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Black box of the Nature
Doing science in the age of Artificial Intelligence

Application: Inversion of geophysical signals by deep learning

Interpretability and Explanability
Assessment of the quality of an explanation.
Future works

Inspired by the Etienne Klein’s course at Centrale Paris.

"Imagine that the Good and the Sun are two Kings, one of the intelligible mode, the other of the
sensible world", Plato, the Republic, Book 6.

A SENSITIVE REALITY

Accessible only to intelligence
(eg. physical laws)

AN INTELLIGIBLE REALITY

Platonic demiurge

Accessible to the senses
(eg. physical phenomenon)

« Plato believed that the demiurge has fashionned the imperfect shapes of our world by trying to
reproduce perfect shapes coming from the intelligible world »

Philosophy [i.e. natural philosophy] is written in this grand book — I mean the Universe —
which stands continually open to our gaze, but it cannot be understood unless one first
learns to comprehend the language and interpret the characters in which it is written. It is
written in the language of mathematics, and its characters are triangles, circles, and other
geometrical figures, without which it is humanly impossible to understand a single word
of it; without these, one is wandering around in a dark labyrinth.
Galileo Galilei, The Assayer,(1627), translated by Stillman Drake (1957)
• radical change (also due to Descartes) :

• Aristotle's science seeks causes, not laws, based on experiments
• Galileo's science seeks laws not based on experiments (e.g. the thought experiment to
question the Artistotle’s principle of the falling bodies )

• Ambiguity on the term « humanly » leading to the metaphysical problem dealing the
status of mathematics :
• language of nature
• the knowledge of this language is mandatory to understand nature

• mediator between humans and nature
• could be other available mediators to (better) understand nature ?

« For an observer B, an object A * is a model of an object
A if it allows B to answer a question that it asks about A »,
M. Minsky

In a process of uncertainty quantification, other data are used to calibrate and to validate the program

« In sum, the physicist can never subject an isolated hypothesis to experimental test, but only a
whole group of hypotheses; when the experiment is in disagreement with his predictions, what
he learns is that at least one of the hypotheses constituting this group is unacceptable and
ought to be modified; but the experiment does not designate which one should be changed »,
Pierre Duhem, The Aim and Structure of Physical Theory, 1908

• critique the use of models in physics
• « acceptance holism »: agreement of the model with the data: it is not known what in the
model is responsible for the agreement

• « refutation holism »: disagreement of the module with the data, we do not know if it is
due to the theoretical assumptions, the calculation scheme or its implementation.

Structural black box
Need for a rigorous V&V

• specific (limited) mathematical techniques are processed on input data which could be for example
smoothed in order to ensure the convergence of optimisation

• « Interpolation is restricted to a space of functions which is not selected by considering the specific
nature of the relevant phenomenon, and that cannot be justified by any sort of induction. »

• « The choice of the functional space, rather, corresponds to a regularization of the data and it often
modifies those data in a way that does not reflect, mathematically, the phenomenon itself. »

The optimal solutions found by DL can be disconnected from the evolution of the target
phenomenon, especially if very good DL performance are desired

How to manage the lack of knowledge of complex phenomenon?
How better explaining the outcome of digital simulations to mitigate collectively
solutions as for example on the effect of the climat change ?
How doing Science in the Age of Artificial Intelligence ?
….

• The opacity of DL methods has permitted to obtain spectacular prediction results in various
domains
• Rather opening, (if it might be possible), the challenge is to provide ethical explanations of
DL outcome to various stakeholders and citizens.
Other crucial questions in which DL could help if ethical explanations are provided :
•
•
•
•
•

?

A SENSITIVE REALITY

Accessible only to intelligence
(eg. physical laws)

AN INTELLIGIBLE REALITY

Machine Learning

Accessible to the senses
(eg. physical phenomenon)

Generate and evaluate ethical explanation of DL prediction

Using machine learning as a "Platonic demiurge" by using agnostic science

to generate new scientific knowledge from the sensitive world
to explain complex physical phenomenon and be able to discover knwoledge

This is a provocative article , but it should not obscure a necessary interdisciplinary scientific
work on the impact of machine learning on science.

How to better explain the world around us to collectively find collective solutions to live better in
the Earth ?

