


2

MACHINES OF LOVING GRACE

ay Kurzweil is pretty sure his dad isn’t going to stay dead. “I have 50

boxes of his things at home, his letters and music and bills and doctoral
thesis,” Kurzweil, an inventor, author, and futurist, says. His plan for
paternal resurrection involves feeding those documents into a computer,
along with more visceral sources of information about his father. “We can
find some of his DNA around his grave site,” Kurzweil says. An “Al will
send down some nanobots and get some bone or teeth and extract some
DNA and put it all together. Then they’ll get some information from my

brain and anyone else who still remembers him.... [They’ll] just send

nanobots into my brain and reconstruct my recollections and memories.”L

Armed with all this data, the AI will create a program capable of
reproducing Kurzweil’s father’s behavior, responding to new situations as
his father would have and even holding a conversation. “I will be able to
talk to this re-creation.... Ultimately, it will be so realistic it will be like
talking to my father,” Kurzweil claims. “You can certainly argue that,
philosophically, that is not your father,” he continues, “but I can actually

make a strong case that it would be more like my father than my father

would be, were he to live.”2

Kurzweil, in his midseventies, speaks in a measured and faintly gravelly
New York accent, sounding rather matter-of-fact while making his
surprising claims. But behind these claims 1s a deep and broad
technological expertise: Kurzweil has been named as an inventor on dozens
of patents over the course of his long career. Those inventions range from
new kinds of electronic synthesizers to early text recognition software to



assistive devices for the blind. He first started working with computers in
1960, at the age of twelve, building a “computer-like device” for a science
fair at his junior high school, then moving on to IBM mainframes and

coding in Fortran with the help of his uncle, an engineer at Bell Labs.2 He
often discussed his ideas with his father, a conductor and music educator
who earned a PhD in musicology from the University of Vienna before

fleeing Austria to escape the Nazis in 19384 “We talked a lot about the
nature of music and mathematical structure, and the fact that computers and
music had natural affinity to each other,” Kurzweil told Rolling Stone in
2009. “He said, ‘Someday you’ll get involved in creating synthetic music,
using computers.” He recognized that eventually computers could do a
better job.” But in 1970, when Kurzweil was twenty-two—the same year he
graduated from MIT —his father died of a heart attack at the age of fifty-
seven. Mourning his father, Kurzweil spent some time after college thinking
about a way to bring the dead back to life, approaching the ancient subject
with an engineer’s eye. “A person is a mind file. A person is a software
program, a very profound one, and we have no backup. So when our
hardware dies, our software dies with it,” he told Rolling Stone. “I’ve made

an issue of overcoming death.... And the strongest experience I’ve had with

death is as a tragedy.”i

That tragedy, according to Kurzweil, was the original impetus behind his
interest in exploring the possibilities that will come with technology in the
near future, an exploration that has led him to his certainty that his father
will be back, soon. But nobody knows how to collect memories from a
living human brain, nor does anyone know how to build an Al that could
synthesize all this information and spit out a chatbot that perfectly simulates
conversations with a now-dead human. Yet Kurzweil has a track record of
accurately predicting the future of technology, especially Al. In 1990, he
claimed that a computer would beat a human at chess by 2000; it happened

in 1997.5 And in 1999, he accurately predicted that airborne drones would
be commonplace in military conflicts by 2009. Bill Gates once said that
nobody was better than Kurzweil at predicting the future of artificial

intelligence.z In 2010, Kurzweil put his own accuracy at 86 percent (though
some independent estimates of his accuracy have been much lower). This
may explain his quiet confidence in his own forecasts, even when they seem



outrageous.§ And his forecasts for the next twenty years are certainly not
pedestrian. He has repeatedly claimed that by 2029, an Al will be able to

“do everything that any human being can do.2 By 2045, he says, “we will
multiply our effective intelligence a billion fold by merging with the

intelligence we have created”—an event Kurzweil and others call “the

Singularity.”m

The Singularity gets its name from the point where a mathematical
function breaks down, usually because it’s shot off toward infinity. Here, the
function is the rate of progress itself. Specifically, Kurzweil claims there is
a “law of accelerating returns,” an exponential trend in technological
progress proving that the Singularity is not just likely but inevitable, and
coming soon. “People intuitively assume that the current rate of progress
will continue for future periods. Even for those who have been around long
enough to experience how the pace of change increases over time,
unexamined intuition leaves one with the impression that change occurs at
the same rate that we have experienced most recently,” he writes. “But a
serious assessment of the history of technology reveals that technological

change is exponential.”u That exponential change, he says, will radically
transform human life past the point where we can recognize it—and that
will happen soon. Hence the title of one of Kurzweil’s books: The
Singularity Is Near.

“We won’t experience 100 years of progress in the 21st century —it will

be more like 20,000 years of progress,” Kurzweil claims 12 After the
Singularity, our current society will be a distant memory, just as the
preagricultural societies of Ice Age humans are to us now. There won’t be
poverty, disease, or want; all human desires will be satisfied immediately by
the ubiquitous and nearly all-powerful machines, enhancing our lives and
ourselves. “We’re going to be funnier, we’re going to be better at music.
We’re going to be sexier,” Kurzweil says. “We’re really going to exemplify

all the things that we value in humans to a greater degree.”ﬁ And any of us
alive then will “live as long as we want,” Kurzweil wrote in The Singularity
Is Near 12 He claimed in 2009 that by 2024 technology would be advanced
enough to rejuvenate him to a biological age of forty; this doesn’t seem to

have worked out12 (I had hoped to ask him about this myself, but he



declined to be interviewed for this book.) That hasn’t discouraged him.
“We’re going to get to a point where we have longevity ‘escape velocity,’”
he said at South by Southwest in 2024. “By 2029, if you’re diligent, you’ll
use up a year of your longevity with the year passing, but you’ll get back a
full year, and past 2029, you’ll get back more than a year. So you’ll actually
go backwards in time [i.e., get younger as time passes].” When asked if
anyone in the audience that day would live for five hundred years, he didn’t
hesitate: “Absolutely. I mean, if you’re going to be alive in five years—and

I imagine all of you will be alive in five years,” he said.1® And if Kurzweil
himself doesn’t make it to 2029, he’s still relatively sanguine about his own
prospects for immortality. Dying before then “would be a setback,” he
admits. But in that worst-case scenario, he says he’d just leave instructions
for the post-Singularity robots to sort through his belongings and scan his
frozen corpse—bringing a version of himself back to life, just like his

father.1—7

To understand exactly why Ray Kurzweil thinks he can resurrect his father
and that anyone alive in 2029 will still be alive in 2529 —and, more
generally, to understand what the Singularity is—requires a careful look at
what Kurzweil was talking about regarding linear growth and exponential
growth. Something grows linearly when you add a constant amount to it
over and over again. Make a dollar a day, and the total amount you’ve made
will just increase by $1 each time: $1, $2, $3, and so on. Crucially, with
linear growth, it doesn’t matter how much you already have: on the tenth
day, you still only make $1, and your balance goes from $9 to $10. Not so
with exponential growth. There, instead of adding a constant amount, you
multiply by a constant amount, increasing your total by a fixed percentage
of what you already have rather than adding a fixed sum. Instead of making
a dollar a day, you deposit a dollar on the first day into an account that earns
100 percent interest each day, doubling your money daily. Now, the amount
you already have matters quite a bit. On the second day, you only get one
additional dollar. But the next day you get two more dollars, and the day
after that, four. With exponential growth, having more leads to getting more



—and that, in turn, leads you to get even more. That compounding interest
means that exponential growth can become surprisingly fast in short order.
After the third day, you have $4 in your bank account, while your friend
who stuck with linear growth has $3—you’re not doing much better. But
after the eleventh day, your friend has just $11, while you have over $1,000
in your account. At the end of the month, on the thirty-first day, your friend
has $31, while you’ve just become a billionaire; at the end of the next
month, you’ll have over $1 quintillion, more than five thousand times the
total world GDP in 2021.

According to Kurzweil, technology works this way too. The most
famous example of an exponential trend in technology is probably Moore’s
law, named after the microchip pioneer and cofounder of Intel, Gordon
Moore. In 1965, Moore famously observed that the number of transistors
that could fit on a silicon wafer was doubling every year. Ten years later, he
revised this estimate to a doubling every two years; as others soon pointed
out, this implied that the speed of the fastest computer chips (made of
silicon wafers filled with transistors) would double roughly every eighteen
months. This trend continued for decades after Moore’s pronouncement,

past the end of the twentieth century.ﬁ
To Kurzweil, this is a manifestation of a more general feature of human
technology. “Technology, like any evolutionary process, builds on itself,”

he writes. “Humans are now working with increasingly advanced

technology to create new generations of technology.”m Because our tools

enable us to build better tools, which in turn enable still better tools,
Kurzweil says it makes sense for technological progress to grow
exponentially. Thousands of years ago, the development of pottery furnaces
enabled smelting, which enabled metalworking, which ultimately allowed
bronze and then steel to replace stone in tools and weapons. More recently,
better and better computers have made it easier to design almost anything—
including the next generation of computers themselves. Hence Kurzweil’s
law of accelerating returns, which he thinks is a fundamental feature of
human technology.

This is not a merely theoretical argument from Kurzweil. He has
collected a set of major technological milestones over the course of human
history, and has found that they are coming more and more quickly,



matching an exponential trend. It took five thousand years to go from the
horse-drawn cart to the car, but less than a century to go from the car to
landing on the Moon; there were at least two thousand years between
homing pigeons and the telegraph, but only about 130 years between the
telegraph and the beginning of the internet.

Nor does Kurzweil think that the law of accelerating returns is limited to
technology. According to him, exponential trends can be traced back

through the deep time of evolution as well. “Exponential growth is a feature

of any evolutionary process,” he writes. 20 “The evolution of life-forms

required billions of years for its first steps (primitive cells, DNA), and then
progress accelerated. During the Cambrian explosion, major paradigm
shifts took only tens of millions of years. Later, humanoids developed over
a period of millions of years, and Homo sapiens over a period of only

hundreds of thousands of years.”A (See Figure 2.1.) And, Kurzweil says,
he’s not the only one seeing this. He found the same trend when using
milestones picked out by fifteen different sources on the history of life, the

universe, and technology.2 Our technology, according to Kurzweil, is

merely a continuation of the exponential trend that started with the first self-

replicating molecules arising on Earth billions of years ago 2
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Figure 2.1: Kurzweil's claimed exponential trend in evolutionary and technological
history. This actually depicts a linear countdown to the present moment on a
logarithmic scale, not an exponential trend.

