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Architecture neglects advances in digital technologies and vir-

tual worlds, resulting in inconsistencies where physical space 

and virtual realities overlap. Cartesian mapping, perspectival 

frameworks, and a reliance on pure “space” are no longer use-

ful in visualizing and understanding these new geometries of 

reality. From video games to mobile phones, virtual interfaces 

connect across vast spatial distances, resulting in environments 

where an individual is “closer” to their friend who just texted 

from halfway across the world than they are to a person sitting 

in the room next door. Time emerges as a metric which captures 

these spatial inconsistencies and leaps. 

Assembly Theory, developed by Lee Cronin and Sara Walker, 

transforms the “object” from a discretely-bound spatial enti-

ty into a lineage connecting the present-object to every other 

form it has ever taken, extrapolated to the beginning of time.1 

As such, it is not only describes material but the environments 

and forces which shape material. These “Time-Objects” operate 

as if space is a proxy, and are concerned instead with temporal 

locality and temporal separations.

The architectures of temporal locality are centered around time-

sites. Instead of precisely-bound spatial parcels, interventions 

stretch across times and spaces, spanning continents and de-

cades while remaining discrete, map-able, and design-able. By 

mapping complex time-sites with graph theory and vector em-

bedding, designers can diagram connections, gaps, and hubs 

- defining a specific temporal geometry which will ultimately 

structure their physical and virtual interventions.

This thesis takes r/place as its “time-site of focus; documenting, 

mapping, and exploring its temporal forms before intervening to 

design a memorial to the battles that raged across its canvas. 

This memorial is not spatially local nor is it entirely formed from 

physical structures - it instead dances across physical environ-

ments, virtual worlds, and times as an architecture of temporal 

locality.

The contemporary world is fractured. Spatially disjoint objects 

are brought together through video games, social media, and 

messaging, while spatially-adjacent objects are pushed apart 

by similar multilayered networks of physical and virtual - hu-

man and non-human agents. Previous methodologies for repre-

senting the world - Cartesian mapping, perspective, and spatial 

modeling - are no longer useful in visualizing and understanding 

these new geometries of reality.

How can a framework based in temporal separation, as opposed 

to spatial separation, better map and untangle spatial disconti-

nuities? 

How has architecture neglected advances in digital technology 

and virtual worlds? 

How can virtual worlds be mapped in ways that highlight their 

inexorable connections to physical worlds? 

Can “Time-Sites” based in a theory of temporal locality create 

an architecture that embraces these relationships instead of 

neglecting them?

PROJECT DESCRIPTION:RESEARCH ISSUE:

RESEARCH QUESTION:

RESEARCH SUB-QUESTIONS:
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seem to transcend any sort of physical locality? What positions 

Catalonia next to Club Penguin next to the Mona Lisa?

Spatial analysis cannot answer this alone. A different instru-

ment is required — one calibrated not to the distances between 

walls but to the velocities of information, not to the geometry 

of buildings but to the temporal proximity of agents. This thesis 

proposes that spatial analysis and design alone are not enough 

for a contemporary architecture. Design must understand con-

text through time-sites and time-objects, producing architec-

tures of temporal locality.

 

Case Studies and Research Issue:

New environments dominate contemporary reality. Formed 

from millions of interfaces, billions of bots, and trillions of bits, 

these systems incorporate physical and virtual environments 

into swirling miasmas of information, objects, ideas, and agents. 

Virtual messaging connects humans across the globe far more 

closely than even those sharing the same building. Social media 

creates nodes of global focus, engendering shared environmen-

tal components across nations, cultures, languages, and geo-

graphic regions. Video games create simulated virtual worlds 

filled with players from around the world interacting as if in 

physical proximity.

Spatial analysis alone cannot delaminate these complex net-

works — yet the spatial infrastructures supporting these virtual 

worlds offer a starting point. Power plants, transmission lines, 

regional substations, and private breaker boxes modulate the 

electricity on which all devices run. Data centers, fiber-optic ca-

bles, cell roaming towers, modems, routers, wifi, and ethernet 

cables allow for expedited data exchange. Desktops, laptops, 

phones, monitors, mice, and keyboards interface users with vir-

tual worlds. This international set of users represents countries, 

schools, videogames, physical games, teams, streamers, mov-

ies, novels, subreddits, music, entertainers, sexual orientations, 

cultures, and much more — all arranged through social media 

Preamble: 

“I joined r/ClubPenguin and r/bannedfromclubpenguin in the 

quest to get this penguin somewhere on the canvas as a me-

morial…I woke up to see it…completely consumed by the Mona 

Lisa painting… we moved it to the right of the painting under 

He-man and it soon got consumed by Skeletor. After that, we 

moved it to the bottom right and had pretty much finished it 

when r/dragonballz started to build Goku on top of it…This was 

the start of the great Penguin vs. Goku War…propaganda post-

ers were created to gather soldiers for the fight. I stayed up for 

hours defending the penguin…but we eventually all died off and 

went to sleep, which lost us the battle…We managed to get it up 

pretty fast on top of the then-abandoned Catalonia flag. When 

r/catalonia woke up and discovered this, they were angry and 

started to retaliate. We formed an alliance with r/thelastairbend-

er and some people responsible for making the asexual flag and 

the heart above us.”

— u\wEbKiNz_FaN-xOxO2

What is this complexity? How can a discontinued videogame 

come to battle against a Renaissance painting, comic book 

characters, lose, move to the far side of the world, be destroyed 

again by an anime and its main character, attempt to take over 

the territory of a sleeping culture, only for that culture to wake 

and retaliate — and then fall into an alliance with another anime 

and a sexual orientation to fight off the entirety of Catalonia?

