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Abstract

We value a mathematical theory for its generality and its tractabil-
ity. For example, a magma (that is, a set with a binary operation)
is very general because any theorem on it will have an impact on al-
most all algebras and possibly beyond, but the structure is so weak
that deep theorems are very difficult to prove. The goal of my current
work is to use Artificial Intelligence Theorem Proving (AITP) tools
and AI techniques to devise new mathematical theories, maximizing
generality and tractability. We expect to find several theories that will
have a good ratio of generality/tractability that might be explored in
the future. In addition, we will have many theories with a high level of
generality where tractability might be proved once sufficiently strong
AITP tools are available.

1 Introduction

Usually, a paper proposing a new class of mathematical objects starts by
listing the areas that are particular cases of the new theory. The goal of my
work is to highlight the generality of the theory.

Typically, an important new mathematical theory will have as particular
examples a couple of important areas of mathematics. Regarding tractabil-
ity, it is incumbent upon the paper itself to prove it by providing deep results
and interesting connections to other parts of mathematics. The point to un-
derline is that generality and tractability are mutually opposed parameters:
an increase in generality usually implies a decrease in tractability; strong
tractability usually means poor generality.

This research aims to establish a balance between theoretical generality
and practical applicability. The resulting theories will find applications in
diverse fields such as computer science, physics, engineering, and economics,
enhancing our ability to model and solve real world problems.
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2 Impact and Trustworthiness

Theorem provers such as Prover9, can be used to formally verify a range
of mathematical properties, including properties of AI systems expressed as
logic formulas. This process helps ensure that AI systems behave as intended
under various conditions, which is one of the strongest methods for estab-
lishing their trustworthiness. Algebras of various generality are ubiquitous
in formal verification.

3 Some Results with AITP Tools

It is well known that in every Inverse Semigroup, given by the axioms:

1. x(yz) = (xy)z; f(f(x)) = x; xf(x)x = x;

2. xf(x)yf(y) = yf(y)xf(x); f(xy) = f(y)f(x),

all its idempotent elements commute with each other. So one could think
about generalizing those axioms and still have that same result. However, it
is important to observe that, when generalizing a class of algebras, we have
to check if the new definition is not equivalent to the original one.

By weakening those axioms, I generalized the concept of Inverse Semi-
groups, called Generalized Inverse Semigroups (GIS), given by the following
axioms:

1. x(yz) = (xy)z; f(f(f(f(x)))) = x; xf(x)xy = xy;

2. xf(x)yf(y) = yf(y)xf(x).

It is clear that IS ⊆ GIS. Some of the properties that I was able to prove,
with the help of Prover9 were, for example, that all idempotent elements in
GIS commute, xef(x) ∈ E(GIS) for all x ∈ GIS and e ∈ E(GIS). In order
to get those proofs, one must put the axioms of GIS in the assumptions and
then the propriety we would like to try to prove in the goals.
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Appendices

A Some of the Technology Developed so Far

Figure 1: Illustration of part of a program that would extract the mathe-
matical definitions from a html document, in order to gather varieties and
quasi-varieties.

5



Figure 2: Illustration of part of a program that, using ChatGPT, would be
able to convert the axioms of those classes of algebras into first-order logic
formulas so we could introduce those axioms in Prover9.

6


	Introduction
	Impact and Trustworthiness
	Some Results with AITP Tools
	Appendices
	Some of the Technology Developed so Far