The next step in this trend is artificial intelligence. By this, Kurzweil
doesn’t mean existing Al systems and machine learning (ML) algorithms.
He has something much more powerful —and profound —in mind. Kurzweil
calls it “strong” artificial intelligence or “artificial general intelligence,”
which he defines as ‘“artificial intelligence that exceeds human

intelligence.”% That definition is more than a little vague, but Kurzweil
isn’t bothered by that. Once humans manage to build an AGI, Kurzweil
says, we can run it far faster than humans can think, enabling it to perform
difficult intellectual tasks much more quickly than a human could.

One of those tasks, naturally, would be the design of the next AGI. And
this is the mechanism by which Kurzweil and other “singularitarians” see
the Singularity coming to fruition. Say that first AGI, built by humans, took
thirty years to create. Building an even better, smarter one might take those
same humans more like sixty years. But with an AGI in hand, it would be
easy to speed that up: just ask the AGI to design it, and give it immense
computational resources. Then that first AGI could do work that would take



humans sixty years in just a year, or even a few days. And once that smarter
AGI is built, it would be able to design an even smarter one than itself even
faster, and that one could do the same, and so on, leading to sudden,
runaway growth—exponential, or perhaps even faster—in the intelligence
of AGIs. So the first AGI built by humans could also be the last: the rest,
designed and built by successive generations of machines at an ever
accelerating rate, would rapidly ascend to unfathomable heights of
superintelligent thought, as far above our abilities as we are above ants or

bacteria. “Once a computer achieves a human level of intelligence, it will

necessarily soar past it,” Kurzweil writes.22 “This cycle of machine

intelligence’s iteratively improving its own design will become faster and

faster.”2% When that happens, he says, we will be hopelessly left behind —
unless we go along for the ride. The Singularity “will result from the merger
of the vast knowledge embedded in our own brains with the vastly greater
capacity, speed, and knowledge-sharing ability of our technology,”
Kurzweil writes. “[This] will enable our human-machine civilization to
transcend the human brain’s limitations of a mere hundred trillion
extremely slow connections.... We will become vastly smarter as we merge

with our technology.”ﬂ And as the law of accelerating returns continues to

expand the computational power of humanity, “ultimately the nonbiological

portion of our intelligence will predominate.”ﬁ

Kurzweil goes on to point out that this is nothing really new. We already
live in close connection with our technology. Our phones sit snugly in our
pockets, our watches are strapped to our wrists, pacemakers live in many of
our hearts, and increasingly sophisticated prostheses replace our lost limbs.
To Kurzweil, letting our brains merge with our machines is simply the next
step in a trend that started long ago with the wheel, the lever, and fire. And
after the Singularity arrives, he says, our human-machine civilization will
proceed with the final step in that trend, fulfilling our ultimate destiny:
changing the structure of the universe itself.

In 1962, an odd little book of essays was published under the title The



Scientist Speculates: An Anthology of Partly-Baked Ideas. “A partly-baked
idea or pbi is either a speculation, a question of some novelty, a suggestion
for a novel experiment, a stimulating analogy, or (rarely) a classification,”
the editor, I. J. “Jack” Good, wrote in the first essay in the book. “The
bakedness of an idea should be judged by its potential value, the chance that
it can be completely baked, its originality, interest, stimulation, conciseness,
lucidity and liveliness. It is often better to be stimulating and wrong than

boring and right.”2 The rest of the book comprises over 120 short essays
with titles like “Deliberate Misplints,” “Robotic Croquet,” “Winking at
Computers,” “Precognition and Reversed Causality,” and “A Theory Which
Is Impossible to Believe if True”—the first and last of these written by

Good, who described himself as the “perpetrator” of the book .22 Other
contributors included illustrious scientists (Eugene Wigner, Michael
Polanyi, John Maynard Smith), authors (Arthur Koestler, Isaac Asimov,
Arthur C. Clarke), at least one famous crackpot (Herbert Dingle), and a few

people who wished to remain anonymous. One or two of the essays went on

to be classics in their fields; most of the rest were quickly forgotten Al

By the time that book was published, Good had already been working
with computing machines for twenty years. During World War II, the young
Good joined the code-breaking team at Bletchley Park upon finishing his
PhD in mathematics at Cambridge. Shortly after arriving, the leader of the
team, Alan Turing, caught Good napping on the job rather than breaking
Nazi codes. But Good quickly found his way into Turing’s favor by solving
a code-breaking problem that Turing himself hadn’t managed to crack. “I

thought that I had tried that,” Turing sheepishly said to Good upon his

Success .ﬁ

After the war, Good bounced between academia, government, and think
tanks, ultimately landing at Virginia Tech a few years after The Scientist
Speculates was published and staying there for the rest of his long life. But
throughout his career, Good had been intrigued by the possibilities that
computers—and especially artificial intelligence —might hold for humanity.
In a book review Good wrote in 1951, he theorized that a “superhuman”
machine thinking for itself could serve as “a modern oracle.” “The
threshold between a machine which was the intellectual inferior or superior
of a man would probably be reached if the machine could do its own



programming,” he wrote 33 He returned to this theme several times over the
years, including in one of his numerous contributions to The Scientist
Speculates, titled “The Social Implications of Artificial Intelligence,” where
he wrote that once a computer is built that is itself able to design a better
computer, “there would unquestionably be an explosive development in
science.” He even provided a prediction of when he thought this would
come to pass: he said it was likely to happen by 1978 and would cost
around $500 million, give or take a power of ten. Good called that “cheap at

the price.”ﬂ He elaborated on this idea in a longer article in 1965,
“Speculations Concerning the First Ultraintelligent Machine”:

The survival of man depends on the early construction of an
ultraintelligent machine.... Let an ultraintelligent machine be defined
as a machine that can far surpass all the intellectual activities of any
man however clever. Since the design of machines is one of these
intellectual activities, an ultra-intelligent machine could design even
better machines; there would then unquestionably be an “intelligence
explosion,” and the intelligence of man would be left far behind.
Thus the first ultraintelligent machine is the last invention that man

need ever make, provided that the machine is docile enough to tell us

how to keep it under control 32

Good wasn’t the only one to have this idea. The concept of a
superintelligent machine had been entertained by his old boss, Turing, as
well as Al pioneers Ray Solomonoff and Marvin Minsky (the latter of
whom also contributed two essays to The Scientist Speculates and later
mentored a young student at MIT named Ray Kurzweil). More generally,
the concept of technological acceleration leading to a singularity was
arguably developed by John von Neumann, the legendary mathematician
and physicist. Von Neumann worked with early computing machines on the
Manhattan Project and created the basic architecture that all electronic
computers still use today. He also wrote one of the first modern treatises on
self-replicating machines. After von Neumann’s untimely death at fifty-
three in 1957, his friend Stanislaw Ulam—also a renowned mathematician
and physicist—wrote a lengthy obituary for him. Von Neumann’s



“conversations with friends on scientific subjects could last for hours,”
Ulam wrote. “One conversation centered on the ever accelerating progress
of technology and changes in the mode of human life, which gives the

appearance of approaching some essential singularity in the history of the

race beyond which human affairs, as we know them, could not continue.”3%

Von Neumann himself never wrote about this idea. But decades after
von Neumann’s death, Vernor Vinge took the concept—and the name
“singularity”—and ran with it. Vinge was a computer scientist and
mathematician by training, but he was best known for his science fiction
novels, especially the Hugo Award—winning books A Fire Upon the Deep
and its prequel A Deepness in the Sky. But it was an earlier novel,
Marooned in Realtime, published in 1986, where Vinge introduced the idea

of the Singularity to the readers of his fiction.2Z In Marooned, Vinge used a
post-Singularity civilization as a plot device: the characters awake in the far
future after being placed in stasis, finding that human civilization has
seemingly vanished or transcended to a new plane of existence, with a
technological Singularity fingered as the likely culprit. In a curious
afterword to the book, Vinge explained that he thought this was not merely
a fictional conceit. As the year 2000 approached, it was “an ironic accident
of the calendar that all this religious interest in transcendental events should
be mixed with the objective evidence that we’re falling into a technological
singularity.... It’s you, not Della and Wil [the protagonists of Marooned],
who will understand the Singularity in the only possible way—by living

through it.>38 Expanding on these ideas in a 1993 article titled “The
Coming Technological Singularity,” Vinge cited von Neumann and
especially Good as forerunners to his ideas. “I believe that the creation of
greater than human intelligence will occur during the next thirty years,”
wrote Vinge, rehearsing the same argument Kurzweil would make more
than ten years later in The Singularity Is Near.

When greater-than-human intelligence drives progress, that progress
will be much more rapid. In fact, there seems no reason why progress
itself would not involve the creation of still more intelligent entities
—on a still-shorter time scale.... From the human point of view this
change will be a throwing away of all the previous rules, perhaps in



the blink of an eye, an exponential runaway beyond any hope of
control. Developments that before were thought might only happen

in “a million years” (if ever) will likely happen in the next century.ﬁ

Vinge was mostly unwilling to guess about the detailed nature of post-
Singularity technology or civilization. “If I get pushed hard about questions
about what the Singularity is going to be like,” he said, “my most common

retreat is to say, ‘Why do you think I called it the Singularity?”’@
Nonetheless, the prospect of a tech-fueled civilizational apotheosis
meshed well with the ideological foundations of the futurist groups already
swirling around Silicon Valley in the 1980s and ’90s—and they largely
didn’t share Vinge’s reluctance to speculate about what the Singularity
might bring. “We see this need for transcendence deeply built into
humanity,” said the futurist Max More in 1994. “It seems to be something
inherent in us that we want to move beyond what we see as our limits. In
the past we haven’t had the technology to do that, and right now we’re in
this difficult period where we don’t quite have the technology yet, but we

can see it coming.... I enjoy being human but I am not content.”*! More
(born Max O’Connor) was one of the founders of the “Extropian”
movement, named “as a metaphorical opposite” of entropy, the physical
measure of disorder and decay, which the Extropians declared “the supreme

enemy of human hope.”ﬁ More, along with Tom Morrow (born Tom Bell)
started Extropy magazine (originally subtitled Vaccine for Future Shock) in
1988. The first issue declared that the magazine would cover subjects like
“artificial intelligence, cognitive science and neuroscience, intelligence-
increase  technologies, life extension, cryonics and biostasis,
nanotechnology, spontaneous orders, space colonization, economics and
politics (especially libertarian), science fiction and reviews of science
fiction, intelligent use of psychochemicals, extropic psychology,

mindfucking, extropic moral and amoral theories, extropic scientific

developments, memetics, [and] aesthetics 43

More and Morrow also founded the Extropy Institute in 1992, which led
in short order to something ultimately more influential than their magazine:
an email list for Extropians. “In the mid-nineties, many got [their] first



exposure to transhumanist views from the Extropy Institute’s listserv,”

wrote the philosopher Nick Bostrom in 200544 Bostrom himself was one of
those people and was quite active on that list in the 1990s, when he was a
graduate student in philosophy. In 1998, Bostrom cofounded the World
Transhumanist Association, an organization dedicated to the “feasibility of
redesigning the human condition, including such parameters as the
inevitability of aging, limitations on human and artificial intellects,
unchosen psychology, suffering, and our confinement to the planet Earth,”
as the group’s Transhumanist Declaration said. “In planning for the future,
it 1s mandatory to take into account the prospect of dramatic progress in
technological capabilities,” they continued, echoing Vinge. “We need to

create forums where people can rationally debate what needs to be done,

and a social order where responsible decisions can be implemented.”“—5

Most of those debates happened on the internet, but there were also
Extropian parties, conferences, and at least one student organization, at

