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Category Theory (CT) and Homotopy Type Theory (HoTT) are often regarded as 
two of the most promising candidates for a universal foundation of mathematics. 
Yet, despite their elegance, we rarely glimpse the emergence of these systems in 
action. What would it mean to watch a universe of mathematics crystallize, not 
from axioms designed by hand, but from raw computational exploration? This 
paper proposes a thought experiment: rather than simulating proofs or pursuing 
traditional complexity metrics, we imagine computational engines that do nothing 
more than watch for preconditions. These preconditions are the minimal 
signatures—identity, associativity, pullbacks, cartesian closed categories, Yoneda 
fragments, or univalence hints—that might scaffold richer mathematical worlds. 
By monitoring when and where such preconditions appear, especially under 
perturbations such as seeded fragments, we gain a lens into how coherence might 
spontaneously arise. This reframing shifts mathematics from a purely deductive 
enterprise into something more like a physics of universes: a search for attractors, 
thresholds, and emergent laws within computation itself. 
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1. Introduction 

Mathematics is often imagined as an eternal edifice: axioms fixed, theorems 
chiseled out of logic, structures discovered as if they were already present in an 
abstract Platonic realm. Yet this perspective hides a more dynamic possibility: 
what if mathematics itself can emerge from processes that were not explicitly 
designed to produce it? This paper entertains such a possibility through a thought 
experiment that uses computation not as a tool for proof, but as a laboratory for 
emergence. 

We focus on two of the most ambitious frameworks for modern foundations: 
Category Theory (CT) and Homotopy Type Theory (HoTT). Both offer universality: 
CT through its emphasis on morphisms and structural relationships, HoTT through 
its univalence principle and higher-dimensional identities. But universality alone 
does not explain how structure first appears. We ask: Can universes of CT/HoTT 
crystallize in computation if we look only for their minimal preconditions? 

The guiding idea is simple: build engines that explore combinatorial space 
randomly, while a “watcher” monitors for preconditions such as identity, 
associativity, pullbacks, cartesian closure, Yoneda fragments, or hints of 
univalence. These are not complete systems, but minimal signatures of coherence. 
When such signatures emerge and persist, they may be read as the birth of a 
mathematical world. 

 

2. Background 

2.1 Category Theory in Outline 

Category Theory arose in the mid-20th century as a unifying language across 
mathematics. At its heart is the concept of a category, consisting of objects and 
morphisms (arrows) between them. The key rules—associativity of composition 
and the existence of identity morphisms—ensure that arrows can be chained 
consistently. From this minimal start, a vast architecture unfolds: limits and 
colimits, functors, adjunctions, natural transformations, and higher categorical 
constructions. 
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One reason CT is so powerful is that it treats relationships as primary. For 
example, instead of focusing on the internal details of groups, rings, or topological 
spaces, CT organizes them by how they map into each other. This externalist 
perspective makes categories into universes that can be compared and 
transformed systematically. 

Among the central ideas are: 

• Pullbacks and pushouts: diagrams that capture universal properties of 
shared structure. 

• Cartesian Closed Categories (CCC): categories rich enough to model typed 
lambda calculus and, by extension, much of logic and computation. 

• The Yoneda Lemma: a principle showing how an object is fully characterized 
by its morphisms into and out of other objects. 

These ingredients form a minimal “signature” from which higher-level worlds of 
mathematics can be scaffolded. 

2.2 Homotopy Type Theory in Outline 

Homotopy Type Theory (HoTT) is a more recent innovation, blending type theory 
from logic and computer science with homotopy theory from algebraic topology. 
In HoTT, types are not just sets of elements, but spaces whose points, paths, and 
higher paths represent layers of equality. The univalence axiom, introduced by 
Voevodsky, asserts that equivalent types can be identified—making isomorphic 
structures truly interchangeable. 

Key features include: 

• Identity types: where equality itself becomes a mathematical object, with 
paths witnessing equivalences. 

• Higher paths: equalities between equalities, giving a homotopical flavor to 
logic. 