This is our world. Virtual and physical environments impact, 

conflict, and fragment into swarming miasmas of complexity 

and constant feedback. The architect, with their trusty repre-

sentational frameworks — perspective, orthography, Euclid-

ean space, and BIM models — cannot begin to comprehend, 

let alone design for, these phenomena. Part of the issue is that 

architects are inexorably tied to a proxy that attempts to map 

connection through space. But what captures connections that 

RESEARCH ESSAY:
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shots fired, and maneuvers within their shared, flexible built en-

vironment. The layered structures these games leave behind are 

testament to the swarming forces at play: over fields, hills, and 

mountains, masses of placed structures rising tens of stories 

and hundreds of meters wide, authored by no single hand but by 

the networked interactions of a collective.

The spatial infrastructures behind these environments are just 

as layered and complex as their resulting virtual forms. The 

game engine runs on AWS data centers specific to the geo-

graphic region of the player — Dallas, San Jose, São Paulo, 

Frankfurt, Doha, Taipei, and Sydney hold the servers used for 

competitive tournaments and games. These game servers cre-

ate the authoritative game-state, with roughly one game run 

on every computer within the server farm, contrasting with 

the game-state managed on each player’s own computer. As 

the authoritative game-state computes present positions of all 

players and projectiles, it sends those frame-models to each 

player’s computer via data centers, the internet backbone, mo-

dems, ethernet cables, and routers. Each computer then uses 

the downloaded game-state to update its local instance. After 

updating, the local game engine attempts to anticipate the next 

movements of all players and projectiles, reducing latency but 

increasing desynchronization.4

These instances are completely separate: no players interact 

with the authoritative game-state directly, and no player’s local 

game-state interacts with any other player’s. The models of the 

virtual world are instead mediated by the constant flow of data 

around the physical world.

Here, geographic and temporal proximity collapse into each 

other — and the consequences are strikingly physical. Because 

competitive video games are extremely dependent on latency, 

the highest-level players tend to gather around the data centers 

that hold the authoritative game servers. On March 10, 2023, 

Fortnite switched its primary North American competitive serv-

platforms like Discord, Reddit, and Facebook, which rely on their 

own servers, data centers, and transmission cables. The servers 

which “run” these environments are almost never single entities, 

but are constructed from multiple computers in data centers 

around the world, using their own APIs to create connections 

with each user. Moreover, the environment experienced by any 

user is always twice removed and twice delayed — a copy of a 

copy displayed on a device which has little to do with its calcu-

lation.3

Competitive Fortnite matches, 2B2T, and r/place are all exam-

ples of such environments. By exploring each more closely, the 

blindspots which cloud contemporary architectural design can 

be uncovered.

Competitive Fortnite:

Fortnite emerged in 2017 as a new leader in the “battle royale” 

videogame type, beginning with 100 players and constraining 

the playing area sequentially such that players are forced to 

fight, leaving only a single survivor. The game separated itself 

from its competition through a single new mechanic — build-

ing. Players “harvest” materials by destroying objects around 

the map, using those gathered materials to “place” their own 

built components: wall, floor, stair, and cone, each editable into a 

number of different forms. These components are placed within 

a universal, invisible, three-dimensional grid spanning the entire 

island.

While the average Fortnite game is interesting in terms of physi-

cal agents interacting in a virtual space, it is competitive Fortnite 

that takes this complexity to its limit. Where normal matches 

end before the safe zone contracts to its smallest, competitive 

matches carry 50 to 60 users into the game’s terminal zones. 

The density is extraordinary — physical agents compressed 

in space and time becoming a swarming miasma of creation, 

destruction, and constant feedback. Players constantly react 

to each other across a network of placed builds, broken builds, 
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a similar server structure with far greater regional specificity. 

Using comparable infrastructures, players stream their games 

to Twitch or YouTube, where fans watch a delayed broadcast. A 

single competitive Fortnite game can sustain up to 50 simulta-

neous voicechats and 100 simultaneous streams, expanding the 

infrastructural and agential networks to span continents.

Networks that create the built forms of competitive Fortnite 

do not only exist in the present. Because players are so deeply 

connected, every video and stream generates new learned skills 

and strategies. In the early stages of competitive play, emergent 

forms were relatively simple — “90s” and “cone height retakes.” 

As the game has matured, these formal objects have become 

increasingly complex. Gazing over the final built forms of a com-

petitive game, one can read why particular structures appear in 

particular areas: they are not only informed by the infrastructur-

al and agential networks which frame the game as a set of phys-

ical environments, but are manifestations of players reacting to 

particular game-states and the actions of their fellow users. It is 

through the combination of present infrastructure, stored histo-

ry, and real-time reaction that competitive Fortnite becomes a 

swarming miasma of complexity and constant feedback.

2B2T:

Minecraft was originally released in 2009, and year on year it 

appears more and more popular. Part of the draw is its robust 

and adaptable systems for player collaboration — thousands 

of servers on which millions of individual users interact, each 

structured through a set of rules and disallowed commands, 

bringing order to the interactions between players and the world 

they create.

2B2T is different. Created in September 2010 as one of the first 

and most infamous “anarchy” servers, it operates without rules 

to govern player-player or player-world interactions, resulting 

in prevalent cheating and rampant destruction.8 Through a set 

of procedural strategies, users can destroy built monuments or 

er from the Washington, DC area to Dallas. Over 50 top play-

ers — who had been living in Pennsylvania, Maryland, Virginia, 

and Delaware — packed up and moved within weeks to the new 

server position.5 

This is a demonstration, in flesh and logistics, of the importance 

of temporal locality: spatial location reorganizing itself around 

temporal proximity. Being close to the server, and having a ping 

approaching 0 microseconds, grants priority over other players 

with respect to the authoritative game state. If two players try to 

place a wall simultaneously, the player with the lower ping is the 

first to notify the authoritative game state, and their wall stands. 

