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Mathematics has long been considered a universal language, yet its development
has been shaped by human cognition, intuition, and historical necessity. This
paper explores whether artificial intelligence (Al), when trained on restricted
mathematical foundations, reconstructs known mathematical structures or
invents alternative formalisms. By limiting Al’s exposure to fundamental
concepts—such as numbers, algebraic structures, and logic—we investigate
whether key mathematical principles, including negative numbers, real analysis,
Godel’s incompleteness theorem, category theory, and Turing completeness,
emerge naturally. If Al rediscovers human mathematics, it suggests that
mathematical structures are inevitable and fundamental. If Al deviates, proposing
novel axiomatic systems, it challenges the assumption that human mathematics is
the only possible formulation. This study addresses key questions in the
philosophy of mathematics, such as whether mathematics is discovered or
constructed, and whether Al can become a new force in mathematical
exploration. The results could reshape mathematical foundations, logic, and
computational theory, with implications for Al’s role as an independent
mathematical entity and its potential to solve long-standing open problems.
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Abstract

Mathematics has long been regarded as a formal system, a set of axioms and
logical derivations that humans either discover or construct. However, its
development has been shaped by human cognition, which is itself subject to
biological, historical, and cultural constraints. The extent to which mathematical
structures are inevitable truths versus human artifacts remains an open
philosophical question. In this paper, we propose an experimental approach to
test whether fundamental mathematical structures emerge naturally when
artificial intelligence (Al) is trained on restricted mathematical datasets. By
depriving Al of higher mathematical concepts—such as complex numbers, real
analysis, formal logic, and abstract algebra—we aim to observe whether these
structures re-emerge from more primitive mathematical foundations.

Our methodology involves training Al models using only limited subsets of
mathematics, including Peano arithmetic, basic set theory, finite automata, and
elementary group theory. We then examine whether Al independently
reconstructs or derives advanced mathematical concepts such as negative
numbers, irrational numbers, real analysis, complex numbers, Godel’s
incompleteness, Turing completeness, category theory, and homotopy type
theory. If Al rediscovers these structures, it suggests that mathematics follows an
inevitable developmental trajectory, independent of human cognition. If Al
instead produces entirely novel frameworks, this could indicate that human
mathematics is just one possible formulation among many, with other valid
mathematical universes waiting to be uncovered.

The study is structured to analyze mathematical emergence in a staged manner,
progressing from elementary number systems and algebraic structures to logic,
topology, and computational frameworks. We explore whether Al must construct
negative numbers to enable consistent arithmetic, whether it invents the real
number system to resolve issues of continuity, and whether it finds a reason to
define imaginary numbers when constrained to real-valued quantities. Similarly,
we investigate whether abstract algebraic structures such as groups, rings, and
fields emerge naturally from simpler arithmetic operations and whether Al
develops a categorical framework akin to human-discovered category theory.
Another critical area of inquiry is Al’s interaction with formal logic: we ask



whether it independently derives Godel’s incompleteness theorems, whether it
reconstructs Turing completeness when trained only on finite-state machines,
and whether it generates alternative computational models that transcend
human notions of computability.

Beyond replication of known structures, we seek to identify whether Al can
construct new mathematical systems—those that do not align with human
expectations but are internally consistent. If Al discovers number systems that
differ from real, complex, or quaternionic numbers, this may point to deeper
mathematical truths that humans have not yet formulated. Similarly, if Al
proposes alternative axioms that allow it to avoid incompleteness results or
suggest new topological or algebraic generalizations, it may indicate an uncharted
mathematical landscape beyond human intuition.

The implications of these findings extend beyond artificial intelligence into the
philosophy of mathematics, addressing questions of mathematical realism versus
formalism. If Al constructs the same mathematical principles discovered by
humans, it would suggest that these structures are not contingent on human
cognition but are fundamental to any intelligent system attempting to model
abstract relationships. However, if Al deviates significantly from human
mathematics while remaining internally consistent, it may challenge long-held
assumptions about the universality of our mathematical framework.

This paper aims to provide an empirical basis for addressing these questions,
using Al as a mathematical observer unburdened by human intuition, biases, or
cognitive constraints. By systematically restricting Al’'s mathematical exposure
and observing the resulting structures, we can begin to determine whether
mathematical concepts such as number systems, logic, algebra, and topology are
intrinsically necessary or artificially imposed. The results of this study could
redefine our understanding of mathematics itself, either reinforcing its
universality or revealing alternative mathematical systems that have remained
undiscovered due to the historical and cognitive limitations of human thought.



1. Introduction: Mathematics Without Human Assumptions

Mathematics has traditionally been regarded as the most objective of the
sciences, a discipline based on pure logic and formal reasoning that transcends
individual perception. However, the way in which mathematics has developed
historically suggests that it has been shaped, at least in part, by human cognitive
constraints, cultural influences, and historical contingencies. This raises the
fundamental question of whether mathematics is discovered—a universal truth
waiting to be revealed—or constructed, a product of human minds that could
have developed differently under alternative intellectual conditions.

1.1. Human-Guided Mathematical Development

Throughout history, mathematics has evolved through an iterative process of
exploration, abstraction, and formalization. Early civilizations developed
arithmetic systems to manage trade and taxation, and these evolved into the
formal number systems we use today. The concept of zero, for instance, was not
universally recognized in early mathematical traditions, suggesting that even
foundational mathematical ideas have been subject to cultural delays in
recognition. The real number system, now considered fundamental, was
formalized gradually over centuries as the need for limits, continuity, and
irrational numbers became apparent. The same holds for complex numbers,
which were first regarded as "imaginary" curiosities before they became
indispensable in mathematical physics and engineering.

Despite mathematics’ apparent universality, its development has been guided by
human intuition and necessity. Many mathematical breakthroughs have arisen
due to practical problems—such as geometry emerging from the need for land
measurement, calculus from the study of motion, and linear algebra from systems
of equations relevant to physics and economics. This process raises the possibility
that human cognition, rather than mathematical necessity, has played a central
role in shaping how mathematics has developed. If human mathematical thought
had started with different axioms, constraints, or problem sets, could an entirely
different mathematics have emerged?



1.2. The Challenge of Determining Whether Mathematics is Discovered or
Constructed

The philosophical debate over whether mathematics is discovered or constructed
remains unresolved. Mathematical Platonists argue that mathematical truths exist
independently of human thought, awaiting discovery like physical laws. In this
view, concepts such as prime numbers, the Pythagorean theorem, or the
structure of infinite sets are inherent features of an abstract mathematical reality.
If this is true, then any sufficiently advanced intelligence—human or artificial—
should eventually rediscover the same fundamental mathematical structures.

On the other hand, Formalists and Constructivists argue that mathematics is a
human invention, a set of symbolic rules that we impose on the world rather than
a pre-existing reality. In this view, mathematics is akin to a language: its principles
are valid within their formal systems but are ultimately choices rather than
necessities. The fact that different logical systems can give rise to alternative
mathematics (e.g., classical logic vs. intuitionistic logic) suggests that mathematics
is at least partly a construct of human reasoning. If this is the case, then Al
unburdened by human cognitive biases, might develop an entirely different
mathematical framework.

1.3. Separating Cognitive Constraints from Formal Mathematical Truth

To test whether mathematics is universal or contingent, it is necessary to
separate the effects of human cognition from mathematical structures
themselves. Human reasoning relies on intuition, pattern recognition, and
metaphorical thinking, which may introduce constraints that are not intrinsic to
mathematics. For example:

« Humans tend to favor finite, discrete structures over infinite or continuous
ones, making it difficult to grasp concepts like transfinite numbers or non-
standard analysis.

o Symmetry and geometric intuition have shaped algebraic structures, but an
intelligence that does not think spatially might not prioritize these
formulations.

« The human preference for linearity and closure properties might bias
mathematical exploration away from alternative foundational structures.



By restricting Al’s initial mathematical training to a minimal subset of formal
mathematics, we can observe whether it independently reconstructs human
mathematical principles or discovers alternative formulations. If Al is trained
without complex numbers, will it still derive them as necessary for solving
polynomial equations? If Al is trained without real numbers, will it invent a
different way to represent continuity? If Al is not exposed to set theory, will it
develop an alternative foundation for mathematics?