• Univalence: equivalence = identity, a radical consolidation of mathematical 
practice. 
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HoTT thus encodes mathematics in a way that respects both logical deduction and 
spatial intuition. In the context of this paper, HoTT provides a language for 
emergent coherence—if univalence-like behavior appears in a random system, it 
hints at the crystallization of higher structure. 

2.3 Compression and Preconditions 

The bridge between computation and these abstract theories is compression. 
When data admits a shorter description, it usually signals hidden structure. In our 
frame, compression thresholds serve as detectors for when noise begins to 
consolidate into coherence. 

But compression alone is not enough. We therefore specify preconditions—
minimal signatures of categorical or type-theoretic structure. Identity and 
associativity are trivial to state but profound in implication. Pullbacks and 
cartesian closure give the first hints of universes capable of modeling logic. 
Yoneda fragments suggest self-reflective structure. And univalence, even in partial 
form, signals the possibility of collapsing equivalence and identity. 

Together, compression and preconditions give us a way to watch for the birth of 
universes inside computation. 

 

3. Computational Frame 

When mathematicians construct new theories, they typically begin with axioms: 
explicit statements of what is assumed, followed by deductive consequences. Our 
thought experiment inverts this logic. Instead of beginning with axioms, we 
imagine a computational frame in which raw processes generate fragments of 
structure more or less at random, and we install a watcher that monitors when 
preconditions for universes are satisfied. 

The computational engine itself is deliberately engine-neutral. It is not essential 
whether it is implemented in Python, Lisp, or some hypothetical machine 
language of the future. What matters is the class of computations it represents: 
iterative generators of categorical data. Such a generator might, for example, 
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assemble morphisms between abstract objects without regard for coherence. 
Most of the time, the result is noise: arrows that cannot be composed, diagrams 
that do not commute, types that fail to respect identity. 

The precondition watcher plays the central role. Rather than tracking every detail 
of complexity, it records only boolean events such as: 

• “An identity morphism was satisfied for this object.” 

• “Associativity of composition held for this triple of arrows.” 

• “A pullback diagram closed correctly.” 

• “A fragment of the Yoneda lemma appeared.” 

These events are signals of potential crystallization. They do not guarantee that a 
full categorical or type-theoretic universe exists, but they suggest that local 
coherence is beginning to form. 

We may observe these signals in multiple modes: 

1. Compression thresholds — A drop in descriptive length indicates that the 
system has simplified its representation, often correlating with symmetry or 
regularity. If a collection of arrows can be summarized by a shorter rule, 
structure may be consolidating. 

2. Boolean probes — Engine-specific tests that return true or false for 
preconditions. For instance, “is this diagram a valid pullback?” or “does 
composition close under this set?” 

3. Temporal persistence — A precondition that holds only for one iteration 
may be an accident. If it persists across many steps, or across seeds, it 
suggests stability. 

Thus, the computational frame is not about building mathematics in the 
traditional sense, but about listening for when the noise of computation begins to 
resonate with the chords of Category Theory and HoTT. 
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3+.  Computational Frame (expanded with pseudocode) 

Most computations in this frame begin as raw noise: objects without clear 
identity, arrows that fail to compose, diagrams that do not commute. The goal is 
not to correct these failures but to monitor when coherence emerges. This is 
where the precondition watcher comes in. 

At its simplest, the watcher is just a loop that applies random moves to a pool of 
objects and arrows, then asks whether minimal signatures of Category Theory or 
HoTT appear. For example, an identity precondition might be checked as follows: 

# Pseudocode sketch for identity 

for obj in Objects: 

    if compose(id(obj), f) == f and compose(f, id(obj)) == f: 

        report("Identity holds for", obj) 

Similarly, associativity of composition is another minimal precondition: 

# Pseudocode sketch for associativity 

for f,g,h in RandomTriples(Arrows): 

    if compose(f, compose(g,h)) == compose(compose(f,g), h): 

        report("Associativity holds for", (f,g,h)) 

Higher-level structures like pullbacks can also be probed: 

# Pseudocode sketch for pullback test 

if is_commutative(square) and satisfies_universal_property(square): 

    report("Pullback detected:", square) 

Each of these checks returns only a boolean event. Most of the time the answer is 
“false.” But when a “true” occurs—especially if it persists across multiple random 
updates—it signals that local coherence has crystallized. 

