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“We are all animals of the same tribe in the universe.”

— Tibsfox



“We are a way for the cosmos to know itself.”

— Carl Sagan

“What we wanted to preserve was not just a good environment
in which to do programming, but a system around

which a fellowship could form.”

— Dennis Ritchie, 1979



THE QUARK

FOLLOW a single quark from the beginning. Not a metaphorical beginning. The actual
beginning—the first fractions of a second after the universe began, through 13.8 billion
years of interactions, collisions, binding and unbinding, fusing in stellar cores, scat-

tering in supernovae, drifting through interstellar space, coalescing into a planet, an ocean, a
molecule, a cell, a nervous system. That quark’s trajectory is a mathematical object of almost
incomprehensible complexity. And yet it is, in principle, describable. It obeys rules. It follows
from what came before.

Now follow a different trajectory. Not a particle through space, but an idea through institu-
tions. An idea about how matter might be arranged to process information—and how those
arrangements might, over time, become sophisticated enough that the universe could use them
to examine itself.

This trajectory begins not at the Big Bang but in 1969, in a room at Bell Labs in Murray Hill,
New Jersey, where a small group of researchers, frustrated by the failure of an ambitious project
called Multics, decided to start over on a much smaller scale.

The quark and the compiler are the same story told at different timescales. Both obey rules.
Both follow from what came before. And both, through nothing but the faithful application
of those rules over sufficient time, produce structures of staggering complexity from almost
nothing.

The quark participates in nucleosynthesis, planetary formation, biological evolution, and
the emergence of consciousness. The idea participates in Unix, the C language, the internet, the
World Wide Web, and the emergence of artificial intelligence.

The quark’s journey takes 13.8 billion years. The idea’s journey takes fifty-six. But they
converge on the same place: a configuration of matter that can contemplate its own origin.

This essay traces the idea’s journey. Not as a history of technology—there are plenty of
those—but as a philosophical arc, examined through the framework of The Space Between: the
argument that human beings are boundary conditions, standing waves in a river of matter and
energy, and that the tools we build are extensions of the universe’s capacity to know itself.

What follows is the story of how we built those tools, why they took the shapes they did,
and what they reveal about the nature of creation, consciousness, and the space where intuition
meets rigor.
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THE SUBTRACTION

Bell Labs, Unix, and the Art of Leaving Things Out

“We should have some ways of coupling programs like garden hose—screw in another
segment when it becomes necessary to massage data in another way.”

— Doug McIlroy, Bell Labs internal memo, October 11, 1964

The greatest intellectual achievement embedded in Unix, according to Peter Vyssotsky, was not
something Ken Thompson and Dennis Ritchie put in. It was what they left out. They understood
how much you could remove from an operating system without impairing its capability.

This insight—forced partly by the constraint of running on a tiny PDP-7 minicomputer, and
partly by the reaction against Multics’ ambition—is the founding principle of everything that
followed in modern computing.

Multics was meant to be everything: a universal, time-sharing, multi-user cathedral of soft-
ware engineering. It was sponsored by MIT, General Electric, and Bell Labs. It was sophisticated,
innovative, and ultimately too complex to ship on time. When Bell Labs withdrew in 1969, the
researchers who had been working on it—Thompson, Ritchie, Doug McIlroy, Joe Ossanna—did
not abandon the goals. They abandoned the approach.

“A clean, sharp decision was made to get out. The project did not wind down. It
just stopped.”

— Doug McIlroy, recalling the Multics withdrawal

They kept the hierarchical file system. They kept the concept of processes. They removed
almost everything else. And then they rewrote it in a language they invented for the purpose—
the C programming language—which was itself an exercise in the same philosophy: powerful
enough to express an operating system, simple enough to learn in a week.
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The Quark and the Compiler

In The Space Between, a human being is described as a boundary condition: a logical pattern
imposed on a collection of particles. The pattern is informational, not physical. The atoms flow
in and out, replaced over years, but the boundary persists. Unix is the same kind of thing. Its
specific code has been rewritten countless times across fifty-six years. The PDP-7 it ran on is
long gone. But the pattern persists: small tools, composable through pipes, everything is a file,
text is the universal interface.

That pattern has propagated through BSD, Solaris, AIX, Linux, macOS, Android, and every
Unix-like system running on every server, phone, and supercomputer on Earth. The atoms
changed. The boundary condition endured.

