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Four Seasons Total Tech
Winter is Ending in AI, Solar, Nuclear, Space, & Biotech. Summer is Coming
Packy McCormick · 2022-12-05
Welcome to the 4,399 newly Not Boring people who have joined us since our last Monday post! If you haven’t subscribed, join 175,133 smart, curious folks by subscribing here:
🎧  For the audio version, subscribe on Spotify or Apple Podcasts 


Today’s Not Boring is brought to you by… Oceans
Oceans matches busy executives and high-growth teams with top EA+ candidates from global talent pools. Oceans recruits, vets, trains, and employs top talent and you get a high-quality, reliable, and affordable EA+. 
For $2,850 per month (<$35K/yr), you can hire folks like Tehani and Lawrence at an 50-80% discount to US-based EA+s.
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Austin Rief (co-founder and CEO of Morning Brew) had this to say: “I was hesitant to work with an offshore EA, but Ocean’s talent is exceptional. My EA+ has quickly become invaluable, I couldn’t get through the week without her.”
Ndamukong Suh (NFL Player & Investor) added: “I’m constantly managing all the things pulling at my time. I finally caved and got an Oceans EA+ to help with admin, scheduling, research, and planning. She’s amazing and helps me stay focused on what matters every day. Highly recommend." 
Join dozens of founders, execs, and high growth teams that are hiring affordable EA+ so you can stay lean and focus on the most important work. Schedule a quick call to learn more here: 
Talk to Oceans


Hi friends 👋, 
Happy Monday! Now that AI is really here — I spent a dangerous amount of time playing with ChatGPT over the past few days — it seems like it was inevitable. It wasn’t. AI went through its own Winters, during which the smart money was on the technology never living up to its promise. 
On Friday, Anton and I recorded our third episode of Anton Teaches Packy AI, and he suggested that we go all the way back to the beginning, to the 1943 paper that inspired neural networks and the AI Winter that followed when neural networks and connectionism failed to live up to the substantial hype. 
The juxtaposition of everything happening right now with the strongly negative sentiment during the first AI Winter got me thinking about the seasons that any technology inevitably goes through, and why, despite the inevitability, people keep counting technologies out during their Winters. 
Let’s get to it. 


Four Seasons Total Tech
[image: Illustration from the essay]

"Happy families are all alike; every unhappy family is unhappy in its own way."
– Leo Tolstoy, Anna Karenina 

A question I’ve been wrestling with during this bear market is why technological Winters, which appear after periods of hype like clockwork, feel so existential while they’re happening. If we know Winter is Coming, and we’re prepared ahead of time, why don’t we just throw on a heavy coat and face the storm head on, warmed by the knowledge that it will end, like all seasons do? 
I think the answer has something to do with that Tolstoy quote. “Periods of hype are all alike; every Winter is unhappy in its own way.” In other words, each Winter is the result of real, unique challenges that feel as if they may be too much for the technology in question to overcome. And there’s a proportionality at play: the greater the hype, the colder the Winter. 
But most Winters do end. Spring brings new shoots of promise, and that promise is realized during Summers. 
Despite the number in your portfolio or on your thermometer, it’s Spring right now. And we might be heading towards what looks to be the hottest Summer on record, as technologies that have endured very long, cold Winters all begin to thaw at the same time. Maybe it’s global warming, maybe it’s just time, or maybe these technologies need each other to reach their full potential. Whatever the cause, I think the next decade is going to be far warmer than anyone expects. 
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Created with Stable Diffusion
The most obvious sign that Summer is Coming is the AI Spring. For the past four days, my Twitter feed has been filled with screenshots from ChatGPT, OpenAI’s new conversational interface on top of GPT-3. 
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ChatGPT conversation from Thomas H. Ptacek
ChatGPT is the latest, and most tangibly impressive, in a months-long series of lightning fast innovation in AI. It won’t be the last. If the past few mind-blowing products are a guide, we’ll be used to it in a few days. It will just be normal that we can chat with AI and get anything from essays written in anyone’s voice to full-blown code back.  
But while we’re right in the thick of it, we should pause and appreciate what’s happening. ChatGPT is a product 79 years in the making, and most of those 79 years were pretty cold. 
On Friday, Anton and I recorded our third episode of Anton Teaches Packy AI. The theme of the conversation was AI Winters. 
Watch or listen online


(Requisite SMASH THAT LIKE/SUBSCRIBE/ETC…)
An analogy to nuclear winter, a theoretical scenario in which a large-scale nuclear war would cause a significant reduction in temperatures around the world, leading to widespread crop failures and other adverse effects on the environment and human society, AI Winter was the first of the many technological winters that we’ve come to know and love. 
In addition to AI Winter and the Crypto Winter we’re experiencing now, various once-promising industries have gone through their own cold periods over the past half-century or so: 
	The Dot-com Bubble and Burst in the late 1990s and early 2000s, which saw a rapid increase in investment in internet-based companies followed by a crash in the stock market and a sharp decline in the value of these companies.

	The Solar Energy Winter in the 1980s, when the price of solar panels increased dramatically and the industry struggled to compete with other forms of energy.

	The Nuclear Winter in the 1970s and 1980s, when concerns about the environmental and safety risks of nuclear power led to a decrease in investment and the cancellation of many planned nuclear power plants.