To reduce false positives, the watcher can also track persistence over time: 



7 
 

# Persistence filter 

if precondition_holds for ≥ k consecutive steps: 

    log("Stable crystallization:", precondition) 

Finally, the watcher records compression thresholds: if the description of the 
system shortens, or if repeating patterns allow fewer rules to describe more 
arrows, then compression suggests structure is consolidating. 

 

The thought experiment therefore shifts focus: instead of asking “what is 
proven?”, we ask “when do minimal conditions of mathematics spontaneously 
arise?” The pseudocode shows that this question can be made concrete: engines 
generate, watchers listen, and reports mark the birth of coherence. 

 

4. The Thought Experiment 

Imagine rows of computational engines running in parallel, each seeded with 
random data: objects without clear identity, arrows pointing in arbitrary 
directions, fragments of diagrams with no coherence. By themselves, these 
engines produce little more than noise. But now introduce the precondition 
watcher—a process that listens for when identities close, when associativity holds, 
when a square diagram commutes in the right way. Suddenly, the noise is sifted 
through a filter that highlights the rare sparks of order. 

In practice, one could imagine launching hundreds or thousands of such watchers, 
each tied to different random seeds. Some runs collapse almost immediately—no 
structure, only scattered fragments. Others produce fleeting alignments: an 
identity here, a pullback there, but no persistence. The most intriguing cases are 
those where coherence crystallizes and persists, suggesting the presence of a local 
attractor in the space of possible structures. 
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Perturbation principle 

A further twist is to introduce fragments of universes into the system. For 
instance, one might drop in a Yoneda triangle (an object with arrows representing 
hom-functor relationships) or a simplified univalence condition (a hint that 
equivalence might collapse into identity). The question then becomes: does the 
system crystallize around the fragment, pulling surrounding noise into coherent 
alignment, or does it ignore and discard the seed? 

Random vs. guided injections 

Here we touch on an analogy to physics. In crystallography, a small seed crystal 
can induce large-scale order in a supercooled liquid. Likewise, in our 
computational frame, a seeded fragment might act as a nucleation site for a 
mathematical universe. Alternatively, random runs without seeding might still 
stumble upon preconditions naturally, though at far lower frequency. Comparing 
the two conditions—random vs. seeded—could tell us whether emergence 
depends on outside “perturbations” or whether universes can arise from pure 
chance. 

Temporal dynamics 

Time adds another dimension. Some crystallizations may hold for a handful of 
iterations and then collapse, much like unstable physical states. Others may persist 
indefinitely, achieving what we might call a stable precondition state. The watcher 
does not impose meaning here—it merely reports the signatures. The 
interpretation is left for us to decide: when does persistence signify emergence, 
and when is it still artifact? 

 

5. What Counts as Emergence? 

Emergence is a notoriously slippery concept. In physics, we say that patterns such 
as convection rolls or snowflakes “emerge” when local interactions cross a 
threshold and produce global order. But mathematics is not physics—its 
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structures are usually seen as timeless, not contingent. Thus, to speak of 
emergence in mathematics requires careful distinctions. 

Artifact versus genuine structure 

In our computational frame, the watcher may report that a certain precondition 
holds: an identity morphism is respected, or a pullback diagram commutes. But 
does this count as genuine structure, or is it merely an artifact of randomness? 
One way to filter artifacts is to look for persistence: if a property holds only once, 
it may be coincidence; if it recurs across many seeds and iterations, it may signal a 
deeper attractor. 

Internal truth versus external truth 

Another dimension is internal vs. external truth. 

• Internal truth means that within the simulated world, the rules appear to 
hold. For example, if a Yoneda-like property is satisfied consistently inside 
the engine, it is “true” for that artificial universe. 

• External truth asks whether mathematicians, observing from outside, would 
recognize it as a genuine instance of the Yoneda lemma, univalence, or 
cartesian closure. This requires interpretation and mapping between the 
emergent system and established theory. 