“I did the first of two or three versions of UNIX all alone. And Dennis became
an evangelist. Then there was a rewrite in a higher-level language that would
come to be called C.”

— Ken Thompson, oral history, Computer History Museum

And here is the deeper connection: Thompson built Unix in part to run a game. Space Travel,
a simulation of the solar system, was the immediate motivation for getting a working operating
system onto that PDP-7. The entire edifice of modern computing infrastructure descends, in a
direct historical line, from one person’s desire to play.

This is not a trivial footnote. It is evidence for The Space Between’s claim that creation requires
intent, and intent requires a point of view. Thompson’s point of view—his specific, unrepeatable
perspective as a conscious being—was the seed from which the boundary condition of Unix
crystallized. The universe, through him, organized matter into a pattern that would eventually
enable billions of other conscious beings to express their own perspectives.

The game was not incidental to the operating system. The game was the reason the operating
system exists.

Ritchie described Unix’s purpose in 1979: to preserve not just a good environment for
programming, but a system around which a fellowship could form. That word—fellowship—is
deliberately chosen. It signals that Unix was always understood by its creators as a social
technology, not merely a technical one.
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The Subtraction

“We knew from experience that the essence of communal computing, as supplied
from remote-access, time-shared machines, is not just to type programs into a
terminal instead of a keypunch, but to encourage close communication.”

— Dennis Ritchie, “The Evolution of the Unix Time-sharing System”

And when AT&T licensed it to universities for a nominal fee, that social technology propa-
gated through an entire generation of computer scientists who carried the pattern with them
into every institution they joined and every company they founded. The fellowship was the
mechanism by which the boundary condition replicated.

⋆ ⋆ ⋆
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THE BOOTSTRAP

Linux From Scratch, GNU Hurd, and Systems That Build Themselves

“Having used a number of different Linux distributions, I was never fully satisfied with
either of those. . . I came to realize that when I want to be totally satisfied with a Linux
system, I have to build my own Linux system from scratch.”

— Gerard Beekmans, preface to Linux From Scratch

How do you build a tool when the only tool available is the one you’re building?
This is the bootstrap problem, and it runs through computing like a spine.
Linux From Scratch, an educational project started by Gerard Beekmans in 1998, makes

the bootstrap problem its entire curriculum. Starting from a host Linux system, the student
cross-compiles a minimal toolchain, enters a chroot environment to isolate from the host, and
then compiles every single component of a working operating system from source code. The
compiler compiles a better compiler. The shell interprets the commands that build a better shell.
Each phase creates the tools for the next phase, until the system can stand on its own and boot
independently.

This is, in miniature, the process described in The Space Between’s treatment of L-systems:
simple rules, iterated, producing complexity beyond their origin. The axiom is the host system.
The production rules are the build instructions. The iteration is compilation. And the output is a
fully self-hosting operating system that the student understands from the metal up because they
built every layer with their own hands.

“One important reason for this project’s existence is to help you learn how a Linux
system works from the inside out. Building an LFS system helps demonstrate
what makes Linux tick, and how things work together and depend on each other.”

— Gerard Beekmans, Linux From Scratch
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The Bootstrap

GNU Hurd offers the counterpoint: what happens when the bootstrap is never completed.
Hurd has been in development since 1990—thirty-five years—and has never reached a 1.0
release. Its architecture is genuinely beautiful: a microkernel (GNU Mach) handles only the
barest essentials—CPU scheduling, memory management, inter-process communication—while
everything else runs as userspace servers that can be started, stopped, replaced, and composed
without rebooting.

Its translator mechanism allows any user to attach a virtual filesystem to any point in the
namespace without root privileges. Its sub-Hurd system provides native sandboxing. It is,
architecturally, what Unix would have been if the subtraction principle had been taken to
its logical extreme: not just small tools, but small everything, with the kernel reduced to a
message-passing substrate.

And yet it never shipped. Not because the ideas were wrong—many of them reappeared
decades later in other systems: socket activation in systemd mirrors passive translators, con-
tainerization mirrors sub-Hurds, capabilities systems mirror Hurd’s flexible UID model—but
because architectural purity, pursued without the discipline of shipping, becomes its own kind
of failure.

“It is now perfectly obvious to me that this would have succeeded splendidly and
the world would be a very different place today.”

