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[ think and talk a lot about the risks of powerful Al. The company
I'm the CEO of, Anthropic, does a lot of research on how to reduce
these risks. Because of this, people sometimes draw the conclusion
that 'm a pessimist or “doomer” who thinks Al will be mostly bad or
dangerous. I don’t think that at all. In fact, one of my main reasons
for focusing on risks is that they’re the only thing standing between
us and what [ see as a fundamentally positive future. I think that
most people are underestimating just how radical the upside of

Al could be, just as I think most people are underestimating how

bad the risks could be.

In this essay [ try to sketch out what that upside might look like—
what a world with powerful Al might look like if everything goes
right. Of course no one can know the future with any certainty or
precision, and the effects of powerful Al are likely to be even more
unpredictable than past technological changes, so all of this is
unavoidably going to consist of guesses. But I am aiming for at least
educated and useful guesses, which capture the flavor of what will
happen even if most details end up being wrong. I'm including lots
of details mainly because I think a concrete vision does more to

advance discussion than a highly hedged and abstract one.
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First, however, I wanted to briefly explain why I and Anthropic
haven’t talked that much about powerful AI’s upsides, and why we’ll
probably continue, overall, to talk a lot about risks. In particular, I've

made this choice out of a desire to:

e Maximize leverage. The basic development of Al technology and
many (not all) of its benefits seems inevitable (unless the risks
derail everything) and is fundamentally driven by powerful
market forces. On the other hand, the risks are not predetermined

and our actions can greatly change their likelihood.

e Avoid perception of propaganda. Al companies talking about all
the amazing benefits of Al can come oft like propagandists, or as if
they’re attempting to distract from downsides. [ also think that as
a matter of principle it’s bad for your soul to spend too much of

your time “talking your book”.

e Avoid grandiosity. I am often turned off by the way many Al risk
public figures (not to mention Al company leaders) talk about the
post-AGI world, as if it’s their mission to single-handedly bring it
about like a prophet leading their people to salvation. I think it’s
dangerous to view companies as unilaterally shaping the world,
and dangerous to view practical technological goals in essentially

religious terms.

e Avoid “sci-fi” baggage. Although I think most people
underestimate the upside of powerful Al, the small community of
people who do discuss radical Al futures often does so in an
excessively “sci-f1” tone (featuring e.g. uploaded minds, space
exploration, or general cyberpunk vibes). I think this causes

people to take the claims less seriously, and to imbue them with a
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sort of unreality. To be clear, the issue isn’t whether the
technologies described are possible or likely (the main essay
discusses this in granular detail)—it’s more that the “vibe”
connotatively smuggles in a bunch of cultural baggage and
unstated assumptions about what kind of future is desirable, how
various societal issues will play out, etc. The result often ends up
reading like a fantasy for a narrow subculture, while being off-

putting to most people.

Yet despite all of the concerns above, I really do think it’s important
to discuss what a good world with powerful Al could look like, while
doing our best to avoid the above pitfalls. In fact I think it is critical
to have a genuinely inspiring vision of the future, and not just a plan
to fight fires. Many of the implications of powerful Al are adversarial
or dangerous, but at the end of it all, there has to be something we’re
fighting for, some positive-sum outcome where everyone is better
off, something to rally people to rise above their squabbles and
confront the challenges ahead. Fear is one kind of motivator, but it’s

not enough: we need hope as well.

The list of positive applications of powerful Al is extremely long
(and includes robotics, manufacturing, energy, and much more), but
I'm going to focus on a small number of areas that seem to me to
have the greatest potential to directly improve the quality of human

life. The five categories [ am most excited about are:

1. Biology and physical health
2. Neuroscience and mental health

3. Economic development and poverty
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4. Peace and governance

5. Work and meaning

My predictions are going to be radical as judged by most standards

(other than sci-fi “singularity” visions 2 ), but I mean them earnestly
and sincerely. Everything I'm saying could very easily be wrong (to
repeat my point from above), but I've at least attempted to ground
my views in a semi-analytical assessment of how much progress in
various fields might speed up and what that might mean in practice.

[ am fortunate to have professional experience in both biology and

neuroscience, and [ am an informed amateur in the field of economic

development, but [ am sure [ will get plenty of things wrong. One
thing writing this essay has made me realize 1s that it would be
valuable to bring together a group of domain experts (in biology,
economics, international relations, and other areas) to write a much
better and more informed version of what I've produced here. It’s

probably best to view my efforts here as a starting prompt for that

group.

Basic assumptions and framework

To make this whole essay more precise and grounded, it’s helpful to
specify clearly what we mean by powerful Al (i.e. the threshold at
which the 5-10 year clock starts counting), as well as laying out a

framework for thinking about the effects of such Al once it’s present.