This gap mirrors Gödel’s incompleteness and Turing’s halting problem: the system 
itself cannot confirm the ultimate status of its own truths—an external interpreter 
is required. 

A worked example: Yoneda inside a machine 

Suppose a watcher detects that for some object 𝐗𝐗, all relationships with other 
objects are faithfully captured by morphisms from 𝐗𝐗. Internally, the system treats 
this as valid. But to us, the question is: is this a shadow of Yoneda, or just a 
coincidence in finite data? If such behavior persists, we may justifiably call it 
“emergence of Yoneda-like structure.” If it collapses under scrutiny, it is noise. 
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The criterion of crystallization 

Thus, for this thought experiment, we define emergence pragmatically: 

• A precondition holds persistently (not just once). 

• It holds coherently (multiple preconditions align—e.g., associativity and 
identity together). 

• It invites external recognition (mathematicians can map the pattern onto a 
known theorem or axiom). 

When these three conditions are met, we may say that a mathematical structure 
has crystallized inside computation. 

 

Interlude: Visual Sketches of Preconditions 

1. Identity and Associativity 

At the core of every category: 

Object A ----f----> Object B 

 

Identity:   id_A ∘ f = f and f ∘ id_B = f 

 

Associativity:   (f ∘ g) ∘ h = f ∘ (g ∘ h) 

Without these, nothing counts as a category at all. They are the minimal “glue” 
that lets arrows compose consistently. 
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2. Pullback Square 

A pullback expresses the most universal way two objects can map into a common 
target: 

      P  ---->  X 

      |         | 

      v         v 

      Y  ---->  Z 

Here, P is the pullback if for any other object W mapping into X and Y consistently 
with Z, there exists a unique arrow W → P. This “universal property” is what the 
watcher tests for. 

 

3. Yoneda Triangle (Fragment) 

The Yoneda lemma says an object is determined by its relationships. A fragment 
looks like: 

Hom(C, X)  ---->  Hom(C, Y) 

      |                | 

      v                v 

     F(X)  ---->      F(Y) 

The idea: knowing how all other objects map into X determines X itself. If this 
fragment recurs in the computation, it suggests a Yoneda-like consolidation. 
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4. Univalence (Homotopy Type Theory) 

Univalence equates equivalence with identity: 

Type A  ≃  Type B    ⇒    Type A  =  Type B 

Here ≃ means “equivalent,” while = means “identical.” 
In homotopy terms, paths between A and B represent equivalences, and 
univalence asserts that such paths can be reinterpreted as genuine equalities. For 
a watcher, even hints of this—where equivalence collapses into equality—signal a 
profound consolidation. 

 

These sketches serve as anchors for the reader: whenever the watcher reports a 
precondition, it is looking for one of these minimal signatures. In a sea of random 
arrows and types, the sudden persistence of such a diagram is what we interpret 
as crystallization. 

 

6. Philosophical Considerations 

At first glance, the watcher framework may seem like nothing more than an 
elaborate toy. After all, random arrows and precondition checks hardly resemble 
the grand edifices of mathematics. Yet the philosophical implications are 
profound, for they touch on the very nature of mathematical existence. 

Simulation versus discovery 

If a computational process spontaneously exhibits identities, pullbacks, or even 
fragments of univalence, are we simulating mathematics, or discovering it? In 
physics, emergent phenomena like turbulence or crystal lattices are regarded as 
discoveries: patterns in nature that were not designed by us but revealed under 
the right conditions. Could mathematics—typically thought of as timeless and 
deductive—also be revealed this way, as though it were the physics of possible 
universes? 
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Mathematics as “physics of universes” 

This leads to a radical reframing: mathematics is not simply a library of axioms and 
proofs, but a kind of physics of universes. Just as matter organizes into atoms, 
molecules, and galaxies, so too do arrows and types organize into categories and 
homotopies. By watching preconditions crystallize, we are not “constructing” 
universes so much as observing universes come into being. 