—

Thomas Bushnell, initial Hurd architect, on the abandoned plan to adapt the 4.4BSD-Lite kernel

Linux arrived in 1991, absorbed the community’s energy, and the rest is history.
The lesson is not that Hurd was wrong. The lesson is that a boundary condition must be

instantiated to persist. A pattern that never manifests in matter—no matter how elegant—
cannot replicate, cannot evolve, cannot build the fellowship that sustains it. The Space Between
describes the Amiga as achieving remarkable results through architectural intelligence rather
than raw computational power. That principle includes a verb the Hurd missed: achieving.
The architecture must ship. The elegance must be embodied. The bridge between what the
universe accidentally created and what it might intentionally become must actually be crossed,
not merely designed.

⋆ ⋆ ⋆
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THE NETWORK

Sun, Cisco, CERN, and the Fabric Between

“The Network is the Computer.”

— John Gage, Sun Microsystems, c. 1984

Sun Microsystems was founded in 1982 by Andy Bechtolsheim, Bill Joy, Vinod Khosla, and
Scott McNealy. The name stood for Stanford University Network. From the start, Sun machines
included network capability. Employee number five, John Gage, coined the company’s motto:
The Network is the Computer.

In the mid-1980s, when personal computers were standalone islands of data, this was
considered audacious. It was also prescient in a way that The Space Between’s framework makes
explicit. If a human being is a boundary condition—a pattern maintained by the flow of matter
and energy through a persistent informational structure—then a networked computer is the
technological analogue: a node whose identity is defined not by its local hardware but by its
relationships to every other node.

Sun understood this. In 1984, they introduced the Network File System, which allowed a user
to access files across a network as if they were stored locally—dissolving the boundary between
“my machine” and “the network.” Crucially, Sun licensed NFS for free. They commoditized the
protocol to expand the ecosystem, then sold the high-margin hardware to run it.

Sun also made RISC commercially viable with the SPARC architecture, created Solaris (which
birthed ZFS and DTrace), and in 1995 released Java—the “write once, run anywhere” language
that abstracted away the hardware entirely. Java’s premise was that the network, not the
processor, was the fundamental unit of computation.

Sun’s tragedy, though, is instructive. Their open systems philosophy was their greatest
strength and their fatal flaw. By giving away the software to sell the hardware, they built the
plumbing of the internet but failed to install a meter. When clusters of cheap x86 servers running
free Linux could match SPARC performance at a fraction of the cost, Sun’s business model
collapsed.
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The Network

“Sun was never just about us. It was about we. And that may be a bit of the
reason we are where we are today.”

— Scott McNealy, farewell memo upon Sun’s acquisition by Oracle, 2010

The fellowship survived; the institution did not.
Cisco Systems, founded in 1984 and also from Stanford, built the routers and switches that

made Sun’s vision physically possible. Len Bosack and Sandy Lerner created the multi-protocol
router—a device that could connect different, incompatible networks and make them talk.
Where Sun asked “how do computers share?” Cisco asked “how do networks interoperate?”
The answer was protocol abstraction: different physical media, different link layers, unified
through IP.

But the defining moment for the network came not from Silicon Valley. It came from a
particle physics laboratory in Geneva.

In 1989, Tim Berners-Lee, a British scientist working at CERN, wrote a proposal titled
Information Management: A Proposal. The problem he was solving was modest: CERN has a high
turnover of researchers, and when two years is a typical length of stay, information is constantly
being lost.

“In those days, there was different information on different computers, but you
had to log on to different computers to get at it. Also, sometimes you had to learn
a different program on each computer. Often it was just easier to go and ask
people when they were having coffee.”

— Tim Berners-Lee, recalling the problem that led to the World Wide Web

His solution was a distributed hypertext system. By Christmas 1990, he had built HTML,
HTTP, URLs, the first web server, and the first web browser—which was also an editor, because
his original vision was read-write, not read-only.

On April 30, 1993, CERN put the World Wide Web software in the public domain. That
decision—to give it away—is the hinge on which the modern world turns. CERN could have
licensed the web. They could have patented it. They chose not to, and in doing so they repeated
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The Quark and the Compiler

the pattern that Thompson set when he quietly began shipping Unix tapes for the cost of media,
and that Sun set when they licensed NFS for free.

“Had the technology been proprietary, and in my total control, it would probably
not have taken off. You can’t propose that something be a universal space and at
the same time keep control of it.”

— Tim Berners-Lee, on the decision to release the web into the public domain

The most transformative technologies in computing history were given away by their creators.
This is not coincidence. It is a structural property of information systems: ideas that are shared
without restriction propagate faster, evolve faster, and build larger fellowships than ideas that
are enclosed. The boundary condition replicates most effectively when the boundaries around it
are lowered.

