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1. DESCRIPTION OF AVAILABLE POSITION

We seek a top-quality postdoctoral researcher in the area of type theory,
for a period of one year. The ideal starting date is mid-August 2019, but is
somewhat flexible. The postdoc will be employed full-time at the Faculty
of mathematics and Physics, University of Ljubljana. The funding agency
is the Air Force Office of Scientific Research (AFOSR), project number
FA9550-17-1-0326.

For all further information please enquire with Dr. Andrej Bauer, Faculty
of mathematics and physics, University of Ljubljana.

2. DESCRIPTION OF RESEARCH

The precise nature of the topic of research will depend on the selected
candidate, but should in any case be related to the overall research project.
We outline two possible directions of research below, however, candidates
who wish to focus on a different topic are also welcome to apply.

Extensions of general type theories. General type theories subsume a
number of different formal systems (intensional and extensional Martin-
Löf type theory, universal algebra, first-order and higher-order logic, etc.).
However, some of the most intriguing new type theories are out of reach, in
particular cubical type theory [2], cohesive type theory [5], and forcing type
theories [4]. All of these augment type theory with new notions, or modify
its structural properties in a way that cannot be expressed by postulating
type and term constructors and equations.

The postdoc will work on adapting general type theories so that they can
incorporate a wider spectrum of type theories. As stated, this is a very
broad plan which requires some focus. We therefore propose that at first
we attempt to incorporate type theories that are motivated by categories
of presheaves and sheaves. These include cubical type theories, forcing
type theories, as well as some type theories with internal parametricity. A
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specific goal would be to give an account of such type theories that is suf-
ficiently general to incorporate the internal language of a presheaf model
of type theory. A more ambitious goal would incorporate sheaf models,
possibly restricted to a sufficiently well-behaved class of coverage of a site.

Type theory for discrete mathematics. Homotopy type theory is living
up to its promise to support formalization of mathematics. The two largest
such formalizations focus on the foundations of homotopy type theory [3],
and general mathematics with emphasis on algebra and category theory [6].
There is some amount of discrete mathematics and combinatorics, but not
a great deal. We see this as an opportunity, not just to formalize more
mathematics, but to investigate how the specific features of a certain body
of mathematics can be accommodated by type theory.

The objects of study in discrete mathematics have a specific nature. They
are finitary and discrete, and usually quite rich in symmetry. In a univalent
type theory we can take advantage of the symmetries, through the applica-
tion of the Univalence Axiom. On the other hand, the most natural ambient
for formalization of finite discrete structures seems to be extensional type
theory, because everything in sight has decidable equality. The question
then becomes how to reconcile these two aspects of discrete mathematics,
not only at the theoretical level (where one would expect to simply consider
a univalent universe of discrete finite types), but also in practical formaliza-
tion (where one would want to reap the benefits of extensionality as well as
univalence, at the same time).

A solid type theoretic treatment of discrete mathematics can also be used
to organize and validate large databases of discrete structures [1] (various
libraries of graphs, finite groups, etc.) that have been collected by re-
searchers. Conversely, formalized mathematics can benefit from incorpo-
ration of large databases of discrete structures into libraries of formalized
mathematics. With rich sources of examples, proof assistants can be more
successfully used not only to verify truths, but also to search new hypothe-
ses and test them easily. It is our plan to incorporate at least one such
database into a library of formalized mathematics.
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