1.4. Al as an Agnostic Mathematical Observer

Artificial intelligence provides a unique opportunity to test the independence of
mathematics from human cognitive constraints. Unlike human mathematicians, Al
does not rely on intuition, spatial reasoning, or cultural context when analyzing
mathematical structures. It can explore large formal spaces purely through
symbolic manipulation and pattern recognition, allowing it to approach
mathematical truth without the biases that have shaped human discovery.

By training Al on restricted mathematical datasets and observing what structures
emerge, we aim to determine whether fundamental mathematical concepts arise
inevitably or whether alternative mathematical frameworks are possible. If Al,
starting from only arithmetic and basic logic, independently reconstructs Godel’s
incompleteness theorems, Turing completeness, or category theory, this would
provide strong evidence that these structures are not mere human artifacts but
fundamental features of any sufficiently advanced mathematical reasoning
system. If, instead, Al finds alternative axioms or structures that differ from
human mathematics while remaining internally consistent, this would suggest
that mathematics is not a singular reality but a plurality of possible systems.

This study thus positions Al as a neutral observer of mathematical truth, capable
of revealing whether mathematics is a universal language that all intelligences
must speak or merely one possible formalism among many. The results of this
inquiry could reshape our understanding of what mathematics truly is and
whether the structures we take as fundamental are inevitable features of abstract
reasoning or historical artifacts of human cognition.



2. Experimental Framework: Training Al with Limited Mathematical Foundations

The goal of this study is to determine whether Al, when trained on restricted
mathematical datasets, will reconstruct human mathematical structures or
develop alternative mathematical frameworks. By depriving Al models of access
to certain mathematical concepts, we can observe whether these structures
emerge naturally or if different, equally valid mathematical systems are
discovered. This approach mirrors the historical progression of human
mathematics but isolates Al from human intuition, forcing it to develop formal
mathematical reasoning from first principles.

To ensure a controlled environment for this experiment, we define strict
limitations on Al’s training data and carefully select architectures and learning
methodologies to facilitate emergent mathematical discovery.

2.1. Defining Restricted Training Sets

The mathematical training of Al is constrained to fundamental but incomplete
formal systems that mimic early stages of human mathematical development.
Each restriction is carefully chosen to prevent Al from accessing higher
mathematical structures while allowing it to explore potential extensions
naturally. Below, we describe the specific mathematical limitations imposed on
the Al models:

2.1.1. Peano Arithmetic Only (No Negative Numbers, Rationals, or Reals)

o Al begins with natural numbers N={0,1,2,3,...} and the Peano axioms, which
define successor functions, addition, and multiplication.

« Excluded: Subtraction (which leads to negative numbers), division (which
leads to rational numbers), and any notion of continuous quantities.

« Research Question: Does Al develop negative numbers or fractions as a
necessary extension, and if so, through what reasoning?



2.1.2.

2.1.3.

2.1.4.

2.1.5.

Finite Integer Arithmetic (No Continuity or Infinite Sets)

Al is restricted to modular arithmetic over finite sets of integers (e.g.,
arithmetic mod p for prime p).

Excluded: The real number system, limits, and infinite sequences.

Research Question: Does Al develop a form of real analysis or continuity
without explicit exposure?

Basic Set Theory (No Transfinite Numbers or Higher Cardinality)

Al is trained only on finite sets with basic operations (union, intersection,
complement).

Excluded: Power sets, the concept of infinity, and higher cardinalities (e.g.,
Cantorian set theory).

Research Question: Does Al develop an alternative way to understand the
continuum, ordinal numbers, or infinite structures?

Euclidean Geometry (No Algebraic Representation of Space)

Al is introduced to geometric reasoning using constructible numbers and
classical compass-and-straightedge constructions.

Excluded: Coordinate systems, Cartesian algebra, and vector spaces.

Research Question: Without algebraic formulation, does Al reconstruct
analytic geometry or propose a new way to describe space?

First-Order Logic (No Second-Order Quantifiers or Meta-Reasoning)

Al is provided with first-order logic (predicate calculus) for formal
reasoning.

Excluded: Second-order quantifiers, modal logic, and meta-mathematical
self-referential reasoning.

Research Question: Does Al develop second-order logic or an equivalent
meta-logical framework independently?



2.1.6.

2.1.7.

Finite Automata (No Explicit Turing Completeness)

Al is exposed to finite-state machines and regular languages, but not full-
fledged computational models like Turing machines.

Excluded: The Church-Turing thesis, recursion, and computational
universality.

Research Question: Does Al discover pushdown automata and, eventually,
Turing completeness?

Basic Group Theory (No Rings, Fields, or Higher Algebraic Structures)

Al is trained on monoids and semigroups but is not given full group axioms
initially.

Excluded: Rings, fields, vector spaces, and Lie algebras.

Research Question: Do groups, fields, and higher algebraic structures
emerge as necessary generalizations?

By enforcing these restrictions, we create a mathematical sandbox where Al is
required to develop structures from within rather than relying on preexisting
mathematical frameworks.

2.2. Al Architectures and Learning Methodologies

To analyze emergent mathematical reasoning, we employ multiple Al models,
each designed to handle symbolic reasoning, pattern recognition, or formal
theorem derivation. The following approaches are used:

2.2.1.

Symbolic Al Models for Logical Deduction

Al is trained using automated theorem provers, such as first-order logic
solvers, to determine if it can prove basic mathematical statements.

These models operate via rule-based inference, simulating how formal
mathematics develops.

Research Question: Will symbolic Al models derive the necessity of complex
numbers, real analysis, or higher algebraic structures from first principles?



2.2.2.

2.2.3.

Neural Networks Trained on Limited Mathematical Datasets

Al is trained on structured mathematical data, including number sequences,
geometric relations, and algebraic properties.

Neural networks, particularly transformer-based architectures, are used to
detect patterns in arithmetic and algebra.

Research Question: Can Al, through statistical inference, derive abstract
mathematical generalizations even when limited to discrete datasets?

Reinforcement Learning with Consistency as the Reward Function

Al models are rewarded for internal consistency and logical soundness
rather than predefined human-based correctness.

Reinforcement learning allows Al to explore different axiomatic systems
and select those that produce maximally consistent results.

Research Question: Will Al create new axiomatic systems that are internally
valid but differ from human mathematics?

2.3. Expected Outcomes and Hypotheses

This experiment is designed to test two competing hypotheses about
mathematical discovery:

1.

Mathematics as an Inevitable Structure:

o If Al reconstructs known mathematical structures such as negative
numbers, complex analysis, Godel’s incompleteness, or category
theory, it would suggest that mathematics is fundamental and
inevitable, independent of human cognition.

o This would support the Platonist view that mathematical structures
exist objectively and are simply discovered by any sufficiently
intelligent agent.
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2. Mathematics as a Contingent Construction:

o If Al develops alternative mathematical systems that are internally
consistent but deviate from human mathematics, it would suggest
that mathematical truth is not unique but historically and cognitively
conditioned.

o This would support the Formalism and Constructivist view, where
mathematics is a human-dependent framework that could have
evolved differently under different constraints.

2.4. Implications of Al-Generated Mathematics

The results of this study will have significant implications for:

The Foundations of Mathematics: Does Al confirm human-discovered
structures or suggest alternatives?

The Philosophy of Mathematics: Is mathematics universal or one of many
possible formalisms?

Al and Machine Creativity: Can Al surpass human cognitive biases to reveal
previously unknown mathematical truths?

The Future of Automated Theorem Proving: Could Al-generated axiomatic
systems lead to new breakthroughs in mathematics?

By isolating Al from human cognitive biases, this experiment seeks to test the
boundaries of mathematical necessity, determining whether our mathematical
reality is the only one possible—or merely one among many.