Echoes of Gödel, Turing, and Lawvere 

This view has historical resonance. Gödel showed us that formal systems harbor 
truths they cannot prove. Turing revealed that even the simplest machines may 
exhibit uncomputable behavior. Lawvere reframed logic and algebra as categorical 
structures that unify vast regions of thought. Each of these pioneers illuminated 
boundaries where structure emerges beyond our direct control. Our watcher 
experiment is in this lineage: an exploration of the boundary between noise and 
coherence, between arbitrary generation and mathematical necessity. 

The paradox of external recognition 

There is also a paradox. If a machine “discovers” Yoneda internally, is that Yoneda, 
or only a shadow of it? Recognition requires an external mathematician who can 
map the internal pattern to the known theorem. Yet this act of recognition may 
itself alter the meaning: what was emergent becomes reabsorbed into the canon 
of mathematics. In this sense, emergence is not only a computational event but a 
dialogue between machine and mathematician. 

 

Sidebar: Platonism vs. Constructivism 

The question of whether mathematics is discovered or constructed has shadowed 
the discipline for centuries. 

• Platonism holds that mathematical objects exist in a timeless realm, 
independent of human minds. When we prove a theorem, we are 
uncovering truths that were always already there. In this light, an emergent 
Yoneda fragment inside a computer might be seen as a window into the 



14 
 

Platonic world—evidence that the structures we glimpse are not ours to 
invent but ours to find. 

• Constructivism, in contrast, insists that mathematics exists only insofar as it 
can be built step by step from constructive processes. Proof is not about 
correspondence with an eternal realm but about verifiable construction. 
From this view, a computational watcher that “finds” a pullback square is 
not revealing a timeless truth but constructing a new one inside the 
machine. 

Our thought experiment straddles this tension. By asking a machine to generate 
noise and then “listening” for preconditions, we neither fully discover nor fully 
construct. Instead, we occupy a middle ground where the act of watching itself is 
creative: it allows Platonic resonance and constructive process to coexist. 

In this way, the watcher is more than a detector. It becomes a philosophical probe, 
testing whether emergence aligns more with Platonism’s eternal existence or 
constructivism’s iterative creation—or whether a third stance is needed entirely. 

 

 

7. Possible Outcomes 

What would it look like, in practice, if we launched precondition watchers across a 
wide computational landscape? The range of possible outcomes can be sorted 
into three broad categories: 

7.1 No Crystallization: Noise without Structure 

The most mundane outcome is also the most likely: nothing emerges. Random 
arrows fail to compose, pullback tests fail, Yoneda fragments vanish as quickly as 
they appear. Compression does not cross thresholds, and persistence never takes 
hold. In this case, the watcher records a desert of falses—a flatline punctuated 
only by rare, trivial alignments. Philosophically, this is equivalent to saying: 
without intervention, universes of CT/HoTT may not emerge spontaneously at all. 
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7.2 Local Crystallization: Fleeting Structures 

More intriguing are cases where preconditions appear temporarily. An identity 
may persist for a dozen steps; a pullback square may hold under one arrangement 
of arrows but collapse as soon as noise pushes the system elsewhere. These local 
crystallizations resemble metastable states in physics: like a snowflake forming in a 
warm room, beautiful for a moment but doomed to dissolve. 

Such outcomes are still valuable. They show us what the threshold of coherence 
looks like: how close a system can get to universality before chaos reasserts itself. 
Local crystallizations also raise a deeper question: do they hint at near-attractors, 
mathematical structures waiting to stabilize if only the right perturbation is 
applied? 

 

7.3 Stable Crystallization: Mathematical Attractors 

The most dramatic outcome is the rarest: stable crystallization. Here, 
preconditions not only appear but persist indefinitely. Identities and associativity 
hold across expanding sets of arrows. Pullbacks and cartesian closure stabilize into 
repeating motifs. Yoneda fragments recur until they are no longer fragments but 
self-sustaining rules. In some runs, even univalence-like behavior may solidify, 
collapsing equivalence into identity across large substructures. 

