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LAGRANGIAN TRAJECTORIES
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STOCHASTIC MODELS FOR LAGRANGIAN TURBULENCE: WHY?
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GENERATION OF LARGE SYNTHETIC DATA-BASE FOR
(1)  RANKING OF PHYSICS FEATURES
(1) TESTING DOWNSTREAM APPLICATIONS/MODELS

DATA ASSIMILATION/INPAINTING FROM MISSING
FIELD/EXPERIMENTAL OBERVATION

CLASSIFICATION/INFERRAL OF MISSING/INTERNAL
PROPERTIES:
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Diffusion Models

Training set: a set of images a*' € RV p=1,..,P
N is the dimension of the data, P their number

Langevin equation for an Ornstein-Uhlenbeck process

dr o o
— = T+ 1) (ni(tyn;(t')) = 2T6;;6(t — t')
TH (t — 0) — a It transforms the data in iid Gaussian NV (0, 1) at t>>1

Score function provides the force field to go back in time
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G. BIROLI 2023 - Generative Al and Diffusion Models: a Statistical Physics Analysis —=Stat. Phys for Machine Learning Workshop




Diffusion Models

‘Synthetica Lagrangian Turbulence: all you need is Diffusion Models’ T. Li, L.B, F. Bonaccorso, M. Scarpolini
and M. Buzzicotti (arXiv:2307.08529 2023, submitted Nature Machine Intelligence)

Po(Vn-1|Vn) = Vn-1 ~ N(g(Vn,n), £ (Vn, n)).
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WHAT WE HAVE:

- QUICK STOCHASTIC TOOL TO GENERATE REALISTIC 3D TRAJECTORIES OF TRACERS IN
HOMOGENEOUS AND ISOTROPIC TURBULENCE, EASY TO GENERALISE FOR DIFFERENT
APPLICATIONS

- IMPRESSIVE QUANTITATIVE AGREEMENT WITH MULTI-SCALE STATISTICAL PROPERTIES

WHAT WE MISS:

- UNDERSTADING OF ROBUSTNESS IN GENERALISING OUT-OF-SAMPLE:
EXTREME EVENTS, DIFFERENT REYNOLDS NUMBERS, DIFFERENT PARTICLES’ PROPERTIES

- UNDERSTANDING SCALING PROPERTIES FOR TIME-TO-SOLUTION AT CHANGING IN-SAMPLE
PROPERTIES, I.E. AT CHANGING DIMENSION OF THE TRAINING DATASET,
SETS OF HYPER-PARAMETERS, CNN ARCHITECTURES: GAN, DM, TRANSFORMERS

-WHAT-IF QUESTIONS: EXPLICABILITY OF THE GENERATED DATA, FEATURES RANKINGS,
PHYSICS DISCOVERY

T. Li, LB, F. Bonaccorso, M. Scarpolini, M. Buzzicotti.
Synthetic Lagrangian Turbulence by Generative Diffusion Models.
arXiv:2307.08529 (2023) — Submittted to Nature Machine Intelligence
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Smart-Turb

S Datasets ~ % Organizations ~ & Help ~

What is Smart-TURB? It is a brand new software infrastructure (born June 2020) for
the research community working on turbulence and complex fj~w«s WIth particular
emphasis to collect/standardize and preserve huge datase
Machine Learning approaches to fluid mechanics in generg
particular. It is an easily accessible web platform for high qusg
is to host, standardize and manage a Ilarge collecti

rimental and numerical data sets from high-end fluid d

TURB-ROT. A LARGE DATABASE OF 3D AND 2D SNAPSHOTS

FROM TURBULENT ROTATING FLOWS

ies and High Performance Computational centers. Sma
ble performances when accessing/uploading/searching data.
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nunity is asked to contribute, by deploying freely downloadable, accurate &
mented dataset for the sake of “reproducibility”: The process of documenting
edures and archiving data so that others can fully reproduce scientific results.
se contact the administrator for infos about how to upload your dataset. We
by deploying a first dataset made of 2d and 3d turbulent configurations under
on TURB-Rot. More will come.

TURB-Rot

A large database of 3d and 2d
snapshots from turbulent rotating
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