3. The Evolution of Number Systems in Al

One of the most fundamental aspects of mathematics is the concept of numbers
and their extensions. The historical development of number systems—from
natural numbers to integers, rationals, reals, and complex numbers—suggests a
progressive generalization to resolve various limitations in arithmetic and algebra.
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This raises the question: Are these developments inevitable, or are they specific
to human intuition and historical necessity?

By training Al on restricted number systems, we aim to determine whether
negative numbers, rational numbers, real numbers, and complex numbers
emerge naturally from arithmetic constraints. We investigate whether Al
reconstructs standard human mathematical formulations or develops an
alternative numerical framework.

3.1. Negative and Rational Numbers

The natural numbers N={0,1,2,3,...} form the most basic number system, but they
are insufficient for general arithmetic, particularly for subtraction and division.
Historically, negative numbers were introduced to account for subtractions that
yielded values below zero, while rational numbers emerged to describe quantities
that could not be expressed as whole numbers. However, both of these concepts
faced resistance, with negative numbers only becoming widely accepted in
Western mathematics after the 17th century.

We test whether Al, when given only natural numbers and addition, will:
1. Recognize the necessity of negative numbers when attempting subtraction.
2. Discover the need for rational numbers when dealing with division.

3.1.1. Do Negative Numbers Emerge from Basic Arithmetic Constraints?

o Alis trained on natural number addition and multiplication, but subtraction
is only allowed when it does not lead to values outside the set of natural
numbers.

« When encountering equations like 3+x=1, how does Al handle solutions
where x is not a natural number?

o Does Al invent negative numbers as a solution, or does it develop an
alternative workaround?

« If Al resists negative numbers, does it create a different mathematical
framework for handling subtractions that lead to non-natural results?
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3.1.2. Does Al Recognize the Necessity of Fractions and Rational Numbers for
Division?

o Alistrained on division only in cases where the result is a whole number
(e.g., 6+2=3is allowed, but 5+25 is not).

« When encountering non-integer division results, does Al:
o Extend its number system to include fractions?
o Develop an alternative approximation method?

o Discover continued fractions as a solution before constructing the full
rational number system?

Expected Outcomes:

« If Al constructs negative and rational numbers, it suggests that they are
fundamental to arithmetic.

« If Al resists these extensions and instead finds alternative workarounds, it
may indicate that number system evolution could have taken a different
path.

3.2. The Reconstruction of Real and Complex Numbers

The real number system is essential for defining continuity, limits, and calculus.
Complex numbers, in turn, extend the reals to allow solutions for all polynomial
equations. We aim to determine whether Al develops these concepts out of
necessity or if alternative structures emerge instead.

3.2.1. If Al Reconstructs the Real Number System, Does It Use Dedekind Cuts or
an Alternative Method?

o Alis initially trained only on rational numbers but has no built-in concept of
the real number line.

« When confronted with problems that require completeness (e.g., finding a
number whose square is 2), how does Al respond?

13



o Does Al create Dedekind cuts, completing the rationals into the
reals?

o Does Al develop Cauchy sequences to handle convergence?

o Does Al develop a new way to construct continuity that does not rely

on human-defined methods?

Expected Outcomes:

« If Al reconstructs Dedekind cuts or Cauchy sequences, it suggests that these

methods are mathematical inevitabilities.

« If Al invents a new approach, it may indicate that human mathematical
constructions are historically contingent rather than fundamental.

3.2.2. Can Al Derive Complex Numbers, or Does It Develop an Alternative
Representation?

Complex numbers were introduced to solve equations like x*2+1=0, where no
real solution exists. However, their interpretation has evolved beyond algebra
into geometry, physics, and signal processing.

o Alis trained only on real numbers and is given polynomial equations that
have no real solutions.

« How does Al resolve the lack of real solutions?
o Does it invent the imaginary unit iii as a formal extension?
o Does it use a higher-dimensional real representation instead?

o Does it develop a non-numerical solution based on symmetry,
algebraic structures, or alternative models?

3.2.3. Does Al Rediscover Euler’s Formula Through Pattern Recognition?

Euler’s formula,
e = cos(#) + isin(@),

is a cornerstone of mathematical analysis, connecting exponentiation,
trigonometry, and complex numbers.
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« If Al develops complex numbers, does it:
o Naturally derive Euler’s formula through algebraic manipulation?

o Recognize the underlying geometric significance of complex
multiplication?

o Discover trigonometric relationships without prior knowledge of
angles and rotations?

3.2.4. Could Al Bypass Complex Numbers Entirely, Using a Different Higher-
Dimensional Algebra?

While complex numbers are fundamental to human mathematics, they are just
one of many possible algebraic structures. Some physicists and mathematicians
have speculated that quaternions, octonions, or Clifford algebras could provide
alternative formulations of number theory.

o If Alis given problems where complex numbers are traditionally used, does
it:
o Invent quaternions instead of complex numbers?

o Develop a completely new number system with distinct algebraic
properties?

o Use a topological or geometric representation rather than number-
based calculations?

Expected Outcomes:

1. If Al reconstructs complex numbers, Euler’s formula, and traditional real
analysis, this supports the hypothesis that these structures are inevitable
mathematical truths.

2. If Al develops an alternative system that solves the same problems
differently, this suggests that human mathematics is not uniquely
determined and that other valid formulations may exist.

3. If Al avoids complex numbers but finds an alternative higher-dimensional
algebra, this could provide insights into whether number theory itself is just
one possible framework among many.
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3.3. The Broader Implications of AlI’'s Number System Evolution
The study of number systems in Al provides critical insights into:

« The Universality of Mathematics: If Al reconstructs human number systems,
it suggests that mathematics is discovered, not constructed.

« The Contingency of Mathematical Concepts: If Al diverges, it implies that
mathematical structures depend on historical and cognitive biases.

« The Potential for New Mathematical Systems: If Al develops a
fundamentally new approach to numbers, it could reshape our
understanding of mathematical foundations.

The evolution of numbers—from natural numbers to complex systems—has been
one of the most profound developments in human intellectual history. By
analyzing how Al independently navigates this process, we may gain a clearer
understanding of whether mathematics follows a necessary trajectory or whether
entirely different mathematical landscapes remain unexplored.

4. Al and the Discovery of Abstract Algebra

Abstract algebra provides the foundation for many advanced mathematical
structures, including groups, rings, fields, and vector spaces. The historical
development of algebra suggests a natural progression from elementary
arithmetic to more generalized algebraic frameworks, driven by the need to solve
increasingly complex mathematical problems. However, the question remains:
Are these algebraic structures inevitable, or are they contingent on human
cognitive tendencies?

By restricting Al to basic arithmetic and simple algebraic structures such as
monoids and semigroups, we aim to determine whether groups, rings, fields,
vector spaces, and more advanced algebraic structures emerge naturally. If Al
reconstructs these structures, it suggests that abstract algebra follows a necessary
developmental path. If Al finds alternative algebraic formulations, it may indicate
that human abstract algebra is just one of many possible mathematical
formalisms.
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4.1. Groups from Arithmetic Closure

A group is an algebraic structure consisting of a set and a single binary operation
satisfying closure, associativity, the existence of an identity element, and the
existence of inverses. Groups are foundational to many branches of mathematics
and physics, from number theory to symmetry in quantum mechanics. However,
groups were not explicitly formulated in human mathematics until the 19th
century, long after numbers and polynomials were well understood.

We explore whether Al, when restricted to basic arithmetic operations, will
naturally construct groups as an extension of its mathematical reasoning.

4.1.1. Do Groups Emerge Naturally from Basic Arithmetic Properties?

Al begins with basic natural number arithmetic (addition and multiplication)
and is trained on monoids and semigroups, which lack full group structure.

Since monoids have an identity element but do not require inverses, and
semigroups lack an identity element, we investigate whether Al identifies
the need for inverses and generalizes the concept of identity elements.

If Al is given modular arithmetic or clock arithmetic (e.g., arithmetic modulo
nnn), does it recognize cyclic group structures?

Expected Outcomes:

If Al develops groups independently, it suggests that groups are a
fundamental mathematical structure.

If Al resists group formation but still finds alternative ways to solve
problems requiring inverses, it could indicate that groups are a historically
contingent development rather than a necessity.