What powerful Al (I dislike the term AGI) 2 will look like, and when
(or 1f) it will arrive, is a huge topic in itself. It’s one I've discussed
publicly and could write a completely separate essay on (I probably

will at some point). Obviously, many people are skeptical that
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powerful Al will be built soon and some are skeptical that it will ever
be built at all. I think it could come as early as 2026, though there
are also ways it could take much longer. But for the purposes of this
essay, I'd like to put these issues aside, assume it will come reasonably
soon, and focus on what happens in the 5-10 years after that. I also
want to assume a definition of what such a system will look like, what
its capabilities are and how it interacts, even though there is room

for disagreement on this.

By powerful Al, I have in mind an Al model—likely similar to today’s
LLM’s in form, though it might be based on a different architecture,
might involve several interacting models, and might be trained

differently—with the following properties:

e In terms of pure intelligence %, it is smarter than a Nobel Prize
winner across most relevant fields — biology, programming, math,
engineering, writing, etc. This means it can prove unsolved
mathematical theorems, write extremely good novels, write

difficult codebases from scratch, etc.

e In addition to just being a “smart thing you talk to”, it has all the
“Interfaces” available to a human working virtually, including text,
audio, video, mouse and keyboard control, and internet access. It
can engage in any actions, communications, or remote operations
enabled by this interface, including taking actions on the internet,
taking or giving directions to humans, ordering materials,
directing experiments, watching videos, making videos, and so on.
It does all of these tasks with, again, a skill exceeding that of the

most capable humans in the world.

e [t does not just passively answer questions; instead, it can be given
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tasks that take hours, days, or weeks to complete, and then goes
off and does those tasks autonomously, in the way a smart

employee would, asking for clarification as necessary.

e [t does not have a physical embodiment (other than livingon a
computer screen), but it can control existing physical tools, robots,
or laboratory equipment through a computer; in theory it could

even design robots or equipment for itself to use.

e The resources used to train the model can be repurposed to run
millions of instances of it (this matches projected cluster sizes by

~2027), and the model can absorb information and generate

actions at roughly 10x-100x human speed 2 . It may however be
limited by the response time of the physical world or of software it

interacts with.

e Each of these million copies can act independently on unrelated
tasks, or if needed can all work together in the same way humans
would collaborate, perhaps with different subpopulations fine-

tuned to be especially good at particular tasks.
We could summarize this as a “country of geniuses in a datacenter”.

Clearly such an entity would be capable of solving very difficult
problems, very fast, but it is not trivial to figure out how fast. Two
“extreme” positions both seem false to me. First, you might think
that the world would be instantly transformed on the scale of

seconds or days (“the Singularity”), as superior intelligence builds on

itself and solves every possible scientific, engineering, and
operational task almost immediately. The problem with this is that

there are real physical and practical limits, for example around
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building hardware or conducting biological experiments. Even a new
country of geniuses would hit up against these limits. Intelligence

may be very powerful, but it isn’t magic fairy dust.

Second, and conversely, you might believe that technological
progress is saturated or rate-limited by real world data or by social

factors, and that better-than-human intelligence will add very

little © . This seems equally implausible to me—I can think of
hundreds of scientific or even social problems where a large group of
really smart people would drastically speed up progress, especially if
they aren’t limited to analysis and can make things happen in the real
world (which our postulated country of geniuses can, including by

directing or assisting teams of humans).

[ think the truth is likely to be some messy admixture of these two
extreme pictures, something that varies by task and field and is very
subtle in its details. I believe we need new frameworks to think about

these details in a productive way.

Economists often talk about “factors of production” things like
labor, land, and capital. The phrase “marginal returns to labor/land/
capital” captures the idea that in a given situation, a given factor may
or may not be the limiting one - for example, an air force needs both
planes and pilots, and hiring more pilots doesn’t help much if you're

out of planes. I believe that in the Al age, we should be talking about

the marginal returns to intelligence Z , and trying to figure out what the
other factors are that are complementary to intelligence and that
become limiting factors when intelligence is very high. We are not
used to thinking in this way—to asking “how much does being

smarter help with this task, and on what timescale?”—but it seems
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like the right way to conceptualize a world with very powerful Al.