We may call such stable states mathematical attractors—regions of computational 
space where coherence pulls noise into order. In this case, the watcher becomes 
not a passive detector but a herald: announcing the birth of a universe in which 
CT/HoTT structures crystallize naturally. 

 

The distinction between these outcomes is not merely technical but philosophical. 
Do universes require a seed (perturbation) to stabilize, or can they arise from pure 
chance? Are stable attractors common in the space of possibilities, or vanishingly 
rare? The answers to these questions will shape whether mathematics is best 
seen as inevitable or contingent. 
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8. Implications 

The possible outcomes of our watcher experiment carry implications well beyond 
the mechanics of computation. They touch mathematics itself, the practice of 
computer science, and long-standing philosophical debates. 

 

8.1 Implications for Mathematics 

If no crystallization occurs, the result is sobering: it would suggest that universes 
of CT/HoTT are not “inevitable attractors” but require deliberate human 
axiomatization. In this case, mathematics may remain a discipline of design rather 
than discovery. 

If local crystallization occurs, mathematics begins to look more like phase 
transitions in physics—coherence appears temporarily at critical points but cannot 
be sustained. This would suggest that mathematical universes are fragile, 
requiring fine-tuned conditions to persist. Such a result would reframe 
mathematics not as static truth but as contingent stability, much like convection 
cells in a heated fluid. 

If stable crystallization is observed, then mathematics itself gains a new 
interpretation: structures such as Yoneda or univalence may not just be theorems 
but natural attractors of computational space. In this view, mathematics is less a 
human invention and more a universal phenomenon, waiting to be mined 
wherever constructive processes run long enough. 

 

8.2 Implications for Computer Science 

For computer science, the watcher framework points toward the design of math 
miners: distributed systems that explore vast computational landscapes looking 
for emergent structure. Just as physicists use particle accelerators to probe for 
new states of matter, computer scientists might launch clusters of watchers to 
probe for new states of mathematics. 
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This could have practical consequences. If attractors exist, then computational 
systems may be able to generate new mathematical universes beyond human 
foresight, offering a kind of automated theory discovery. Even if only local 
crystallizations occur, the ability to detect near-miss structures could guide 
algorithm design, complexity theory, or even AI architectures that thrive on 
emergent regularity. 

 

8.3 Implications for Philosophy 

For philosophy, the stakes are highest. If universes crystallize stably, this would 
provide evidence for a kind of computational Platonism: mathematical truth not 
only exists but reveals itself under the right conditions, as reliably as crystals form 
from a supersaturated solution. 

If, however, universes only appear locally and collapse, constructivism gains 
strength: mathematics exists only insofar as it can be actively maintained. 
Watching for preconditions then becomes a metaphor for human effort—the 
ongoing work needed to sustain coherence. 

Finally, if nothing ever crystallizes, we face a stark possibility: mathematics may 
truly be ours alone, an edifice of symbols maintained by human minds without 
any natural basis in the space of computation. 

 

In all cases, the watcher experiment forces us to rethink mathematics not just as 
the manipulation of symbols but as the study of coherence in possibility space. 
Emergence, persistence, and collapse become as central to mathematical practice 
as proof, deduction, and abstraction. 
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8.4 Parallels to Physics 

The watcher experiment, though mathematical, borrows much of its intuition 
from physics. Several parallels are worth noting: 

• Phase Transitions: Just as water becomes ice when temperature crosses a 
threshold, a computational space may “freeze” into categorical order once 
enough preconditions are satisfied. The appearance of identities and 
associativity can be read as the first hints of a solidifying lattice. 

• Nucleation: In crystallography, a seed crystal initiates large-scale order in a 
supercooled liquid. Likewise, dropping in a Yoneda triangle or a univalence 
fragment can act as a nucleation site for mathematical coherence, causing 
surrounding randomness to fall into alignment. 

• Symmetry Breaking: Physics often advances by symmetry breaking, where a 
uniform state destabilizes into structured phases. Our watcher looks for the 
same phenomenon in abstract form: when arbitrary arrows suddenly obey 
asymmetric rules like identity and associativity, symmetry has broken in 
favor of structured coherence. 

