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TIME-SITES AND ARCHITECTURES OF
TEMPORAL LOCALITY



Project Writing Research Question

RESEARCH ISSUE:

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.

RESEARCH QUESTION:

How can a framework based in temporal separation, as opposed
to spatial separation, better map and untangle spatial disconti-
nuities?

RESEARCH SUB-QUESTIONS:

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?
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PROJECT DESCRIPTION:

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.’
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.
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Project Writing Research Essay

RESEARCH ESSAY:

Preamble:

"l joined r/ClubPenguin and r/bannedfromclubpenguin in the
quest to get this penguin somewhere on the canvas as a me-
morial...| 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. | 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-xOx0?

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
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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

17 Time-Sites and Archtitectures of Temporal Locality
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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.®

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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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, Sdo 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.*

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-
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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.®

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.®

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.’

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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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.? Through a set
of procedural strategies, users can destroy built monuments or
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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.®

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 Tm x 1m x 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.”

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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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” — 16x16x384 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.”

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.”? 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-
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ranged in a 2000x2000 grid, each user able to change the color
of 1 pixel every 5 minutes.”

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 40x25, vanishingly small in a 2000x2000 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." 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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single computational object through robust internal connectiv-
ity.”® 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.”®

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?
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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
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appear. Each exists not as a physical manifestation but as bits
in circuits, themselves composed of individual electrons, proxied
as Os 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,
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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.” Monads exist separate from
one another yet are composed of a single material and spiri-
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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. '

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.” 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.?® 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.?

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
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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.?? 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.?® 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.?® 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.”® A temporal, perpetual present that

Time-Sites and Archtitectures of Temporal Locality 30

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.?® 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 chemistry?”, 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
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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.? 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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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
loT 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
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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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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 Sao 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
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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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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.
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“l 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. | 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

5=

= e —

=

-
=

el

Time-Sites and Archtitectures of Temporal Locality 42 43 Time-Sites and Archtitectures of Temporal Locality



Appendices The Infrastructures and Memes of r/place The Infrastructures and Memes of r/place Appendices

The r/Place Chicken Vs. XQC 2023
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“in the tiny r/TaylorSwift zone | 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 ltaly 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 | 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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—

]

Corporate needs you to find the differences
between this picture and this picture.

B
They're the same picture.
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"l 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 | 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 | 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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The top 30 communities that participated in r/Place 2022
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THE SCALE OF TIME:

Measure

Planck Length

Planck Time

Virtual Particle

Quark Diameter
Proton Diameter
Oxygen-12 Half-Life
Atom Diameter
Protein Length

Cell Diameter

Quark Decay

Organ Diameter
Human Height
Building Diameter
City Diameter
Radon-218 Half-Life
Nation Diameter
Human Thought
Human Reflex

Earth Diameter
Human Last Heartbeat
Human Pupil Dilation
Insulin Half-Life
Human Last Sleep
Human Last Weekend
Solar System Diameter
Human Current Year
Red Blood Cell Half-Life

The Scale of Time

Category Temporal Size (s.)

Spatial Size
Duration
Duration

Spatial Size

Spatial Size
Duration

Spatial Size

Spatial Size

Spatial Size
Duration

Spatial Size

Spatial Size

Spatial Size

Spatial Size
Duration

Spatial Size

Historical Separation
Historical Separation
Spatial Size
Historical Separation
Historical Separation
Duration
Historical Separation
Historical Separation
Spatial Size
Historical Separation
Duration

Time-Sites and Archtitectures of Temporal Locality

3.34x10*
1.00x1043
1.00x10-3%0
3.34x10°%8
3.34x10%
1.00x10%
3.34x107°
3.34x10°"
3.34x10°™®
1.00x107"2
3.34x10°1°
3.34x10-°
3.34x107
3.34x10°®
1.00x103
3.34x10°3
1.00x1072
1.00x10"
3.34x10"
1.00x10°
1.00x10’
1.00x10?
1.00x104
1.00x10°
3.34x10°
1.00x107
1.00x107
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The Scale of Time

Measure

Oort Cloud Diameter
Start of Internet
First Nuclear Bomb
Human Life
Globalization
Civilization Length
First Farming
Carbon-14 Half-Life
Milky-Way Diameter
First Controlled Fire
Local Cluster Diameter
First Hominids
Short-Lived Star
First Life on Earth
Earth Formed

Age of Sun-like Star
Universe Diameter
Galaxy Formed
Universe Formed
Red Dwarf

Typical Black Hole
Proton Decay
Massive Black Hole
Universe Life-Span

Directly Perceivable/Understood by Humans

Appendices

Category Temporal Size (s.)

Spatial Size
Historical Separation
Historical Separation

Duration
Historical Separation
Duration
Historical Separation
Duration

Spatial Size
Historical Separation

Spatial Size
Historical Separation

Duration
Historical Separation
Historical Separation

Duration

Spatial Size
Historical Separation
Historical Separation

Duration

Duration

Duration

Duration

Duration

3.34x107
1.00x108
1.00x10°
1.00x10°
1.00x101°
1.00x10°
1.00x10"
1.00x10"
3.34x10"
1.00x10™
3.34x10™
1.00x10™
1.00x10™
1.00x107®
1.00x10"™
1.00x10"
3.34x107
1.00x10%®
1.00x10
1.00x10™
1.00x10%
1.00x10%°
1.00x10™°
1.00x10™"
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Diagram: Definitions 1, 2, and 3.

U,

Definition 1. Vertex

A vertex is a point, or node, of a graph, G.
Definition 2. Edge

An edge is a line connecting two vertices in a graph, G.
Definition 3. Graph

A Graph is defined as a set of vertices, V(G), and edges, E(G), and
their corresponding mapping function, @¢, which maps each edge, e;, to
the pair of vertices, vjva, that define the endpoints of e;.

G =(V(G), E(G), ¢c)

VI(G) = (11,09, 03,04, 05, 05, 07)

E(G) = (e1,e2,e3,e4, 65, €5, €7, €8)

waler) = viea. eales) = vivg, poles) = vavs, pales) = vavs,

wales) = vsve. gales) = vsvg, paler) = vy, pales) = vqus
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Definition 4. Subgraph

A subgraph is any graph, H, whose vertices and edges are contained
within their respective sets of vertices and edges in a graph, G, and
whose modifier function, ¢, maps E(H) to V(H) as a restriction of
how @i maps E(G) to V(G). H C G denotes that H is a subgraph of
G.