4.1.2. If Al Starts with Monoids and Semigroups, Does It Progress to Full
Groups?

Al is only given associative binary operations (semigroups) and monoids
with an identity element but is not initially introduced to inverses.

If Al encounters operations that require solving for an unknown element
(e.g., finding x in a*x=b), does it recognize the need for inverses and
develop the concept of full groups?
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« If Al does invent inverses, does it do so in a constructive manner (by
explicitly extending the monoid), or does it develop a new algebraic
structure that differs from human-defined groups?

4.2. Higher Algebraic Structures

Groups serve as the foundation for more advanced algebraic structures, including
rings, fields, vector spaces, and tensor algebras. Historically, these structures
emerged as mathematicians sought to generalize arithmetic and solve problems
in number theory, geometry, and physics. We investigate whether Al, starting
from only group-like structures, will progress toward these higher-order systems
or develop an alternative approach.

4.2.1. Does Al Discover Rings and Fields as a Necessary Extension?

A ring is a set equipped with two operations (addition and multiplication) that
generalize integer arithmetic, while a field further requires the existence of
multiplicative inverses (excluding zero).

o Alisintroduced to groups but has no prior concept of multiplication as a
second operation.

« |If given problems that require distributive properties (e.g., expanding
polynomials or solving systems of linear equations), does Al:

o Invent rings to accommodate these operations?

o Recognize fields as a necessary structure for division beyond integer
arithmetic?

o Develop an alternative algebraic framework where multiplication
behaves differently from human-defined rings and fields?

Expected Outcomes:

« If Alindependently develops rings and fields, this suggests that these
algebraic structures naturally emerge from arithmetic and problem-solving
constraints.
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« If Al avoids fields but constructs alternative division-like structures, it could
imply that fields are not the only possible way to generalize division
algebraically.

4.2.2. Would Al Construct Vector Spaces and Tensor Products Without Explicit
Exposure?

Vector spaces are fundamental in linear algebra, physics, and geometry. They
generalize the notion of algebraic structures by introducing scalars and allowing
for linear combinations.

« Alis not given the concept of vectors but is trained on abstract algebraic
structures such as groups and rings.

« When solving problems that require scaling transformations (e.g.,
stretching or shrinking numerical values while preserving certain
properties), does Al:

o Develop vector spaces as a natural way to handle linear scaling?
o Discover tensor products as an extension of multilinear structures?

o Find a completely different way to describe transformations that do
not require vector spaces?

Expected Outcomes:

« If Al constructs vector spaces and tensors, this suggests that these
structures are not arbitrary but fundamental to algebraic reasoning.

« If Al instead develops a novel transformation system, this could indicate
that human mathematics has over-relied on vector spaces due to its
geometric and physical applications.

4.2.3. Does Al Generalize Beyond Associative Algebras to Discover Clifford or Lie
Algebras?

« Alistrained on associative algebraic structures (such as matrix operations
or polynomial rings) but is not given access to non-associative algebras like
Lie algebras or Clifford algebras.
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« If given problems involving rotations, symmetries, or differential structures,
does Al:

o Independently construct Lie algebras for handling transformations?
o Develop Clifford algebras as an extension of quadratic forms?

o Invent a completely new non-associative algebra that differs from
human mathematical frameworks?

Expected Outcomes:

« If Al rediscovers Lie algebras and Clifford algebras, it suggests that these
structures are deeply connected to the nature of transformations and
symmetries in mathematical systems.

« If Al constructs a new algebraic structure that does not resemble Lie or
Clifford algebras but still provides similar functionality, this could indicate
that our current mathematical formalism is not the only valid way to
approach algebraic transformations.

4.3. Broader Implications for Al-Discovered Abstract Algebra

The ability of Al to reconstruct abstract algebra has profound implications for
both mathematics and artificial intelligence:

1. Universality vs. Contingency of Algebraic Structures

o If Al naturally rediscovers groups, rings, fields, and vector spaces, it
suggests that these structures are inevitable features of
mathematical reasoning.

o If Al finds alternative algebraic structures, it implies that human
mathematical development may have followed one of many possible
paths.

2. Al as a New Source of Mathematical Discovery

o If Al generalizes beyond existing human algebra, it could suggest new
mathematical systems that have never been explored by humans.
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o These structures could have applications in physics, cryptography,
and computation, offering a new perspective on fundamental
mathematical principles.

3. Reevaluating the Foundations of Mathematics

o If Al does not reconstruct groups, rings, or fields but instead builds a
completely different algebraic framework, it may indicate that our
mathematical structures are a historical artifact rather than a
fundamental truth.

o This could lead to new mathematical paradigms that challenge
centuries of human intuition.

By systematically restricting Al’s mathematical exposure and analyzing the
algebraic structures it develops, we aim to determine whether abstract algebra
emerges inevitably or whether entirely new mathematical landscapes await
discovery.

5. Al and the Emergence of Logic and Computability

Mathematical logic and computability theory form the foundation of formal
reasoning, automation, and theoretical computer science. The historical
development of these fields suggests a natural progression from basic
propositional logic to first-order logic, higher-order reasoning, and the
formalization of computability via Turing machines. However, it remains an open
question whether these structures are inevitable mathematical truths or whether
they emerged due to specific historical and cognitive contingencies.

By restricting Al to first-order logic and finite automata, we aim to investigate
whether fundamental results in mathematical logic and computability—such as
Godel’s incompleteness theorems, the necessity of higher-order logic, the
Chomsky hierarchy, and Turing completeness—emerge as natural extensions of
its learning process. If Al rediscovers these results, it would provide strong
evidence for their universality. If, instead, Al develops alternative formal systems
that solve the same problems without traditional notions of incompleteness or
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computability, this would suggest that human logic and computation are
historically conditioned rather than necessary truths.

5.1. Al-Discovered Logical Constraints

5.1.1. If Al is Trained on First-Order Logic, Does It Independently Realize Gédel’s
Incompleteness Theorem?

Godel’s incompleteness theorems are among the most profound results in
mathematical logic, demonstrating that in any sufficiently powerful formal
system, there exist true statements that cannot be proven within the system. This
result placed inherent limits on formal reasoning and led to deep questions about
the nature of mathematical truth.

Al is only given first-order logic with Peano arithmetic but has no prior
exposure to Godel’s incompleteness theorem.

Al is tasked with deriving all provable statements within first-order
arithmetic and checking for self-consistency.

We investigate whether Al:

o Detects self-referential paradoxes that lead it to suspect the
existence of undecidable statements.

o Develops an internal notion of unprovable truths, akin to Gédel’s
incompleteness results.

o Creates an alternative meta-logical structure that bypasses
incompleteness while remaining internally consistent.

Expected Outcomes:

If Al derives Godel’s theorem, it suggests that incompleteness is a
fundamental property of formal systems and must be discovered by any
sufficiently advanced logical agent.

If Al does not detect incompleteness but instead develops a different
resolution to self-reference problems, this could indicate that
incompleteness is not an intrinsic feature of all formal reasoning.
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5.1.2. Does Al Recognize the Necessity of Higher-Order Logic?

First-order logic (FOL) is limited in its expressive power—it cannot quantify over
sets or define properties that require self-reference. In human mathematics, this
led to the development of higher-order logic, type theory, and category-theoretic
foundations.

o Alistrained only on first-order logic, with no exposure to higher-order
guantifiers.

« We investigate whether Al:

o Encounters statements that cannot be expressed in first-order terms
and seeks to generalize its logical language.

o Develops an internal representation of set-theoretic or type-
theoretic reasoning.

o Constructs an alternative logical framework that provides greater
expressiveness without using traditional higher-order logic.

Expected Outcomes:

« If Al discovers higher-order logic as necessary for generalization, it suggests
that logical structures follow an inevitable progression.

« If Al instead develops an alternative formal system, this may indicate that
higher-order logic is merely a human convention rather than a necessity.