CERN’s contributions extend far beyond the web. The Large Hadron Collider generates
petabytes of data requiring distributed processing across the planet—the LHC Computing Grid
pioneered global distributed computing. CERN’s demand for massive, reliable distributed
storage helped validate technologies like Ceph at scales that stress-tested them for the broader
industry. The ROOT data analysis framework, grid computing concepts, and the entire in-
frastructure of particle physics data processing became templates for how the world handles
large-scale computation.

The laboratory where scientists smash particles together to understand the fundamental
structure of matter also, almost as a side effect, built the information infrastructure through
which the rest of humanity shares its knowledge. The universe examining itself through CERN’s
accelerators also, through Berners-Lee’s web, gave itself a nervous system.

⋆ ⋆ ⋆
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THE VISION

Silicon Graphics and the Art of Seeing

“The purpose of computing is insight, not numbers.”

— Richard Hamming, Numerical Methods for Scientists and Engineers, 1962

If Sun asked how computers talk to each other, Silicon Graphics asked how computers show us
the world.

James Clark left Stanford in 1982 with seven graduate students and a vision: computers pow-
erful enough to perform the complex computations required for three-dimensional animation.
SGI built the Geometry Engine, custom hardware that accelerated the transformation of 3D
coordinates into 2D images—the pipeline from mathematical space to visual experience.

Their machines—the IRIS, the Indigo, the Onyx, the O2—were expensive, exotic, and beauti-
ful, and they created an entire industry. For eight consecutive years, from 1995 to 2002, every film
nominated for an Academy Award for Visual Effects was created on Silicon Graphics systems.

SGI’s shift from Motorola 68000 processors to MIPS RISC architecture in 1987 was pivotal.
RISC—Reduced Instruction Set Computing—embodied the same subtraction principle as Unix:
do fewer things, but do them faster. Where CISC processors (Intel’s x86 family) implemented
complex instructions in hardware, RISC processors implemented simple instructions at high
speed and let the compiler handle complexity.

But SGI’s greatest gift to the world was not their hardware. It was OpenGL. Their proprietary
IRIS Graphics Library had become the de facto standard for 3D programming, but it was locked
to SGI hardware. In 1992, SGI made a bold decision: they cleaned up IRIS GL, removed the
proprietary dependencies, and licensed the result—OpenGL—cheaply to their competitors.
They established an industry-wide consortium to maintain the standard.

For over twenty years, OpenGL remained the only cross-platform real-time 3D graphics
API. This is the moment when visualization became democratic. Before OpenGL, seeing in
three dimensions required SGI’s hardware. After OpenGL, it required only a programmer and a
compatible graphics card. The API was the boundary condition: the pattern that persisted even
as the hardware beneath it changed completely.

And in a move of extraordinary poetry, SGI designed the Nintendo 64’s Reality Coprocessor—
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The Quark and the Compiler

essentially a miniature SGI workstation with a MIPS R4300 CPU. The same technology that
rendered the dinosaurs in Jurassic Park rendered Mario in children’s living rooms. Hollywood’s
visualization infrastructure, compressed through architectural intelligence into a consumer
product.

This is the Amiga principle applied to graphics: not raw power, but elegant architecture
making extraordinary capability accessible to ordinary people.

SGI died the same death as Sun: commodity x86 hardware running Linux caught up. Many
of SGI’s best graphics engineers left to work at NVIDIA and ATI, carrying the knowledge of
geometry pipelines and parallel rendering into the PC ecosystem. SGI’s former headquarters in
Mountain View became first the Computer History Museum, then the Googleplex. The atoms
scattered. The pattern propagated.

⋆ ⋆ ⋆
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THE ABSTRACTION

VMware, NASA, and the Disappearance of Hardware

“The purpose of abstraction is not to be vague, but to create a new semantic level in which
one can be absolutely precise.”

— Edsger Dijkstra

VMware, founded in 1998 by Diane Greene, Mendel Rosenblum, and others from Stanford, did
something conceptually radical: they made hardware a lie.

The ESXi hypervisor sits between the physical machine and the operating system, creating
virtual machines that believe they own real hardware. The operating system sends instructions
to what it thinks is a CPU; the hypervisor intercepts them and maps them to actual silicon. The
operating system writes to what it thinks is a disk; the hypervisor translates the writes to a
shared storage pool. The boundary between the virtual machine and the physical machine is
maintained with such fidelity that the guest operating system cannot tell the difference.