Diagram: Definition 4.

In the above diagram, H is in bold and G\ H is in grayv:
Where H C G and H = (V(H), E(H), on1).

Tt follows that, V(H) € V(&) and:
V(H) = (v2,v3,v4,05,v6) € V(G)
E(H) = ((,’3. €4, €5, (,’;.;) C_Z E(G)

{pnles) = vove, erled) = vovs, pules) = vsvs, pu(es) = vavs} C {pe)
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Definition 5. Path

A path is a collection of unique, sequentially connected vertices and
cdges which deseribes the continuous movement from an origin verter,
29, t0 a terminal vertexr, v, Each entry, «; in the path must be adja-
cent to both u;—p and w41, where even @'s are vertices and odd i's are
edges. Because these entries must be unique, no vertices or edges can
be repeated.

Diagram: Definition 5.

In the above diagram, I; is a path on G in bold. G\ I is in gray.
P() = M e1U2€4VsE5VcE7UT

Note that Iy € &, and:

V(FPg) = (v1,v2,v5, 16, v7)
E(FPq) = (e1.eq,¢5,¢7)

{gpler) = viva, pples) = vaus, pples) = vsve, ppler) =vevr} C {pa}
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Diagram: Definitions 6, 7, and 8.

Definition 6. Weighted Graph

A weighted graph is a graph, W, where each edge is assigned a
nonzero weight, used to hold qualifiers like distance, size, density, rate,
ete... The weight of an edge, eg with ends v1 and v, is given by
w(en) = w(vivs) = ¢, for some ¢ € R. A non-weighted graph, G, can be
abstracted as a weighted graph with w(e) = 1 for all ¢ € E(G).

In the above graph, w(e;) = 4, w(es2) 5, wles) = 2, w(eq) = 1,

Definition 7. Arc D
efinition 7. Arc w(es) = 3, wles) = 2, wley) = 2, w(es) = 6.

An are, a, joins a vertex vg to a vertex vy. The tail of a is vy and the
head of a is vi. As such, a connects vy to v1 but does not connect vy to
. Y v,

Definition 8. Directed Graph
A directed graph (digraph) is a graph, D, constructed through the
ordered triple (V(D), A(D),p), where V(D) is the set of vertices in )
D, A(D) is the set of arcs in D, and ¢p is an incidence function which
maps each arc of D to an ordered pair of vertices, (vg, v1).

In the above graph, a; joins vy and vs. vq is diconnected, or connected
via a directed path, to ve, but vy is not diconnected to v1. This places
a restrictive direction on connectivity within the directed graph.
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Diagram: Definitions 9 and 10.

Definition 9. Weighted Path

A weighted path, Py is a path in a weighted graph, W, with a
distance, d(x,y) (the distance between x and y), equal to the sum of its
component edge weights.

Definition 10. Directed Path

A directed path, Pp is a path in a digraph, D, composed of alternating
vertices and arcs. For vpapry to be a compaonent of a directed path, are
ap must have its tail at vy and its head at v1. U

In the above graph, the path, P = vjajveaqvsasvgasvy, is in bold. G\ P
is in gray.
d(P)y = d(v1,v7) = wlar) +wlaq) +wlas) +wlar) =4+1+3+2=10

P connects vy to vy, but because ay and as are unidirectional, P does not
connect vy to vy. P’ connects vy to v, where P! = vrarvgagusasvgas
and d(vz,v1) = 15.
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Definition 11. Contraction.

An edge, e, is contracted if it is deleted and its ends are merged into
a single vertex. In a similar fashion, an expansion is effectively an anti-
contraction in which a single vertex is split into the two ends of a new

cdge, e,.

At scale, these contractions and expansions can operate in sequence
such that H, a subgraph of G, can be contfracted into a single vertex,
h, where h € V(G). Similarly, some j € V(G) can be expanded into a
graph, .J, where J C G. If avertex, v € G\ H, is connected to a verter in
H, it is connected to the resulting vertex, h € V(G), after contraction.
If a vertex, u, is connected to some j € V(G), it is connected to some
vertex ¢ € J after the expansion operation is performed to create .J.

Diagram: Definition 11.

U, v,

contraction erpansion
€, => e = €

U[ el )
U i
In the above diagram, the first transformation contracts ey into a sin-

gle vertex, vyyegn. The second transformation expands vygeqe; into its
component edge, ey, and separate vertices, vy and v;.
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Diagram: Definition 11.

EXPansion
v,
contraction

.
t(:x’w'-rﬁ.r"n{i;ﬁ,ﬂpHr'.‘.]

(28

In the above diagram (top), H C G is in bold. H = ({v4,vs. v},
{es,¢e6.ex}, {nles) = vsvs, on(cs) = vsvs, g (es) = vavs}).

The contraction of H (moving top to bottom) is composed of three edge-
contractions, resulting in the single vertex, vy, cqvg,vmeqvs,vrenv: € G-

The expansion of Vysesugusequs esns (Moving bottom to top) is com-
posed of three edge-expansions, resulting in the subgraph, H C G.
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Definition 12. Assembly

Assembly defines a nonzero integer applied to each vertex in a graph,
(7, and subsequently a calculable feature of every H C G (every graph,
H, that is a subgraph of G).

It is calculated using the Assembly Equation as defined in Cronin,
Walker, et al. 7 Assembly Theory Explains and Quantifies the Emergence
of Selection and Evolution.”

A= N Qi n; — 1
= z ¢ Ny
i1

Where A is the Assembly, a; is the assembly index of object 4 (mum-
ber of discrete sub-objects which assemble to create i), n; is the copy
number of object i, and N7 is the total number of objects/vertices in
the ensemble.

Definition 13. Assembly Indices.

Because this thesis is less concerned with exact Assembly and more
concerned with assembly indices in macroscopic systems, it constructs
the following rules for assembly indices within graphs:

(1) Each node is labeled with a nonzero integer assembly index, a;.

(2) In each expansion that this node undergoes, at least one of the
two vertices created must have assembly index a; — 1.

(3) In each contraction, the assembly index of the collapsed node
will be equal to max{a;,,a;,} + 1.