The infrastructures used by players form only part of the virtu-

al-physical conglomerate that constructs the competitive Fort-

nite endgame. The set of authoritative game states is immedi-

ately stored in Amazon S3 — a large-scale data storage service 

run from the same data centers as the game servers. After a 

short delay to prevent cheating, this data is available through 

the in-game replay system, allowing coaches to examine oppo-

nents’ movements, strategies, and equipment loadouts. These 

stored, then-downloaded game states have a profound impact 

on the way that users play the game and the swarming struc-

tures they ultimately create.6

Epic Games’ data analysts, working from headquarters in Cary, 

North Carolina, use proprietary tools built on Amazon Kinesis to 

examine and act on aggregate player data. Changes to the game 

— removing a weapon, rebalancing a material drop rate, adding 

a previously-retired item — begin with the acknowledgment of a 

specific pattern in that data. When implemented, these changes 

propagate unevenly: the AWS servers receive the update first, 

then individual players are notified of a required download.7

To complexify this network further, player communication oc-

curs not only through the game’s integrated voice chat but more 

commonly through third-party software like Discord, which uses 
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own data center, moving data at rates exceeding 10 Gbps across 

its components. Folia, a software layer for multiple concurrent 

processing, allows the server to allocate separate sets of loaded 

“chunks” — 16×16×384 block regions — toward different pro-

cessor cores. If a player is far enough from all other players, 

they are operating within an independently generated and run 

world-fragment: spatially present in 2B2T, but effectively alone.11

Over fifteen years, users have loaded and interacted with mil-

lions of chunks across an area with a diameter larger than 

60,000 kilometers — one and a half times the circumference 

of the Earth.12 The server’s file size is speculated at over 80 TB. 

Storing, managing, and distributing that data to simultaneous 

users is the most difficult challenge for the server architecture, 

and for the infrastructure on which it depends.

The world the user experiences in 2B2T is profoundly different 

from the world computed by the server. While the server up-

dates all loaded chunks 20 times per second, the user’s com-

puter receives only the information pertinent to their render 

distance — data for a few hundred chunks per second, centered 

on the user’s character. The computer fills in the gaps between 

server-sent frames, generating artificially high frame rates. The 

game is rendered through Render Dragon on the user’s comput-

er, which further reduces what is visible: perspectival mapping 

and occluded geometries mean that a user mining in a cave may 

see fewer than 100 blocks at a time, out of the trillions that con-

stitute the world. The rendering engine breaks individual blocks 

into their surface faces and renders only the faces visible in any 

single frame. One can say with precision that 2B2T does not ex-

ist as a single whole entity in any physical location, but exists as 

images and fragments spread throughout the world.

r/place:

r/place refers to a set of self-described “social experiments” run 

by Reddit in association with April Fools in 2017, 2022, 2023, and 

2025. The rules were simple: 4 days, 1 canvas, 4 million pixels ar-

rapidly create their own massive structures. The spawn area — 

the nominal center of the Minecraft world — presents an ab-

solute hellscape of lava, stone, and obsidian: the accumulated 

result of fifteen years of continuous creation, destruction, and 

interaction. Every block in that landscape is a decision made 

by a human being, somewhere on Earth, at some point in time. 

The spawn is not a space; it is a layered artifact of 11 years of 

swarming.9

As a Minecraft server, 2B2T operates through an embedded da-

ta-abstraction method using voxels, or “blocks”, the basic build-

ing units of everything in Minecraft. Present in the rendered 

game as 1m × 1m × 1m cubes, the 700 block variants can be 

combined in a seemingly infinite set of combinations. It is this 

sandbox quality that allows for the indexical complexity 2B2T 

presents: every formal condition in the world is a record of a 

past action, a scar or a monument, a territory claimed and con-

tested.

Unlike Fortnite, which groups players into discrete games of 100 

and operates thousands of games simultaneously, 2B2T runs a 

single authoritative game-state on a single server. That server 

is responsible for a world that has remained accessible since 

2010 — transforming the fleeting ephemera of Fortnite’s regen-

erating map into something closer to deep geological time. The 

exact location of this server remains confidential, most likely ex-

isting in the home or rented workspace of its creator, known only 

as “Hausemaster” and protected by anonymity. Because geo-

graphic location is a proxy for latency to and from the server, its 

users widely believe the server exists somewhere in the United 

States — though no one can localize it closely.10

To sustain simultaneous access to its enormous world, the 

server almost certainly employs an extremely overclocked CPU 

(approximately 6.0 GHz), a tremendous amount of RAM (ap-

proximately 1 TB), and NVMe SSDs arranged in RAID for simul-

taneous processing. In effect, the single machine creates its 
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single computational object through robust internal connectiv-

ity.15 At this stage, the action exists as pure data: no image, no 

color, no graphic arrangement — only a matrix expressing the 

last change recorded for each position on the canvas.

To render these changes visible, a separate set of computers 

within the same campus reads the current state of Redis ten 

times per second and generates a PNG image. The secondary 

data entries — username, timestamp, time since last change 

— are effectively stripped away at this stage, flattened by the 

reduction to color alone. The PNG passes through a series of 

additional computational steps before the r/place websocket 

broadcasts the current state of the board as an image to all 

subscribed users. Each of these steps involves separate sets 

of computers, potentially separated by feet or miles, sending 

information back and forth at light speed.16

At its peak, r/place sustained over 100,000 concurrent users — 

an order of magnitude beyond what either Fortnite or 2B2T can 

support per server. This scale of simultaneous swarming, dis-

tributed across globally decentralized infrastructures, produc-

es something qualitatively different from the previous environ-

ments. The canvas is not authored by any single user, strategy, 

or organization. It is authored by the swarm itself — the emer-

gent product of millions of agents acting, reacting, sleeping, 

waking, allying, and betraying across all time zones on Earth.