MIT#® The Extropians and their intellectual compatriots were profiled in

magazines like Wired and in several books #Z By the end of the 1990s,
Extropians and transhumanists like Hans Moravec and Ray Kurzweil had
published nonfiction books of their own, expounding on the imminent
approach of AGI and other transformative technologies as the Singularity

purportedly loomed. 28 Kurzweil even quoted More’s “Principles of

Extropy” in The Singularity Is Near %2

But as Vinge pointed out in his 1993 article, the idea of the Singularity
made a much bigger and faster splash in science fiction. There, he claimed,
it had been anticipated for decades. “More and more, these [science fiction]
writers felt an opaque wall across the future. Once, they could put such
fantasies millions of years in the future,” he wrote. “Now they saw that their

most diligent extrapolations resulted in the unknowable... soon.” Just a
few years later, the Singularity was a common feature of science fiction
novels, with titles like Accelerando, Singularity Sky, and Excession. “The
world we inhabit [is] a world sentenced to Singularity,” the science fiction

author Ken MacLeod wrote in 2003 2L By then, the Singularity had become
so entrenched within science fiction that, as author and critic Jo Walton put
it, “most SF being written now has to call itself ‘post-Singularity’ and try to



write about people who are by definition beyond our comprehension, or

explain why there hasn’t been a Singularity.”2 Author Charles Stross was

somewhat less delicate. The Singularity, he said in 2006, is “the turd in the

punchbowl of near-future SF. You may politely pretend it isn’t there, but

everyone has to deal with it.”23

This was the Singularity coming back to its original home 241n 1950, a
year before Good first wrote about a “superhuman” machine doing its own
programming, Astounding Science Fiction published a story by a star of the
genre, one Isaac Asimov. The story, titled “The Evitable Conflict,” takes
place in the year 2052. It describes a meeting between Susan Calvin, an
expert in robotics—a word Asimov himself had coined in a story several
years earlier—and Stephen Byerley, the coordinator of the world
government. But Byerley has less power than his title implies, because the
world is effectively run by large “Machines”: disembodied, robotic
“positronic brains” that dictate the best courses of action for essentially all
economic, scientific, and political activity. Despite the supposed infallibility
of the Machines, Byerley has noticed strange discrepancies in the world
economy. But he knows that the Machines can’t be doing this intentionally,
because, like all robots, they’re programmed to obey the Three Laws of
Robotics, the first of which states that no robot can harm a human under any
circumstances. So, Byerley says to Calvin, the first thing he did was ask the
technicians responsible for the Machines to perform a diagnostic on them,
to confirm they’re working as they should. To his surprise, he finds that this
i1s impossible, because the Machines have become far too complex for any
human to understand: “A team of mathematicians work several years
calculating a positronic brain equipped to do certain similar acts of
calculation. Using this brain they make further calculations to create a still
more complicated brain, which they use again to make one still more
complicated and so on.... What we call the Machines are the result of ten

such steps.”ﬁ The Singularity, avant la lettre.

This wasn’t even a new idea in science fiction at the time. Asimov was
echoing the 1932 short story “The Last Evolution,” by John W. Campbell
Jr26 Campbell later edited Asimov’s robot stories at Astounding Science

Fiction, and Asimov said he “godfathered the robots.”Z But while
Campbell’s story did include the same idea of computers designing more



advanced computers, Asimov’s story also contains a clear articulation of the
core motivation behind the Singularity. As the end of “The Evitable
Conflict” reveals, despite Byerley’s doubts, the Machines are infallible. The
solution to his puzzle is merely that the Machines have determined that
some humans are trying to thwart their governance, and consequently the
Machines have taken steps to keep those people safely out of the way
without harming them or disrupting society as a whole. “The Machine is
conducting our future for us not only simply in direct answer to our direct
questions, but in general answer to the world situation and to human

psychology as a whole,” Calvin tells Byerley. “The Machine cannot, must

not, make us unhappy.”s—8 Utopia, algorithmically guaranteed. In just the

same way, the Singularity’s superintelligent, benevolent machines will
purportedly reduce the multifarious wicked problems of politics,
economics, and sociology to a single matter of sufficiently clever computer
programming for a sufficiently powerful computer. This is the real appeal
behind the modern idea of the Singularity: the seductive promise of all
questions, needs, and desires fitted to the single Procrustean solution of
code and compute.

In the first few weeks of 2020, I came across a disturbing graph depicting
what was, unquestionably, exponential growth. The graph was attached to a
tweet, part of a thread I'd stumbled upon about the new coronavirus,
COVID-19. Case rates in the United States were still quite low at the time,
with only a handful of cases reported. But this tweet pointed out, although
there weren’t many cases yet, that was poised to change, fast: left
unchecked, cases in the United States would grow to the hundreds of
thousands by the end of March. I was alarmed, and immediately started
trying to figure out reasons this could be wrong. I couldn’t find any obvious
problem with the pseudonymous tweeter’s claims. But it just seemed so
unlikely, on the face of it, that they could be correct. If they were right,
everything was about to change, fast and unpredictably, yet there seemed no
obvious herald that such a change was coming. How could they be right?
Unsure, I went on with my day, troubled by new doubts, trying to figure out



if I was worried about something real or had simply been scared by a
mirage conjured by a random internet person. Several weeks later, I had my
answer.

It’s tempting to simply dismiss Kurzweil’s claims out of hand. They
seem too outlandish, too implausible to take seriously. If such a huge
change is coming, there should be signs, something to herald that we are on
the verge of an enormous shift, fast and unpredictable, in every facet of
human society. How could he be right? But Kurzweil certainly is right
about at least one thing: humans have trouble recognizing and accepting the
possibility of exponential growth, even when we’re already deeply familiar
with the concept, as I was in early 2020. “Almost everyone I meet has a
linear view of the future,” he writes. “That’s why people tend to
overestimate what can be achieved in the short term (because we tend to

leave out necessary details) but underestimate what can be achieved in the

long term (because exponential growth is ignored).”s—9

So we can’t just laugh off Kurzweil’s ideas. He’s not crazy, and he’s not
stupid. Nor is he alone. Today, the Singularity isn’t just something that
fringe groups like the Extropians take seriously. Kurzweil’s books have
been bestsellers. His take on the Singularity has landed him in major
magazines like Time, Wired, and Rolling Stone. He is regularly invited to
speak at major media events like South by Southwest. Singularity
University, where “technology experts and entrepreneurs with a passion for
solving humanity’s grand challenges” can “exchange ideas and facilitate the
use of rapidly developing technologies,” was cofounded by Kurzweil in
2008 with funding from Google, Autodesk, and other Silicon Valley

firms. 22 And in 2012, Kurzweil took up a job at Google as a director of
engineering, upon the personal invitation of Google cofounder and then

CEO Larry Page.6—1 “These are ideas with tremendous currency in Silicon

Valley; these are guiding principles, not just amusements, for many of the
most influential technologists,” explains the computer scientist Jaron

Lanier.%2 Many leaders in tech—including Bill Gates and Elon Musk—
think highly of Kurzweil and his ideas. “Ray Kurzweil’s Moore’s Law
abstraction is the most important thing ever graphed,” says billionaire and
tech venture capitalist Steve Jurvetson. “Its continuity —over his lifetime of
writing—is the greatest take-away for the future of humanity, and the future



of intelligence 63

The idea of the Singularity has even made its way into the halls of
academia, where the concept has received some attention from
philosophers. Bostrom, who was a philosophy professor at Oxford
University for over fifteen years, has written extensively about a
hypothetical intelligence explosion, both in academic papers and his 2014
book Superintelligence, a surprise bestseller heartily endorsed by Bill
Gates. “I think at some point we will create machines that are
superintelligent,” Bostrom said shortly before that book was released. “It’s
a very mainstream opinion among experts to think that there is a real chance
that this may happen over the next few decades, or at least in this

century.”@ David Chalmers, professor of philosophy at New York
University, wrote a lengthy paper on the subject in 2010. “The singularity
idea is clearly an important one,” he wrote. “The argument for a singularity

is one that we should take seriously.”6—5 Chalmers says that the idea is based
on premises that shouldn’t be too hard to swallow. “Where the tech world is
concerned, exponential growth claims aren’t especially extraordinary.
They’re quite common,” he told me. “[If] we get to the point where Al
systems are working at roughly the level and speed of humans, and we’ve
just got some exponential increase in hardware speeds, doubling every five
years or whatever you like, then it’s just obvious that as a result... you get

the intelligence curve to shoot up exponentially.”® And while Chalmers
and Bostrom were among the first philosophers to take the idea of a
Singularity seriously, they’re not alone anymore: Bostrom was the founding
director of the Future of Humanity Institute (FHI) at Oxford, which
operated from 2005 until 2024, and where the Singularity was a regular
subject of research.

So Kurzweil isn’t a lone crank. He’s the public face of a movement. And
the data that he’s assembled to illustrate his law of accelerating returns at
work over the course of history are particularly striking. But a closer look at
Kurzweil’s chart reveals a problem. The inverse of the exponential function
is the logarithm. Think of it as a function that tells you roughly how many
zeros appear at the end of a number (or, more generally, how many digits
the number has). The logarithm of 1,000 is three times larger than the
logarithm of 10; the logarithm of a million, 1,000,000, is three times larger



than that. Logarithms are more familiar than they seem. We frequently think
logarithmically, especially about the past: What were you doing this time
last month? A year ago? Ten years ago?