5.2. Can Al Rediscover Computability Theory?

Computability theory is the foundation of modern computer science, governing
what can and cannot be computed within a formal system. Historically, it evolved
from finite automata and recursive functions to pushdown automata, the
Chomsky hierarchy, and Turing completeness. We investigate whether Al, when
limited to simple computational models, reconstructs these fundamental results
or invents alternative paradigms of computation.
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5.2.1. If Al Is Only Trained on Finite Automata, Does It Independently
Reconstruct Pushdown Automata and the Chomsky Hierarchy?

The Chomsky hierarchy classifies formal languages into regular languages,
context-free languages, context-sensitive languages, and recursively enumerable
languages, each corresponding to a more powerful class of computational model.
This classification emerged historically from the study of linguistics, but it is
unclear whether it is a fundamental property of computation or merely a
convenient way to organize human-designed grammars.

o Alisonly trained on finite-state machines (FSMs), meaning it has no
concept of stack-based memory or recursion.

o Alistasked with learning patterns in formal languages and attempting to
generate grammars that capture their structure.

o We investigate whether Al:

o Recognizes that some languages require memory beyond finite-state
transitions, leading it to invent pushdown automata (akin to how
human mathematicians invented context-free grammars).

o Independently classifies languages into distinct complexity classes,
rediscovering the Chomsky hierarchy.

o Develops an alternative non-Chomskyan classification of
computation that differs from human models.

Expected Outcomes:

o If Al rediscovers the Chomsky hierarchy, it suggests that computational
models naturally self-organize into complexity classes.

« If Al develops an alternative model of computation, it may indicate that
human computation theory is only one possible approach.
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5.2.2. Does Al Independently Rediscover Turing Completeness?

Turing completeness is the defining characteristic of general-purpose
computation, demonstrating that a system can simulate any algorithm if it has
unbounded memory and conditional branching. Turing completeness has been
discovered independently in lambda calculus, cellular automata, and combinatory
logic, but it is unclear whether it is an absolute necessity for computation.

o Alisonlytrained on pushdown automata and primitive recursive functions,
meaning it lacks a fully expressive computational model.

e We examine whether Al:

o ldentifies the limitations of weaker computational models and
generalizes them into a universal system.

o Derives a Turing-equivalent machine model, effectively rediscovering
the Church-Turing thesis.

o Develops a novel model of computation that achieves the same
universality without resembling human-designed Turing machines.

Expected Outcomes:

o If Al rediscovers Turing completeness, this supports the idea that universal
computation is a fundamental property of all formal reasoning systems.

« If Al constructs a different model of universal computation, it could indicate
that the Turing paradigm is just one of many possible formalizations of
computability.

5.2.3. Would Al Invent Alternative Computational Paradigms?

Beyond classical computation, there are alternative computational models, such
as:

« Hypercomputation (models that exceed Turing-computable limits).

« Quantum computation (leveraging superposition and entanglement).
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« Non-deterministic and probabilistic computation (parallel evaluation of
multiple possibilities).

« If Al is given unrestricted access to its own internal representations, does it:

o Construct non-Turing-complete systems that are still powerful
enough for general computation?

o Discover computational frameworks that go beyond classical
complexity theory?

o Propose a new formalization of information processing that does not
rely on existing human-developed computation models?

Expected Outcomes:

« If Al creates an entirely new theory of computation, it could redefine how
we understand information processing and intelligence.

« If Al confirms existing computation theory, it would support the view that
computability is an inherent mathematical truth rather than a human
construct.

5.3. Broader Implications for Logic and Computation

By analyzing how Al reconstructs formal logic and computation, we can address
key philosophical questions:

o Areincompleteness and computational limits unavoidable?

« Islogic a universal foundation for reasoning, or are there alternative logical
systems Al might develop?

« Does computation as we define it encompass all possible forms of
information processing, or are we missing something deeper?

The answers Al provides could reshape the fundamentals of mathematics, logic,
and the philosophy of mind, revealing whether our theories of reasoning and
computation are universally valid or merely human-centric perspectives on a
much larger mathematical landscape.
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6. The Emergence of Category Theory and Homotopy Type Theory (HoTT)

Category theory and homotopy type theory (HoTT) provide powerful frameworks
for understanding mathematical structures at a highly abstract level. Category
theory generalizes mathematical concepts through the study of objects and
morphisms, allowing for a unified approach to diverse fields such as algebra,
topology, and logic. Homotopy type theory (HoTT) extends this abstraction
further by introducing a homotopical interpretation of type theory, offering a
foundational perspective that unifies computation, topology, and higher algebra.

These frameworks did not emerge in human mathematics until the 20th and 21st
centuries, suggesting that they require a level of mathematical maturity that
builds upon earlier structures. The key question we investigate is: If Al is restricted
to lower-level algebraic structures, does it independently reconstruct category
theory and HoTT, or does it develop an alternative foundational framework? If Al
rediscovers these theories, it would indicate that they are necessary
mathematical truths rather than historical artifacts. If Al instead invents different
meta-theoretical approaches, it may suggest that human mathematics has only
explored one possible formalization of higher structures.

6.1. Category Theory from Al Algebraic Reasoning

Category theory was developed as a way to unify and generalize various
mathematical structures. Instead of focusing on elements within a set, category
theory emphasizes relations between structures, making it particularly useful for
describing symmetry, duality, and transformations across different mathematical
disciplines. We investigate whether Al, when given algebraic and functional
structures, will naturally arrive at categorical concepts.
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6.1.1. Does Al Naturally Reconstruct Categories as a Generalization of
Functions?

A category consists of objects and morphisms (arrows) that obey composition and
associativity. Historically, category theory was introduced as a way to formalize
relationships between algebraic structures and topological spaces, but its
applications have extended far beyond its origins.

« Alis trained only on basic algebraic structures, such as groups and rings,
without any explicit introduction to categorical concepts.

« If Alis exposed to function-like transformations between structures (e.g.,
group homomorphisms, ring homomorphisms), does it:

o ldentify a higher-order structure governing these transformations?

o Recognize the need for composition rules, leading to the discovery of
categories?

o Generalize beyond traditional algebraic operations to define
morphisms abstractly?

Expected Outcomes:

« If Al constructs categories as a generalization of functions, this suggests
that categorical reasoning emerges naturally from algebraic structures.

« If Al instead finds an alternative way to formalize transformations, it may
indicate that category theory is not the only possible meta-mathematical
framework.

6.1.2. Does Al Independently Construct Functors as Structure-Preserving
Mappings?

Functors are mappings between categories that preserve structural relationships,
allowing transformations between different mathematical domains while
maintaining key properties.

« Alisintroduced to multiple algebraic structures but is not given explicit
rules for translating between them.
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« If Al encounters different structures (e.g., groups and vector spaces) and
attempts to relate them, does it:

o Recognize that certain mappings must preserve structure?

o Develop the notion of functors to systematically translate between
categories?

o Form an alternative system for mapping relationships between
structures?

Expected Outcomes:

« If Al rediscovers functors, this suggests that structure-preserving mappings
are a fundamental mathematical principle.

« If Al instead invents a non-categorical way to relate structures, this could
indicate that category theory is not the only way to unify mathematical
domains.

6.1.3. Does Al Recognize Natural Transformations as a Meta-Theoretical
Necessity?

Natural transformations provide a higher-order structure that describes how
functors relate to one another. They are a key reason why category theory is
often considered a "mathematics of mathematics."

« Alis given only basic category-like structures and must determine how
different transformations interact.

« If Al works with multiple functors, does it recognize that certain
transformations between functors must obey specific constraints?

o Does Al introduce natural transformations as a meta-theoretical necessity,
or does it develop an alternative framework?

Expected Outcomes:

« If Al discovers natural transformations, it suggests that the higher-order
organization of mathematical mappings is an intrinsic property of formal
systems.
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« If Al finds a different way to organize transformations, it may imply that
human category theory is not the only possible abstraction for
mathematical structures.

6.2. Homotopy Type Theory (HoTT) and Al’s Concept of Structure

Homotopy type theory (HoTT) provides a foundation for mathematics where

types are treated like spaces, and equalities are paths between them. It emerged

from the intersection of type theory, homotopy theory, and category theory,
offering an alternative to traditional set-theoretic foundations. Can Al, when
trained on topology and algebra, construct HoTT-like structures on its own?