(4) This thesis does not attempt to trace such assembly indices all
the way to the beginning of time, therefore, arbitrary assembly
indices can be applied to nodes at similar scales.

As such, assembly indices provide a means of quantifying the se-

quences of contraction and expansion which operate on a graph within
the nodes that exist at any scale and stage of that operation.
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Diagram: Definition 13.

a, — 12
CXpansion
<+
— .a,‘ =13
coniraction
a < 12

Because a contracted vertex is composed of multiple sub-vertices, its
assembly index (as a measure of its complexity) is higher. In the op-
posite direction, cxpanding any vertex into its sub-vertices results in
vertices with lower assembly indices.

Diagram: Definition 13.

; a(H)= 25
a, — 15

a, — 22

Because any subgraph. H, of G can be confracted through a series
of edge-contractions into a single vertex, all H have assembly indices
equal to the greatest possible assembly index given by a set of edge-
contractions on all ¢ € E(H).

As a rule, when performing a contraction with multiple edge-contractions

perform the contractions to include the vertex with the h ighest assembly
index in every step possible.
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Definition 14. Object.

As a consequence of Assembly Theory, cach arbitrary, connected
(all vertices, v € H are counected to a specific vertex, u, via a (u,v)
path) H C G can be defined as an object. Because of contraction and
erpansion, any verter, r, and any subset of the expanded x, X, can
also be defined as objects.

The term object refers to the spatial, discrete, physical objects which
structure human reality, but through these definitions are also expanded
to abstract formulations of objects like atoms, memes, ideas, and cul-
tures. Each is a vertex, a contracted vertex, or a subgraph within a
larger graph.

In this way, no object is lundamental, discrete, or singular in scale, but
they can still be captured in useful, arbitrarily defined snapshots at any

scale of assembly index.

Diagram: Definition 14.

e A

contraction

=
<+

crpansion

The above are only a few of the definable objects in G.
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Definition 15. Time-Object.

A time-object is an object in which every component vertex is ex-
tremely proximal in time. To measure the temporal proximity, a time-
object considers the edge-weights of a weighted graph as temporal sep-
aration between their end vertices, in seconds. A fime-object is a
subgraph of G, C C G, such that the distance of its longest path is
less than an empirically-defined upper bound, d;.

d'lRﬂ.T(C) < dt

dy is left undefined because its use in defining a tirme-object depends
on the scale at which it is used. Communications networks sending in-
formation at the speed of light are extremely proximal even if spatially
separate at the scale of the Earth, but at the scale of the human body,
such communication systems are not comparatively temporally proxi-
mate.
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Definition 16. Time-Site.
A time-site is any time-object, C', where, for all v € V(C'), v is
considered to be directly designable.

As example, consider r/place. The environment that r/place creates is
not physically discrete, so a single vertex labeled 7r/place” would not be
directly designable, as it is too complex and abstract. It is only through
operations of expansion that the internal structures of r/place are un-
derstood, and if such a set of operations could reach a point where each
of the vertices of the graph, "r/place”, is directly designable (buildings,
power lines, routers, computers, ete...) then that graph would qualify
as a time-site.

Similarly, the molecular structure of a brick may be too complex for di-
rect design in many applications. In this case, using a set of contractions
can result in assemblies of bricks as vertices, which are more readily des-
ignable. These assemblies, and the structures that they would create,
would constitute a time-site.
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Definition 17. Swarming.

There is no distinction within the definitions of time-objects and
time-sites which separate them from aggregations of simple materials
(many grains of sand together behave in different ways than a single
grain of sand even though they are subject to the same physics). R/place
is similar to this scalar difference in principle, but differs in the embed-
ded complexity in each of its nodes. A grain of sand has a relatively low
assembly indexr compared to a human being or computer, and therefore
the ways that behaviors change at scale is different.

A swarm is a time-object, C, where |[V(C)| (the number of vertices
in C) and a4,,4(C) (the average assembly index of all nodes in C) are
greater than empirically-defined lower bounds:
V() = 51 and aawg(C) = ki

As such, a swarm exhibits the characteristics of aggregation but with
objects that are inherently larger in time, making the assembly index
and temporal/causal depth of the swarm orders of magnitude more
potent than that of simple particles aggregated.
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At a macroscopic scale, Assembly Theory does not just document the

creation of new, novel objects, it also documents the transformations of

existing objects into new forms. At the near-human scale, this means

that every interaction between two macroscopic objects, from a touch

to a thought to a gaze, ete... the two involved objects are each updated

to an organization never-before-seen in their time-object lineages.

Definition 18. Contraction 1.

In order to operationalize the time-graph and make it useful for the de-
signer, Contraction 1 is introduced. This is the sequential contraction
of every edge in the time-object-as-lineage from the beginning of time to
the present to construct a single vertex - edge - vertex subgraph which
approximates the embedded history of interaction between the two time-
objects. Because the lattice is regularized by temporal separation, that
average temporal separation becomes the weight of the single resultant
cdge which connects the two vertices.

Consider the below two-object time graph, where assembly time moves
from left to right. The top set of vertices is one time-object and the
bottom set of vertices the other. The black arrows are the "force parti-
cles™ which communicate information between the two objects. As these
bundles of information (bosons, neurotransmitters, electrical impulses,
spoken or written words, ideas, movements, etc...) are sent from one
vertex and impact the second vertex, the second vertex is changed. At
some scale, to some small or large degree, the object that the second set
of vertices approximates is not the same object - it is a new entry into

its time-object-as-lineage. Diagram: Definition 18.

T wy s contracted into the single vertex, o

Diagram: Definition 18. iU u
<+— lower assembly higher assembly — wluw) = avgAt
Ui Yy U g Uiy U5 %,
v

3 o is contracted into the
i€V

Jo vertex, v

It is important to note that this single temporal separation measure,

7. 7. 7. s . .. . . .
Vit Vi Vs Vi Yius by approximating a sct of interactions separated and regular in time,
Atz temporal separation operates similarly to a measure of harmonics. It suggests a quantification
between u and v to the way that the two time-objects vibrate, where temporal separation

becomes a "frequency”.
In most systems, the exchange of information and resulting updates
to the two time-objects are quasi-regular, and information exchange is
defined by a time-distance between the two time-objects - the amount
of time that it takes the force particle to travel from one time-object
to the other. As such, the repeated exchange of information becomes a
regular lattice structure linking the two time-objects across time.
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Diagram: Definition 19.