This returns to the formative quote with which the essay opened: 

a discontinued videogame battles a Renaissance painting. Com-

ic book villains consume the territory of animated penguins. 

Catalonia wakes to find its flag occupied and retaliates. An alli-

ance forms between an anime fandom and a sexual orientation. 

What then captures connections that seem to transcend any 

sort of physical locality? What positions Catalonia next to Club 

Penguin next to the Mona Lisa?

ranged in a 2000×2000 grid, each user able to change the color 

of 1 pixel every 5 minutes.13

At the beginning of each r/place, every pixel on the canvas is 

white. Users can select any pixel and change its color to one 

of 16 preset colors — white to black, red to blue, purple to 

brown. Like Minecraft’s blocks, this embedded simplicity allows 

for seemingly infinite creative expression, and like Minecraft’s 

blocks, these pixels are abstracted as small packages of infor-

mation contained within matrices that set their location in the 

larger canvas. The similarity ends there. Where Fortnite and 

2B2T promoted spatial distancing between users as a survival 

mechanic, r/place encourages its users to swarm around com-

mon locations on the canvas, dramatically increasing the densi-

ty of users per virtual space.

A single user, changing one pixel every 5 minutes for 4 days, 

could at most alter roughly 1,000 pixels — an area of approxi-

mately 40×25, vanishingly small in a 2000×2000 canvas. Effec-

tive change required aggregation. Users banded together, form-

ing groups that multiplied their causal power over the board’s 

form. Fortnite and 2B2T operate at scales of 10² concurrent 

users per server. In 2022, r/place saw over 10,000,000 unique 

users and 100,000 concurrent users at its peak.14 At this scale, 

any action becomes a swarm: a single pixel change prompts 

reflexive feedback chains from users around the world.

To accommodate this, the structure of the r/place server is sig-

nificantly more complex than those of the previous examples. 

When a user taps or clicks a pixel and selects a color, that ac-

tion is transported through their router, modem, wired internet 

cable, and internet backbone fiber-optic cable to Amazon Web 

Services data centers in Northern Virginia. The request passes 

through r/place Redis — a data structure stored and computed 

across five computers within the AWS campus, which records 

the most up-to-date change for each pixel. These five comput-

ers may be located tens of feet or miles apart, yet function as a 
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appear. Each exists not as a physical manifestation but as bits 

in circuits, themselves composed of individual electrons, proxied 

as 0s and 1s within computational systems. The rock a player 

sees on their screen is separate from that rock as held in their 

GPU, different from the rock as found in the player-side game 

engine, different again from the rock as found in the server-side 

game engine. At each layer, the rock is stored and expressed in 

different ways. To the human eye, its location and objecthood 

are singular. To the infrastructure, it is a distributed approxima-

tion.

In these virtual worlds, objects do not stand still, have no con-

sistent spatial locality, and are not defined by discrete physi-

cal bodies. They operate simultaneously across mediums and 

times, shifting and changing in response to their linked manifes-

tations. This is the problematized object — a seemingly static 

proxy whose real conditions are not, and perhaps cannot be, 

completely understood by any single observer. That same rock 

in a Fortnite game can exist in multiple copies separated by 200 

miles or more, spanning the distance between a player’s com-

puter and the nearest AWS server.

Physical objects are similarly problematized, through three 

slightly more nuanced frameworks.

Consider a physical rock. Break it in half: there are two rocks. 

Continue this process until the pieces approach molecular and 

then atomic scales. Each of these pieces is an object by con-

ventional human definition — but at what point does the rock 

become something else? And what distinguishes that rock from 

the Earth as a whole, from the galaxy, from the Universe? Hard 

edges are gradients, boundaries have holes, and discreteness 

is a myth when examined with sufficient precision. These are 

useful human abstractions at macroscopic scales, but do not 

constitute a rigorous definition of an object.

Consider the same rock ten seconds ago — a minute, an hour, 

Towards a Time-Object:

Who are you closer to? Your friend, halfway across the world, 

accessible via digital messaging — or a stranger in the building 

next door, accessible only through physical movement? Spa-

tially, the answer is easy: a hundred feet is orders of magni-

tude shorter than thousands of miles. But if we consider the 

pathways of information transfer that allow you to call or text 

your friend, the question transforms. Rephrased as “with whom 

can you most quickly exchange meaningful information?”, your 

friend halfway across the world is only microseconds away. The 

building next door might take ten to hundreds of seconds.

Returning back to the virtual environments, who is closer to you 

in r/place? It is not your neighbor down the street, the shiny 

new mid-rise being built down the block, or a community park 

- you are instead extremely close to the millions of users plac-

ing pixels with, against, and around you. The “object” of r/place 

is better thought of as an object local in time, not space, as it 

traipses and dances across infrastructures and agents around 

the world, cohering not through physical adjacency but through 

temporal proximity.

Why, then, do architects continue to draw buildings in space 

and sites with only their spatial surroundings? Spatial analysis 

and design alone are not enough for a contemporary architec-

ture. Design must understand context through time-sites and 

time-objects, producing architectures of temporal locality.

To build up this idea of the time-object, it is necessary first to 

understand how both “objects” and “time” have been theorized 

in architectural thought — and why those theories, in combina-

tion, point toward something that neither alone can reach.

The Problematized Object:

What are objects in Fortnite? The question seems clear at first: 

your character, a virtual tree, a wall you have placed; but looking 

more closely, these objects are not nearly as discrete as they 



28 29Time-Sites and Archtitectures of Temporal Locality Time-Sites and Archtitectures of Temporal Locality

Project Writing Research Essay Research Essay Project Writing

tual form, moving and operating together in spiritual harmony. 