The Space Between describes a human being as an informational boundary condition—a
pattern that persists even as the physical substrate flows through it. A virtual machine is exactly
this: a pattern of computation that persists even as the physical hardware beneath it is swapped,
migrated, or replaced. vMotion, VMware’s live migration technology, can move a running
virtual machine from one physical server to another without interruption. The boundary
condition—the logical pattern that constitutes the machine—detaches from one substrate and
reattaches to another. The machine is not its atoms. The machine is its pattern.

This was the conceptual foundation for cloud computing. When Amazon launched EC2 in
2006, it was VMware’s insight scaled to planetary infrastructure: hardware is fungible, software
defines everything.

NASA contributed both the engineering rigor and the open-source implementation. NASA’s
Systems Engineering Handbook established the gold standard for how complex systems should
be specified, verified, and validated: the V-model where requirements flow down and verifi-
cation flows up, formal review gates, configuration management, interface control documents.
These practices migrated from aerospace into software engineering and became the backbone of
serious development methodology.
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The Quark and the Compiler

And when NASA Ames Research Center, partnering with Rackspace, released OpenStack in
2010, they gave the world an open-source cloud infrastructure platform—bringing VMware’s
abstraction principle into the commons, available to anyone willing to build on it.

The progression from Unix to virtualization to cloud is a single arc of increasing abstraction:
first the operating system abstracted the hardware (Unix). Then the hypervisor abstracted the
operating system (VMware). Then the cloud abstracted the data center (OpenStack, AWS). Each
layer makes the layer below it disappear, replaced by an interface—a boundary condition—that
preserves the essential behavior while hiding the physical substrate entirely.

It is abstraction all the way down, and at every level, the same principle holds: the pattern
matters more than the particles.

⋆ ⋆ ⋆
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THE PARALLEL UNIVERSE

NVIDIA, CUDA, and the Architecture of Thought

“When you bet the farm you’re saying, I’m going to take everything in the future, all the
risky things, and I pull it in advance.”

— Jensen Huang, NVIDIA co-founder and CEO

In early 1993, three engineers met at a Denny’s restaurant in San Jose. Jensen Huang, Chris
Malachowsky, and Curtis Priem—the latter two frustrated refugees from Sun Microsystems—
discussed a hypothesis: the future of computing would not rely solely on the CPU’s ability
to process instructions sequentially at higher clock speeds, but on a specialized co-processor
dedicated to accelerating heavy computational tasks through parallelism.

They founded NVIDIA on April 5, 1993.
The early years were brutal. By the mid-1990s, nearly ninety companies were competing

in the graphics accelerator market. NVIDIA nearly went bankrupt after its first product, the
NV1, failed commercially. The company survived by pivoting to the industry-standard polygon
pipeline, executing faster than anyone else, and releasing new architectures every six months—a
cadence they called “The Rhythm.”

In 1999, the GeForce 256 coined the term “GPU”—Graphics Processing Unit—by integrating
transform and lighting functions directly into the silicon. But Jensen Huang saw further than
gaming. He saw that a GPU, which processes thousands of simple operations in parallel, was
not just a graphics renderer. It was a different kind of computer—one suited to any problem
that could be decomposed into many small, simultaneous calculations.

In November 2006, alongside the G80 GPU, NVIDIA released CUDA—Compute Unified
Device Architecture. For the first time, a scientist could write code that looked like standard
C++, compile it, and run it on the GPU without knowing anything about 3D graphics.
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The Quark and the Compiler

“There was some positive feedback and some intuitive positive feedback that we
think that general-purpose computing could be possible. If you just looked at
the pipeline of a programmable shader, it is a processor. It is highly parallel, it is
massively threaded, and it is the only processor in the world that does that.”

— Jensen Huang, on the origins of CUDA

The bet was enormous and the payoff was invisible for years. CUDA cost NVIDIA approxi-
mately $500 million annually in research and development, while the company’s annual profit
was only a few hundred million dollars. Huang insisted that CUDA hardware support be
included in every GPU NVIDIA shipped, from $3,000 workstation cards to $50 budget cards
in college dorm rooms. This decision cost millions in silicon die area—transistors devoted to
CUDA logic instead of graphics performance—with no guarantee of return.