Definition 19. Contraction 2.
In order to operationalize the time-graph and make it useful for the
designer, Contraction 2 is introduced. The time-objects which inter-

0\" |
1: G
act with each other often vary largely in scale, but there is a certain
consistency in scale required of a time-object to be designable and con-
stitute a time-site. This contraction defines a methodology for moving
between scales within a graph, using sets of confractions to deal with
larger scales and sets of expansions to deal with smaller scales. As such,
RHN &

these graphs can operate from the scale of the planck length to the scale
of the universe under the same set of properties.

_—
It is important to note, however, that the edges in such a graph do not 4G

remain uniform when subject to these expansions and contractions.
When the scale of interaction changes (from two atoms to two cells, for

. . . . In the above sequence of expansions, b could represent a city, which is
instance), the force-carrier that each edge approximates changes in turn.

composed of sub-objects that can be expanded to form the subgraph
B, then ¢ € B could represent a building, which is composed of sub-
objects that can be expanded to form the subgraph C', then d € C' could
represent a material assembly within a building, which is composed of
sub-objects... ete...

Assembly indices assist in orientation within these temporal graphs, as
they attribute a consistent measure of complexity which allows a de-
signer to understand at what scale they operate.
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Definition 20. Vector Embedding.

The graphs approximating the infrastructures and agents of r/place are
extremely complex, and cannot be captured by a simple output from
NetworkX. They instead have to be re-calculated and re-represented to
create an environment that the human can understand, and ultimately
design.

Vector Embedding is a process by which the high-dimensional space
of the weighted, directed graph is projected onto a 2D mapping. Each
vertex is originally qualified by its set of distances to every other vertex
(leading to cach vertex represented as a vector with V(G) — 1 compo-
nents), and this must be reduced to a set of two coordinates - z and y
in a simple Cartesian graph.

This is done such that vertices which are close to cach other (based on
their temporal separation) are "attracted” to each other in the graph,
and while the representation is not perfect, it represents the temporal
space well enough to allow for design.

The following graph representations use MDS (Multidimensional Scal-
ing) to transform the V(G) — 1 dimensions to 2 dimensions.
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VIBE-CODING REALITY:

Each phase of this thesis was marked by the use of A.l. From
research to concept development to technical coding to formal
arrangement, A.l. 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.l. played its most formative roles in
its abilities to image. MidJourney Al 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 Al 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 Al 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
Al 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.l. within this project. | began with
little understanding of Graph Theory and little understanding of
python, but by the end had developed a clear methodology for
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generating graphs based on temporal separation. Built in Python
with NetworkX, A.l. 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 | 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.l
chatbot based on my incremental feedback.

Moving into the development of the physical nodes, A.l. 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.l. became not only a means of
vibe-coding software, but a means of vibe-coding physical re-
ality.

Moving into the node design, | 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 | 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, | 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 | had provided. We
worked through over 50 versions of the codeset in order to pro-
duce the final form.
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| am doing a University-level research project with the following
description: We exist in a multitude of worlds split between digital and
physical, how can we see them all at the same time

What is the projection of the viewer of a digital age and how is that
different than the projection of the viewer of a physical age

The projection and the perspective moves, shifts, and changes with the
swarm

Multiple projections at once

Can make the claim that we exist in an environment of the swarm split
between digital and physical. We need a new maodel of projection in
order to see this new landscape. It differs fundamentally from purely
physical worlds.

Questions of how one sees in this brave new world? How does one
interact with it? How does the information we are exposed to change
over time? All part of the process of projection.

Simply: How does projection work in swarm environments?

Can be physical, but can alsa be how does information move? How
does one orient themself? How do people see these environments and
make sense of them

What are some sources, papers, books, and artistic projects that can be
used for research in these areas?

Your research project sounds fascinating, exploring the interplay between the digital and physical worlds and
the cancept of projection in the context of the swarm environment. | can provide you with some ideas,

concepts, and sources that might help you in your research.
1. Understanding Projection in a Digital Age:

= Research how individuals project their identity, thoughts, and emotions online through social
media, virtual avatars, and digital interactions. Look into the concept of the "extended self" in the

digital realm.

* Investigate the rale of augmented reality (AR) and virtual reality (VR) in altering the viewer's
projection and perspective by blending diaital information with physical surroundings.

2. Comparison of Viewer Projection in Physical and Digital Ages:

* Analyze how the projection of self in physical settings is shaped by body language, facial
expressions, and personal interactions. Contrast this with how self-presentation occurs in digital

environments where text, images, and emojis are the primary means of expression.

= Explore how the viewer's perspective and empathy differ when interacting with digital

representations of others compared to face-to-face encounters.
3. Projection in Swarm Environments:

* Examine how collective intelligence emerges in swarm environments, where multiple individuals

interact digitally to form a unified behavior or decision.

* Research how collective emotions and epinions can be projected and amplified in the digital realm,

leading to phenomena like echo chambers and online radicalization.
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what are some academic journals that publish articles about
architecture, swarming, projection/representation, and computation

Academic journals covering architecture, swarming, projection/representation, and computation can be

found in various fields, including architecture, computer science, and interdisciplinary studies. Here are some

journals that often publish articles related to these topics:

1.

10.

11.

12.

Architectural Design (AD): A well-known architectural journal that often features articles on various
aspects of architecture, including computational design and representation.

. ACM Transactions on Architecture and Code Optimization (TACO): This computer science journal

focuses on various aspects of computer architecture, including computational techniques and
optimization.

. Journal of Architectural Engineering: This publication from the American Society of Civil Engineers

covers topics related to architectural engineering, including building design, structural systems, and
computational methods.

International Journal of Architectural Computing (IJAC): A journal dedicated to exploring the use of
computation in architectural design and research.

. The International Journal of Design Computing (1JDC): Focuses on research related to design

computing, which often intersects with architectural design and computation.
Journal of Computational Design and Engineering: An interdisciplinary journal that covers topics at the

intersection of computation, design, and engineering.

. Frontiers of Architectural Research (FAR): This journal publishes research on a wide range of

architectural topics, including computational design and representation.

Architectural Science Review: Covers various aspects of architectural science, which may include
computational methods and swarming algorithms.

