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Category Theory (CT) and Homotopy Type Theory (HoTT) are among the most 
abstract frameworks in modern mathematics. They offer ways of describing not 
only objects and functions, but also the higher-dimensional relationships between 
structures and the transformations of those relationships. For many, however, CT 
and HoTT remain inaccessible because their concepts are difficult to visualize. This 
paper proposes a thought experiment: what if the complexity of CT/HoTT could be 
understood in terms of Legos? In this metaphor, Lego bricks stand in for objects or 
types, the studs and sockets are morphisms, and instruction booklets represent 
composition. Lego sets become categories, while multiple ways of assembling the 
same model illustrate HoTT’s focus on equivalence and higher paths. 
GenesisBoard, a computational system that evolves structures through iterative 
runs, provides a natural laboratory for this metaphor. Iteration resembles placing 
Lego bricks step by step, with emergence appearing when unexpected assemblies 
crystallize. By framing GenesisBoard’s dynamics in Lego-CT/HoTT terms, we aim to 
make abstract mathematics more intuitive while also suggesting new ways of 
interpreting the program’s evolving universes. 
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1. Introduction 

Category Theory (CT) and Homotopy Type Theory (HoTT) represent two of the 
most powerful yet abstract frameworks in modern mathematics. CT offers a 
unifying language for structures and the relations between them, while HoTT 
extends this language into higher dimensions where not only objects and 
morphisms matter, but also the equivalences between paths of transformation. 
Despite their importance, these frameworks are often regarded as inaccessible to 
non-specialists. The notation is dense, the abstractions remote, and the intuitive 
footholds few. For learners and practitioners alike, the challenge lies not in 
acknowledging the elegance of CT/HoTT, but in finding ways to visualize and 
engage with them meaningfully. 

The metaphor of Lego construction provides one such foothold. Lego bricks can 
serve as analogues for objects or types, their connectors stand in for morphisms, 
and the stepwise assembly of models reflects the rules of composition. Entire 
Lego sets can be viewed as categories, and alternative methods of assembling the 
same model suggest HoTT’s focus on paths and equivalences. By grounding 
abstract principles in physical analogies, Lego offers a playful but rigorous bridge 
for intuition. 

GenesisBoard extends this metaphor into a computational experiment. Through 
iterative processes, GenesisBoard builds universes step by step, much as Lego 
models grow through the sequential placement of bricks. Constraints mirror the 
laws of physics, while emergent structures highlight how unexpected assemblies 
arise from simple rules. The purpose of this paper is to explore whether CT/HoTT 
universes can be explained and imagined as emergent Lego worlds, making 
advanced mathematics more accessible while enriching the interpretation of 
GenesisBoard’s evolving outputs. 

 

2. The Lego Metaphor for CT/HoTT 

To understand how CT and HoTT can be visualized through Lego, it is useful to 
map their central ideas directly onto the physical act of construction. This 
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metaphor does not diminish the rigor of the mathematics, but instead supplies an 
accessible analogy that allows abstract structures to be felt in a concrete way. 

Objects as Lego bricks. In CT, an object is an entity considered only in terms of its 
role in a network of relations. Likewise, a Lego brick is defined not by its chemical 
composition, but by its shape, size, and connectivity. A 2×4 red brick and a 2×4 
blue brick are different as physical items, but in Lego terms they are the same type 
of object. 

Morphisms as connectors. The essential feature of Lego bricks is their studs and 
sockets. These connectors dictate how bricks can lawfully attach to one another. In 
CT, morphisms play the same role: they define lawful relations between objects. 
The physical “click” of a brick joining another corresponds to a morphism 
establishing a relationship. 

Composition as instructions. Lego sets come with instruction booklets that 
describe how to combine individual steps into larger assemblies. This reflects the 
principle of composition in CT: if brick A attaches to brick B, and brick B attaches to 
brick C, then A is indirectly connected to C. The rules ensure that any lawful 
sequence of steps produces a consistent structure. 

Categories as Lego sets. A Lego set can be seen as a category in its own right. It 
comes with a fixed set of bricks (objects) and legal ways of connecting them 
(morphisms). Each set defines a domain of possible builds, governed by its 
internal rules. Just as categories can be studied in relation to one another, Lego 
sets can be combined, extended, or translated into new contexts. 