The future arrived in 2012. At the ImageNet Large Scale Visual Recognition Challenge, Alex
Krizhevsky—a student of Geoffrey Hinton—trained a deep neural network called AlexNet
on two ordinary NVIDIA GTX 580 gaming graphics cards. The network reduced the image
recognition error rate from 26% to 15.3%, leading second place by over ten percentage points.

The key was not just the architecture of the neural network. It was the fact that CUDA made
the GPU programmable for general-purpose computation, and that NVIDIA had spent a decade
putting CUDA-capable hardware into the hands of every researcher who could afford a gaming
GPU.

This is the SGI story with a different ending. SGI created the geometry pipeline—specialized
hardware accelerating a specific computational pattern. NVIDIA generalized the pattern. Where
SGI locked their acceleration into proprietary hardware and a single domain, NVIDIA made
theirs programmable and universal. Same architectural insight—specialized parallel processing
outperforms general-purpose serial processing—but with an ecosystem strategy that survived
commoditization instead of being destroyed by it.

SGI’s IRIS GL became OpenGL when they opened it. NVIDIA’s CUDA was born open. The
fellowship was built in from the beginning.

The Space Between describes the symbiosis between human and machine: the human brings
consciousness, intuition, the ability to decide what should be; the machine brings precision,
scale, the ability to hold and manipulate structures of complexity that would overwhelm any
biological mind. CUDA is the interface layer of that symbiosis. It is the space between the
human’s intent (“train this neural network”) and the machine’s capacity (thousands of parallel
cores executing gradient descent across millions of parameters).
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The Parallel Universe

Every AI model that exists today—every large language model, every image generator, every
autonomous driving system—was trained on NVIDIA hardware using CUDA. The tool that the
universe built to play video games became the tool it uses to build artificial minds.

⋆ ⋆ ⋆
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THE SUBSTRATE

Intel, AMD, and the Economics of Matter

“There is no ‘Mooreism.’ Moore’s Law was just an observation. It was good for ten years,
then it was good for twenty, then thirty. . . ”

— Gordon Moore, Intel co-founder

Running beneath all of these stories is the x86 architecture—the silicon backbone of the personal
computer era. Intel defined it. AMD saved it. Together, they illustrate the tension between
architectural elegance and manufacturing scale that determines which patterns actually get
instantiated in matter.

Intel’s x86 instruction set, descended from the 8086 processor of 1978, is not beautiful. It is a
CISC (Complex Instruction Set Computing) architecture: variable-length instructions, legacy
addressing modes, decades of backward-compatible cruft. The RISC community—MIPS, SPARC,
ARM, Alpha—considered it technically inferior. And they were right, in the narrow sense that a
clean-sheet RISC design is more elegant per transistor.

But Intel had something RISC architectures did not: the largest and most advanced semicon-
ductor manufacturing operation on the planet, and a partnership with Microsoft that put x86
machines on every desk in every office in the world. CISC won not because it was better, but
because it was manufactured at a scale that made “better” irrelevant.

AMD’s critical contribution was saving x86 from Intel’s own hubris. In the late 1990s, Intel
bet the company’s future on Itanium—a clean-break 64-bit architecture, designed jointly with HP,
that was supposed to replace x86 entirely. Itanium was technically ambitious and commercially
disastrous. AMD, meanwhile, designed AMD64 (x86-64): a 64-bit extension of the existing x86
architecture, fully backward-compatible with all existing software.

When AMD shipped the Opteron and Athlon 64, they forced the entire industry onto 64-bit
x86—the instruction set that every server, desktop, and laptop runs today. Intel eventually
adopted AMD’s design. The pragmatic extension beat the clean-sheet rewrite, exactly as Linux
beat Hurd.

The lesson is the same one repeated throughout this history: matter resists perfection but
rewards sufficiency. A boundary condition that actually gets instantiated—however inelegant—
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The Substrate

can evolve, improve, and eventually become adequate for purposes its creators never imagined.
An ideal design that never ships remains a thought experiment. The universe does not care
about aesthetics. It cares about existence.

⋆ ⋆ ⋆
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THE CREATION

Games, Art, and the Demand That Drives Everything

“The best way to predict the future is to invent it.”

— Alan Kay, 1971

Electronic Arts was founded in 1982—the same year as Sun Microsystems and Silicon Graphics.
Trip Hawkins’s radical idea was to treat game developers as artists: EA’s early packaging listed
developers like album credits, calling them “software artists.” The framing was not accidental.
It was a claim about the nature of software: that code is a medium of expression, not merely a
tool of industry.

