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General presentation of the topic. Algorithms usually process finite
inputs such as natural numbers, finite strings, finite graphs, etc. In com-
putability theory one is often interested in providing algorithms with infinite
inputs such as functions on natural numbers, infinite graphs, real numbers,
etc. There are mainly two ways of making it possible. In the Type-1 model,
one only allows computable infinite inputs, which can be represented by fi-
nite programs, which are the actual inputs to the algorithm. In the Type-2
model, the infinite input is given by an oracle, or is entirely written on an
infinite input tape. The first model is in a sense more powerful: from a
program computing an input one can recover the input, so every Type-2
algorithm can be converted into a Type-1 algorithm. Comparing these two
models has been a central topic for a long time, but the Type-1 model is not
well understood. Celebrated results such as the undecidability of the halt-
ing problem proved by Turing or Rice theorem essentially say that having a
program does not help in understanding its behavior, so they provide cases
when the Type-1 model is not more powerful than the Type-2 model. How-
ever there exist situations where the two models differ. Our main question
is: what makes the Type-1 model strictly more powerful than the Type-2
model? What additional information does a program computing an input
provides about the input?

We have recently shown that to some extent, giving a program comput-
ing an input is the same as giving the input itself together with an upper
bound on the size of a program computing it (its Kolmogorov complexity).
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Hence each Type-1 algorithm can be converted to a Type-2 algorithm that
is additionally given an upper bound on the Kolmogorov complexity of its
input. This equivalence holds to some extent, depending on the class of
inputs and the task performed by the algorithm.

Objective of the internship. The objective of the internship is to con-
tinue this work. Several problems are raised about this equivalence: under-
standing its consequences, its limits, understanding what is the “information
content” of a program.

Bibliographic references. The internship would be a continuation of the
work presented in [1], available here:

https://hal.inria.fr/hal-01067618v1

Expected ability of the student. The student should show interest in
computability theory, notions of decidable and semi-decidable set. The stu-
dent should be motivated in learning some topics in advanced computability
theory.
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