Chuck Klosterman, the author and critic, illustrates this point well with a
simple game: without looking anything up, name a definitely real person
who lived in each century, working backward from the twenty-first. For this
century and the last, it’s easy to think of many names, including people we
personally know. The nineteenth century isn’t too difficult either, though
you’re probably going to think of famous political or historical figures
(Harriet Tubman, Napoleon). The eighteenth century is a little harder, but
not too difficult (Benjamin Franklin). Things get harder still around the
seventeenth century, and you’re probably down to just a few names that
you’re sure about, if any (Isaac Newton). And unless you have specialized
domain knowledge about particular areas of history, it’s not likely that you
can get much past the sixteenth century (Shakespeare, Galileo) or fifteenth
century (Joan of Arc). As Klosterman puts it, if someone makes it to the

twelfth century, “it usually means they either know a lot about explorers or

a shitload about popes.”®Z

But this doesn’t mean that you can’t name anyone who lived earlier than
around 1400. Your knowledge just gets spottier. Mansa Musa, Eleanor of
Aquitaine, and Ibn Rushd are in there somewhere; further back, there’s
religious and philosophical figures like Muhammad, Jesus, and Confucius;
and then there’s a smattering of political leaders like Cleopatra, King Tut,
and Hammurabi—and if you’re up on your internet memes about cuneiform
complaint letters, then way back near the start of recorded history there’s

Ea-Nasir and Ibbi-Ilabrat.%8 But you can’t go linearly through history
anymore. Your historical knowledge has turned logarithmic. This isn’t
because everything was boring in, say, the seventh century —the myth of the
Dark Ages is just that, a myth, and also there are plenty of other places in
the world outside of Europe where things were happening at the time—it’s
just a matter of your perspective from this particular point in history. Three
hundred years from now, if the United States still exists, it’s quite likely that
the average American wouldn’t be able to name a single president from the
twentieth century at all, just as we can’t reliably name political leaders from
the 1600s. Memories fade, and the selection of salient events that we



remember out of history is, at best, only loosely tied to their importance. We
have a logarithmic view of history because we can’t possibly learn and
retain everything that ever happened before we were born.

Seen through this lens, Kurzweil’s trends become more suspect. It seems
likely that he’s confusing a logarithmic view of history for an exponential
trend in biological and technological development. His list of biological
milestones gives this away: rather than picking particularly important
events in the evolution of all life on Earth, he’s mostly chosen milestones
leading up to the evolution of humans, as if humans are the ultimate goal of
evolution. (Evolution has no goal, as Kurzweil surely knows.) This kind of
cherry-picking makes it easy to create the appearance of an exponential
trend. The list of scientific and technological advances is also cherry-
picked: among the many missing milestones are the invention of
gunpowder in China in the ninth century, the development of Newtonian
physics in the seventeenth century, the germ theory of disease, the periodic
table of the elements, the railroad, and the telegraph. None of these fit the
exponential pattern, and all of them were easy to find, because there are
many time periods that have no representation whatsoever on Kurzweil’s

list.! These omissions are unlikely to be deliberate, any more than the near
total exclusion of technological or cultural developments outside of Eurasia.
Both are just the result of a biased perspective limited by a particular place
and time. It’s like looking out from the top of a skyscraper: nearby,
everything looks big and important; off in the distance, only a few salient
points are visible. But things aren’t actually getting bigger as they get closer
to you, nor are you situated in any particularly important or unique location.
Kurzweil is inferring a kind of teleology, a purpose and trend, where none
exists.

Or almost none. It’s true that some exponential trends exist in the history
of technology, like Moore’s law. But on closer examination, the fate of
Moore’s law itself provides further evidence that Kurzweil is wrong. “It
actually depends on your definition of Moore’s law,” says Tsu-Jae King Liu,
dean of the College of Engineering at UC Berkeley and member of the
board of directors of Intel. Moore originally pointed out two different
exponential trends: an exponential increase in the number of transistors per
integrated circuit, and an exponential decrease in the cost per transistor.



Kurzweil makes use of both forecasts in The Singularity Is Near, extending
them far into the future. But “the cost per transistor actually has gone up in
the most recent generations.... [So] if it’s strictly lower cost per transistor,
then yes, [Moore’s law] has stopped,” Liu says. “If it’s that the number of
transistors on the most advanced integrated system is roughly doubling
every two or so years, then Moore’s law is actually still continuing.... The

total number of transistors integrated into a package has indeed continued to

increase at an exponential pace.”6—9

Liu herself has helped keep this form of Moore’s law alive: she is the
coinventor of the FinFET transistor, currently the state-of-the-art transistor
design. But, she says, the survival of this version of Moore’s law is due to
the particular phrasing of his prediction, involving the number of transistors
placed onto a single chip. This is still increasing exponentially, and will do
so through the end of this decade, says Liu, because transistors are now
being packed on top of each other vertically. “The number of transistors per
unit volume will continue to grow (but not at an exponential pace) as layers
of transistors are stacked over each other and as chips are stacked over each

other with increasingly higher density,” Liu tells meZY The transistors
themselves are still shrinking, too, but that can’t continue indefinitely. “The
rate at which transistor lateral dimensions continue to scale down with each
new generation of chip manufacturing technology will slow down or even

stop, due to physical limits and/or financial considerations.”! The physical
limits Liu is alluding to arise somewhere around 0.1 to 1 nanometer,
because atoms of silicon themselves are about 0.2 nanometers across, and
you can’t build a transistor out of less than a single atom. This limit isn’t
possible to break, and we’re on the verge of reaching it—the smallest
transistors yet made are indeed around 0.3 nanometers across. Silicon
transistors aren’t going to get appreciably smaller, ever. The exponential
trend is over. (Liu did say the exponential trend in transistors packed onto a
single chip would continue, but that has to end too, and sooner rather than
later. Since the volume of a single transistor can’t shrink much more, that
means that either the number of transistors on a chip won’t keep increasing
exponentially for long, or the chips will grow in height exponentially —and
it’s not going to be the latter.) Gordon Moore himself saw this coming. “It
can’t continue forever. The nature of exponentials is that you push them out



and eventually disaster happens,” he said in an interview in 2010. “In terms
of size [of transistor] you can see that we’re approaching the size of atoms

which is a fundamental barrier.... We have another 10 to 20 years before we

reach a fundamental limit.”Z2

But the problems for Kurzweil’s law of accelerating returns aren’t just
due to physical limits. To get steady growth like Moore’s law, “you can’t
just [say], ‘OK, computing algorithms are going to run faster and so we can
innovate the next generation of technology faster,”” Liu tells me. “You
actually still need some innovation, some pioneering creative ideas to
sustain this so-called Kurzweil’s law. I think maybe Kurzweil’s law is a
little too simplistic, because it doesn’t take into account the fact that
complexity also increases exponentially with advancements in

technology.”E The history of Moore’s law bears this out. From 1971 to
2014, the heyday of Moore’s law, the number of transistors crammed onto a
chip increased by a factor of about two million. This was steady exponential
growth, doubling just about every two years. But maintaining that steady
growth required exponential growth in effort and resources too: in 2020, a
team of economic researchers at Stanford and MIT found that, over that
same time period, the investment in semiconductor R&D funding and
personnel increased eighteen-fold just to maintain that constant growth rate.
“Put differently,” they wrote, “it is around 18 times harder today to
generate the exponential growth behind Moore’s Law than it was in 1971.”
Their conclusion is that research productivity has declined because “ideas,

and the exponential growth they imply, are getting harder to find." 2%
Moore’s law, then, isn’t an example of accelerating returns—it’s an example
of diminishing returns for the same level of investment.

The fate of Moore’s law is the fate of all exponential trends: they end,
just as Moore himself said. Either things slowly get harder, flattening out
the growth curve from exponential to S-shaped (known as a logistic curve;
see Figure 2.2), or they reach a firm limit and just stop, often followed by a
crash. Put a few bacteria into a plate of nutrients, and their numbers will
grow exponentially —until they run out of food, at which point growth halts
and they all die. In The Singularity Is Near, Kurzweil illustrates exponential
growth by talking about lily pads growing exponentially in a pond,
doubling the amount of water they cover every few days. If they cover 1



percent of the pond on the first day, he says, then a few weeks later the pond

will be completely covered.2 That’s true, but that’s also where the lily
pads’ growth ends, because they can’t cover more than 100 percent of the

pond. Every exponential trend works like this. 2% All resources are finite;
nothing lasts forever; everything has limits. This is the crucial flaw at the
heart of Kurzweil’s argument. Exponential trends exist—but the only thing
absolutely guaranteed about the future of an exponential trend is that,
sooner or later, it will end. Returns diminish. Extrapolating exponential
trends indefinitely into the future is to confidently assert exactly what won’t
happen.

This isn’t news. In 1960, a group of researchers at the University of
Illinois noticed that human population growth over the previous two
thousand years wasn’t just exponential but hyperbolic— growing faster than
any exponential curve. Extrapolating the curve, they found a surprising
result: on November 13, 2026, the population of humanity would become
infinite. “Our great-great-grandchildren will not starve to death. They will
be squeezed to death,” they concluded with tongue planted in cheek,
making it quite clear they knew that the hyperbolic trend in human

population growth would end soon.ZZ And they were right: by 1964, the
annual growth rate of the world population was slowing. It was 2.2 percent
at its peak in 1963, 2.0 percent in 1973, and as of 2023 a modest 0.9
percent. The United Nations currently forecasts that population growth will
halt around 2080, give or take a couple of decades, and then the population
will slowly decline from a maximum of about ten billion people, not much
more than the eight billion who are alive today. The projected curve of the
human population over time fits a near-perfect logistic S-curve, meeting the
same fate as most exponential growth in the real world.



Figure 2.2: The S-curve of logistic growth.

To his credit, Kurzweil knows that exponential growth always turns into
logistic growth. He even agrees that Moore’s law can’t continue in silicon
due to immutable physical limits. But this doesn’t dissuade him. “S-curves
are typical of biological growth,” he writes. “[But] the overall exponential
growth of an evolutionary process (whether molecular, biological, cultural,
or technological) supersedes the limits to growth seen in any particular
paradigm (a specific S-curve) as a result of the increasing power and
efficiency developed in each successive paradigm. The exponential growth

of an evolutionary process, therefore, spans multiple S-curves.” 8 To
illustrate this, Kurzweil points to the history of computer technology since
the turn of the twentieth century. First, he says, there were
electromechanical computers; after those came vacuum tube computers;
after that, discrete transistors; and finally we came to integrated circuits
formed on silicon wafers, which is still the technology that computers run

on today.B During each of those eras, says Kurzweil, the power of
computing machines did indeed describe an S-curve: exponential growth
that eventually hit a ceiling as the limitations of that particular technology
were reached. But, he points out, those S-curves combine to keep the
overall exponential trend in computational power going. (See Figure 2.3.)
“A specific paradigm... generates exponential growth until its potential is

exhausted. When this happens, a paradigm shift occurs, which enables

exponential growth to continue.”3Y



-
anem
o

-
----------
]

-
------------------------
--------------------

Figure 2.3: Exponential growth from stacked S-curves.

This is just a combination of more cherry-picking with flat-out
wishcasting. Kurzweil’s stacked S-curves ignore the millennia of
mechanical calculation technologies before the twentieth century, from the
abacus to the Antikythera mechanism to Charles Babbage’s analytical
engine. Those don’t follow anything like the trend he’s describing. And
even putting that earlier history aside, there’s no guarantee that new
computing technologies will be developed on the exacting schedule that
Kurzweil’s trend demands. New technologies might get harder and harder
to develop; a new technology might be developed that looks promising but
has unavoidable problems that prevent it from being implemented; or other
factors might get in the way of a new technology, like economic pressures,
societal changes, or scarcity of necessary resources.