Deleuze builds on this in The Fold, connecting these monads 

to topological folding and the curves of baroque architecture: 

objects defined by continuous, derivable functions and fields as 

opposed to discrete, immutable collections of matter. 18

Jacques Lacan engaged with these ideas through the image 

screen: the self cannot be defined by internal, consistent char-

acteristics alone, but exists in constant exchange with the gaze, 

both projected onto a shared image-screen.19 The self is simul-

taneously the physically local body-as-center and the physi-

cally disjoint environment-as-center — flattened and reduced 

as they are projected onto that shared surface. In Are We Hu-

man: Notes on an Archaeology of Design, Beatriz Colomina and 

Mark Wigley extend this further: the human, and by extrapola-

tion any object, can no longer be usefully represented as a spa-

tially discrete whole. Humans, non-humans, and environments 

are instead intertwined through multilayered nets and networks 

of agents.20 Timothy Morton, in Hyperobjects: Philosophy and 

Ecology After the End of the World, arrives at the most radical 

formulation: objects extend into deep time and deep space, at 

once responsible for phenomena in the present day and 24,000 

years in the future.21

Shared across all of these scholars is an aspiration to go beyond 

the present moment and spatial bounds of the object — in favor 

of networks, material flows, and non-Cartesian frameworks. The 

object is not a physical thing: it is a lineage.

Embedded Times:

Like objects, time has been theorized in ways that go far beyond 

the sequential, clock-based model which marks Enlightenment 

thinking. These heterogeneous times embed pasts and futures, 

ebb and flow without consistent metric, and bend — or break — 

the linear arrow of cause and effect.

Mircea Eliade situates premodern architectures in the dialectic 

a day, an epoch, 4.5 billion years ago. Each instance produces a 

slightly different rock, a slightly different object. Even within a 

single second, thousands of photons interact with the rock; and 

even without light tens of muons pass through it each second 

regardless. If touched, skin cells, sensory receptors, and exterior 

rock atoms intertwine in a sea of electromagnetic interactions. 

The composition of the rock changes with every interaction and 

every moment. While the human-abstracted proxy of the rock 

does not reflect such changes, those changes exist — and are 

important for any precise account of what an object is.

This is the problem of Odysseus’ ship. If every board, nail, and 

length of rigging is replaced throughout a voyage, is the ship 

that returns to harbor the same ship that departed? Conven-

tional abstraction says yes. Any material analysis says no. The 

ship is not the same ship. The rock is not the same rock.

Consider the rock a third time — as a perception. Like the vir-

tual rock distributed across servers and engines, the physical 

rock exists not only within its own boundaries but within each 

and every observer. Where the virtual rock is spread between 

game-side servers, player-side engines, GPUs, and displays, the 

physical rock is projected into the sensory organs of all who 

interact with it. These projections persist beyond the interac-

tion as memory — abstracted representations embedded in 

the interactor’s mind. A sufficiently famous rock — the block of 

marble from which Michelangelo carved the David, for instance 

— exists simultaneously in the minds of millions of humans. Like 

virtual worlds, these projections fragment the object’s discrete-

ness and allow it to occupy vast dimensions of space and time 

beyond its apparent physical constraints.

Several scholars have engaged with these issues. Wilhelm 

Leibniz constructs the monad — an indivisible particulate that 

forms all matter — as a way of giving discrete, bounded objects 

externally-supplied properties.17 Monads exist separate from 

one another yet are composed of a single material and spiri-



30 31Time-Sites and Archtitectures of Temporal Locality Time-Sites and Archtitectures of Temporal Locality

Project Writing Research Essay Research Essay Project Writing

arrives without needing to depart.

Taken together, these four frameworks do not converge on a 

single definition of time. They do something more useful: they 

reveal that every “present” carries within it external informa-

tion — embedded pasts, projected futures, durational residue, 

sacred thresholds. Objects, when understood through these 

heterogeneous times, transform from discrete, physical enti-

ties into lineages with embedded depths. This is the theoretical 

ground from which Assembly Theory emerges.

Assembly Theory:

Assembly Theory, developed by Sara Walker and Lee Cronin, 

is a means of understanding and ultimately designing ob-

jects-as-lineages. The theory defines the “time-object” as the 

set of subobjects — from the beginning of the universe to the 

measured present — which assembled to form the present-per-

ceived object.26 The city is constructed from multiple buildings, 

each assembled from multiple forms, each assembled from 

multiple systems, each assembled from multiple components. 

At each scalar level, an object of greater complexity requires 

that its simpler subobjects exist: one cannot have a city without 

first having buildings, and therefore buildings exist in the past of 

every city. Applied ad infinitum through each descending scale 

and forward into the present, this process ascribes an order-

ing and temporality to all objects — transforming them from 

static, discrete, spatial, present wholes into lineages spanning 

the depth of the universe in time. They are both material and 

the embedded processes and environments through which that 

material is ordered.

While Walker and Cronin are primarily concerned with the scale 

of chemistry27, at a macroscopic scale every photon, every 

touch, and every thought creates a new spatial object and a 

new entry into the time-object-as-lineage. The complexities of 

such interactions transform the reductive, tree-like nature of 

time-objects-as-lineages into networks of change and constant 

of sacred and profane time. Profane time is the real, physical 

world and its sequential, cyclic passage: years, seasons, months, 

days. Sacred time exists outside these cycles and independent 

from any idea of duration. It is time which does not pass, but is 

instead a constant religious present, accessible through acts of 

ritual or through entering sacred architectures.22 These struc-

tures of material and movement create a threshold between the 

sacred and the living, a temporal pocket in which humans en-

gage directly with that which cannot be timed.

Henri Bergson, in Time and Free Will, develops the idea of dura-

tional time in contrast to scientific, divisible time. Scientific time 

can be counted, partitioned, and examined through the same 

abstracting methods that produce numbers and categories. 