The theory of science agnostic is a key element in our research activities to generate new
scientific knowledge from machine learning.

PhD student : Julio Cardenas
Use Machinne Learning to
Improve the weaknesses of current inversion algorithms.
Achieve a finer adjustment of the damping parameters.

Main objectives

Non-classical inversion of geophysical measurements
Identification of geological structures and automatic recognition of anomalies.
Identification of other geophysical and hydrogeological properties from an approach multi-method
geophysics.

Objective : predicting by using a Machine Learning the number of magnetic dipoles and
their features (depth, radius, mangnetic moment) on a given magnetic map

Real geophysical data are not available in sufficient quantity
To overcome this problem, synthetic data have been generated and used to train,
validate and test our deep neural network.

Current results :

Work in progress :

Domain validation
Test of real magnetic maps provided by a private compagny
Interpretation and explanation of the prediction

Mal nommer les choses c'est ajouter au malheur du monde. Albert Camus

C. Denis, F. Varenne, Interpretability and explainability for machine learning:
between descriptive models, predictive models and causal models. A necessary
epistemological clarification. National (French) Conference on Artificial
Intelligence (CNIA) - Artificial Intelligence Platform (PFIA), Jul 2019

Philosophical debate in the germaphone world animated at the beginning of the
20th century between “Erklaren” (Explain) and “Verstehen” (Understand)
Disciplinary oppositions between natural sciences and humanities

Logical positivism (Hempel & Oppenheim 1948)
Understanding as a psychological by-product of the explanation
Internal process difficult to communicate

« There is an understanding of a phenomenon when our mind has the possibility of
unifying its manifestations under a single representation », Franck Varenne

« ‘Interpretability’ refers to the degree of human comprehensibility of a given ‘blackbox’ model or decision » (Lisboa, 2013; Miller, 2017).
Inversion of the usual report of determination
The human comprehensibility is not defined
Alternative definition :

« Interpretability of a model: properties that a model has of seeing itself made up of
elements (signs, concept figures, data, etc.) which have a meaning, that is to say a
possible referent, for the human subject», (C. Denis, F. Varenne, 2019)

semantic definition refering to an ontology and not to an understanding
Galileo come back ?

« Explainability of a model: the capacity of exhibiting its effect on input data in several connected
steps in a way the user can meaningfully interpret as causes or reasons.», (C. Denis, F. Varenne, 2019)
Requirements : interpretability of the causal relationship between elements

How to explain a phenomenon having few or no previsous understanding ?

« Agnostic science appears when, for the purpose of solving specify problems, one uses methods to
search patterns which to no previous understanding », D. Napoletano

Current work with Marco Panza and Domenico Napolitano to generate explanation in regards in the data
structure generated by DL.
In order to select the « relevant » questions to bes asked on the target phenomenon
The explanation will be generated by using analogies and metaphors

An explanation is both a product and a process, interactive, contrastive and social

Ethical requirement: not producing fake explanation to persuade people

The motivations and benefits of different types of transparency can vary significantly
depending on context, and objective criteria are difficult to identify.” (Tim Miller,
2018)
An explanation must in particular allow:

for a developer, to understand how the application works in order to debug or improve it;
for a user to understand the scope of use and the underlying assumptions giving keys to
understanding the results obtained
for an expert, to rule on an audit during an incident.

See the Etienne Klein's introductory course on the Philosophy of Sciences at Centrale Paris for more information

AN INTELLIGIBLE REALITY

"Imagine that the Good and the Sun are two Kings, one of the intelligible mode, the other of the
sensible world", Plato, the Republic, Book 6.

A SENSITIVE REALITY

Accessible only to intelligence
(eg. physical laws)

Representational
accuracy

Accessible to the senses
(eg. physical phenomenon)

Empirical
accuracy

Epistemological survey on different statistical methods including machine
learning: radical change or continuity, and in which criteria ? Work in progress with
a philosopher of science.

Augmented release of the common paper written with Franck Varenne

Validation and explanability of DL applied to real data in geosciences (in the
context of Julio's PhD thesis)
Generating explanations in the agnostic science context.

On using machine learning for a sustainable science in Senegal in a context of
lack of reliable data (PhD Thesis started in 2021)