This has happened over and over again in the history of human
technology. Exponential trends based on technological abilities peter out.
Two hundred years ago, the fastest a human being could reliably go was
around the top speed of a horse, roughly 35 mph (55 kph). This had been
true for thousands of years. But then, steam trains were developed,



matching the top speed of a horse by 1830 and then surpassing it. After
steam trains came internal-combustion-powered cars. After cars came
airplanes; after airplanes, liquid-fueled rockets. The top speed a human
being had ever achieved rose exponentially over the course of the 1800s
and well into the 1900s. But on May 26, 1969, that stopped. That day,
Thomas Stafford, Eugene Cernan, and John Young traveled at 24,816 mph
(39,938 kph) as they returned to Earth after orbiting the Moon on Apollo 10.
No human has gone faster since. Even if we were to send humans to Mars,
they wouldn’t hit a top speed much faster than the crew of Apollo 10, if at
all. And if we expand our definitions to include space probes and other
artificial objects, that still doesn’t help much. The record for fastest thing
made by humans is currently held by the Parker Solar Probe, which (as of
this writing) is scheduled to streak past the Sun at over 430,000 mph
(690,000 kph)—0.064 percent of the speed of light—by the end of 2024.
This almost triples the previous record, set by the Helios 2 probe in 1976 as
it made its closest approach to the Sun. It’s not a coincidence that both of
these ludicrously speedy machines were traveling close to the Sun—that’s
precisely why these are the voyages at the top of the speed record list. The
Sun is not just at the center of the solar system; it’s at the bottom of it,
gravitationally speaking. The Sun contains 99.86 percent of all the mass in
the solar system, with a mass over 300,000 times that of Earth. Solar probes
can hit such high speeds because they’re falling toward that enormous mass
from a height of nearly a hundred million miles (150 million kilometers)
without any air resistance to slow them down. After millennia of
technological advances, humanity’s best method for making things go really
fast 1s to drop them.

Why can’t we make things go faster? The historical reasons for this are
complicated; arguably, the root cause is political. But the only reason
political budgets are germane to the conversation is that the resources
required to go appreciably faster than Apollo 10 or the Parker Solar Probe
are so phenomenally huge that only large nations (and, perhaps,
multinational corporations) can muster them. So while the details of the
historical reasons are complex, the root cause for the S-curve is fairly
simple: there was no breakthrough technology developed that made it easier
to go faster, because it’s very difficult to go much faster than we already
have.



Diminishing technological returns aren’t limited to computer chip design
and traveling faster. The 2020 Stanford-MIT research on Moore’s law was
part of a broader study, which came to a similar conclusion about the entire
economy. The authors of that study provide compelling evidence that
research productivity today —imperfectly measured as the translation of
industrial R&D into economic growth—is over forty times lower than it
was in the 1930s. Growth has been sustained despite these diminishing
returns because of an exponential increase in resources and careers devoted
to research over the same time period. That trend can’t last. As for why
research productivity has declined so dramatically, the authors’ overall
conclusion is the same as it was for the semiconductor industry: “Ideas are
getting harder and harder to find,” they wrote. “Put differently, just to
sustain constant growth in GDP per person, the United States must double

the amount of research effort every 13 years to offset the increased

difficulty of finding new ideas.”8 This makes some intuitive sense. In any

new field, there is low-hanging fruit; once that is picked, finding new good
ideas becomes harder. And as the many scientific revolutions of the
nineteenth and early twentieth centuries continue to age, the low-hanging
technological fruit they enabled has become increasingly picked over. There
are new ideas. There will probably always be new ideas. But finding them,
and finding ways to use them, is getting harder.

New computing technologies are no exception to this trend. Integrated
circuits are near the end of the line, and there’s no obvious replacement in
sight that will enable Kurzweil’s version of Moore’s law to continue on

much past the end of this decade 82 1n 2005, Kurzweil predicted that “three-
dimensional molecular computing” using carbon nanotubes would be the
next paradigm in electronics, taking over when silicon chips exhausted their
potential —right around now. That technology hasn’t panned out yet and
doesn’t look likely to do so soon, if ever. Today, the fundamentally new
computing technology garnering the most attention is quantum computing.
But quantum computing isn’t touted as a replacement for existing
computers and can’t continue Moore’s law. Instead, the promise of quantum
computing lies in its theoretical ability to perform a few specialized tasks
dramatically more efficiently and quickly than conventional computers,
such as cryptography, molecular modeling, and solving certain kinds of



optimization problems. Quantum computers might be able to perform many
impressive feats, but even if they fulfill their promise, they likely won’t lead
to faster computers overall.

Yet even if some new technology does save Moore’s law for a while,
that doesn’t mean the Singularity is back on schedule. If computers
continue to grow in power exponentially, that doesn’t imply that an AGI
running on a computer will grow in intelligence exponentially too.
Intelligence doesn’t necessarily correspond to computational power in a
simple way. “If we do want a notion of intelligence that scales linearly with
compute power, it’s not going to be the notion of intelligence that grounds
the kind of things we want,” says David Thorstad, a philosopher at
Vanderbilt University. “So if it’s also supposed to scale with the ability to
predict and act on the world, or play games, or pass intelligence tests, or do
anything we would standardly define as intelligence, it’s not going to scale

linearly with compute power.”& In fact, throwing more computational
power at solving specific problems often yields—yet again—diminishing
returns. A study done in 2022 by researchers at MIT and the University of
Brasilia showed that exponential increases in computing power led to
merely linear increases in computers’ abilities to predict the weather, solve

protein-folding problems, find new sources of oil based on geological data,

and play games of Go and chess 84

Intelligence is more than problem-solving. But it’s not clear what
intelligence really is, and even less clear how to measure it. Psychologists
have studied intelligence systematically for well over a century; the actual
existence of some measure of overall intelligence, which they dub “general
intelligence” or just g for short, is debatable at best. Statistically, there’s no
good case for the actual existence of g. “The myth of g legitimates a vast
enterprise of intelligence testing and theorizing,” writes statistician Cosma
Shalizi, who calls g a “statistical myth.” “The sooner we stop paying
attention to g, the sooner we can devote our energies to understanding the
mind.”83

Without a concrete notion of general intelligence, it’s not clear what
would constitute an “intelligence explosion,” nor what it would mean for
one computer to be twice as intelligent as another.8% Defining AGI in the
first place looks shaky too. But even if we accept a vague provisional



definition for AGI in the spirit of Kurzweil’s—something like “an artificial
machinethatcandoeverythingatypicalhumanadultcando” —it’sstillnot obvious
that a modern computer would be capable of running an AGI. In
The Singularity Is Near, Kurzweil talks a great deal about reverse
engineering the human brain: Chapter 4 of the book is titled “Achieving the
Software of Human Intelligence: How to Reverse Engineer the Human

,98_7

Brain. Kurzweilestimatesthatitwouldtakeacomputerperforming1014

to 1016 computations per second “to achieve functional equivalence of all
brainregions,” and thatthe memory capacity of the humanbrainis around

1013 bits, or roughly one terabyte& “Supercomputers will match human

brain capability by the end of this decade and personal computing will

achieve it by around 2020 —or possibly sooner,” he wrote in 2005.39

But, he added, “The hardware computational capacity is necessary but
not sufficient. Understanding the organization and content of these
resources —the software of intelligence —is even more critical.” To do that,
he claimed, we’d need very detailed scans of the brain—and Kurzweil was
quite sanguine about the prospects for such brain scanning. “Our ability to

reverse engineer the brain—to see inside, model it, and simulate its regions

—1is growing exponentially,” he wrote. 2! “The resolution of noninvasive

brain-scanning devices is doubling about every twelve months.... In the
2020s we will be able to observe all of the relevant features of neural

performance with very high resolution from inside the brain itself 221 None
of these forecasts have panned out. In fact, the maximum resolution of
noninvasive living human brain scans in 2024 is not appreciably better than
it was in 2000, providing another example of the S-curve of logistic growth
and its diminishing returns, rather than Kurzweil’s claimed exponential
growth. We still don’t have the ability to see what’s happening in the living
brain at the level of individual synapses or even hundreds of synapses. Such
technology might be developed someday, but there’s no indication that its
invention is coming anytime soon. Kurzweil knows this: he said in 2024
that improvements to brain-computer interfaces haven’t kept to his schedule
because of safety concerns. Testing things out on real human brains
naturally makes people worry about risks. But Kurzweil doesn’t see this as
a serious problem, because he claims computers may soon let us simulate
the brain well enough to build brain scanning and interface devices without



testing them on living humans.22 What he didn’t explain was how such
simulations could be built without having the brain scanning technology in
the first place.

Even if that were possible, existing computers aren’t powerful enough to
allow for such a plan. Personal computers generally are not much more
powerful than a trillion operations per second; that’s a hundred times lower
than Kurzweil’s lowest estimate for the computational power of the human

brain. The fastest supercomputers in existence today are capable of 1018
computations per second, more than Kurzweil’s estimated range for
“functional equivalence of all brain regions.” But they’re still shy of his true

upper bound for simulating the human brain, which he estimates as 101°

computations per second. 22 And that estimate is itself suspect. It’s based on
the number of synapses in the human brain—connections between neurons
—but those neurons are also performing important functions within
themselves, using the phenomenally complex protein structures that form
the basis for all life. Nor do synapses perform anything like the simple on-
off binary calculations of a digital computer; they are analog, taking values
along a continuum of possibilities. Furthermore, the connections between
neurons are mediated by neurotransmitters, which have a tremendous effect
on the operations of the brain (indeed, that’s how most psychiatric
medication works). And then there are the glial cells, which are at least as
numerous in the brain as neurons, and which play their own important role

in the brain’s operation.% It’s entirely likely that Kurzweil’s upper bounds
on the brain’s computational power and memory capacity are too low by
many orders of magnitude. Indeed, a 2008 study coauthored by Nick
Bostrom suggested that the computational power of the brain could easily

be ten million times greater than Kurzweil’s upper bound .22 “There’s a lot
of unknown unknowns and known unknowns about what information you
actually need out of a brain to make something that would be enough like a
person” to simulate a human brain on a computer, says Michael Hendricks,
a neurobiologist at McGill University. “Synapses vary in all kinds of
different ways from each other, neurons can be in all kinds of different
states, depending on ion channel composition and what genes are
expressing. They’re not just generic widgets, they’re different things. And
so how much information you need is unknown, but it’s probably an



amount of information that is more than all the computing power our

society will produce for many decades.”20

If the brain is that powerful, and Moore’s law really has come to an end,
then computers as we know them now are just not suitable for emulating
human-level intelligence. A fundamentally different approach would be
needed to build an AGI. More generally, the brain might not be best thought
of as a computer at all. “Although I do firmly believe that the brain is a
machine, whether this machine is a computer is another question,” wrote
MIT roboticist Rodney Brooks in 2008. He continued:

In centuries past the brain was considered a hydrodynamic machine.
René Descartes could not believe that flowing liquids could produce
thought, so he came up with a mind-body dualism, insisting that
mental phenomena were nonphysical. When I was a child, the
prevailing view was that the brain was a kind of telephone-switching
network. When I was a teenager, it became an electronic computer,
and later, a massively parallel digital computer. A few years ago
someone asked me at a talk I was giving, “Isn’t the brain just like the
World Wide Web?” We use these metaphors as the basis for our
philosophical thinking and even let them pervade our understanding
of what the brain truly does. None of our past metaphors for the brain

has stood the test of time, and there is no reason to expect that the

equivalence of current digital computing and the brain will survive 2

The architecture of modern computers, involving a central processing
unit connected to working memory and long-term storage, does not
resemble our best understanding of the logical organization of the human
brain. Indeed, the best science suggests that the human brain isn’t structured
like a human-made object at all, which makes reverse engineering it

extraordinarily difficult 28 “Brains, unlike any machine, have not been
designed. They are organs that have evolved for over five hundred million
years, so there is little or no reason to expect they truly function like the
machines we create,” writes zoologist and historian of science Matthew
Cobb. “The brain is not a computer, but it is more like a computer than it is
like a clock.... Over the centuries, each layer of technological metaphor has



added something to our understanding, enabling us to carry out new
experiments and reinterpret old findings. But by holding tightly to

metaphors, we end up limiting what and how we can think.”22 Modern Al
systems based on “neural networks” claim to have an architecture inspired
by neurons, but they bear the same resemblance to a real brain that a
raincloud emoji has to a nor’easter. Brains and computers just don’t operate
in the same way at all, and thus concepts taken from computer science
aren’t generally applicable to the brain. “Even something as apparently
straightforward as working out the storage capacity of the human brain falls
apart when it is attempted,” writes Cobb. “Neurons are not digital.... Each
brain is continually changing the number and strength of its synapses, and
above all it does not work by synapses alone. Neuromodulators and
neurohormones are also responsible for the way that the brain

functions.” 190 And that’s just in the brain. As Brooks, Cobb, and others
have pointed out, understanding human cognition requires looking beyond
the brain. “The physiological reality of all brains is that they interact with
the body and the external environment from the moment they begin to
develop,” writes Cobb. “Animals are not robots piloted by brains, we are
all, whether maggots or humans, individuals with agency and a

developmental and evolutionary history.”m This is one of the core lessons
of the relatively new field of “embodied cognition”: We are not just our
brains. We are our bodies, situated in our environment.

If something with the power of the human brain—along with some
equivalent to the brain’s connections to the rest of the body and the wider
world—is required for human-level intelligence and consciousness, then
AGI is a long, long way off. “There is no reason, beyond our ignorance of
how consciousness works, to suppose that [the Singularity] will happen in
the near future,” writes Cobb. “The scale of complexity of even the simplest
of brains dwarfs any machine we can currently envisage. For decades—
centuries—to come, the singularity will be the stuff of science fiction, not

science.” Y2 There are theoretical arguments that suggest an AGI should be
possible to build with the kinds of computers we currently use, if they’re
powerful enough.& But even if those arguments are correct, and even if a

powerful enough computer could be built, it might be that building an AGI
with existing computers is possible in theory but prohibitively difficult in



practice—especially when we have neither a firm theoretical grasp of how
an AGI would work in the first place nor a detailed theory of how the brain
gives rise to consciousness. We don’t even have a good definition of what
AGI is.

A different kind of computer, or a different kind of machine altogether,

might make Al research much easierA%* That would be welcome news,
since work toward AI has almost always been harder than computer
scientists and cognitive scientists guessed it would be. “Every path to Al
has proved surprisingly difficult to date. The history of Al involves a long

series of optimistic predictions by those who pioneer a method, followed by

periods of disappointment and reassessment,” writes David Chalmers 1%

This has been true in the field since the start. In the summer of 1956, an
interdisciplinary team of researchers met for eight weeks to discuss a new
field that the organizer, computer scientist John McCarthy, called “artificial
intelligence.” “We propose that a 2 month, 10 man study of artificial
intelligence be carried out during the summer of 1956 at Dartmouth College
in Hanover, New Hampshire,” McCarthy and his co-organizers wrote in a
grant proposal for the workshop, submitted the year before. “An attempt
will be made to find how to make machines use language, form abstractions
and concepts, solve kinds of problems now reserved for humans, and
improve themselves. We think that a significant advance can be made in one
or more of these problems if a carefully selected group of scientists work on
it together for a summer.” Seventy years later, we still don’t have any
computer program that can do all the things on their list. There have been
Al booms—like the one that exploded into public consciousness in 2022,
powered by large language models (LLMs)—and, to date, they have all
been followed by “Al winters,” when progress slows and the state of the art
stagnates for years or decades until the next breakthrough. And Brooks
thinks winter is coming. “[LLMs] are following a well worn hype cycle that
we have seen again, and again, during the 60+ year history of Al,” he wrote
in 2024. “Get your thick coats now. There may be yet another Al winter,

and perhaps even a full scale tech winter, just around the corner. And it is

going to be cold 106

All of this uncertainty reflects the fact that we just don’t know what it
will take to build a machine that can do all the things a human can do. In



the face of that ignorance, Kurzweil’s claims of exponential trends in the
future of technology in general, and AGI in particular, seem excessively
confident. As such, they face the same burden of proof as any other
extraordinary claim: they require extraordinary evidence. That evidence is
lacking. Kurzweil isn’t crazy, and he isn’t stupid. He’s just mistaken. But
now, twenty years after he first predicted a Singularity by 2045, after so
many failed predictions of new technologies along the way—everything
from cellular-level brain scanners to RNA-based weight-loss drugs, from
the rise of carbon-nanotube transistors to the continued reign of Moore’s
law —Kurzweil still thinks the Singularity is coming, soon. In March 2024,
he said that he thinks the world is still on track to hit the Singularity in
2045. Later that year, his new book, titled The Singularity Is Nearer, was
published aloft another wave of hype. And unlike sci-fi writer Vinge,
Kurzweil thinks that he can pierce the veil of magic-seeming tech on the
other side of the Singularity. “Despite our profound limitations of thought,
we do have sufficient powers of abstraction to make meaningful statements

about the nature of life after the Singularity,” he wrote in The Singularity Is

Near 197 In that future, he says, we’ll live in a world devoid of danger, pain,

and hardship—and just about everything else too.

Nearly twenty years before The Singularity Is Near, K. Eric Drexler
published his own blueprint for the future. Drexler, a researcher at MIT who
had arrived there as a teenager over a decade earlier with dreams of space,
had turned his intellect and imagination toward the world of the very

small %8 There, he claimed, lay the escape from the limitations of Earth
that he’d sought. Inspired by the intricate and complex procession of
proteins that operate in living cells, Drexler envisioned a future of
nanotechnological wonders in his 1986 book Engines of Creation. The first
step, he said, would be to construct organic machinery similar to the
ribosomes and RNA that translate DNA’s genetic code. That first generation
of nanomachines would then be used to construct a second generation of
machines, made of “tougher stuff” like diamond that didn’t require water to
function—and that would allow for “control over the structure of matter”



down to the atomic level. “Molecular machines of the second generation
will be able to build virtually anything that can be designed,” Drexler

claimed 192 Crucially, that included more molecular machines of the same
type: one machine could make another, and then each could build one more,
then those four could duplicate themselves, and so on, with the inexorable
mathematics of exponential growth leading to a rapid explosion in the
number of nanomachines available to build whatever humans could dream
of.

The rise of these nanomachines—or “molecular assemblers,” as Drexler
dubbed them—would, he said, bring about a total revolution, not only in
manufacturing, but in all aspects of life and human civilization. Assemblers,
Drexler claimed, would create permanent abundance of energy and food;
they would eliminate illness and cure “a disease called aging”; they would
enable the development of advanced Al. And they would dramatically speed
up and miniaturize all manufacturing, while allowing literally anything to

be manufactured 110 Nanotech, according to Drexler, would be faster,
cheaper, and more powerful than any other technology in the history of
humanity. In Nanosystems, Drexler’s 1992 follow-up to Engines of
Creation, he claimed that nanotech engines could output a trillion kilowatts
per cubic meter. “It is difficult... to get one’s head around the utter raw
power and potential of real nanotech,” wrote J. Storrs Hall, an engineer,

author, and colleague of Drexler’s, in 2021 1L 16 illustrate this, Hall made
an estimate, based on Drexler’s work, of how long it would take to
reconstruct all the “capital stock” of the United States—*“to rebuild every
single building, factory, highway, railroad, bridge, airplane, train,
automobile, truck, and ship,” as Hall put it—starting with a single kilogram
of “mature nanotechnology.” Hall’s answer, relying on the exponential

growth of Drexler-style nanomachines, was one week 112

Drexler wasn’t the first person to think about the possibility of such
small machines. The physicist Richard Feynman gave a talk on the idea in
1959, and a few years later Marvin Minsky wrote about it in one of the
essays he contributed to The Scientist Speculates. But Drexler was the first
to give a detailed picture of what such nanobots might mean for expanding
the capabilities of humanity. His vision of a limitless technology fueled a
profusion of dreams and desires. Hall claimed that nanotech would provide



“immortality in peak physical health” and power flying cars, along with a

myriad of other retro-futuristic fantasies straight out of The Jetsons 113

Drexler wrote in Engines of Creation that nanotech would make cryonics—
the cryogenic freezing and revival of the recently dead—a viable
technology; he even signed up for cryonic preservation in the event of his
own death. Drexler also wrote that nanotech would make space travel far
simpler, faster, and more comfortable. Unsurprisingly, the nascent
transhumanist movement and other futurists in the 1980s jumped on
Drexler’s ideas. The Extropians frequently talked about nanotech on their
email list in the '90s, with Drexler himself sometimes contributing to the
discussion online and occasionally in person at Extropian conferences. “I
agree with most of the Extropian ideas,” Drexler said. “Overall, it’s a
forward-looking, adventurous group that is thinking about important issues

of technology and human life and trying to be ethical about it. That’s a good

thing, and shockingly rare.”114

In Drexler’s work, Kurzweil saw the means to reshape not only the
Earth but the entire universe. “Nanotechnology promises the tools to rebuild
the physical world—our bodies and brains included —molecular fragment

by molecular fragment, potentially atom by atom,” he writes 13 Atoms are
around two-tenths of a nanometer across, on average; that’s eight billionths
of an inch and one five-millionth of a millimeter, half a million times

024

smaller than the thickness of a piece of paper. There are 1 atoms in a

heaping spoonful of sugar; there are around 10°° on and in the Earth itself.

