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Posterior Sampling with Gen AI

Inverse Problems

Training Architecture

In conditional flow matching, the conditional probability distribution over all 
models is indirectly learned via a time dependent velocity field                     with 
model params   . Discrete data must first be embedded into a continuous space.  

A simulator encodes geological knowledge into complete 
ground truth samples and observables to train a 
generative model that outputs plausible geology
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Data Driven Geology

Synthetic Data Pipeline
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USGS Survey

GTK Finland from 
Nironen et al. (2016)

Hyperspectral Data, NASA

Ill-Posed 
Inverison

                        

• Unlimited sampling
• Zero disk storage
• Customizable / adaptable

Classical Regularized Inversion:

 Seek a single maximum likelihood      
solution using Maximum a Posteriori

Misfit Prior

Geological observed data is highly heterogenous, multi-
modal, and incomplete. There is no known ground truth 
for structural geology models.

This framework 
deals with discrete 
categorical rock 
types to make 
probabilistic 
reconstructions of 
the earth from 
observed data.

(Lipman et. al, 2024)

Direct learning is 
intractable due to the 
partition function

Results and Applications

(a) Ground truth; (b) and (c) borehole and surface data

(a)-(c) Three conditional realizations 
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