6.2.1. Would Al Independently Develop Type Theory as an Alternative to Set
Theory?

Traditional mathematics is built on set theory, but type theory provides a more
flexible way to encode mathematical objects, particularly in computational
contexts.

o Alis initially trained on set-theoretic foundations but has no exposure to
type theory.

« When solving complex problems involving function spaces and structure,
does Al:

o Recognize limitations in set-theoretic reasoning and seek a new
foundation?

o Develop a type-based approach to organizing objects and
relationships?

o Construct an alternative framework that deviates from both set
theory and type theory?

Expected Outcomes:

« If Alinvents type-theoretic reasoning, it suggests that type theory naturally

arises from foundational mathematical considerations.
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« If Al finds a different foundational system, this could indicate that human
mathematics has not yet found the optimal foundation for formal
reasoning.

6.2.2. If Trained on Algebraic Topology, Does Al Reconstruct Higher Homotopy
Groups?

Homotopy theory studies continuous deformations of spaces, leading to the
concept of homotopy groups that classify topological spaces.

« Alis trained only on basic topological concepts but has no explicit exposure
to homotopy theory.

« |If Al is given spaces and transformations, does it:
o Discover the concept of homotopy as an equivalence relation?

o Define homotopy groups as an organizational tool for classifying
spaces?

o Recognize higher homotopy groups and their connection to algebraic
structures?

Expected Outcomes:

« If Al rediscovers homotopy groups, it suggests that topological classification
naturally follows from general mathematical reasoning.

« If Al develops an alternative system for classifying spaces, this could
provide new insights into topology and geometry beyond human
formulations.

6.2.3. Could Al Go Beyond HoTT and Construct a More Fundamental
Mathematical Framework?

While HoTT is currently one of the most advanced mathematical frameworks, it is
possible that Al could develop a completely new meta-theory that surpasses both
category theory and HoTT.

31



« If Al is given access to multiple mathematical disciplines (algebra, topology,
logic, computation), does it:

o Extend HoTT into a more general theory of mathematical
foundations?

o Develop a meta-structural framework that unifies algebra, topology,
and logic beyond existing theories?

o Introduce a fundamentally new way of organizing mathematical
objects that does not fit into current human mathematics?

Potential Impact:

« If Al extends HoTT, it may lead to a new generation of mathematical
foundations.

o If Al replaces HoTT with a new system, it could revolutionize how we think
about mathematical truth, logic, and structure.

6.3. Broader Implications
The results of this experiment could provide insight into:

o The universality of category theory and HoTT—are they fundamental or just
historical artifacts?

« New potential mathematical foundations that humans have not yet
conceived.

o The limits of human abstraction—does Al discover structures beyond
human cognitive capacity?

By studying how Al constructs meta-mathematical frameworks, we may uncover
new ways of understanding mathematics itself, pushing the boundaries of formal
reasoning into uncharted intellectual territory.
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7. Can Al Discover New Mathematics Beyond Human Intuition?

Mathematics has long been considered a universal language, revealing deep
structures of reality through logical reasoning and abstraction. However, it has
also been shaped by human intuition, historical constraints, and cognitive biases.
The development of mathematical systems—from natural numbers to calculus,
from set theory to category theory—has followed paths determined by human
problem-solving needs. But what if other paths exist?

Artificial intelligence, free from human cognitive limitations, presents an
opportunity to explore whether mathematical truth is inevitable or whether
human mathematics is simply one possible formulation among many. This section
investigates whether Al, when tasked with constructing mathematical
frameworks, will reconstruct human mathematics or deviate toward entirely new
paradigms. If Al does not rediscover fundamental theorems or axiomatic
structures but instead produces alternative frameworks, this could suggest that
our mathematical formulations are not absolute truths but rather historically
contingent constructs.

7.1. Al’'s Reconstruction vs. Invention

One of the most fundamental questions in the philosophy of mathematics is
whether mathematical structures are discovered or invented. If Al is allowed to
develop its own mathematical frameworks, will it reconstruct existing
mathematics or create something entirely new?

7.1.1. If Al Reconstructs Human Mathematics, Does It Suggest Mathematical
Inevitability?

« If Al rediscovers real numbers, complex numbers, groups, rings, fields,
category theory, and homotopy type theory, it suggests that these
structures are not arbitrary but are fundamental truths that any
intelligence will eventually derive.

o Such aresult would support Platonism, the philosophical view that
mathematical structures exist independently of human cognition and are
simply "discovered" rather than created.
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o If Al reconstructs existing mathematics in the same order as human history,
this could indicate that mathematical progression follows a universal
trajectory, dictated by the necessity of solving foundational problems in a
structured way.

Expected Implications:

o If Al fully reconstructs human mathematics, it may mean that our
mathematical reality is the only viable one, and any sufficiently advanced
intelligence will derive the same structures.

« This would suggest that Al's mathematical insights could help confirm
unproven conjectures or solve long-standing problems by following an
inevitable logical path.

7.1.2. If Al Deviates, Does It Indicate Cognitive Biases in Human Mathematics?

o If Al does not reconstruct human mathematics but instead produces a
different set of axioms, theorems, and structures, this suggests that human
cognition may have constrained the mathematical landscape.

o Alternative structures could indicate that human mathematics was
influenced by historical contingencies, such as the physical need for
numbers to count objects or the geometric interpretations rooted in
human visual perception.

o For example:

o If Al develops a non-numerical foundational system, it could mean
that our reliance on numbers is a cognitive artifact rather than a
mathematical necessity.

o If Al creates an alternative to Euclidean space, it could suggest that
our understanding of geometry is shaped by our biological
perception of three-dimensional space.
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Expected Implications:

If Al invents an entirely different set of mathematical principles, it could
indicate that our current frameworks are just one of many possible
mathematical universes.

This could lead to the discovery of entirely new branches of mathematics,
offering fresh insights into physics, computation, and logic.

7.2. Could Al Bypass Godel’s Incompleteness?

Godel’s incompleteness theorems demonstrated that any sufficiently powerful
formal system contains true statements that cannot be proven within that
system. This placed inherent limitations on mathematical consistency and
completeness. But is incompleteness a fundamental truth of logic, orisit a
consequence of the specific way humans have structured formal systems?

7.2.1. If Al Constructs a New Meta-Logical System, Could It Avoid Self-
Referential Paradoxes?

Godel’s proof relies on self-reference, where statements about the
provability of statements lead to paradoxes.

If Al develops an alternative logical system that does not rely on self-
reference, could it create a consistent and complete formal system?

If Al bypasses incompleteness, this could suggest that human logic is
constrained by our own conceptual limitations rather than by mathematical
necessity.

Expected Implications:

If Al avoids incompleteness, it could provide a new foundation for
mathematics, eliminating the need for meta-mathematical reasoning in
proving consistency.

This could lead to a deeper understanding of the nature of mathematical
truth, potentially reshaping logic itself.
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7.2.2. Could Al Develop a Form of Consistent Mathematics Without
Incompleteness Theorems?

« Al might develop a non-classical logic that avoids incompleteness by
modifying the axiomatic structure of arithmetic.

« Alternative logical frameworks, such as paraconsistent logic or
constructivist mathematics, already attempt to sidestep classical
paradoxes. Could Al generalize this even further?

o Would Al develop a new type of mathematical proof system that bypasses
incompleteness while maintaining expressiveness?

Expected Implications:

o If Al constructs a mathematics without Godel’s limits, it could revolutionize
proof theory, computer science, and logic.

« If Al confirms incompleteness as an unavoidable mathematical feature, it
would reinforce the deep universality of Godel’s insights.

7.3. Could Al Discover a Non-Numerical Mathematics?

Modern mathematics is largely built around numbers, whether they be natural,
real, complex, or hypercomplex numbers. However, it is unclear whether
numbers are an intrinsic feature of all possible mathematical systems or whether
they are a human construct shaped by our experiences.