Leonardo: An international journal focused on the application of contemporary science and technology
to the arts, including digital art, projection, and representation.

ACM Transactions on Graphics (TOG): While primarily focused on computer graphics, this journal often
includes articles related to computational design and representation in architecture.

Design Studies: A journal that explores the process of designing, which may include articles related to
computational design and architectural representation.

Journal of Computer-Aided Design and Applications: This journal covers computer-aided design in
various fields, including architecture and engineering.

Please note that the availability of articles related to these topics may vary from one issue to another, and

you should search within each journal for specific articles that align with your research interests. Additionally,

the field of architecture is highly interdisciplinary, so it may be worthwhile to explore journals in related

fields, such as computer science, engineering, and art, for relevant articles.

@)
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An entire landscape composed entirely of mirrors ; fields, mountains, towns, and
a city in the distance like a landscape photograph, except instead of having their
own textures, every single surface reflects everything around it ; everything is a
mirror except for the sky, leading to an incredibly complex visual image and only
has the idea of the initial form ; chaos ; complexity ; lines and reflections and
god rays and dynamic lighting ; fields of mirrors and mountains rendered with
mirrors instead of rocks ; trees with leaves made entirely of mirrors and trunks
that are mirrored ; people that are complete mirrors (COMPUTATIONAL DESIGN/
FORM;) Chaotic geometric formations, Enigmatic visual patterns, Unfathom-
able algorithmic structures, Abstract computational landscapes, Intricate digital
maosaics, Esoteric data driven arrangements, Cryptic generative compositions,
Organic mathematical configurations, Enigmatic algorithmic pathways, Com-
plex emergent systems, Dynamic computational tapestries Poster like image
expressing intense emotions and colors, intense emotion, chaotic, dynamic, ex-
pressive; tilt shift, unreal engine, octane render, 4k, 8k; hyper-realistic ray-trac-
ing on all reflections A technical drawing of the floor plan for an art gallery,
with digital images of paintings and sculptures in various sizes displayed on the
walls. The gallery has windows overlooking greenery, with architectural lines and
a black background. A white border surrounds the edges, and a grid overlay with
colorful data points and graphs is present. The color palette includes shades of
green, blue, purple, red, orange, and yellow, with a white outline. A plan of the
interior space in an art gallery with digital screens, greenery, and colorful ab-
stract artwork on the walls, with technical lines drawn around it to show how the
elements fit tagether, a grid layout with white borders around all elements, on
a black background, in the style of Peter Zumthor, top view. “The spiral of life"
A fisheye lens photograph capturing the mesmerizing effect created by an in-
finite loop within 'Kowloon Walled City’ - where each section is filled with vibrant
colors and intricate patterns, creating a kaleidoscope like display that includes
scenes from different time airplane symmetry. The perspective adds depth to
create a surreal atmosphere.
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A colorful, computationally designed object in an outlet which is the 3d section
of a greater whole 4d object ; A colorful, computationally designed object in an
outlet which is the 3d section of a greater whole 4d object ; A colorful, com-
putationally designed object in an outlet which is the 3d section of a greater
whole 4d object ; A colorful, computationally designed object in an outlet which
is the 3d section of a greater whole 4d object ; A colorful, computationally de-
signed object in an outlet which is the 3d section of a greater whole 4d object
;A colorful, computationally designed object in an outlet which is the 3d section
of a greater whole 4d object ; A colorful, computationally designed object in
an outlet which is the 3d section of a greater whole 4d object ;An object in an
outlet ;An object within the context: Outlet in bedroom ; An object within the
context: Outlet in bedroom ; An object within the context: Outlet in bedroom ;
An object within the context: Outlet in bedroom ; An object within the context:
Outlet in bedroom ; An object within the context: Outlet in bedroom ; An object
within the context: Outlet in bedroom ; An object within the context: Outlet in
bedroom ; An object within the context: Outlet in bedroom ; An object within the
context: Qutlet in bedroom ; The r/place memorial is twofold -- small, physical
interventions across the temporally local infrastructures of r/place and a single,
virtual repository, constantly updated, of the data that each of these physical
nodes holds. These physical interventions are small and light -- able to attach
and embed themselves within existing infrastructural environments like outlets,
laptops, and communication poles. They each contain a small chip and antenna,
allowing them to store part of the r/place dataset and relay this information at
regular intervals to a centralized server ; 3D Printed ; 3d section of a 4d object ;
A 4d object in physical space ; Assembly theory ; Object-component ; An object
that is part of an assemblage which constructs a greater whole ; r/place ; Com-
putational complexity ; Swarming ; A piece of a greater whole ; Attachment to
infrastructure ; Colorful mass 3d printed ; Gadget ; Contains custom PCB ; Un-
canny ; Simon Stalenhag aesthetics ; Uncanny technology ; Out of place ; Small
object that can fit in a hand attached to a “normal” context ; Computational
form ; User-made open source monument component ; 3D Printed ; 3d section
of a 4d object; A 4d abject in physical space ; Assembly theory ; Object-compo-
nent ; An object that is part of an assemblage which constructs a greater whole
; r/place ; Computational complexity ; Swarming ; A piece of a greater whole
; Attachment to infrastructure ; Colorful mass 3d printed ; Gadget ; Contains
custom PCB ; Uncanny ; Simon Stalenhag aesthetics ; Uncanny technology ;
Out of place ; Small ohject that can fit in a hand attached to a “normal” context
; Computational form ; User-made open source monument component --chaos
10 --ar 2:1 --weird 13
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what is renderdragon processing time for minecraft graphics
How long between 2b2t server NIC and ethernet port. no thinking, just

the answer in secands
There's no public specification that gives a fixed “RenderDragon processing time” for Minecraft graphics — it

depends a lot on hardware, settings (render distance, lighting, shaders, etc.), and whather things like ray
~0.000001-0.000003 seconds (about 1-3 microseconds). tracing are enabled.

OO0 P Lo - If I had to ballpark for a typical modern device under good conditions: ~5-20 milliseconds per frame.
If you tell me your device / settings, | can give a more specific estimate.
[S2 6 Y SV &7

How long between 2b2t server ethernet port and internet backbone. no
thinking, just the answer in seconds

how long between retina cells and optic nerve
~0,001-0.010 seconds (about 1-10 milliseconds).