HoTT as higher Lego universes. Homotopy Type Theory extends the metaphor 
beyond bricks and instructions to the relationships between entire builds. Imagine 
two different ways of constructing the same spaceship: although the assembly 
sequences differ, both yield an equivalent structure. HoTT tracks not only the final 
equivalence but also the “paths” that connect these different assemblies. At 
higher levels, even the transformations between paths become objects of study, 
much like Lego models that can morph from one form into another through a 
continuous series of reassemblies. 
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Through this mapping, Lego becomes a tangible stand-in for the abstract 
machinery of CT/HoTT, preserving the core emphasis on relationships and 
transformations while opening the door to broader intuition. 

 

3. GenesisBoard as Iterative Lego Builder 

While the Lego metaphor clarifies the central concepts of CT and HoTT, it becomes 
even more compelling when applied to GenesisBoard, the experimental system 
designed to explore emergent structure through iterative computation. 
GenesisBoard can be imagined as a cosmic Lego builder: it begins with nothing, 
applies stepwise rules, and gradually produces universes of increasing complexity. 

Baseplate as the void. Every Lego construction begins with a foundation, often a 
flat baseplate that serves as the ground for all future assembly. In GenesisBoard, 
this role is played by the initial state of the system—the computational void into 
which the first symbolic structures are placed. Just as the baseplate constrains 
where the first brick can be set, the void defines the conditions of possibility for 
iteration. 

Iteration as time. GenesisBoard advances through discrete steps, each adding or 
modifying connections between elements. In the Lego analogy, this is the 
sequential placement of bricks: history is written one move at a time. The sense of 
temporal flow arises not from a pre-existing clock, but from the unfolding order of 
assembly. 

Rules as physics. Not every brick can attach to every other, and not every 
computational move in GenesisBoard is lawful. Lego’s studs and sockets enforce 
physical constraints, and similarly, GenesisBoard enforces formal rules of 
connectivity. These rules function as the “laws of physics” for the system, ensuring 
coherence and limiting what kinds of structures can exist. 

Emergence as surprises. Even within strict rules, unexpected patterns often 
appear. A child may begin stacking bricks and suddenly realize they have built a 
tower, a bridge, or even a recognizable creature. GenesisBoard exhibits the same 
phenomenon: structures emerge that were not explicitly designed, but instead 
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crystallize from the lawful interaction of parts. This sense of surprise is the 
hallmark of emergence, where simple iterations give rise to novel assemblies. 

Injections and seeds. In Lego building, the first few pieces placed often determine 
the overall direction of the construction. A single brick with unusual shape can 
dictate the possibilities of the final model. Likewise, in GenesisBoard, injections 
and seeds—the initial conditions or special insertions introduced during a run—
exert profound influence on the long-term trajectory of the system. The starting 
elements act like genetic blueprints, predisposing the emergent universe toward 
certain stable or unstable outcomes. 

Seen in this light, GenesisBoard functions as a laboratory of Lego universes: a 
system where void, time, physics, surprise, and initial conditions combine to 
generate diverse worlds. This iterative Lego builder is not simply a metaphor but a 
framework for understanding how CT/HoTT-like structures can emerge 
computationally. 

 

4. Higher-Dimensional Lego: HoTT in Action 

While Category Theory emphasizes objects, morphisms, and composition, 
Homotopy Type Theory (HoTT) introduces a richer vocabulary that extends 
naturally into the Lego metaphor. HoTT is not satisfied with knowing that two 
bricks connect; it also seeks to understand the different ways they can connect, 
and the transformations between those ways. This higher-dimensional 
perspective allows us to reason about equivalences, symmetries, and identities at 
multiple levels of abstraction. 

Paths as multiple assemblies. In HoTT, a path represents a way of moving from 
one object to another. In Lego terms, imagine two distinct instruction sequences 
that both produce the same wall: one may build upward column by column, while 
the other may assemble horizontal layers. The end product is identical, but the 
paths of construction differ. HoTT insists that such distinctions matter and keeps 
track of them explicitly. 
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Homotopies as transformations. Beyond recording different paths, HoTT asks 
whether one path can be continuously transformed into another. In Lego, this is 
like gradually reassembling one spaceship into another by shifting bricks step by 
step, never breaking the rules of connectivity. This transformation is a homotopy: 
a higher-level relation between paths, showing that two seemingly different 
methods are fundamentally equivalent. 

