.
· be familiar with advanced regression algorithms. 
· ;
· select, implement and critically evaluate advanced regression and classification methods;
· apply generative models, including variational autoencoders, generative adversarial networks, normalising flows and diffusion models, to scientific simulation and inverse problems;
· understand attention mechanisms and use transformer architectures to analyse sequential, spatial and multimodal scientific data;
· use supervised, unsupervised and self-supervised learning to identify structures and correlations in complex datasets;
· apply machine-learning methods to model and simulate
understand how to simulate complex
physical processes with many degrees of freedom
.
;
· understand
optimization techniques
optimisation methods and their fundamental role in training machine-learning
. 
models;
· explain the basic principles of reinforcement learning and formulate selected scientific optimisation and control problems as Markov decision processes;
· understand
be familiar with
Bayesian statistics and
Bayesian Machine Learning.
· understand how to find correlations in data sets and quantify uncertainties. 
· apply Bayesian machine-learning methods to scientific problems;
· use Gaussian processes for regression, surrogate modelling and uncertainty-aware prediction;
· identify and quantify statistical, model and predictive uncertainties;
· incorporate physical principles, symmetries and constraints into machine-learning models;
· evaluate the accuracy, robustness, generalisation, interpretability and scientific validity of machine-learning results;
· develop reproducible computational workflows and compare machine-learning approaches with established scientific methods
understand how to use Gaussian processes in the analysis of physics problems
Undervisning
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This course has 4 hours of
lectures
teaching per week
.
and consists of:
· 2 hours of lectures
· 2 hours of computer laboratory
The course includes two projects which are to be graded.
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