T
06?0 ~0.001-0.005 seconds (about 1-5 milliseconds).
o6 P80
How long between internet backbone in Chicago and an ISP in
Pennsylvania. no thinking, just the answer in seconds
how long between optic nerve and visual cortex
~0.010-0.020 seconds (about 10-20 milliseconds).
@GP LD ~0.02-0.05 seconds (about 20-50 milliseconds).
(W ILY R A 47

How long between ISP in reading and modem in a home in

fleetwood,Pennsylvania. no thinking, just the answer in seconds i
how long between visual cortex and motor cortex

~0.002-0.010 seconds (about 2-10 milliseconds).

6P -

~0.01-0.03 seconds (about 10-30 milliseconds).

o0 @ -

How long between a modem and router
how long between motor cortex and muscle movement

~0.000001-0.0001 seconds (about 1-100 microseconds).

6P Lo

~0.03-0.06 seconds (about 30-60 milliseconds).

' [S20C I NVR & R
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Live game serve
Spectator interfa
Producer’s strea
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Social media fee
10 | Prize payout pro
11| Gaming hardwar
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13 Viewers' word-ol
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15 | Data analytics pi
18 Replay editorsivi
17 | Forinite anti-che
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Label | Distance (s)
L]
Live game servers (Epic Games Forinite Europe data centers) ~0.02 (20 ms ping typical EU server-player)
Spectator interface/AP| (spectator clients, toumament staff) ~0.02-0.05
Producer’s streaming software (event in broadcast studio) ~0.05-15
Livestream audiences (Twitch/YouTube viewers EL) ~2-30
Livestream audiences (global, USA/Asia) 30-200
Finals match data (tracking, stats providers) 1-5
Social media feeds & posts (X, Discord, Reddit) 2-60

Prize payout process (Epic Games — players’ bank) 10% - 107
Gaming hardware providers (PC, peripherals to players) 10° - 108
Electricity suppliers (powering server & home PCs) 10~ (instant, circuit dependent)
Viewers' word-of-mouth to friends (spoken relay) 107 -10°
Press/media news articles (post-match reports) 100-10°
Data analytics partners (third-party stats) 3-60
[Being operators (odds wpdatingive) =5
Replay editorsfvideo highlight channels 60-10°
Fortnite anti-cheat infrastructure sync 0.03-2
[Fornie cint patch servers (deliverng eventhotives)  10=100 ]
Broadband/ISPs carrying match stream 0.01-015
Fortnite event VOD database (public archives) 10-60
Game developers who coded event env (Epic EU, US offices) 0.1-10.3 (internally}
device man rers || supply chain) 10° - 108
Broadcast sponsors (ad insertions, global) 1-30
The desk under each player's setup 0 (continuous, local presence)
The chair each player sits in 0 (continuous, local presence)

0 (local), but design/manufaciure
900,000-4,000,000 (manufacturer to
consumer via sealroad air, assuming

Player's gaming mouse AsiafEU origin)

900,000-4,000,000 (factory to setup,
Mouse manufacturer (e g., Logitech, Razer, SteelSeries, eic.) seconds)
Mouse assembler (contract factory: possible e.9., China, Vietnam) 900,000-4,000,000
Mouse PCB/chip foundry (AMD, Taiwan: Kaihua, China, &tc) 1,000,000-8,000,000

0 (local), but 900,000-4,000,000 (manuf.

Player's mousepad chain)
Gaming keyboard (SteelSeries, Corsair, Razer, Meetion, etc.) 0 (local), =900,000 (factory to desk)
Keyboard manufacturer 900,000-4,000,000
Monitor (BenQ, Alienware, ASUS, Omen, eic.) 0 (local), 900,000—4,000,000 (supply)

PC case (Lian Li, Corsair, etc.) 0—4,000,000
Motherbeard (ASUS, MSI, Gigabyie, efc.)

1,500,000-7,000,000 (Asia to EU home)

1,800,000-10,000,000 (design in US, wafer

Graphic card (NVIDIA, manufaciured at TSMC/Samsung) in Asia, assembly in Asia, shipping to EU)

10,000,000-30,000,000 (mine to wire, to
Room electrical wiring (copper mine te player’s room) room)

Home internet gatewayfrouter 0 (local), manufacturing chain 1,000,000+
Fiber/copper ISP connection (home to exchange) 0.001- 0.1 (propagation), install ~100,000+
0.03-1 (signal), 10,000,000+ (land/sea
1l

National/continental ISP infrastructure install)
Electricity (from power plant to room) 1-50 (travel in circuit milesfkem, local grid)
100-1,000,000+ (plant build, coal'gas/oil

Power station/fuel source extraction)