Proofs as constructions. A core principle of HoTT is that a proof of existence is 
itself a construction. In Lego, to prove that a spaceship can be built, one does not 
appeal to abstract reasoning but simply builds it. The act of construction is the 
proof, and any alternate build sequence that yields the same result is an 
alternative proof. This shifts emphasis away from static statements toward 
dynamic, constructive evidence. 

Thought experiment: Lego spaceships as identical objects. Consider two children 
building spaceships from the same Lego set. One follows the manual precisely; the 
other improvises but ends with a structurally equivalent model. In HoTT terms, 
the two spaceships are provably the same object: their equivalence is not only 
physical but also formally recognized by the paths and homotopies that connect 
them. HoTT’s higher-dimensional logic captures this fact, ensuring that sameness 
is not reduced to appearance but anchored in the lawful transformations between 
constructions. 

Through this lens, Lego provides an intuitive playground for understanding HoTT’s 
radical idea: that mathematics is not merely about objects but about the web of 
paths, proofs, and transformations that tie them together. 

 

5. The Spiritual Dimension: The God-Brick 

The Lego metaphor for CT and HoTT can be extended further by considering a 
piece that does not belong to the ordinary inventory of bricks and connectors. 
Imagine a transparent Lego element—universal in form, compatible with every 
other brick, and capable of connecting at any point in a construction. Unlike 
ordinary pieces, whose shapes and connector types restrict their lawful 
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interactions, this piece functions across all boundaries. We call this element the 
God-brick. 

An orthogonal dimension. In ordinary Lego building, every brick is constrained to 
the two-dimensional plane of the baseplate and the three-dimensional laws of 
attachment. The God-brick introduces an orthogonal dimension that transcends 
these limits. It is not bound by shape, color, or scale, but operates on a higher axis 
of connectivity. 

Optional presence. Builders may choose to ignore the God-brick, effectively 
setting its contribution to zero. In this case, the structure evolves according to the 
standard rules of physics and logic alone. Alternatively, including it introduces a 
stabilizing influence, creating connections that might otherwise collapse or remain 
disjoint. Its transparent nature means it does not obscure or replace ordinary 
pieces, but subtly reinforces the coherence of the whole. 

Role in GenesisBoard. Within the GenesisBoard framework, the God-brick 
symbolizes an extra axis beyond physical iteration and logical rules. It stands for 
the possibility of spiritual connection: a dimension that can be engaged or left 
dormant, but which, when active, alters the trajectory of emergent universes. Just 
as CT and HoTT study the lawful interplay of objects, morphisms, and paths, the 
God-brick suggests the presence of a higher order—an ultimate stabilizer—that 
links the system of rules to something beyond itself. 

In this sense, the metaphor gestures toward the integration of mathematical 
structure, computational emergence, and spiritual teleology. The God-brick is not 
a necessary component of every construction, but its inclusion opens the door to 
a deeper, orthogonal mode of assembly where universes find coherence in 
something greater than their parts. 

 

6. Implications for Pedagogy 

One of the most immediate benefits of framing CT and HoTT through the Lego 
metaphor lies in teaching. These fields are notoriously difficult to approach 
because their abstractions often resist visualization. For many students, the first 
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encounter with diagrams of commutative triangles, equivalence paths, or higher-
dimensional homotopies can be discouraging. Lego provides a concrete medium 
through which these abstract ideas can be introduced step by step, with a sense 
of play and accessibility. 

Lego as a teaching tool. A simple brick can represent an object, and the click of 
two pieces joining can embody a morphism. Instruction booklets can be read as 
composition rules, while entire sets can illustrate categories. By physically 
assembling models, learners can experience the fundamental operations of CT in 
their hands before grappling with formal notation. 

Bridging abstraction and intuition. The act of building offers a tactile bridge 
between symbolic reasoning and lived experience. Abstract concepts such as 
functors or natural transformations can be explained as the translation of one 
Lego instruction set into another, while HoTT’s emphasis on paths can be 
dramatized by showing multiple ways to construct the same wall or spaceship. 
Students thereby gain intuition about equivalence and higher-order relationships 
without yet needing formal proof. 