My guess at a list of factors that limit or are complementary to

intelligence includes:

e Speed of the outside world. Intelligent agents need to operate

interactively in the world in order to accomplish things and also to

learn 8. But the world only moves so fast. Cells and animals run at
a fixed speed so experiments on them take a certain amount of
time which may be irreducible. The same is true of hardware,
materials science, anything involving communicating with people,
and even our existing software infrastructure. Furthermore, in
sclence many experiments are often needed in sequence, each
learning from or building on the last. All of this means that the
speed at which a major project—for example developing a cancer
cure—can be completed may have an irreducible minimum that
cannot be decreased further even as intelligence continues to

Increase.

e Need for data. Sometimes raw data is lacking and in its absence
more intelligence does not help. Today’s particle physicists are
very ingenious and have developed a wide range of theories, but
lack the data to choose between them because particle accelerator

data is so limited. It is not clear that they would do drastically

better if they were superintelligent—other than perhaps by

speeding up the construction of a bigger accelerator.

e Intrinsic complexity. Some things are inherently unpredictable
or chaotic and even the most powerful Al cannot predict or
untangle them substantially better than a human or a computer

today. For example, even incredibly powerful Al could predict
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only marginally further ahead in a chaotic system (such as the

three-body problem) in the general case, 2 as compared to today’s

humans and computers.

e Constraints from humans. Many things cannot be done without
breaking laws, harming humans, or messing up society. An aligned
Al would not want to do these things (and if we have an unaligned
Al we’re back to talking about risks). Many human societal
structures are inefficient or even actively harmful, but are hard to
change while respecting constraints like legal requirements on
clinical trials, people’s willingness to change their habits, or the
behavior of governments. Examples of advances that work well in
a technical sense, but whose impact has been substantially reduced
by regulations or misplaced fears, include nuclear power,

supersonic flight, and even elevators.

e Physical laws. This is a starker version of the first point. There are
certain physical laws that appear to be unbreakable. It’s not

possible to travel faster than light. Pudding does not unstir. Chips

can only have so many transistors per square centimeter before

they become unreliable. Computation requires a certain minimum

energy per bit erased, limiting the density of computation in the

world.

There is a further distinction based on timescales. Things that are
hard constraints in the short run may become more malleable to
intelligence in the long run. For example, intelligence might be used
to develop a new experimental paradigm that allows us to learn
vitro what used to require live animal experiments, or to build the
tools needed to collect new data (e.g. the bigger particle accelerator),

or to (within ethical limits) find ways around human-based
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constraints (e.g. helping to improve the clinical trial system, helping
to create new jurisdictions where clinical trials have less bureaucracy,
or improving the science itself to make human clinical trials less

necessary or cheaper).

Thus, we should imagine a picture where intelligence 1s initially
heavily bottlenecked by the other factors of production, but over
time intelligence itself increasingly routes around the other factors,

even if they never fully dissolve (and some things like physical laws

are absolute) 12 . The key question is how fast it all happens and in

what order.

With the above framework in mind, I'll try to answer that question

for the five areas mentioned in the introduction.

1. Biology and health

Biology 1s probably the area where scientific progress has the
greatest potential to directly and unambiguously improve the quality
of human life. In the last century some of the most ancient human
afflictions (such as smallpox) have finally been vanquished, but many
more still remain, and defeating them would be an enormous
humanitarian accomplishment. Beyond even curing disease,
biological science can in principle improve the baseline quality of
human health, by extending the healthy human lifespan, increasing
control and freedom over our own biological processes, and
addressing everyday problems that we currently think of as

immutable parts of the human condition.

In the “limiting factors” language of the previous section, the main

challenges with directly applying intelligence to biology are data, the
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speed of the physical world, and intrinsic complexity (in fact, all
three are related to each other). Human constraints also play a role at
a later stage, when clinical trials are involved. Let’s take these one by

one.

Experiments on cells, animals, and even chemical processes are
limited by the speed of the physical world: many biological protocols
involve culturing bacteria or other cells, or simply waiting for
chemical reactions to occur, and this can sometimes take days or
even weeks, with no obvious way to speed it up. Animal experiments
can take months (or more) and human experiments often take years
(or even decades for long-term outcome studies). Somewhat related
to this, data is often lacking—not so much in quantity, but quality:
there is always a dearth of clear, unambiguous data that isolates a
biological effect of interest from the other 10,000 confounding
things that are going on, or that intervenes causally in a given
process, or that directly measures some effect (as opposed to
inferring its consequences in some indirect or noisy way). Even
massive, quantitative molecular data, like the proteomics data that I
collected while working on mass spectrometry techniques, is noisy
and misses a lot (which types of cells were these proteins in? Which

part of the cell? At what phase in the cell cycle?).

In part responsible for these problems with data is intrinsic

complexity: if you’ve ever seen a diagram showing the biochemistry

of human metabolism, you’ll know that it’s very hard to isolate the

effect of any part of this complex system, and even harder to
intervene on the system in a precise or predictable way. And finally,
beyond just the intrinsic time that it takes to run an experiment on

humans, actual clinical trials involve a lot of bureaucracy and
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regulatory requirements that (in the opinion of many people,

including me) add unnecessary additional time and delay progress.