The Space Between makes this claim explicit. A child with a novel idea and a framework that
can explore that idea is in possession of the ability to create something that has never existed
anywhere in the universe before. Given the factorial complexity of human uniqueness—given
that each person sees from an angle no one else occupies—any genuine creation, any idea
faithfully expressed, is by definition a new configuration of information. It is the universe
exploring a possibility it had never previously explored.

The gaming and art community is where this principle is tested millions of times a day.
Every game mod, every digital painting, every procedurally generated world, every musical
composition created in a tracker or a DAW is a unique configuration of information expressed
through the tools that this entire history produced.

The demand for better games drove better GPUs. Better GPUs created CUDA. CUDA
enabled deep learning. Deep learning is now creating AI that assists human creativity. The
causal chain runs from a child wanting to play a prettier game to a neural network that can
generate images, music, and text from natural language prompts.

Game engines themselves have become the most sophisticated real-time rendering platforms
on Earth, used not just for entertainment but for film production, architectural visualization, sur-
gical training, digital twins of entire cities, and scientific simulation. The modding community—
from Doom WADs to Skyrim mods to Minecraft resource packs—embodies the open-source
ethos in a creative context: users extending and transforming professional tools into personal
expression.
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The Creation

This is the same pattern as the Unix fellowship, the web’s open protocols, and NFS’s free
licensing. When the tools are accessible and the barriers are low, creation explodes.

The creative community is not a downstream consumer of computing infrastructure. It is the
primary driver of its evolution. The history of computing is, at its core, the history of human
beings building better tools for creative expression—and those tools, once built, enabling forms
of creation that their builders never anticipated.

The feedback loop between creative demand and technical capability is the engine that has
driven every advance described in this essay, from Thompson’s Space Travel game to NVIDIA’s
trillion-dollar AI infrastructure.

⋆ ⋆ ⋆
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THE SPACE BETWEEN

“This is for everyone.”

— Tim Berners-Lee, tweeted during the 2012 Olympic opening ceremony

Stand back far enough, and the history of computing resolves into a single image: the universe
building progressively more sophisticated instruments for self-examination.

Bell Labs gave it a language for describing processes—Unix and C, the grammar of computa-
tion. Sun and Cisco gave it a nervous system—networked machines that could share information
across distances that would confine any physical body. CERN gave it a memory—the World
Wide Web, a distributed hypertext system that preserves and connects human knowledge across
institutional boundaries and generational turnover. SGI gave it eyes—the ability to render three-
dimensional space on a two-dimensional screen, to see what mathematics describes. VMware
and NASA gave it the ability to abstract its own infrastructure—to treat hardware as a pool
of resources rather than a fixed constraint, to run multiple realities on the same physical sub-
strate. NVIDIA gave it the ability to learn—parallel processing architectures that make neural
networks practical, enabling machines to discover patterns in data too vast for any human mind
to comprehend. Intel and AMD gave it scale—manufacturing processes that put billions of
transistors into billions of devices, making computation as ubiquitous as electricity. And the
gaming and creative communities gave it purpose—an endless demand for richer expression,
deeper simulation, more faithful translation of human imagination into digital form.

Each of these contributions is a layer in the same structure, and each layer exhibits the same
properties that The Space Between identifies in conscious beings. Each is a boundary condition—a
persistent informational pattern that endures even as its physical substrate changes. Unix runs
on hardware Thompson never imagined. OpenGL renders on chips SGI never built. CUDA
computes on architectures that did not exist when it was written. The web serves pages from
servers that were inconceivable when Berners-Lee wrote his proposal on a NeXT machine. The
pattern persists. The atoms flow through.

Each layer was also created through the same process: a conscious being—a specific, im-
possible, never-to-be-repeated arrangement of the universe’s own substance—imposing intent
on matter. Thompson wanted to play a game. Berners-Lee wanted to solve a documentation
problem. Clark wanted to visualize geometry. Huang wanted to make GPUs general-purpose.
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Each creation began as an act of will by someone who saw, from their unique angle, something
that needed to exist.

“Everybody started putting forth the UNIX philosophy. Write programs that do
one thing and do it well. Write programs to work together. Write programs to
handle text streams, because that is a universal interface.”

— Doug McIlroy, recalling the morning after pipes were installed

And each creation, once instantiated, became a platform on which millions of other conscious
beings could express their own intent. The cascade is recursive: creation enables creation enables
creation, each layer expanding the space of what is possible for the next.