Across the universe, there are roughly 1080 atoms in total, a one with eighty
zeros after it.

Kurzweil wants to use all, or nearly all, of these atoms for building
computers. “The law of accelerating returns will continue until
nonbiological intelligence comes close to ‘saturating’ the matter and energy
in our vicinity of the universe with our human-machine intelligence,” he
writes. “By saturating, I mean utilizing the matter and energy patterns for
computation to an optimal degree, based on our understanding of the
physics of computation.”L6 He envisions nanotechnology on a galactic
scale, with fleets of nanomachines rewriting the structure of alien solar
systems, filling their stars and planets with circuitry. “We could send



swarms of many trillions of them, with some of these ‘seeds’ taking root in
another planetary system and then replicating by finding the appropriate
materials, such as carbon and other needed elements, and building copies of

themselves,” writes Kurzweil 112 Each “nanobot colony” would in turn
produce more fleets of nanobots, until the entire accessible portion of the
universe is filled, turning the cosmos into a single enormous computer.
Once that’s accomplished, Kurzweil estimates the resulting universal

supercomputer would be able to perform about 107 calculations per second

and store a comparable number of bits 18 All that computing power and
storage won’t just be for our Als, says Kurzweil; it’ll be for us, too, once we
merge with our machines. The machines will get exponentially more
powerful as our biological brains remain the same, meaning an increasing
amount of our thinking will happen on machines until we’re virtually
entirely machine ourselves, living inside the computer that has replaced the

universe. 112 That, or the nanobots will simply scan our brains and upload

the details of our brain states into the computer, allowing copies of

ourselves to live purely digital lives 120

If we merge with our machines or become digital uploads, then the fleets
of nanomachines building computer circuitry with all available atoms
would be turning all the stars and planets, all the galaxies and nebulae,
every rock and mote of dust around a distant star, into pieces of our new
synthetic brains. This, Kurzweil says, is when “the universe wakes up’:
“The ‘dumb’ matter and mechanisms of the universe will be transformed

into exquisitely sublime forms of intelligence,” he writes 121 To Kurzweil,
this is inevitable, a universal process that would happen to any civilization,
here or elsewhere in space. “Once a planet yields a technology-creating
species and that species creates computation (as has happened here), it is
only a matter of a few centuries before its intelligence saturates the matter
and energy in its vicinity, and it begins to expand outward at at least the
speed of light,” he writes. “Such a civilization will then overcome gravity
(through exquisite and vast technology) and other cosmological forces—or,

to be fully accurate, it will maneuver and control these forces—and

engineer the universe it wants. This is the goal of the Singularity.”@

Kurzweil claims this goal is so universal that he derives another



surprising conclusion from it. “We are probably alone in the universe....
Based on the law of accelerating returns, once an ETI [extraterrestrial
intelligence] reaches primitive mechanical technologies, it is only a few
centuries before it reaches the vast capabilities I've projected for the

twenty-second century here on Earth.” And if an alien civilization had

already done that, he writes, “it would be hard to miss.”123

Kurzweil’s claim of inevitability is strikingly strident, since his universal
plan depends on wholly unproven technology. All of it—from the detailed
brain scanning to the computers powerful enough to emulate a brain to the
nanotechnology itself—is highly speculative, with no extant proof of
concept or plausible schematics in existence. “What you actually have to do
in a computer to make something that would be sentient, no one knows
what that is. No one knows what scale of detail or granularity you need in a
simulation,” Hendricks tells me. “And you can’t just simulate the brain. You
have to simulate everything about the body, what the embodiment of being
in the world is. You have to simulate everything about a world. None of it’s
trivial. And [transhumanists] would say, ‘Of course, it’s not trivial.” They’ll
just say, ‘There’s nothing that says we can’t do it if we try hard enough.’
And that’s not how the world works!” And, he adds, getting close to success
might be worse. “The trial-and-error risks here are pretty awful. Let’s say
we start to get close to making a sentient representation of a human brain in
a computer.... If you have a small difference in the information your eye is
giving your brain and your ear is giving your brain, that’s already an awful
feeling. It’s like seasickness, and nausea, or different types of pain. So what
we’re promising to do here is to create thousands or millions of instances of
sentient beings in computers that are probably suffering horribly, and are
just going to get turned off. I mean, you could see this really macabre

process of creating—if you imagine you can— sentient things in computers.

There’s a lot of things to get wrong. And those outcomes are terrible.” 124

There’s an even deeper issue here, though. Put the hellish torture of an
improperly uploaded brain aside, along with the thorny philosophical
questions about whether a digital copy would actually be you. Even put
aside questions about how exactly traveling light-years from star to star or
galaxy to galaxy would work without technology straight off of the starship
Enterprise. There’s still a serious problem with Kurzweil’s notion of



waking up the universe: it’s a euphemism for total destruction. It would be
the end of nature, colonialism on a universal scale, with entire galaxies’
worth of planets and stars chewed up to provide more computing power for
the digital remnants of humanity. Hence Kurzweil’s insistence that alien life
is unlikely: it is an assurance that the universe is ours for the taking, with
nobody else there to worry about.

This line of reasoning is morally abhorrent, not to mention scientifically
specious. There is no good way of reliably estimating the prevalence of
alien life with the level of specificity that Kurzweil is claiming. (And it
seems rather convenient that Kurzweil is optimistic about so many different
speculative possibilities except for the prospect of alien life.) Even without
considering the plights of hypothetical aliens, there remains the question of
whether we have the moral right to destroy literally all of nature —and who
the “we” making that decision would be in such a scenario. The answer to
the first question has to be no: turning everything in the universe into a
giant computer is overwhelmingly monstrous. Kurzweil tries to assuage this
concern by suggesting we could save most of the universe. “We do not need
to contemplate devoting all of the mass and energy of the universe to
computation,” he writes. “If we were to apply 0.01 percent, that would still
leave 99.99 percent of the mass and energy unmodified, but would still

result in a potential of about 1086 [computations per second].... Intelligence
at anything close to these levels will be so vast that it will be able to
perform these engineering feats with enough care so as not to disrupt

whatever natural processes it considers important to preserve.”m Yet he
talks so much about “saturating the matter and energy” of the universe for
“optimal computational efficiency,” and the inexorable power of the law of
accelerating returns—and the ability of nanotech-powered virtual reality to
provide future intelligences with perfect simulations of anything they might
desire—that it’s difficult to take any such gestures toward restraint
seriously.

Thankfully for anyone who doesn’t like the idea of destroying the
universe to turn it into a vast computer, ethical considerations aren’t the
only barrier to this plan. The prospects for the kind of molecular
nanotechnology Kurzweil, Drexler, and Hall have in mind are rather poor.
It’s true that our bodies, like all living things, are filled with organic



nanoscale molecules that work together to perform specific functions quite
reliably most of the time: growing materials like hair and fingernails,
healing a patch of skin or a broken bone, or the phenomenally complex
process of turning a piece of genetic code in DNA into a protein. It’s also
true that, over the past three decades, some scientists have found ways to
adapt this molecular machinery to new ends—for instance, creating small
“walking” molecules using DNA —and others have taken inspiration from
natural molecular machines to create new ones of their own. But these
advances are entirely different from the sort of nanotechnology that
Kurzweil has in mind when he talks of “bringing the morphing qualities of
virtual reality to the real world,” or billions of nanobots in our bloodstreams

reversing the aging process, or “waking up” the universe by destroying
.+ 126
it

Drexler took inspiration from molecular biology, but biology has its
limits. “Biology is wonderous [sic] in the vast diversity of what it can build,
but it can’t make a crystal of silicon, or steel, or copper, or aluminum, or
titanium, or virtually any of the key materials on which modern technology
is built,” wrote the chemist Richard Smalley. “Without such materials, how
is [Drexler’s] self-replicating nanobot ever going to make a radio, or a laser,
or an ultrafast memory, or virtually any other key component of modern

technological society that isn’t made of rock, wood, flesh, and bone?121
Smalley, a professor at Rice University for most of his career, was a key
member of the team that discovered buckminsterfullerene—aka
“buckyballs,” sixty carbon atoms arranged in a soccer-ball shape about a
nanometer across—work that won him and two of his colleagues the Nobel
Prize in Chemistry in 1996. Smalley was “fascinated” by Drexler’s book
Engines of Creation. “Reading it was the trigger event that started my own
journey in nanotechnology,” he later wrote. But he was highly skeptical that
Drexler’s ideas could actually work. Smalley gave talks and published
articles critiquing Drexler’s ideas, culminating in a written debate between
the two men in the pages of Chemical & Engineering News in 2003.
Responding to Smalley, Drexler maintained that it was possible to
manufacture “all the products of organic synthesis, as well as metals,
semiconductors, diamond, and nanotubes” using “computers for digitally
precise control, conveyors for parts transport, and positioning devices of



assorted sizes to assemble small parts into larger parts,” producing chemical
reactions by placing the appropriate atoms next to each other. Smalley was
unimpressed. “No, you don’t get it,” he replied. “Much like you can’t make
a boy and a girl fall in love with each other simply by pushing them
together, you cannot make precise chemistry occur as desired between two
molecular objects with simple mechanical motion.... I have given you
reasons why such an assembler cannot be built, and will not operate, using
the principles you suggest. I consider that your failure to provide a working
strategy indicates that you implicitly concur—even as you explicitly deny —

that the idea cannot work.”128

Smalley may not have been right that Drexler implicitly agreed with
him, but he was correct that Drexler hadn’t provided anything like a full
explanation for how such systems could be built. “The reflexive response of
Drexler and his followers to any criticism... has been to direct the critic to
Drexler’s magnum opus, Nanosystems: Molecular ~ Machinery,
Manufacturing, and Computation, as if the whole, total answer could be
found in there somewhere,” writes biochemist and science journalist Steven
Edwards. Nanosystems was adapted from Drexler’s interdisciplinary PhD
thesis at MIT’s Media Lab, advised by Minsky. Nanosystems was a far
more technical book than Engines, but it still didn’t explain how Drexler’s
vision for nanotech could be achieved. “Nowhere in it does Nanosystems
contain a blueprint for a molecular assembler,” Edwards writes. “There are
plenty of sketches of ‘molecular’ gears, bearings, ratchets, manipulators and
the like. Drexler’s diagrams of molecular-scale objects look very much like
engineering drawings of macroscale objects except where a scale is

indicated 122

This reflected Drexler’s overall philosophy of nanotech. “Although
inspired by biology,” he wrote in reply to Smalley, “Feynman’s vision of
nanotechnology is fundamentally mechanical, not biological. Molecular

manufacturing concepts follow this lead.”13Y But this is where the problem
lies: the nanoscale world is fundamentally different from our own. Thermal
jitter plays an enormous role at that scale, and quantum effects show up too.
Individual molecules of a substance like water or carbon have completely
different properties from the aggregate versions we’re accustomed to in
everyday life, and thus the types of machines that are possible at that scale