Given all this, many biologists have long been skeptical of the value
of Al and “big data” more generally in biology. Historically,
mathematicians, computer scientists, and physicists who have
applied their skills to biology over the last 30 years have been quite
successful, but have not had the truly transformative impact initially
hoped for. Some of the skepticism has been reduced by major and

revolutionary breakthroughs like AlphaFold (which has just

deservedly won its creators the Nobel Prize in Chemistry) and

AlphaProteo 1! | but there’s still a perception that Al is (and will

continue to be) useful in only a limited set of circumstances. A
common formulation is “Al can do a better job analyzing your data,
but it can’t produce more data or improve the quality of the data.

Garbage in, garbage out”.

But [ think that pessimistic perspective is thinking about Al in the
wrong way. If our core hypothesis about Al progress is correct, then
the right way to think of Al is not as a method of data analysis, but as
a virtual biologist who performs a/l the tasks biologists do, including
designing and running experiments in the real world (by controlling
lab robots or simply telling humans which experiments to run - as a
Principal Investigator would to their graduate students), inventing
new biological methods or measurement techniques, and so on. It is
by speeding up the whole research process that Al can truly accelerate
biology. I want to repeat this because it’s the most common
misconception that comes up when I talk about AI’s ability to
transform biology: I am not talking about Al as merely a tool to

analyze data. In line with the definition of powerful Al at the
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beginning of this essay, I'm talking about using Al to perform,

direct, and improve upon nearly everything biologists do.

To get more specific on where I think acceleration is likely to come
from, a surprisingly large fraction of the progress in biology has

come from a truly tiny number of discoveries, often related to broad

measurement tools or techniques 12 that allow precise but
generalized or programmable intervention in biological systems.
There’s perhaps ~1 of these major discoveries per year and
collectively they arguably drive >50% of progress in biology. These
discoveries are so powerful precisely because they cut through
intrinsic complexity and data limitations, directly increasing our
understanding and control over biological processes. A few
discoveries per decade have enabled both the bulk of our basic
scientific understanding of biology, and have driven many of the

most powerful medical treatments.

Some examples include:

e CRISPR: a technique that allows live editing of any gene in living
organisms (replacement of any arbitrary gene sequence with any
other arbitrary sequence). Since the original technique was

developed, there have been constant improvements to target

specific cell types, increasing accuracy, and reducing edits of the

wrong gene—all of which are needed for safe use in humans.

e Various kinds of microscopy for watching what is going on at a
precise level: advanced light microscopes (with various kinds of
fluorescent techniques, special optics, etc), electron microscopes,

atomic force microscopes, etc.
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e Genome sequencing and synthesis, which has dropped in cost by

several orders of magnitude in the last couple decades.

e Optogenetic techniques that allow you to get a neuron to fire by

shining a light on it.

e mRNA vaccines that, in principle, allow us to design a vaccine

against anything and then quickly adapt it (mRNA vaccines of

course became famous during COVID).

e Cell therapies such as CAR-T that allow immune cells to be taken
out of the body and “reprogrammed” to attack, in principle,

anything,

e Conceptual insights like the germ theory of disease or the

realization of a link between the immune system and cancer 13

I'm going to the trouble of listing all these technologies because I
want to make a crucial claim about them: I think their rate of
discovery could be increased by 10x or more if there were a lot
more talented, creative researchers. Or, put another way, I think
the returns to intelligence are high for these discoveries, and that

everything else in biology and medicine mostly follows from them.

Why do I think this? Because of the answers to some questions that
we should get in the habit of asking when we're trying to determine
“returns to intelligence”. First, these discoveries are generally made
by a tiny number of researchers, often the same people repeatedly,
suggesting skill and not random search (the latter might suggest
lengthy experiments are the limiting factor). Second, they often
“could have been made” years earlier than they were: for example,

CRISPR was a naturally occurring component of the immune system
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in bacteria that’s been known since the 80’s, but it took another 25

years for people to realize it could be repurposed for general gene
editing. They also are often delayed many years by lack of support
from the scientific community for promising directions (see this
profile on the inventor of mRNA vaccines; similar stories abound).
Third, successful projects are often scrappy or were afterthoughts
that people didn’t initially think were promising, rather than
massively funded efforts. This suggests that it’s not just massive

resource concentration that drives discoveries, but ingenuity.

Finally, although some of these discoveries have “serial dependence”
(you need to make discovery A first in order to have the tools or
knowledge to make discovery B)—which again might create
experimental delays—many, perhaps most, are independent,
meaning many at once can be worked on in parallel. Both these facts,
and my general experience as a biologist, strongly suggest to me that
there are hundreds of these discoveries waiting to be made if
scientists were smarter and better at making connections between
the vast amount of biological knowledge humanity possesses (again
consider the CRISPR example). The success of AlphaFold/

AlphaProteo at solving important problems much more effectively

than humans, despite decades of carefully designed physics
modeling, provides a proof of principle (albeit with a narrow tool in

a narrow domain) that should point the way forward.