|

Retail warehouse and e-commerce platform 400,000-900,000 (stock, order to user)
8,000,000+ (months—years before, design to
Manufacturer R&D and Design Office consumer)
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3.33E-06 3.33E-06 3.32E-06 3.33E-06 3.32E-06 3.33E-06 3.33E-06 01290794402 0.1190436302 0.01904363021 02840794404  2.39407944  1.629089451 0.20
1.00E-06 1.00E-06 9.83E-07 1.00E-06 9.83E-07 1.00E-06 1.00E-06 01340794402 01240436302 002404363021 02890794404 289907944 1634089451 021
5 33E-05 533E-05 5 33E-05 5 33E-05 5 33E-05 5 33E-05 5 33E-05 01840794402 01740436302 007404363021 03390794404  2.94907944 1684089451 0.26
1.00E-07 9.67E-08 8.33E-08 9.67E-08 8.33E-08 9.67E-08 9.67E-08 02140794402 02040436302 01040436302 03690794404  2.97907944 1714089451 029
1.00E-06 1.00E-06 9.83E-07 1.00E-06 9.83E-07 1.00E-06 1.00E-06 02540794402 02440436302 01440436302 04090794404  3.01907944 1754089451 033
1.67E-06 1.67E-06 1.65E-06 1.67E-06 1.65E-06 1.67E-06 1.67E-06 125407944  1.24404363 114404363  1.40907944  4.01907944 2754089451 1
5.00E-08 5.00E-08 4.83E-08 5.00E-08 4.83E-08 5.00E-08 5.00E-08 150407944  1.49404363  1.39404363  1.65907944 426907944 3004089451 1
26TE-05 26TE-05 26TE-05 26TE-05 26TE-05 26TE-05 26TE-05 200407944 199404363 189404363 215907944 476907944 3504089451 2
2.136-02 2.136-02 2136-02 2136-02 2.136-02 213602 213602 2.50407944 2.49404363 2.39404363 265907944 526907944  4.004089451 2
6.67E-02 6.67E-02 6.67E-02 6.67E-02 6.67E-02 6.67E-02 6.67E-02
3336402 3336402 3336402 3336402 3336402 3336402 3336402 270407944 269404363 250404363  2.85007944 546907944 4204089451 2
133506 133506 3 39E.06 333E.06 3 39E.05 333506 333506 310407944 309404363  2.99404363 325907944 586907944 4604089451 3
167E.05 167E.05 1 67E05 167E-05 1 67E05 16705 167E-05 3.80407944 379404363  3.69404363 395907944 656907944 5304089451 3
3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.00E+00 3.00E+00 02640794402 02540436302 01540436302 04190794404  3.02907944  1.764089451 0.34
333607 3 30E-07 317E-07 330E-07 317E-07 330E-07 3 30E-07 02640794402 02540436302 01540436302 04190794404  3.02907944  1.764089451 0.34
1.00E-01 1.00E-01 1.00E-01 1.00E-01 1.00E-01 1.00E-01 1.00E-01 1.25407944 1.24404363 1.14404363 1.40907944 4.01907944 2.754089451 1
4.99E+02 4.99E+02 4.99E+02 4.99E+02 4.99E+02 4.99E+02 4.99E+02 01290794417 01190436317  0.0190436317 02840794419 2894079442 1.629089452 020
316E+08 316E+08 3.16E+08 316E+08 3.16E+08 3.16E+08 3.16E+08 02640794402 02540436302 01540436302 04190794404  3.02907944  1.764089451 0.34
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Al as Software Engineer Al as Software Engineer
# Cdges
edge x = []
edge y = []
edge_z =[]
| currently have a network, G, in python code using the networkX for u, v in G.edges():
library. | would like to, for each node in G, create a vector with the %0, ye, 20 - pos[u]
shortest path length to each of 5 target nodes in G. So each node will X1, yl, z1 = pos[v]
be represented by a 5 companent vector with values equal to the edge_x.extend([x0, x1, None])
shortest path lengths to the 5 targets. What code can | use to edge_y.extend([y®, y1, None])
accomplish this edge_z.extend([z0, z1, None])
B ommm e
# 5. Create plotly traces

You can do this directly with NetworkX by precomputing shortest path lengths to your 5 target nodes, then

stacking them into vectors for every node in the graph. Here's one clean way to do it: edge trace - go.Scatter3d(

x=edge_x, y=edge_y, z=edge_z,
@ Python (o) (> Run line=dict(width=2, color="#888"),
hoverinfo="'none",

import networkx as nx .
mode="1ines"

# Suppose G is your graph )
# And you have a list of 5 target nodes
targets = [t1, t2, t3, t4, t5] # replace with actual node IDs node trace = go.Scatterad(
x=node_x, y=node_y, z=node z,
# Dictionary to hold vectors: node -» list of shortest path lengths mode="'markers+text',
node_vectors = {} text=nodes,
textposition="top center”,
for node in G.nodes(): hoverinfo="text",
vec = [] marker=dict(
for t in targets: color="lightblue’,
try: size=8, # fixed pixel size
dist = nx.shortest path_length(G, source=node, target=t) line=dict(width=2, color='DarkSlateGrey')
except nx.NetworkXNoPath: )
dist = float('inf') # or some large number to indicate no path )
vec.append(disl)
node_vectors[node] = vec # o
# 6. Camera settings
# Example: print vector tor node © #
print{node_vectors[e]) # You can change the "center' coordinates to shift focal point

camera - dict(
eye=dict(x=1.5, y=1.5, z=1.5), # camera position
center=dicl (x=0, y=0, /=0) # focal poinl of the camera
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Appendices Vibe-Coding Reality
Al as Hardware Engineer

what are alternatives to the raspberry pi pico 2. they should be cheap,
able to store a small amount of information (100 mb) and have

bluetooth and wireless capabilities

Here are excellent cheap alternatives to a Raspberry Pi Pico 2 that include wireless (Wi-Fi and/or
Bluetooth) and can support additional external storage (e.g., an SD card or flash module) to reach ~100 MB
or more (Pico-class MCUs usually have limited onboard flash).

seeed studio

Model XIAG-ESP3Z-C3

RS C€

CC-ZAT-XIADE SP32C3

Seeed Studio XIAQ ESP32C3 Dev  Seeed XIAO ESP32C6 Dev Board  Seeed XIAO ESP3253 Dev Board

Board $5.20= Versatile XIAO ESP32C6 $7.49+ Powerful XIAO ESP3253
$4.99 - Affordable, compact with strong community reviews, for advanced loT applications.
ESP32C3 board for loT projects. *d47

* 47

@ Best Cheap Wireless MCU Boards (Wi-Fi + Bluetooth)

These are the closest functional equivalents to a Pico with wireless built in — ideal for loT, sensors, small
web servers, Bluetooth peripherals, etc.

% Budget Powerhouses (ESP32 Family)
These boards have built-in Wi-Fi + Bluetooth, nice processing power, and you can add external storage (like
an SPI flash or SD card) to hit ~100 MB capacity.
* Seeed Studio XIAO ESP32C3 Dev Board — ultra-compact, low-cost (~$5) ESP32-C3 with Wi-Fi and BLE
— great for loT projects.
* Seeed XIAO ESP32C6 Dev Board - very affordable ESP32-C6 board with modern Wi-Fi + Bluetooth +
Thread support, excellent balance of price and features.
+ Seeed XIAO ESP3253 Dev Board - slightly more powerful ESP32-53 variant with dual-core performance
and good wireless reach.
* ESP32 Dev Board (Wi-Fi + Bluetooth) — simple general-purpose ESP32 board (~$4-$8), widely used for
Wi-Fi/BLE projects.
These ESP32 boards are far more capable than basic MCUs and typically support external flash/SD card, so
you can store ~100 MB of data (e.g., via SPI 5D slot o ¥ «ternal flash) in your project.
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B 7. Cost Estimate (All-in)

Item Cost
ESP32-Co module $4-38
Solar panel 0.2-0.5W $2-%4
Option A: Supercap + PMIC $3-%6
Option B: Small Li-ion + charger $3-$5
Total system $9-$14

No SD card, no external flash, no BLE module.