Bergson points to durational time as the prior condition from 

which scientific time is constructed — humans create scientific 

time through perception, and the objects of that perception are 

apprehended from a heterogeneous, miasmic flow.23 Objects of 

perception therefore bring with them elements that cannot be 

captured in any scientific-time metric. They are more than the 

bounded object. They carry duration with them.

Siegfried Giedion speaks directly to the relationship between 

time and architecture in the modern era. Monumental archi-

tectures capture sociocultural information from the moment of 

their creation, transferring that information to future cultures 

and people. The pasts collapse into the present architectural 

whole: any monumental work reaches back into time, wrapping 

its roots around past sociocultural ideals, making them acces-

sible in the present.24 The monument is not a building. It is a 

lineage made material.

Paul Virilio understands time as fundamentally related to move-

ment. Technologies of transportation and communication have 

shrunk geographical spaces to points, producing not succession 

and sequence but simultaneity of action. There is no future, no 

past, no here — only now.25 A temporal, perpetual present that 
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resolution and zoom out of areas with too much, until a graph is 

formed at a scale that is designable: one where every vertex is a 

component that a designer can, in principle, touch.

It is only through touching each of these smaller sub-objects 

that the design of the larger time-object becomes possible. 

Transistors are contracted into computers; molecules are con-

tracted into building elements; components are contracted into 

systems; systems into buildings; buildings into cities. 

The Time-Site:

Through these graphs, the traditional spatial architectural site 

transforms into a “time-site,” reframing site as the question of 

which agents and environments, regardless of spatial location, 

are close to the designed object in time.

Because temporal proximity can exist independently of spatial 

proximity, four typologies of time-site emerge. The most sig-

nificant to this thesis — and to the virtual environments ex-

amined above — is the temporally local, spatially disjoint site. 

r/place, 2B2T, and Fortnite each bring together spatial objects 

from around the world into a single set of virtual environments, 

providing pathways for connection orders of magnitude faster 

than physical movement allows. Online album drops function 

similarly: millions of individuals, using millions of interfaces and 

IoT devices, gather around single mp3 files held in data centers 

around the world, downloading a copy of the same file for collec-

tive consumption. These are spatial objects distributed across 

the globe, cohered into a single temporal locality.

The opposite typology — temporally disjoint, spatially local — is 

best captured through the university lecture hall. As attentions 

fragment, occupants simultaneously play video games, shop 

online, message friends, and watch films, all while sitting next to 

one another. The single spatial locality delaminates into several 

virtual layers of reality, its occupants’ attentions latching onto 

infrastructures and sites around the world. The room is spatially 

feedback — represented as the arrangements of vertices and 

edges in Graph Theory.

Initially, the size of such a graph would be astronomical: an edge 

for every boson, every neurotransmitter, every discussion, every 

exchange of information, and a vertex for every object impacted 

by any of these edges, from atoms to planets to universes. But 

patterns exist. Objects that humans would normally consider 

discrete physical entities would have a series of nodes reflect-

ing their continuous bombardment by external environments. 

Vertices representing small objects would, at a distance, group 

together and “look like” larger objects — just as cities are made 

of buildings, are made of forms, are made of systems, are made 

of elements.

Edge-contractions allow for a principled simplification of the tril-

lions of vertices and edges which form these graphs.28 Isolating 

a single pair of objects as they influence and constantly update 

each other produces a kind of temporal lattice structure with an 

update time approximately equal to the temporal separation be-

tween the two objects. Collapsing individual interactions into this 

single temporal separation yields a harmonic metric: the tem-

poral separation describes the information-waves that oscillate 

between the two components. Performing this edge-contrac-

tion across every pair of interacting vertices collapses the com-

plex graph into a set of abstracted temporal-separation-edg-

es which contain a reduced, manageable metric approximating 

temporal separation and causal closeness.

The resulting graph is still stratified by scale. It is not useful to 

map every transistor in a computer when a single abstracted 

vertex labeled “computer” makes the graph legible. At the same 

time, labeling a vertex as a “nation” is too abstract — it should be 

broken into cities, transportation networks, towns, policies, and 

leaders, each of which can, in theory, be individually designed. 

These two operations — edge-contraction and vertex-splitting 

— allow the designer to zoom into areas of the graph that lack 
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taneous conflict across the entire Earth — a battle larger than 

any fought in physical space. Most events of this magnitude 

are memorialized, using the device of architecture to pass down 

their values, ideals, and memory to future generations.

No such memorial exists.

How does architecture memorialize something so spatially frag-

mented and decentralized? Where would that memorial be? 

How would it be organized? The spatial answer — a building 

somewhere, a monument in a public square — is immediately 

inadequate. A memorial in Dallas would mean nothing to the 

users who fought from São Paulo or Seoul. The temporal geom-

etry of r/place has no spatial center. Its center is best described 

instead through temporal locality.

The infrastructures supporting r/place are global and highly in-

terconnected: power plants, transmission lines, data centers, 

desktops, laptops, communication servers, and an international 

community of users. An architecture of temporal locality would 

operate simultaneously across this vast time-site — not as a 

single building, but as a set of decentralized spatial interven-

tions which touch and become entangled with its various ob-

ject-components.

The r/place memorial is twofold.

First: small, physical objects equipped with a microcontroller 

and LoRa transceiver, allowing them to store and relay the r/

place memorial dataset. They are attached to outlets, comput-

ers, routers, laptops, and all other infrastructures which sup-

ported r/place — embedded in the fabric of the time-site itself. 

Each node is 3D-printed in PETG filament, making it producible 

by anyone with access to a 3D-printer. The design algorithm is 

open-source — a Grasshopper script which takes the connect-

ing infrastructure and positioning as input, generates the node’s 

form through topological optimization, and applies a texture 

one; temporally, it is dispersed across continents.