Thus, it’s my guess that powerful Al could at least 10x the rate of
these discoveries, giving us the next 50-100 years of biological
progress in 5-10 years. ¥* Why not 100x? Perhaps it is possible, but
here both serial dependence and experiment times become

important: getting 100 years of progress in 1 year requires a lot of
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things to go right the first time, including animal experiments and
things like designing microscopes or expensive lab facilities. I'm
actually open to the (perhaps absurd-sounding) idea that we could
get 1000 years of progress in 5-10 years, but very skeptical that we
can get 100 years in 1 year. Another way to put it is I think there’s an
unavoidable constant delay: experiments and hardware design have a
certain “latency” and need to be iterated upon a certain “irreducible”

number of times in order to learn things that can’t be deduced

logically. But massive parallelism may be possible on top of that 2.

What about clinical trials? Although there is a lot of bureaucracy and
slowdown associated with them, the truth is that a lot (though by no
means all!) of their slowness ultimately derives from the need to
rigorously evaluate drugs that barely work or ambiguously work.
This 1s sadly true of most therapies today: the average cancer drug
increases survival by a few months while having significant side
effects that need to be carefully measured (there’s a similar story for
Alzheimer’s drugs). This leads to huge studies (in order to achieve
statistical power) and difficult tradeofts which regulatory agencies
generally aren’t great at making, again because of bureaucracy and

the complexity of competing interests.

When something works really well, it goes much faster: there’s an
accelerated approval track and the ease of approval is much greater
when effect sizes are larger. mRNA vaccines for COVID were
approved in 9 months—much faster than the usual pace. That said,
even under these conditions clinical trials are still too slow—mRNA

vaccines arguably should have been approved in ~2 months. But

these kinds of delays (~1 year end-to-end for a drug) combined with

massive parallelization and the need for some but not too much
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iteration (“a few tries”) are very compatible with radical

transformation in 5-10 years. Even more optimistically, it is possible

that Al-enabled biological science will reduce the need for iteration
in clinical trials by developing better animal and cell experimental
models (or even simulations) that are more accurate in predicting
what will happen in humans. This will be particularly important in
developing drugs against the aging process, which plays out over

decades and where we need a faster iteration loop.

Finally, on the topic of clinical trials and societal barriers, it is worth
pointing out explicitly that in some ways biomedical innovations

have an unusually strong track record of being successfully deployed,

in contrast to some other technologies 16 . As mentioned in the
introduction, many technologies are hampered by societal factors
despite working well technically. This might suggest a pessimistic
perspective on what Al can accomplish. But biomedicine is unique in
that although the process of developing drugs is overly cumbersome,

once developed they generally are successfully deployed and used.

To summarize the above, my basic prediction is that Al-enabled
biology and medicine will allow us to compress the progress that
human biologists would have achieved over the next 50-100
years into 5-10 years. I'll refer to this as the “compressed 21st
century”: the idea that after powerful Al is developed, we will in a
few years make all the progress in biology and medicine that we

would have made in the whole 21st century.

Although predicting what powerful Al can do in a few years remains
inherently difficult and speculative, there is some concreteness to
asking “what could humans do unaided in the next 100 years?”.

Simply looking at what we’ve accomplished in the 20th century, or
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extrapolating from the first 2 decades of the 21st, or asking what
“10 CRISPR’s and 50 CAR-T’s” would get us, all offer practical,
grounded ways to estimate the general level of progress we might

expect from powerful Al.

Below I try to make a list of what we might expect. This is not based
on any rigorous methodology, and will almost certainly prove wrong
in the details, but it’s trying to get across the general /eve/ of

radicalism we should expect:

117 natural

e Reliable prevention and treatment of nearly al
infectious disease. Given the enormous advances against
infectious disease in the 20th century, it is not radical to imagine
that we could more or less “finish the job” in a compressed 21st.

mRNA vaccines and similar technology already point the way

towards “vaccines for anything”. Whether infectious disease is fully
eradicated from the world (as opposed to just in some places)
depends on questions about poverty and inequality, which are

discussed in Section 3.