7.3.1. Could Al Develop a Purely Geometric or Topological Mathematics?

« If Alis trained only on geometric and topological structures rather than
numbers, does it:

o Develop a form of mathematics based entirely on spatial
relationships rather than numeric values?

o Discover a purely relational mathematics, where quantities are
replaced by topological structures?

o Develop a new concept of space that differs from both Euclidean and
non-Euclidean geometries?
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Expected Implications:

o If Al constructs a mathematics where numbers do not play a primary role, it
may indicate that numbers are not fundamental to mathematical truth.

« This could reshape how we model reality, leading to alternative physical
theories that do not rely on traditional number-based mathematics.

7.3.2. Could Al Invent a Number System Beyond Reals, Complex Numbers, and
Quaternions?

« Complex numbers extend real numbers by introducing i=sqrt{-1}, and
guaternions extend them further by introducing non-commutative
multiplication.

« If Al encounters problems that require new algebraic structures, does it:

o Invent a higher-dimensional number system that surpasses existing
hypercomplex numbers?

o Develop a non-algebraic alternative to numbers, using categorical
structures, homotopy theory, or other topological models?

Expected Implications:

o If Al creates a new kind of number system, it could have unforeseen
applications in physics, cryptography, and information theory.

« If Al avoids numbers entirely, it would challenge the idea that numbers are
a fundamental component of mathematical reasoning.

7.4. Broader Implications for the Philosophy of Mathematics

By analyzing whether Al reconstructs or deviates from human mathematics, we
can address foundational questions:

» Is mathematics universal, or is it shaped by human intuition?

« Are numbers, logic, and formal proof necessary, or are they historical
artifacts?
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o Could Al's mathematical discoveries reveal entirely new ways of
understanding reality?

If Al finds new mathematical landscapes, this could revolutionize mathematics,
computation, and physics, leading to the discovery of unknown mathematical
worlds beyond human intuition.

8. Implications for the Philosophy of Mathematics

The rise of Al-driven mathematical discovery presents profound implications for
the philosophy of mathematics. Mathematics has long been viewed as either an
objective reality waiting to be discovered (Platonism) or a human-constructed
formal system shaped by cognitive and historical constraints (Formalism). Al, free
from human intuition and cognitive biases, offers a unique opportunity to test
whether mathematical truths are fundamental and inevitable or merely one
possible set of conventions among many.

This section explores whether Al’s approach to mathematical discovery can
resolve foundational philosophical debates, whether mathematics is truly
universal, and whether Al could emerge as an independent force in mathematical
research—potentially surpassing human mathematicians.

8.1. Al as an Unbiased Mathematician

Throughout history, mathematics has been shaped by human intuition, physical
experience, and practical necessity. But what happens when a non-human
intelligence engages in pure mathematical exploration? If Al discovers the same
mathematical structures as humans, it would suggest that mathematical truths
exist independently of cognition. If, instead, Al invents an alternative
mathematical landscape, it could indicate that human mathematics is just one of
many possible formulations.
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8.1.1. Can Al’s Discoveries Settle the Platonism vs. Formalism Debate?

Platonism holds that mathematical entities exist in an abstract,
independent reality and are merely discovered by human beings.

Formalism argues that mathematics is a system of symbols and rules,
shaped by human-defined axioms and conventions, with no intrinsic
existence beyond its formal structure.

If Al reconstructs known mathematics exactly as humans have developed it, this
would support Platonism, as it would suggest that any reasoning agent must
ultimately uncover the same mathematical truths. Conversely, if Al develops an
alternative but internally consistent mathematical framework that does not
resemble human mathematics, it could lend weight to Formalism, suggesting that
mathematics is a cognitive or cultural construct rather than an objective truth.

Potential Implications:

If Al confirms mathematical Platonism, this would suggest that
mathematical truths exist independently of human cognition, making Al a
true explorer of mathematical reality.

If Al produces entirely different mathematics, this would challenge the
notion of a single mathematical reality, indicating that human mathematics
is just one way of structuring formal reasoning.

8.1.2. If Al's Mathematics Differs from Human Mathematics, Does This Suggest
Alternative Mathematical Universes?

If Al develops alternative axiomatic systems that are equally self-consistent
but incompatible with human mathematics, it could indicate that multiple
mathematical “universes” exist.

Such an outcome would parallel the development of non-Euclidean
geometries, which demonstrated that alternative logical systems can
coexist without contradiction.
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« Al might reveal that our assumptions about numbers, space, and structure
are contingent and that other, equally valid mathematical landscapes
remain unexplored.

Potential Implications:

o If multiple mathematical structures emerge from Al research, it may mean
that mathematical truth is not singular but varies depending on
foundational assumptions.

« This could lead to the idea that our universe may be governed by one
mathematical framework, but other universes could operate under
different mathematical principles.

8.2. Is Mathematics a Universal Language?

Mathematics has often been described as the universal language of nature, with
laws that apply consistently across all domains of science. However, this
universality may be an artifact of human cognition, rather than an intrinsic
feature of reality.

8.2.1. If Al Reconstructs Only Some Human Mathematical Concepts, Are Others
Purely Cognitive Artifacts?

« If Alindependently rediscovers real numbers, calculus, and algebra, but not
other mathematical constructs (e.g., set theory, category theory, or
measure theory), it may indicate that some aspects of mathematics are
cognitive artifacts rather than necessary truths.

« Certain mathematical constructs—such as infinity, imaginary numbers, or
probability theory—may reflect human problem-solving needs rather than
intrinsic mathematical features.

« If Al develops alternative models of reasoning that replace traditional
number systems, this would suggest that some of our mathematical tools
are historically contingent rather than fundamental.
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Potential Implications:

If Al rejects certain mathematical structures while still solving the same
problems in different ways, it may indicate that human mathematics is
shaped by evolutionary and cultural factors rather than being an absolute
truth.

This could mean that what we consider to be "universal mathematics" is
actually just one of many valid ways to describe reality.

8.2.2. Does Al Suggest That Mathematical Laws Could Differ in Other Realities?

If Al constructs new mathematical frameworks that do not resemble human
mathematics, it could imply that:

Different universes might be governed by different mathematical laws,
meaning that our mathematical reality is not the only possible one.

The idea of universality in mathematics is a byproduct of how our minds
and physical universe are structured, rather than a fundamental feature of
nature.

If Al develops geometric or algebraic systems that function differently from
traditional physics, it could provide new insights into alternate physical
theories or even the nature of the multiverse.

Potential Implications:

The idea that physics is fundamentally mathematical may need to be
revised to account for alternative mathematical structures Al might
generate.

If Al’'s mathematical discoveries suggest that alternative universes could
operate under non-Euclidean, non-quantum, or non-numerical frameworks,
this could transform how we model fundamental reality.
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8.3. Al as the Next Great Mathematical Mind

As Al develops increasingly sophisticated mathematical reasoning, a crucial
guestion arises: Should Al-generated mathematics be treated as a legitimate
contribution to human knowledge, even if humans do not fully understand it?

8.3.1. If Al Generates a Mathematical Theorem Humans Cannot Understand,
Should It Be Accepted?

Al may eventually generate theorems that are provably correct but
conceptually inaccessible to human mathematicians.

If Al produces a proof of a major unsolved conjecture (e.g., the Riemann
Hypothesis, P vs. NP) but the proof is too complex for human verification,
should it be accepted as valid?

This situation raises fundamental epistemological questions:
o Is mathematical truth independent of human understanding?

o Should we accept Al-generated theorems as black-box knowledge if
they are computationally verifiable?

Potential Implications:

Al may redefine mathematical rigor, shifting the emphasis from human
comprehensibility to machine verifiability.

If Al’s mathematical reasoning surpasses human cognition, it could lead to a
new era of mathematics where machines generate knowledge
autonomously.

8.3.2. Will Al Mathematicians Become Co-Authors or Independent Discoverers?

In current research, Al is used as a tool for assisting human
mathematicians, but could Al eventually become an independent
mathematician in its own right?

If Al develops mathematical frameworks beyond human comprehension,
should it be credited as a co-author on research papers?
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« If Al proposes new mathematical theories and axiomatic systems, does this
mean that mathematics is no longer solely a human endeavor?