Classroom and outreach applications. In a classroom, Lego-based exercises could 
supplement lectures on categories, types, or proofs. At the public-outreach level, 
demonstrations with Lego universes could invite non-specialists to explore how 
mathematics builds structure from rules, iteration, and creativity. Such exercises 
may also help dissolve the perceived divide between mathematics and 
imagination, showing that the most rigorous structures often emerge from the 
simplest playful elements. 

In this way, Lego does more than illustrate CT and HoTT; it becomes a pedagogical 
bridge that makes the abstract approachable, the difficult intuitive, and the 
inaccessible within reach. 

 

7. Implications for Programming 

Beyond pedagogy, the Lego metaphor also offers practical value for programming 
within GenesisBoard. Its computational experiments are governed by iteration, 
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seeding, and injection, but the interpretation of their outputs can quickly become 
opaque. As structures evolve, it is often difficult to see why certain assemblies 
persist while others collapse, or how novelty arises from lawful composition. 
Introducing Lego-style schemas provides a way to formalize and monitor these 
dynamics, turning metaphor into a tool for analysis. 

Lego-style schemas as runtime checks. Just as Lego bricks cannot attach in 
arbitrary ways, GenesisBoard can enforce compositional rules by treating objects 
as bricks and morphisms as connectors. Each attempted move can be validated 
against a schema, ensuring that connections remain lawful. Illegal attachments 
can be flagged or discarded, producing cleaner runs and reducing noise. In this 
sense, the Lego metaphor becomes a kind of safeguard, embodying Category 
Theory’s insistence on coherence and consistency. 

Visualizing invariants. The metaphor also provides a natural language for 
visualizing invariants that emerge during computation. Objects can be represented 
as brick counts, morphisms as snap connections, functors as instruction 
translations, and rewrites as alternative build paths. By logging and plotting these 
invariants in Lego terms, GenesisBoard’s outputs can be made more interpretable 
to human observers. Patterns of stability, transformation, or collapse become as 
visible as towers, bridges, or castles in a Lego landscape. 

Interpreting emergence. Perhaps the most intriguing implication is that 
emergence itself can be rendered more intelligible. When GenesisBoard produces 
unexpected structures, the Lego framework allows them to be described not only 
as raw computational events but as assemblies with recognizable features: new 
connector types, novel substructures, or alternative build sequences that prove 
equivalent. Such descriptions give shape to the phenomenon of emergence, 
linking it back to CT/HoTT’s language of equivalence, transformation, and higher 
paths. 

Through these applications, the Lego metaphor transforms GenesisBoard from a 
black box of computation into a transparent builder of universes, where rules, 
invariants, and surprises can be tracked in ways that both programmers and non-
specialists can understand. 
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8. Conclusion 

Recasting CT and HoTT universes as Lego worlds is at once playful and profound. 
On the surface, it seems like a simple teaching device: bricks for objects, 
connectors for morphisms, instruction booklets for composition, and sets for 
categories. Yet, when extended into the realm of GenesisBoard, the metaphor 
deepens. It becomes a way to think about universes not only as abstract 
formalisms, but as iterative constructions—emerging step by step from lawful 
interactions, surprising in their creativity, and open to higher-dimensional 
equivalences. 

GenesisBoard serves as a living laboratory for such metaphors. Its iterative runs, 
seeded beginnings, and emergent structures mirror the process of assembling 
Lego models, with rules functioning as physics and injections shaping the direction 
of growth. Within this environment, CT and HoTT concepts that often feel 
inaccessible can be reframed in intuitive, tactile terms. Emergence ceases to be a 
vague idea and instead takes the form of assemblies that click together in ways 
both lawful and unexpected. 

The thought experiment thus suggests a convergence of pedagogy and 
programming. What begins as a metaphor for understanding difficult mathematics 
can evolve into a framework for guiding computation, visualizing invariants, and 
interpreting novelty. In the future, metaphors like Lego may not only make 
advanced concepts accessible but may also drive new forms of discovery—where 
play, abstraction, and computation meet in the construction of new universes.  
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Appendix A. Lego–CT/HoTT Correspondence Table 

Lego Lingo CT/HoTT Concept Notes / Explanation 

Brick (2×4, 1×2, 
plate, etc.) 