¢ Elimination of most cancer. Death rates from cancer have been

dropping ~2% per year for the last few decades; thus we are on
track to eliminate most cancer in the 21st century at the current
pace of human science. Some subtypes have already been largely

cured (for example some types of leukemia with CAR-T therapy),

and I'm perhaps even more excited for very selective drugs that

target cancer in its infancy and prevent it from ever growing. Al

will also make possible treatment regimens very finely adapted to
the individualized genome of the cancer—these are possible today,
but hugely expensive in time and human expertise, which Al

should allow us to scale. Reductions of 95% or more in both
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mortality and incidence seem possible. That said, cancer is
extremely varied and adaptive, and is likely the hardest of these
diseases to fully destroy. It would not be surprising if an

assortment of rare, difficult malignancies persists.

e Very effective prevention and effective cures for genetic

disease. Greatly improved embryo screening will likely make it

possible to prevent most genetic disease, and some safer, more
reliable descendant of CRISPR may cure most genetic disease in
existing people. Whole-body afflictions that affect a large fraction

of cells may be the last holdouts, however.

Prevention of Alzheimer’s. We’ve had a very hard time figuring
out what causes Alzheimer’s (it is somehow related to beta-

amyloid protein, but the actual details seem to be very complex). It

seems like exactly the type of problem that can be solved with
better measurement tools that isolate biological effects; thus [ am
bullish about Al’s ability to solve it. There is a good chance it can
eventually be prevented with relatively simple interventions, once
we actually understand what is going on. That said, damage from

already-existing Alzheimer’s may be very difficult to reverse.

Improved treatment of most other ailments. This is a catch-all
category for other ailments including diabetes, obesity, heart
disease, autoimmune diseases, and more. Most of these seem
“easier” to solve than cancer and Alzheimer’s and in many cases
are already in steep decline. For example, deaths from heart
disease have already declined over 50%, and simple interventions

like GLP-1 agonists have already made huge progress against

obesity and diabetes.
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* Biological freedom. The last 70 years featured advances in birth

control, fertility, management of weight, and much more. But I

suspect Al-accelerated biology will greatly expand what is
possible: weight, physical appearance, reproduction, and other
biological processes will be fully under people’s control. We'll refer
to these under the heading of biological freedom: the 1dea that
everyone should be empowered to choose what they want to
become and live their lives in the way that most appeals to them.
There will of course be important questions about global equality

of access; see Section 3 for these.

Doubling of the human lifespan 12 . This might seem radical, but

life expectancy increased almost 2x in the 20th century (from ~40

years to ~75), so it’s “on trend” that the “compressed 21st” would
double it again to 150. Obviously the interventions involved in
slowing the actual aging process will be different from those that
were needed in the last century to prevent (mostly childhood)

premature deaths from disease, but the magnitude of change is

not unprecedented 22 . Concretely, there already exist drugs that

increase maximum lifespan in rats by 25-50% with limited ill-

effects. And some animals (e.g. some types of turtle) already live
200 years, so humans are manifestly not at some theoretical upper
limit. At a guess, the most important thing that is needed might be

reliable, non-Goodhart-able biomarkers of human aging, as that

will allow fast iteration on experiments and clinical trials. Once
human lifespan is 150, we may be able to reach “escape velocity”,
buying enough time that most of those currently alive today will
be able to live as long as they want, although there’s certainly no

guarantee this is biologically possible.
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It is worth looking at this list and reflecting on how different the
world will be if all of it is achieved 7-12 years from now (which
would be in line with an aggressive Al timeline). [t goes without
saying that it would be an unimaginable humanitarian triumph, the
elimination all at once of most of the scourges that have haunted
humanity for millennia. Many of my friends and colleagues are
raising children, and when those children grow up, I hope that any
mention of disease will sound to them the way scurvy, smallpox, or
bubonic plague sounds to us. That generation will also benefit from
increased biological freedom and self-expression, and with luck may

also be able to live as long as they want.

It’s hard to overestimate how surprising these changes will be to
everyone except the small community of people who expected
powerful Al. For example, thousands of economists and policy

experts in the US currently debate how to keep Social Security and

Medicare solvent, and more broadly how to keep down the cost of
healthcare (which is mostly consumed by those over 70 and
especially those with terminal illnesses such as cancer). The situation

for these programs is likely to be radically improved if all this comes

to pass 22, as the ratio of working age to retired population will
change drastically. No doubt these challenges will be replaced with
others, such as how to ensure widespread access to the new
technologies, but it is worth reflecting on how much the world will

change even if biology 1s the only area to be successfully accelerated
by Al.

2. Neuroscience and mind

In the previous section I focused on physical diseases and biology in
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general, and didn’t cover neuroscience or mental health. But
neuroscience is a subdiscipline of biology and mental health is just as
important as physical health. In fact, if anything, mental health
affects human well-being even more directly than physical health.
Hundreds of millions of people have very low quality of life due to

problems like addiction, depression, schizophrenia, low-functioning

autism, PTSD, psychopathy 2!, or intellectual disabilities. Billions
more struggle with everyday problems that can often be interpreted
as much milder versions of one of these severe clinical disorders.
And as with general biology, it may be possible to go beyond
addressing problems to improving the baseline quality of human

experience.