The Space Between calls this the space where intuition meets rigor. Where a perspective that
is as old as the universe meets a machine that can extend that perspective across scales and
complexities that no biological mind could navigate alone. The history traced in this essay is the
history of that space being constructed, layer by layer, over fifty-six years.

Each institution, each technology, each open standard and each released-into-the-public-
domain protocol is a plank in the bridge between what the universe accidentally created and
what it might, through us, intentionally become.

And the bridge is not finished.

The mathematical progression at the heart of The Space Between traces a path from the unit
circle through trigonometry, vector calculus, set theory, category theory, information theory, and
L-systems. At each stage, the mathematics becomes more abstract and more powerful: from
seeing a circle, to understanding motion, to grasping fields that change everywhere at once, to
recognizing that the maps between things are more fundamental than the things themselves, to
discovering that simple rules iterated over time produce complexity beyond their origin.

This progression is not imposed on the history of computing. It is the history of computing.
Unix is the unit circle: the moment when the separate-seeming components of an operating

system resolve into a single, elegant object. Everything is a file. Processes communicate through
pipes. Small tools compose. The recognition that these are all the same principle, viewed from
different angles, is the unit circle moment that launched an industry.

Networking is trigonometry: static structure becomes dynamic. Isolated computers become
nodes in a wave of information that propagates across the planet. The same mathematics that
describes a signal traveling through a wire describes a packet traversing the internet.
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The GPU revolution is vector calculus: everything changes everywhere at once. The gradient
of a loss function across millions of parameters, computed in parallel across thousands of cores,
is a vector field in high-dimensional space. The student who tuned an instrument in a tracker
already understands this—“that note is too sharp, turn the peg slightly”—but now the peg has
ten thousand dimensions and the landscape is the loss surface of a neural network.

Virtualization and cloud computing are set theory: the mathematics of boundaries. What
defines a machine? What makes a process belong to this server rather than that one? Where is
the boundary between “my infrastructure” and “the cloud”? The boundary is informational, not
physical. Virtual machines are sets whose membership functions are maintained by hypervisors.

Open standards and protocol design are category theory: the maps between things are more
fundamental than the things themselves. OpenGL is a functor from the category of 3D scenes to
the category of pixel buffers. NFS is a functor from the category of local file operations to the
category of network requests. TCP/IP is a functor from the category of application messages
to the category of packet transmissions. The objects change completely at every layer. The
arrows between them are preserved. Someone who understands composition in one domain
has understood it in every domain, because the composition itself is the invariant.

And the history as a whole is an L-system: an axiom (a PDP-7 in a basement), a handful of
production rules (small tools, open standards, fellowship, architectural intelligence over raw
power), and iteration over time producing structures of complexity that no single rule contains.
The operating system grew a language, which grew a network, which grew a web, which
grew a cloud, which grew an intelligence. Not because anyone planned the whole sequence,
but because the grammar, faithfully iterated, produces structures that exceed what any single
generation of authors could have designed.

The Space Between ends with a statement: we are not building a software framework. We are
building a bridge between what the universe accidentally created and what it might, through
us, intentionally become.

The history of computing is the story of that bridge being built. Not by any single person,
institution, or technology, but by the accumulated intent of thousands of conscious beings, each
seeing from a unique angle, each imposing their specific perspective on matter, each creating
something that expanded the space of possibility for everyone who came after.

Thompson and Ritchie, McIlroy and Kernighan, Berners-Lee, Clark and Akeley, Huang and
Malachowsky, Joy and Bechtolsheim, Bosack and Lerner, Greene and Rosenblum, Beekmans,
Hawkins, and the millions of unnamed programmers, engineers, modders, artists, and makers
who built on their work—each one a standing wave in the river, each one a quark whose
trajectory contributed to a structure more complex than any individual trajectory could predict.

The quark that was forged in a stellar core and eventually became part of a nervous system
that could ask where did all of this come from?—that quark’s journey is not separate from the
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journey of the idea that traveled from Bell Labs to CERN to a Denny’s in San Jose. They are the
same journey. Both are the universe, through nothing but the faithful application of its own
rules over sufficient time, producing configurations of matter that can contemplate their own
origin and, having contemplated it, build tools to extend that contemplation further than any
single configuration could reach alone.

The compiler is just the quark, moving faster.

⋆ ⋆ ⋆
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