The two remaining typologies — temporally local and spatially 

local (a LAN event, a physical protest organized through local 

social media), and temporally disjoint and spatially disjoint (re-

gion-specific Netflix content, nation-specific messaging soft-

ware) — are less generative for this thesis because they do not 

isolate the gap between spatial and temporal locality. It is pre-

cisely that gap — the space between where you are and where 

you effectively are — that architectures of temporal locality 

must address.

The core argument of this thesis is not that architects should 

invent time-sites. They clearly already exist. The argument is 

that architecture is uniquely positioned to design across the 

scales and environments that form time-sites — and that these 

architectures of temporal locality are essential tools for grap-

pling with the miasmatic, virtual-physical spaces that so strong-

ly influence contemporary reality. These designs would not be 

complete in the traditional sense: it is near-impossible to design 

every atom in such complex systems, and it is by no means 

clear that doing so would constitute a complete design. But by 

integrating small designed elements into each portion of a time-

site, the designer makes a new entry in the time-site-as-lin-

eage. They touch it. They join it. They interact directly with the 

larger time-object.

r/place as Testing Ground:

With time-sites and temporal graphs as instruments, r/place 

provides the perfect testing ground for a prototypical architec-

ture of temporal locality.

Its rules were simple: 1 canvas, 4 million pixels, each user able 

to change the color of 1 pixel every 5 minutes. Alone, a user 

has little causal power over the form of the canvas. Together, 

users build symbols, graphics, ideas, worlds. As these worlds 

conflicted, r/place witnessed millions of casualties and simul-
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r/place itself. To hold a node is to hold a fragment of the time-

site — a piece of the palimpsest that is not spatial, not stable, 

but wafting from each surface in gradients of temporal proxim-

ity, creating a complex miasma of overlapping localities within 

which we constantly operate.

Coda:

The r/place memorial is not only a prototype, testing an archi-

tecture of temporal locality across the environments, agents, 

and scales of r/place. It serves to delaminate and represent the 

temporal geometries that structured, and continue to structure, 

the complex virtual-physical environments that define contem-

porary reality.

Perspective, orthography, Euclidean space, and BIM are calibrat-

ed to a world in which location is the primary axis of connection. 

That world has not disappeared, but has been overlaid. Beneath 

and through the spatial world runs a denser, faster, stranger 

world of temporal proximity, in which Club Penguin and Catalo-

nia are neighbors, in which a server moving from Washington to 

Dallas reshapes the residential geography of fifty professional 

athletes, in which a fifteen-year-old layer of lava and obsidian at 

Minecraft coordinates 0,0 is the most culturally dense artifact 

ever produced by a single virtual environment.

Architecture has not yet found its instruments for this world. 

Time-sites and time-objects are a beginning — a grammar for 

designing not where objects are in space, but how close objects 

are in a relational graph built from temporal proximity. The r/

place memorial is the first in an entry of designs which take 

time-sites as their bounds - it is an architecture of temporal 

locality.

derived from the r/place canvas, encoding the specific pixels 

for which that node is responsible within the larger memori-

al. Because the memorial’s full network requires approximate-

ly 25,000 nodes — a scale far exceeding any single designer’s 

reach — its design, fabrication, and implementation rely on the 

same spatially disjoint, temporally local set of agents as r/place 

itself. The memorial is built by the community it memorializes. 

Second: a single shared repository of the information held in 

each node — a new r/place, formed from the grid of its physical 

objects and projected as a living dataset. The amount of time it 

takes information packets to reach the server from each node is 

encoded in the transparency of the resulting pixels: the farther 

a physical object is in time from the server, the less clearly its 

dataset is displayed. Nodes at the temporal edge of the network 

produce pixels that fade, shimmer, dissolve — not from distance 

in space, but from distance in time. As users interact with the 

collective digital dataset through any physical node via wifi, the 

temporal geometries of r/place are didactically displayed within 

the data itself.

The memorial gains the same vibrancy and life as r/place 

through the ways these nodes are misused — hoarded, hacked, 

destroyed, moved, adapted, re-housed, collected, sold. As these 

events unfold, the fabric of the virtual dataset updates: pixels 

are created and erased, pixel groupings change in transparen-

cy, others disappear from the map altogether — their physi-

cal objects stolen, disassembled, or placed in the shade where 

their solar panels can no longer power them. Virtual communi-

ties gather around physical objects, fighting for control of their 

datasets, just as they once fought for pixels. As nodes go of-

fline, new nodes rise in their place, created and controlled by 

the members of the virtual communities which animated r/place 

from the start. 

These small, 3D-printed objects are not discrete entities. They 

are a temporal whole, connected by the same infrastructures as 
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“I joined r/ClubPenguin and r/bannedfromclubpenguin in 

the quest to get this penguin somewhere on the canvas as 

a memorial…I woke up to see it had been completely con-

sumed by the Mona Lisa painting… we moved it to the right 

of the painting under He-man and it soon got consumed by 

Skeletor. After that, we moved it to the bottom right and had 

pretty much finished it when r/dbz started to build Goku on 

top of it…This was the start of the great Penguin vs. Goku 

War…propaganda posters were created to gather soldiers 

for the fight. I stayed up for hours defending the penguin…

but we eventually all died off and went to sleep, which lost 

us the battle…We managed to get it up pretty fast on top of 

the then-abandoned Catalonia flag. When r/catalonia woke 

up and discovered this, they were angry and started to re-

taliate. We formed an alliance with r/thelastairbender and 

some people responsible for making the asexual flag and 

the heart above us.”