The basic framework that I laid out for biology applies equally to
neuroscience. The field is propelled forward by a small number of
discoveries often related to tools for measurement or precise
intervention - in the list of those above, optogenetics was a

neuroscience discovery, and more recently CLARITY and expansion

microscopy are advances in the same vein, in addition to many of the
general cell biology methods directly carrying over to neuroscience. I
think the rate of these advances will be similarly accelerated by Al
and therefore that the framework of “100 years of progress in 5-10
years” applies to neuroscience in the same way it does to biology and
for the same reasons. As in biology, the progress in 20th century
neuroscience was enormous — for example we didn’t even

understand how or why neurons fired until the 1950’s. Thus, it

seems reasonable to expect Al-accelerated neuroscience to produce

rapid progress over a few years.

There is one thing we should add to this basic picture, which is that
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some of the things we’ve learned (or are learning) about Al itself in
the last few years are likely to help advance neuroscience, even if it

continues to be done only by humans. Interpretability is an obvious

example: although biological neurons superficially operate in a
completely different manner from artificial neurons (they
communicate via spikes and often spike rates, so there is a time
element not present in artificial neurons, and a bunch of details
relating to cell physiology and neurotransmitters modifies their
operation substantially), the basic question of “how do distributed,
trained networks of simple units that perform combined linear/non-
linear operations work together to perform important
computations” is the same, and [ strongly suspect the details of

individual neuron communication will be abstracted away in most of

the interesting questions about computation and circuits 22 . As just

one example of this, a computational mechanism discovered by

interpretability researchers in Al systems was recently rediscovered

in the brains of mice.

It is much easier to do experiments on artificial neural networks than
on real ones (the latter often requires cutting into animal brains), so
interpretability may well become a tool for improving our
understanding of neuroscience. Furthermore, powerful Al’s will
themselves probably be able to develop and apply this tool better

than humans can.

Beyond just interpretability though, what we have learned from Al
about how intelligent systems are trained should (though I am not
sure it sas yet) cause a revolution in neuroscience. When I was
working in neuroscience, a lot of people focused on what I would

now consider the wrong questions about learning, because the
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concept of the scaling hypothesis / bitter lesson didn’t exist yet. The

idea that a simple objective function plus a lot of data can drive
incredibly complex behaviors makes it more interesting to
understand the objective functions and architectural biases and less
interesting to understand the details of the emergent computations. I
have not followed the field closely in recent years, but I have a vague
sense that computational neuroscientists have still not fully absorbed
the lesson. My attitude to the scaling hypothesis has always been
“aha - this is an explanation, at a high level, of how intelligence
works and how it so easily evolved”, but I don’t think that’s the
average neuroscientist’s view, in part because the scaling hypothesis

as “the secret to intelligence” isn’t fully accepted even within Al

I think that neuroscientists should be trying to combine this basic
insight with the particularities of the human brain (biophysical
limitations, evolutionary history, topology, details of motor and
sensory inputs/outputs) to try to figure out some of neuroscience’s
key puzzles. Some likely are, but I suspect it’s not enough yet, and
that Al neuroscientists will be able to more effectively leverage this

angle to accelerate progress.

I expect Al to accelerate neuroscientific progress along four distinct
routes, all of which can hopefully work together to cure mental

illness and improve function:

e Traditional molecular biology, chemistry, and genetics. This is
essentially the same story as general biology in section 1, and Al
can likely speed it up via the same mechanisms. There are many
drugs that modulate neurotransmitters in order to alter brain
function, affect alertness or perception, change mood, etc., and Al

can help us invent many more. Al can probably also accelerate
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research on the genetic basis of mental illness.

e Fine-grained neural measurement and intervention. This is the
ability to measure what a lot of individual neurons or neuronal
circuits are doing, and intervene to change their behavior.
Optogenetics and neural probes are technologies capable of both
measurement and intervention in live organisms, and a number of
very advanced methods (such as molecular ticker tapes to read out
the firing patterns of large numbers of individual neurons) have

also been proposed and seem possible in principle.

e Advanced computational neuroscience. As noted above, both
the specific insights and the gestalt of modern Al can probably be

applied fruitfully to questions in systems neuroscience, including

perhaps uncovering the real causes and dynamics of complex

diseases like psychosis or mood disorders.

e Behavioral interventions. | haven’t much mentioned it given the
focus on the biological side of neuroscience, but psychiatry and

psychology have of course developed a wide repertoire of

behavioral interventions over the 20th century; it stands to reason

that Al could accelerate these as well, both the development of
new methods and helping patients to adhere to existing methods.
More broadly, the idea of an “Al coach” who always helps you to
be the best version of yourself, who studies your interactions and

helps you learn to be more effective, seems very promising.