are not the gears, ratchets, and manipulator arms of the modern industrial
factory. “The whole idea of extrapolating from the macroscopic world, from
a car or a bicycle or something like that, down to the fundamentals of how
you construct artificial molecular machines just makes no sense,” chemist
Fraser Stoddart tells me. “It’s never going to work.” Stoddart is one of the
foremost living experts on artificial molecular machines; he shared a Nobel
Prize in Chemistry in 2016 for his work with them. “It’s a very broad
principle, I think, in the whole of this arena of molecular machines: they are
a completely different world from all the contraptions, the engines that
came into being as a result of the first industrial revolution,” he says. “Their
relevance to artificial molecular machines is literally nil, it’s nothing.... It is

a combination of physics and chemistry that ends up being used in the

design and synthesis of artificial molecular machines.” 131

Stoddart’s primary interest in the field is to do good science—to explore
and play, as he puts it. But he does agree that there’s great promise for
applications of artificial molecular machines, especially in medicine and
electronics. “I don’t want to pour cold water on it,” he says. “I think, in the
fullness of time... medical practitioners will be using artificial molecular

machines just in the way that they are—remarkably —handling things like

hip joint replacements at the moment, and heart valve 1replacements.”ﬁ

But such a world wouldn’t look like the vision Drexler had in mind of
“diamondoid” self-replicators building literally all the materials of modern
industry, nor would it promise the immortality he and Kurzweil crave.
Despite all this, Kurzweil judges that Drexler, not Smalley, won the
debate in 2003. “Smalley’s argument is of the form ‘We don’t have X today,
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therefore X 1s impossible,”” Kurzweil writes 133 Twenty years ago, he
confidently predicted that Drexler-style nanotech would arrive right about
now, and made bold claims about what it would be able to do for us.
“Nanotechnology-based manufacturing devices in the 2020s will be capable
of creating almost any physical product from inexpensive raw materials and
information,” he wrote in The Singularity Is Near 132 “Molecular assembly
will provide tools to effectively combat poverty, clean up our environment,
overcome disease, extend human longevity, and many other worthwhile

pursuits.”@ He also claimed that nanotech would give us high-resolution
brain scanning and virtual reality that would be “indistinguishable from real



reality and will involve all of the senses, as well as neurological correlations

of our emotions.” 3¢

Today, in the face of these failed predictions, Kurzweil still claims that
Drexler-style nanotechnology will definitely work out. “We’ve actually
shown, for example, with nanotechnology, we can create a one-liter
computer that would actually match the amount of [brain] power that all
human beings today have,” he said in 2024. “[Ten billion] persons would all

fit into a one-liter computer.”B‘—7 No such demonstration has been made;
there’s just a sketch that it might be possible using Drexler’s nanotech and
other unproven and implausible technology. Yet Kurzwelil still insists that
nanotechnology and brain-computer interfaces, which he says are vital to
the Singularity, are just around the corner. “By the Singularity, which is
2045... you can actually go inside the brain and capture everything in
there,” he said in 2024. “So even if you get wiped out, you walk into a
bomb and it explodes, we can actually recreate everything that was in your

brain by 2045. That’s one of the implications of the Singularity.... We’ll all

have fantastic power compared to what we have today.”m

The way Kurzweil and his fellow singularitarians talk about the
technology to come makes it seem like they’re playing a video game like
Civilization, where there is a technology tree laid out in front of them
clearly, and humanity (or indeed any intelligent species) is just working its
way through that preexisting tree. But technology isn’t on rails, barreling
down a set course beyond anyone’s control. Moore’s law isn’t a law of

nature; it was a decision132 That decision was made by the executives
running the computer industry, and holding to that decision required (and
still requires) careful planning, along with enormous amounts of money,
materials, and human attention. The laws of physics and other sciences set
boundaries on the possible range of technology, but the actual technologies
that humanity develops within those boundaries are determined by choices
and social pressures. Yet Kurzweil, and others of his ilk, frequently discuss
technology as if it’s an implacable, inhuman force with its own desires,
running down a path that has absolutely nothing to do with the collective
choices of humanity. This is present throughout Kurzweil’s claims about the
Singularity: we will have nanotechnology, we will saturate the universe with
our intelligence, rather than we may or we could choose to.



This rhetoric of inevitability serves several convenient pu1rposes.m For
the people developing their ideas into technology, such rhetoric offers
absolution for any unpleasant and unforeseen consequences of their
inventions, because they were only uncovering the already extant course of
technology, rather than steering it themselves. When there’s no room for
human agency, there’s no room for moral responsibility either. And if the
future of technology really is on rails, then much can be revealed simply by
careful examination of the purportedly inevitable route—a route that leads
straight to the vision of the Singularity. This offers the promise of not only
accurately predicting the future (and the sense of control that comes with),
but also (and more importantly) endless life in a future filled with the
transcendence and control that characterize the ideology of technological
salvation. With the end of nature and the advent of a universe that is simply
one enormous, artificial computer—where we live in still-more-artificial
worlds generated by those computers—the promise of control is total,
especially for those who know how to control computers. This is a fantasy
of a world where the single most important thing, the thing that literally
determines all aspects of reality, is computer programming. All of humanity,
running on a computer, until the end of time.

Let’s take a moment to consider what this would be like. Presumably,
there would be a simulated world, something like the real world—that is to
say, something like our own. Human minds would want at least a
simulacrum of nature, and providing one to the uploaded minds running on
the machine would be easy enough with all that memory and processing
power. There would be none of the inhuman originality of nature, but there
would be an attempt at re-creating it, to create a pleasant environment for
the uploaded people to live in. All of this is fantasy, of course, but when
asked to describe what life would be like for uploaded people after the
Singularity, this is the kind of answer that Kurzweil and others give. They
describe what sounds for all the world like a high-definition metaverse that
you can’t actually leave, a permanent virtual reality that shares some of the
basic features of our own real world, or a real world destroyed and reshaped
to more closely resemble an immersive computer game. To the
singularitarians, the largest and most crucial difference, the one they keep
coming back to in their descriptions, is the end of death. Kurzweil’s work is



just the latest entry in the annals of the oldest fantasy of humanity. Even if
personal immortality were possible through technological means, ultimately
cosmology would place limits on the duration of physical structures, but
Kurzweil doesn’t accept those limits either. He called overcoming
cosmological forces the “goal of the Singularity,” and this is indeed the
point of the entire enterprise. The destruction of nature is secondary. The
objective is to tame the universe, to make it into a padded playground.
Paving over every paradise is just the side effect of building the universal
parking lot, where nothing bad can ever happen again. Nobody would age,
nobody would get sick, and—perhaps above all else—nobody’s dad would
die.

“We collected everything my father had written—now, he died when I was
22, so he’s been dead for more than 50 years—and we fed that into a large
language model,” Kurzweil said in 2024. “And then you could talk to him,
you’d say something, you then go through everything he ever had written,
and find the best answer that he actually wrote to that question. And it
actually was a lot like talking to him. You could ask him what he liked
about music—he was a musician. He actually liked Brahms the best. And it

was very much like talking to him.”4l 1n a 2023 Rolling Stone profile—
following up on the one fourteen years earlier—Kurzweil revealed some of
the content of that conversation: “[Kurzweil] asked his ‘Dad Bot,” as he
puts it, what he loves most about music (‘The connection to human
feelings’), his gardening (‘It’s the kind of work that never ends’), and his
anxieties (‘Often nightmarish’). ‘What’s the meaning of life?’ he finally

typed to his Dad Bot. ‘Love,” his Dad Bot replied.”& These responses look
like the kind of thing one would expect from a generic version of ChatGPT,
rather than a conversation between a professional musician and his adult
son. But Kurzweil is sanguine that his “Dad Bot” will improve too. “I think
as we get further on, we can actually do that more and more responsively,
and more and more that really would match that person and actually
emulate the way he would move and so on, [and his] tone of voice,” he
says. “Computers are going to make things even better. I mean, just the kind



of things you can do now with a large language model didn’t exist two

years ago.”143

Kurzweil’s attempt to resurrect his father feels poignantly deluded. It’s
also a striking illustration of how Kurzweil’s confidence in the increasing
power of technology —according to his strict schedule—is accompanied by
his Panglossian insistence that more technology, especially computer
technology, is always an improvement. He certainly thinks that
technological dangers exist—nuclear weapons, for one, as well as certain
applications of nanotechnology —but he thinks the solution is to build more
technology that detects and counters those dangers. “Yes, there are dangers,

but the computers will also be more intelligent to avoid kinds of dangers,”

he says.m And as for the superintelligent post-Singularity computers

themselves, he’s confident that they’ll treat us well, whether or not we

merge with them. “I would expect the intelligence that arises from the

Singularity to have great respect for their biological heritage,” he writes 142

This mirrors Kurzweil’s obvious respect and love for his late father.

But not all children feel that way about their parents. Despite Kurzweil’s
many questionable claims, this one—the idea that a superintelligent AGI
will treat humans with respect—is easily the most contentious among his
intellectual successors today. Eliezer Yudkowsky and his followers agree
with Kurzweil that, surely, something is at hand. But rather than the
Singularity, they fear a rougher beast is slouching toward us, with
exponential speed.

Footnote

i  Going through the many flaws in Kurzweil’s exponential trend line would take an entire
chapter on its own. I will restrain myself here to noting three more:

1. Kurzweil is helped by the fact that there’s just less evidence of things deeper in the
past, and so we simply know less about periods further back than we do about more recent
times. For example, the rarity of truly ancient fossils means it’s harder to know about major
evolutionary milestones the further back we look. Indeed, it’s actually possible that

Kurzweil is wildly incorrect in a surprising way: if there was a species that lived one



hundred million years ago on Earth that had a technological civilization comparable to our
own, it is entirely possible that we would be unable to detect that their civilization had ever
existed. See Jason T. Wright, arXiv:1704.07263; Gavin A. Schmidt and Adam Frank,
arXiv:1804.03748.

2. Some time periods are represented on Kurzweil’s list by a single point, like the
Cambrian explosion or the Industrial Revolution. If he had instead included individual
events during those periods, the exponential trend would be destroyed, or at least much
noisier.

3. The last four entries in my list of technological and scientific omissions are all from
the nineteenth century. There is a compelling argument, due to Cosma Shalizi, that the
Singularity is “near” in that it already happened in the 1800s. “Why, then, since the
Singularity is so plainly, even intrusively, visible in our past, does science fiction persist in
placing a pale mirage of it in our future? Perhaps: the owl of Minerva flies at dusk; and we
are in the late afternoon, fitfully dreaming of the half-glimpsed events of the day, waiting
for the stars to come out.” Cosma Shalizi, “The Singularity in Our Past Light-Cone,”
http://bactra.org/weblog/699 .html.
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