-u\wEbKiNz_FaN-xOxO
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“ in the tiny r/TaylorSwift zone I was working in, was ear-

ly on when our Costa Rican neighbors (whose design had 

included a little green tamale with a face) got destroyed by 

Germany or Italy or something -- and then we rebuilt and 

adopted the tamale, named him “Taymalito,” and eventual-

ly gave him a little scarf and hat.”

-nicodemusfleur
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“Destiny, and Hasan Abi are two giants of the Twitch 

streaming industry. Their realtionship would probably 

make the subject of an interesting Netflix documentary, 

and somehow that “drama” (and I do use the term loose-

ly beause these are twitch streamers after all) somehow 

spilled over into the pixel canvas. So in the frst image, the 

dog on the left is a representation of Hasan Piker’s, now 

deceased, dog. This was replaced by a Hungarian flag with 

a large “D” representing Destiny and the Hungarian flag a 

reaction to some anti-Hungarian sentiment Piker had al-

legedly said. This whipped the Turkish American stream-

er and his community into a frenzy and perhaps the most 

toxic pixel-proxy-battle took place.”

-Richard Mooney
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“Euler’s Identity retreated up north

Cause it got overtaken by the Heroes of the Storm

Starry Night survived the fight in Gogh.bmp

And the Stones achieved Nirvana with a tab of LSD

Pink Floyd’s Prism made a truce with Ireland

While a different sort of rainbow violated He-Man

Murica’s persistence in the center of the square

Gave proof through the night that our flag was still there”

-Walt Fenwick (“Reddit’s r/Place: The Ultimate Showdown 

of Ultimate Destiny”)
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“I heard a sentence that has since kept shining bright in my 

memory, like a lighthouse on a foggy night. It was the mum-

bling words of a fellow soldier in our Discord foxhole. Their 

text whisper, written amidst the endless shouting, rage and 

panic that characterized our channel by this point, gathered 

no attention from the hive mind of users who were gathered 

that morning, and was quickly forgotten as it floated away 

in the foam of comments. 

But I noticed. And till this day, these words ring loud and 

true in my mind, like the echo of a gong on the top of a 

snowy mountain chain. For they were the most deep reflec-

tion I had ever read on how the Utopian promise of r/Place 

had taken a wrong turn, and had fallen into a ravine of mad-

ness…”

“You all studied international politics in Ages of Empires with 

the cheats on, right?”

“Thus, before we talk about the battles that would become 

commonplace throughout the Canvas, when countless 

armies would meet in the ravaged borders between artworks 

to share salvos of colorful pixels at each other for hours…”

-Arturo Gutierrez
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VIBE-CODING REALITY:

Each phase of this thesis was marked by the use of A.I. From 

research to concept development to technical coding to formal 

arrangement, A.I. LLMs played an integral part in my creative 

process, and expanded my agency not only in the space of re-

search and coding, but in the space of reality, helping me to 

form material and circuits to manipulate the physical world.

As research assistants, LLMs, especially ChatGPT, played an im-

portant role in guiding my research. Given a specific research 

direction or set of interesting books, ChatGPT would be able to 

generate a reading list, or set of potential sources, that could 

further my interests in a particular direction. This was especially 

important during my research on Folding, as Chat was able to 

construct and recommend a broad arc of readings from Leibniz 

to Deleuze to Eisenman and Lynn to Bruno.

In concept development, A.I. played its most formative roles in 

its abilities to image. MidJourney AI and Adobe Firefly allowed 

me to explore the worlds of time-objects and temporal contrac-

tion through images, ultimately influencing many of the final 

“renders” of the project. In particular, MidJourney AI allowed me 

to transition between language-based descriptions and spatial 

imaginaries through precise prompt-engineering. 

By collecting sets of phrases and partial-descriptions, MidJour-

ney AI was forced into a world of hallucinations and half-truths, 

producing images that approached my aspirations for time-ob-

jects and temporal design as a whole. After generating a set of 

drawings in Fall 2025 and early Spring 2026, these representa-

tions could be further used as prompts, allowing the MidJourney 

AI outputs to more closely resemble and fit within the project as 

a whole.

Coding and hardware/software development was by far the 

most useful utilization of A.I. within this project. I began with 

little understanding of Graph Theory and little understanding of 

python, but by the end had developed a clear methodology for 

generating graphs based on temporal separation. Built in Python 

with NetworkX, A.I. chatbots allowed me to create a graph, but 

more importantly to represent that graph in a way that allowed 

for design from the architect. This was accomplished through 

vector embedding, and while I understood and wrote most of the 

code that defined the main graph, the vector embedding and 

mapping of the graph were completely developed with the A.I. 

chatbot based on my incremental feedback. 

Moving into the development of the physical nodes, A.I. Chat-

bots provided consistent, useful feedback regarding hardware 

development, fabrication, and testing. The core set of compo-

nents in each node: Seeed Studio ESP32C6 and Ebyte E32 LoRa 

Tranceiver, were both handpicked by ChatGPT for my specific 

usecase. Further, ChatGPT and Claude walked me through the 

process of wiring the modules together, along with the wiring 

of additional solar panels, batteries, and charging modules for 

exterior nodes. In this phase, A.I. became not only a means of 

vibe-coding software, but a means of vibe-coding physical re-

ality.

Moving into the node design, I wanted to use a specific dis-

placement texture for the nodes taken from the fabric of r/place. 

Claude was able to code and implement a PNG generator that 

created the textures that I desired within a few minutes - a tre-

mendous contrast to the hours of coding it would have taken for 

me to develop the images alone.

Finally, as the nodes were created and ready for implementa-

tion, I engaged in a tireless process of back-and -forth feedback 

with Claude to generate the network architecture and code for 

the server, gateway, and individual nodes. Along the way, Claude 

not only assisted in the code writing, but always analyzed the 

code against the base goals and aspirations I had provided. We 

worked through over 50 versions of the codeset in order to pro-

duce the final form.
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