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Abstract: Civilization greatly depends on the things we extract from the Earth: oil, gas, water, etc. The 
need is growing, so we must find new resources. The problem is that most easy-to-access mineral 
resources have been discovered. For example, new oil fields are at large depths, under water, in remote 
areas – so drilling is very expensive. It is therefore necessary to predict resources before we invest in 
drilling. How can we do that? We know what structures are promising. For example, oil and gas 
concentrate near the top of (natural) underground domal structures. So, to find mineral resources, we 
must determine the structure at different depths and locations. 
In other words, we need to reconstruct the values of the quantities of interest -- such as density at 
different depths and different locations -- from the measurement results. From the mathematical 
viewpoint, the corresponding problems are often "ill-posed", meaning that usually, several drastically 
different density distributions are consistent with the same observations. Out of all these distributions, we 
need to select the physically meaningful one(s) -- and this is where expert knowledge is needed, to 
describe what "physically meaningful" means. On the example of the above geophysical problem, we 
show how this expert knowledge can be taken into account. 
Somewhat surprisingly, the need for such expert knowledge emerges even in situations when we simply 
want to "fuse" data from different sources. In such situations, seemingly natural statistical approaches 
(such as Maximum Likelihood methods), sometimes lead to physically meaningless results. To get 
physically meaningful results, we must supplement the data itself (and the corresponding statistical 
information) with expert knowledge describing which fusion results are physically meaningful and which 
are not. In the talk, we show how this expert knowledge can help. 
Finally, expert knowledge is needed to estimate how accurate are the results of geophysical data 
processing. 
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