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This topic is part of the Computational Physics-Mathematics Book Project for Discipline taught in the CAP-INPE-MCTI Program, from where some important works on simulation and analysis of turbulent processes have been generated.

The interaction between Science and Artificial Intelligence (AI) has opened new paths for exploring and understanding nature. This comprehensive letter takes a closer look at the role AI plays in physics and astrophysics, its benefits, and the challenges it presents.

Machine learning algorithms are used in this stage of the approach in order to learn the model directly from the data. These algorithms are efficient and versatile. This method is also capable of handling more complex turbulent flow fields and improves the prediction capability and accuracy of the model.

As an application example (Figure 1), we will study the importance of AI and GPA in analyzing turbulent processes with applications in environmental engineering [e.g. 8]. The following issues will be addressed: L002-01 -How to use metrics extracted with GPA to compose learning curves for AI models? Other questions that will be addressed in the next classes are the following: 2-How does machine learning work for turbulence uncertainty quantification? 3-How to characterize criteria for extracting rules to obtain physical intuition about turbulent processes?

Figure 1 :

 1 Figure 1: Observation (left) and Simulation (right) of Turbulent Flows in Wind Energy Generation Systems, from laboratoryEDT-LEGI [1] and TIWSTgroup [2].
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 4502 How does machine learning work for turbulence uncertainty quantification? L004 -03 -How to characterize criteria for extracting rules to obtain physical intuition about turbulent processes? L005 -04 -How to apply Deep Learning with built-in invariances to non-linear processes in 2D and 3D? 1-How to use metrics extracted with GPA to compose learning curves for AI models? Gradient pattern analysis (GPA) is a well-established technique for measuring gradient bilateral asymmetries of a square numerical lattice[START_REF] Bolzan | Intermittency analysis of geomagnetic storm time-series observed in Brazil[END_REF]6,7]. It allows you to extract four metrics known as gradient moments (G1, G2, G3 and G4) (Figure2). Each of these metrics can be tested on a sequence of snapshots ordered in time (from a video, for example) to classify the evolution of a given 2D pattern over time. The time series obtained via GPA (based on one or more gradient moments) can be used as a label for training a Deep Learning model.

Figure 2 :

 2 Figure 2: GPA as a computational operation based on 7 steps.