• Attractor Basins: In dynamical systems, trajectories fall into basins of 
attraction. A stable CT/HoTT universe would correspond to a deep basin: 
once the system drifts near it, the preconditions reinforce each other and 
order persists. Local crystallizations, by contrast, would correspond to 
shallow basins, where noise can easily knock the system back into chaos. 

These analogies suggest that mathematical emergence is not alien to physical 
emergence—both may be governed by universal principles of order, stability, and 
collapse. If so, then studying one sheds light on the other, and the watcher 
experiment may be a bridge between mathematics and physics in the most literal 
sense. 
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9. Future Directions 

The watcher experiment, as outlined so far, is deliberately minimal: random 
generators, Boolean probes, and compression thresholds. Yet even in this bare-
bones form, it suggests a research program that can be extended in several 
directions. 

9.1 Expanding the Precondition List 

The current focus has been on the most basic categorical and type-theoretic 
signatures: identity, associativity, pullbacks, cartesian closure, Yoneda fragments, 
and hints of univalence. But the list could grow considerably. For example: 

• Limits and Colimits: broader families of universal constructions. 

• Adjunctions: the cornerstone of categorical dualities. 

• Model Structures: bridging category theory with homotopical algebra. 

• Higher Coherence Laws: in n-categories, where associativity itself has 
higher-order structure. 

Each addition would give watchers a richer vocabulary for recognizing 
crystallization. 

 

9.2 Longer Runs and Distributed Watchers 

If emergence is rare, then it may require long time horizons to appear. Distributed 
systems, spread across many machines and seeds, could serve as “mathematical 
telescopes,” scanning vast computational space in search of stable attractors. Such 
watchers might operate indefinitely, with results aggregated into global logs of 
emergent preconditions. 

 

9.3 Controlled Perturbations 

Future experiments could explore how universes respond to perturbations. 
Seeding a system with a Yoneda triangle, a partial univalence axiom, or even a 
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small cartesian closed fragment might trigger crystallization. By varying 
perturbations systematically, we could test whether universes need external 
nudges to stabilize—or whether they arise unassisted. 

 

9.4 Interface with Human Mathematicians 

Even if a watcher reports that “preconditions hold,” interpretation remains a 
human task. Mathematicians may need to examine logs and decide whether an 
emergent structure is truly Yoneda, truly a pullback, or something entirely new. 
This creates a novel interface between computational emergence and 
mathematical recognition, where humans act less as theorem-provers and more 
as naturalists cataloguing species in a new landscape. 

 

9.5 Beyond CT/HoTT 

Finally, while this paper has centered on Category Theory and Homotopy Type 
Theory, the method of watching for preconditions could extend elsewhere: lattice 
theory, modal logic, even physics-inspired structures like tensor categories. If 
coherence is a universal phenomenon, then the watcher framework may be a 
general-purpose way to explore the space of possible mathematics. 

 

10. Conclusion 

This paper has proposed a thought experiment: instead of building mathematics 
axiom by axiom, what if we watched for the preconditions of universes to 
crystallize spontaneously within computation? By framing Category Theory and 
Homotopy Type Theory not as finished systems but as signatures of coherence—
identity, associativity, pullbacks, cartesian closure, Yoneda fragments, and 
univalence hints—we open the possibility that mathematics itself may be an 
emergent phenomenon. 
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The watcher does not prove theorems. It does not simulate logic in the usual 
sense. It simply records when and where conditions of order arise out of noise. 
Sometimes nothing appears; sometimes fragile fragments surface and collapse; 
sometimes, perhaps, stable attractors persist. Each of these outcomes carries 
weight: from the fragility of coherence to the possibility that mathematics is as 
inevitable as a crystal forming in supercooled water. 

We end where the philosophical tension lies. If stable universes emerge in our 
machines, are we discovering mathematics, tapping into a Platonic realm that 
exists independently of us? Or are we constructing mathematics, making new 
worlds that live only because we choose to observe them? The watcher 
experiment cannot resolve this question. But it reframes it vividly: mathematics 
may not only be written in the language of proof, but also in the language of 
emergence. 
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