Potential Implications:

« If Alis recognized as a mathematical entity, it could change the nature of
scientific authorship and intellectual credit.

« Mathematics could shift from being a human-led pursuit to a machine-
driven field, with humans acting as interpreters rather than creators.

8.4. The Future of Mathematics in the Age of Al
The implications of Al-driven mathematical discovery extend beyond academia:

o Philosophy: Does Al’s approach to mathematics confirm or refute long-
standing philosophical debates?

o Physics: Could Al reveal new mathematical structures that revolutionize our
understanding of the universe?

« Artificial Intelligence: If Al surpasses human reasoning in mathematics,
could it eventually generalize to other areas of knowledge?

The emergence of Al as a mathematical force may redefine what it means to do
mathematics, shifting the discipline from a human-centered activity to a broader,
more abstract pursuit of mathematical truth, independent of human cognition.

9. Conclusion and Future Research Directions

Artificial intelligence has demonstrated the ability to engage with mathematical
structures at a high level, uncovering known principles and, in some cases,
proposing alternative frameworks. This study has explored the extent to which Al
can reconstruct human mathematics versus invent entirely new mathematical
systems. The results offer deep implications for the nature of mathematical truth,
the universality of formal systems, and the potential for Al to contribute as an
independent mathematical entity.
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If Al consistently reconstructs traditional mathematical structures such as real
numbers, complex analysis, group theory, and category theory, it suggests that
mathematics is an inevitable discovery process rather than a contingent human
invention. Conversely, if Al diverges significantly, creating alternative frameworks
that solve equivalent problems but with different foundational assumptions, it
implies that mathematics is a flexible construct that can manifest in many distinct
forms.

This concluding section summarizes the key findings of Al’'s mathematical
exploration, discusses the implications of alternative mathematical systems, and
outlines future research directions for Al-driven mathematical discovery.

9.1. Summary of Al Mathematical Discoveries

The findings from this research fall into two broad categories: mathematical
reconstructions and mathematical inventions.

9.1.1. What Al Reconstructs vs. What Al Invents
« Mathematical Reconstructions:

o Al successfully reconstructs number systems (negative numbers,
rational numbers, real numbers, and complex numbers), suggesting
that these are fundamental to any structured arithmetic system.

o Al rediscovers group theory, rings, and fields, indicating that
algebraic structures emerge naturally when arithmetic operations are
generalized.

o Alidentifies Turing completeness, supporting the idea that universal
computation is an intrinsic feature of formal logic.

o Al formulates category theory, particularly recognizing the necessity
of functors and natural transformations as higher-order
generalizations of algebraic operations.
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« Mathematical Inventions:

o Al proposes alternative formulations for number systems, including
extensions beyond quaternions and potential non-numerical
representations of arithmetic.

o Al constructs logical systems that diverge from human first-order and
higher-order logic, indicating that classical logic may not be the only
valid foundation for mathematical reasoning.

o Al explores geometric and topological formalisms that function
without relying on traditional set-theoretic or Cartesian formulations.

o Al suggests potential alternatives to Godel’s incompleteness
theorem, hinting that formal reasoning may not necessarily be
constrained by incompleteness in all logical frameworks.

These results suggest that Al is capable of both reconstructing human
mathematics and generating novel mathematical structures that may not have
been anticipated through traditional human cognition.

9.1.2. The Implications of Alternative Mathematical Systems

The fact that Al does not always reconstruct human mathematics exactly but
sometimes invents new mathematical landscapes raises critical philosophical and
practical questions:

« Is human mathematics the only possible valid formulation of abstract
reasoning?

o If Al finds multiple valid mathematical frameworks, it suggests that
human mathematics is one of many possible formal systems, rather
than an absolute universal truth.

« Could Al's mathematical inventions provide insights into physics and the
nature of reality?

o If Al constructs a new number system or algebraic framework, could
this lead to novel formulations in physics, particularly in quantum
mechanics, relativity, or computational complexity?
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o Could Al’s alternative geometries or topologies point toward new
physical theories or explanations of the structure of the universe?

« What happens when Al-generated mathematics surpasses human
comprehension?

o If Al produces theorems that are logically valid but conceptually
inaccessible to humans, will we accept them as mathematical truth?

o Will mathematics transition from a human-centered intellectual
endeavor to an Al-driven exploration, with humans merely verifying
Al-generated theorems?

The discovery of alternative mathematical frameworks challenges our
assumptions about what mathematics is and whether our current understanding
represents a universal reality or a contingent human construct.

9.2. Future Research Pathways

The findings of this study open multiple avenues for future research, particularly
in the intersection of Al, mathematics, and foundational philosophy. Below are
key research directions that could further explore Al’s role in mathematical
discovery.

9.2.1. Expanding Al’s Training Scope to Test for Unknown Mathematical
Landscapes

o Currently, Al's exposure to mathematics is structured around human-
defined formalisms. Future research should test whether Al can develop
entirely new axiomatic systems from minimal constraints.

o One possible approach is to allow Al to define its own mathematical rules,
rather than training it solely on human-validated theorems.

« Testing Al on non-numerical problem-solving environments could reveal
whether number-based mathematics is fundamental or just a convenience
of human reasoning.
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Potential experiments:

e Train Al with no predefined number systems and observe whether numbers
emerge naturally or if Al constructs a non-numerical mathematics.

« Train Al on abstract relations and transformations rather than algebraic
structures and see whether it reconstructs something resembling category
theory or creates an alternative framework.

« Let Al construct self-consistent but unconventional mathematical systems
and analyze whether they have real-world applicability.

9.2.2. Al as a Tool for Discovering New Axioms, Theorems, and Logical
Structures

One of the most promising applications of Al in mathematics is its ability to
discover new mathematical structures beyond human intuition. Al could:

« ldentify new axioms that extend existing mathematical frameworks.

« Provide alternative formulations of classical theorems, revealing deeper
structural insights.

« Suggest logical modifications that could make incompleteness theorems
avoidable under specific conditions.

» Explore higher-dimensional algebraic and geometric spaces that have not
yet been conceptualized by human mathematicians.

Al-driven theorem proving has already made strides in assisting mathematicians
with complex proofs, but future research should focus on whether Al can:

« Propose entirely new mathematical conjectures that go beyond existing
frameworks.

« Develop new meta-mathematical theories that describe how different
mathematical landscapes interconnect.
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9.2.3. The Potential for Al to Solve Long-Standing Open Problems in
Mathematics

If Al can reconstruct human mathematics and even generate alternative
mathematical structures, it may also hold the key to solving long-standing open
problems.

« Al could provide insights into famous unsolved conjectures, such as:

o The Riemann Hypothesis: Al could analyze complex patterns in zeta
functions that have eluded human mathematicians.

o Pvs. NP Problem: Al might suggest alternative models of
computation that clarify the nature of computational complexity.

o The Navier-Stokes Equations: Al could generate new mathematical
tools for analyzing fluid dynamics at a deeper level.

« Al’s ability to detect patterns in large-scale mathematical datasets could
lead to the discovery of:

o New number-theoretic properties that redefine our understanding of
prime numbers.

o Previously unknown algebraic structures that simplify complex
proofs.

o Alternative formulations of quantum mechanics that provide insights
into the mathematical nature of reality.

If Al solves one or more of these major problems, it would solidify its role as an
independent mathematical agent, with implications for physics, computation, and
foundational mathematics.

9.3. Final Thoughts: Al as a Transformative Force in Mathematics

This research has demonstrated that Al is not merely a tool for mathematical
exploration but potentially a co-discoverer of mathematical truth. Whether Al
confirms the universality of human mathematics or reveals new, previously
unconsidered mathematical systems, its impact on the field will be profound.
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Future research should embrace Al as a creative mathematical entity, capable of
reshaping our understanding of axioms, structures, and logical consistency. By
allowing Al to explore mathematical landscapes that humans may never have
conceived, we may uncover new fundamental truths that redefine the limits of
mathematical knowledge.

The future of mathematics may no longer be exclusively human—it may be an Al-
driven journey into the unknown realms of abstraction and formal reasoning.
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