It’s my guess that these four routes of progress working together
would, as with physical disease, be on track to lead to the cure or
prevention of most mental illness in the next 100 years even if Al

was not involved - and thus might reasonably be completed in 5-10
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Al-accelerated years. Concretely my guess at what will happen is

something like:

e Most mental illness can probably be cured. 'm not an expert in

psychiatric disease (my time in neuroscience was spent building
probes to study small groups of neurons) but it’s my guess that
diseases like PTSD, depression, schizophrenia, addiction, etc. can
be figured out and very effectively treated via some combination
of the four directions above. The answer is likely to be some
combination of “something went wrong biochemically” (although
it could be very complex) and “something went wrong with the
neural network, at a high level”. That 1s, it’s a systems neuroscience
question—though that doesn’t gainsay the impact of the behavioral
interventions discussed above. Tools for measurement and
intervention, especially in live humans, seem likely to lead to rapid

iteration and progress.

Conditions that are very “structural” may be more difficult, but

not impossible. There’s some evidence that psychopathy is

associated with obvious neuroanatomical differences - that some
brain regions are simply smaller or less developed in psychopaths.
Psychopaths are also believed to lack empathy from a young age;
whatever 1s different about their brain, it was probably always that
way. The same may be true of some intellectual disabilities, and
perhaps other conditions. Restructuring the brain sounds hard,
but it also seems like a task with high returns to intelligence.
Perhaps there is some way to coax the adult brain into an earlier
or more plastic state where it can be reshaped. I'm very uncertain
how possible this is, but my instinct is to be optimistic about what

Al can invent here.
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o Effective genetic prevention of mental illness seems possible.

Most mental illness is partially heritable, and genome-wide

association studies are starting to gain traction on identifying the

relevant factors, which are often many in number. It will probably
be possible to prevent most of these diseases via embryo
screening, similar to the story with physical disease. One
difference is that psychiatric disease is more likely to be polygenic
(many genes contribute), so due to complexity there’s an increased

risk of unknowingly selecting against positive traits that are

correlated with disease. Oddly however, in recent years GWAS

studies seem to suggest that these correlations might have been

overstated. In any case, Al-accelerated neuroscience may help us
to figure these things out. Of course, embryo screening for
complex traits raises a number of societal issues and will be
controversial, though I would guess that most people would

support screening for severe or debilitating mental illness.

e Everyday problems that we don’t think of as clinical disease
will also be solved. Most of us have everyday psychological
problems that are not ordinarily thought of as rising to the level of
clinical disease. Some people are quick to anger, others have
trouble focusing or are often drowsy, some are fearful or anxious,
or react badly to change. Today, drugs already exist to help with
e.g. alertness or focus (caffeine, modafinil, ritalin) but as with
many other previous areas, much more is likely to be possible.
Probably many more such drugs exist and have not been
discovered, and there may also be totally new modalities of
intervention, such as targeted light stimulation (see optogenetics
above) or magnetic fields. Given how many drugs we’ve developed

in the 20th century that tune cognitive function and emotional
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state, 'm very optimistic about the “compressed 21st” where
everyone can get their brain to behave a bit better and have a

more fulfilling day-to-day experience.

e Human baseline experience can be much better. Taking one
step further, many people have experienced extraordinary
moments of revelation, creative inspiration, compassion,
fulfillment, transcendence, love, beauty, or meditative peace. The
character and frequency of these experiences differs greatly from
person to person and within the same person at different times,
and can also sometimes be triggered by various drugs (though
often with side effects). All of this suggests that the “space of what
is possible to experience” is very broad and that a larger fraction
of people’s lives could consist of these extraordinary moments. It is
probably also possible to improve various cognitive functions
across the board. This is perhaps the neuroscience version of

“biological freedom” or “extended lifespans”.

One topic that often comes up in sci-fi depictions of Al, but that I
intentionally haven’t discussed here, is “mind uploading”, the idea of
capturing the pattern and dynamics of a human brain and
instantiating them in software. This topic could be the subject of an
essay all by itself, but suffice it to say that while I think uploading is
almost certainly possible in principle, in practice it faces significant
technological and societal challenges, even with powerful Al, that

likely put it outside the 5-10 year window we are discussing.

In summary, Al-accelerated neuroscience is likely to vastly improve
treatments for, or even cure, most mental illness as well as greatly
expand “cognitive and mental freedom” and human cognitive and

emotional abilities. It will be every bit as radical as the improvements
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in physical health described in the previous section. Perhaps the
world will not be visibly different on the outside, but the world as
experienced by humans will be a much better and more humane
place, as well as a place that offers greater opportunities for self-
actualization. I also suspect that improved mental health will
ameliorate a lot of other societal problems, including ones that seem

political or economic.
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