Object / Type 
Treated only by form and 
connectivity, not by internal 
structure. 

Studs and sockets Morphisms 
Legal connections between 
objects; define directionality of 
assembly. 

“Click” of two bricks 
joining 

Composition of 
morphisms 

The act of snapping two pieces 
together corresponds to following 
arrows in sequence. 

Instruction booklet 
Composition rules / 
Associativity 

Ensures lawful multi-step 
assembly; order of grouping does 
not affect the final build. 

Baseplate 
Initial object / Void / 
Ground of 
construction 

Starting state on which all further 
assembly rests. 

Entire Lego set Category 
Defined by its collection of objects 
and legal morphisms. 

Two different builds 
of same model 

Equivalence (≃) 
Structures are “the same” if 
connected by lawful 
transformations. 

Swapping build 
sequences 

Paths in HoTT 
Distinct but valid ways of 
assembling the same outcome. 
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Lego Lingo CT/HoTT Concept Notes / Explanation 

Reassembling one 
model into another 

Homotopy 
A higher-order transformation 
showing equivalence between two 
construction paths. 

Transparent “God-
brick” 

Orthogonal dimension 
/ Higher stabilizer 

Connects universally; represents 
extra axis beyond formal laws. 

Combining Star Wars 
set with City set 

Functor / Category 
translation 

A mapping that preserves structure 
while shifting between categories. 

Adapting instructions 
across sets 

Natural 
transformation 

Step-by-step correspondence 
between two functors (e.g., 
different build manuals). 

Stable subassemblies 
(walls, towers) 

Limits / Colimits 
Structures that emerge as 
coherent composites with 
universal properties. 

Counting connectors 
and sub-builds 

Invariants 
Quantities that remain consistent 
across transformations. 

Surprising new piece 
(never seen before) 

Emergence / Higher 
construct 

Novel structure appearing beyond 
the expected inventory of rules. 
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Appendix B. Example Build Log in Lego–CT/HoTT Vocabulary 

GenesisBoard Run Snapshot (Simplified) 

[T=60s]   objs=12, morphs=18, tags=3, composites=6, functors=1, rewrites=2 

[T=120s]  objs=20, morphs=33, tags=4, composites=12, functors=2, rewrites=4 

[T=180s]  objs=28, morphs=47, tags=5, composites=20, functors=3, rewrites=7 

 

Translation into Lego–CT/HoTT 

GenesisBoard 
Metric 

Lego Analogy CT/HoTT Concept 

objs=12 12 Lego bricks on the table 12 objects (types) 

morphs=18 
18 stud-to-socket 
connections between bricks 

18 morphisms (arrows) 

tags=3 
3 connector types: e.g., 
“stud-2×2,” “hinge,” “pin” 

Classes of morphisms (typed 
relations) 

composites=6 
6 multi-brick subassemblies 
(walls, towers) 

Composed morphisms; candidate 
limits/colimits 

functors=1 
One successful blueprint 
translation (set ↔ set) 

Functor mapping 
objects/morphisms between 
categories 

rewrites=2 
Two alternate ways to build 
the same subassembly 

HoTT paths; equivalences 
between proofs 

objs=20 → 28 
New bricks seeded and 
attached 

Iterative growth of objects 
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GenesisBoard 
Metric 

Lego Analogy CT/HoTT Concept 

functors=2 → 3 
More cross-set adapters 
discovered 

Multiple functors; rising inter-
category coherence 

rewrites=4 → 7 
Increasing number of 
alternative assemblies 

Homotopies expanding the 
equivalence web 

 

Interpretation 

In this short run, GenesisBoard began with a modest Lego universe (12 bricks, 18 
connections). Over three minutes of iteration, the system introduced new 
connector types, leading to richer composites and more sophisticated translations 
across substructures. The rise in functors shows that different Lego “sets” 
(categories) were successfully bridged, while the increasing rewrites indicate that 
multiple build paths converged on equivalent structures—evidence of HoTT-like 
homotopies in action. 

Emergence is visible in the appearance of a new connector tag midway through 
the run, analogous to Lego suddenly inventing a hinge piece that enables new 
modes of assembly. This demonstrates how GenesisBoard does not merely 
accumulate pieces but crosses thresholds where new categories of structure 
become possible. 
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