B 8. Is This Self-Sufficient?

Yes. With:
* deep sleep
+ local flash storage
+ BLE on demand
+ solar energy harvesting

you can get indefinite operation under sunlight.
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Al as Network Engineer Al as Network Engineer

Q: How should nodes get their millisecond timestamp? The ESP32Cé has no
RTC battery, so time is lost on deep sleep.

A:instead of a timestamp, the nodes can have a relative temporal separation
from the server based on the first response that the server receives. That

I just used your help in another session to set up a working pair of Seeed Studio would be t:= 0 and everything afterwards would be quantified based on that

Xiao ESP32C6+Ebyte E32 900T20D nodes communicating via LoRa. Q: How should each node know its own node ID?
Everything with the nodes is working great. As a next step, | want each node to A: Hardceded per-device at flash time

store a set of information (the color and position of 64 pixels). They will enter

deep sleep, but every ten minutes, they will wake for 1 minute. When they wake

up, their goal is to get that information to a central server which will serve as a That's a clean solution for time — the server establishes epoch on first contact, and every
repaository, overwriting its informatian set from the previous upload with the subsequent upload's delay is measured relative to that. No NTP, no RTC needed.

new data. For now this server can be my laptop. The LoRa connections will

create a mesh with multiple nodes, and the information will be passed between So the temporal separation becomes: 5t = (recv_time - epoch_recv_time) - (send_counter -
the nodes until it finds a node that is connected to the internet, at which peint cpoch_send_counter)

it will be uploaded to the server. As each node uploads information, it will also
upload the time (to the milllsecond) that It starts the upload. The server will
note a corresponding recelve time. The difference between these times
(temporal separation between node and server) will be paired with each pixel
from the associated node, and will ultimately effect that pixels transparency.
The farther a node is in time from the server, the more faint its image will

become. Let me now generate all three artifacts:

Actually, since nodes have no shared clock, the simplest clean version is: the server records
when it first ever receives any packet (t=0), and each subsequent packet's "age" is just

recv_time - epoch . The node'ssend counter isn't needed — the server-side receive time
alone gives you the temporal distance from origin. Pixels from nodes that haven't been heard
from recently fade; nodes that just uploaded are bright.

node_firmware.ino — Non-gateway node

Mar3t ) F O Code
‘What a beautiful concept — a distributed, time-decaying visual mesh. The temporal drift
between node and server becoming a visual property is really elegant. gateway.firmwarsino — Gateway node (NGDE_I 0x01)
et me make sure T understand the architecture before we dive in. A few things worth Code

clarifying:

server.py — Flask server

Code

Here's everything you need. A few important notes:
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Vibe-Coding Reality

Al as Material-Manipulator

Can you generate a python code based on the following qualifications: it should
create a 4000x4000 pixel image with 64 vertical stripes, equally spaced, that

are each a random selectlon from the r/place day 1color set.

Created afile,read afile »

Here's your script! It uses Pillow ( pip install pillow )and includes all 16 colors from the

original r/place Day 1 palette:

Color RGB

White (255,255,255)
Light Gray (228,228, 228)
Gray (136,136,136)
Rlack (34,34,34)
Pink (255,167,209)
Red (229,0,0)
Orange (229,149,0)
Brown (160, 106, 66)
Yellow (229,217,0)
Light Green (148,224, 68)
Green (2,190, 1)
Cyan (0,211, 221)
Medium Blue (0,131,199)
Blue (0,0,234)
Light Purple (207,110,228)
Purple (130,0,128)
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Vertical stripes  PY Copy v O X

import subprocess

import s

subprocess.check_call ([sys.executable, “-m*, "pip", "install®, *pillow", “-q"])

import random

1

2

3

4

5 from PIL import Tmage
&

7

8 # r/place Day 1 color palette (16 colors) with approximate distribution weights
9

10 # Weights are derived from community analysis of the Day 1 (2022) final canvas
11  # (before the Day 2 expansion and before the Great Whiteout). Key observations:
12| #

13 # White & Black dominate: used heavily for outlines, backgrounds, text,

14 W flags {e.g. Japan, Germany, Poland), and "The Void® black mass.

15 # - Red is extremely common: German/Turkish/Japanese/Swiss flags, logos, OSU!
16 # - Blue & Dark Blue: Ukrainian flag, many national flags, logos

17 # - Gray & Light Gray: outlines, shading, borders

18 # - Green & Dark Green: nature art, flags (Brazil, Ireland, Italy)

19 # - The remaining colors (orange, yellow, brown, cyan, pink, purples)

W # appear much more sparingly, used mostly as accent or detail colors

71 #

22 # Weights are relative (they don't need to sum to 100)

23  # Source basis: visval inspection + u/kaixinsoh's 2022 Reddit color breakdown post

24
25  COLORS_AND_WEIGHTS = [
26 # (RGB tuple, name, weight)
27 ({255, 255, 255), ‘“White", 18.9),
26 ((228, 228, 228), “Light Gray", 6.8),
2% ((136, 136, 136), “Gray", 5.9),
38 ((34, 34, 34), “Black", 16.6),
31 ((255, 167, 289), “Pink", 3.5),
3z ((229, 8, @), “Red™, 13.8),
a3 ((229, 149, @), “Orange®, 4.8),
34 ((168, 186, &8), “Bromn”, 3.5),
35 ((229, 217, @), “Yellow", 3.8),
36 ({148, 224, 68),  "Light Green", 4.0),
37 (2, 190, 1), "Green", 6.5,
a8 ((e, 211, 221), “Cyan", 2.5),
39 ((e, 131, 199), “Medium Blue", 4.5),
49 (e, ©, 234), “Blue", 5.9),
a1 ((207, 110, 228), “Light Purple", 3.5),
42 ((13@, @, 128), "Purple", 3.0),
43 ]
a4
45 COLORS = [¢[@] for ¢ im COLORS_AND_WEIGHTS]
46  WEIBHTS = [c[2] for ¢ in COLORS_AND_WEIGHTS)
47
48 WIDTH = 4808
49 HETGHT = 4800
58 NUM_STRIPES = &4
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Al as Material-Manipulator Al as Material-Manipulator
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