	The Space Race Winter in the late 1960s and early 1970s, when the end of the space race between the US and the Soviet Union led to a decrease in funding for space exploration and a shift in focus away from space-related technologies.

	The Biotech Winter in the early 1990s, when a series of high-profile failures and controversies in the biotech industry led to a decrease in investment and a downturn in the sector.


Winters, whether in AI, crypto, solar, or any sufficiently novel technology, are what the Gartner Hype Cycle calls the Trough of Disillusionment, that dark period after a technological trigger causes people to lose their collective minds with the possibilities of the shiny new thing.
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Gartner Hype Cycle
They’re bigger versions of the troughs, troughs that hit entire categories instead of the specific technologies within those categories that Gartner tends to cover. When a Winter hits, it signals a belief that the entire category may never recover. The reason Winters elicit that belief is that they result from specific, seemingly insurmountable challenges. 
“Inflated Expectations periods are all alike; every Trough of Disillusionment is disillusioning in its own way.”
All Peaks of Inflated Expectations are similar in that they involve a high level of excitement and optimism about a new technology. However, each Trough of Disillusionment is disillusioning in its own way, because the specific challenges and limitations that a technology encounters can vary. For example, one technology may encounter challenges related to its cost or complexity, while another technology may face challenges related to its compatibility with existing systems or its ability to solve real-world problems.
The stages of the Hype Cycle mirror the four seasons, too. 
Fall: A Time for New Beginnings
The Technology Trigger and Peak of Inflated Expectations are the Fall on our metaphorical calendar. Just as students enter a new school year with a fresh report card and high hopes, a technology trigger provides a blank canvas on which practitioners and the commentariat can paint big visions, unmarred by the harshness of reality. 
Whenever there’s an exciting new technology, people predictably predict that it will deliver untold wonders, and soon. In 1957, for example, 65 years ago, Herbert Simon and Allen Newell wrote of progress in the field that would later be called Artificial Intelligence:
On the basis of these developments, and the speed with which research in this field is progressing, I am willing to make the following predictions, to be realized within the next ten years: 
1. That within ten years a digital computer will be the world's chess champion, unless the rules bar it from competition.
2. That within ten years a digital computer will discover and prove an important new mathematical theorem.
3. That within ten years a digital computer will write music that will be accepted by critics as possessing considerable aesthetic value.
4. That within ten years most theories in psychology will take the form of computer programs, or of qualitative statements.
It is not my aim to surprise or shock you if indeed that were possible in an age of nuclear fission and prospective interplanetary travel. But the simplest way I can summarize the situation is to say that there are now in the world machines that think, that learn, and that create. Moreover, their ability to do these things is going to increase rapidly until in a visible future the range of problems they can handle will be coextensive with the range to which the human mind has been applied.

That quote, delivered in a speech by Simon, predicts Golden Ages not just for AI, but for nuclear and space travel to boot. As Anton pointed out during our conversation, that was a sign of the times. The 1950s were a period of great optimism, for a number of reasons:
	The end of World War II and the beginning of the Cold War, which brought a sense of stability and security to many countries.

	The growth of the middle class and the rise of consumer culture, which led to an increase in personal wealth and spending power.

	The development of new technologies, such as television and the commercial jet airplane, which brought people closer together and made the world seem smaller.

	The rise of international organizations, such as the United Nations and the North Atlantic Treaty Organization (NATO), which promoted cooperation and collaboration between countries.


Looking back, it seems absurd that anyone alive in 1957 could have believed that within a “visible future,” machines would be able to handle a “range of problems coextensive with the range to which the human mind has been applied.” In 1957, those machines looked like this:
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IBM 7090, the state-of-the-art computer in 1957
But again and again, the same thing happens. A new technology is born, and in its infantile period, the world silently agrees to assume the absolute best. The technology baby just lies there, not talking, not walking, totally dependent on the support of others, and we think, “Albert Einstein was once a blob of a baby, too, and look how he turned out! This kid is going to be the next Albert Einstein!” If that baby so much as crawls a week ahead of schedule, or makes a sound that could be interpreted as “mama,” we lose our shit. “See! Einstein.” 
That’s why Peaks of Inflated Expectations are all alike. We extrapolate from so close to nothing that all there really is is a formless expectation that this thing will change the world, somehow. It has too much potential not to. 
But then the infant grows up, and those expectations become a weight. 
Winter: A Cold, Uncertain Period
The Trough of Disillusionment is Winter. It’s cold, dark, and on the harshest of days, it feels like it’s never going to end. 
The three things that so excited Simon and Newell that they took their dominance for granted – AI, nuclear fission, and space travel – are also three of the handful of Tech Winters we covered above. There’s a direct relationship between how excited we get about something and how strongly we recoil when it fails to live up to our inflated expectations. 
And it fails to live up to our expectations in very specific ways. 
Winters feel so harsh because of that specificity. Your kid crawled a week early, but by the time she hit middle school, she was the second slowest person on the track team. That near-mama was cute, but your son just got a 510 on his SAT Verbal. Potential dies in the details. 
There’s that great Tim Urban image that shows how life paths close off as time advances. 
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Tim Urban, WaitButWhy
We can apply that image to technologies too. Actually going out and doing things, hitting up against limitations and edge cases, instead of just dreaming about them means exposing very real weaknesses and closing off potential paths.
Every Trough of Disillusionment is disillusioning in its own way. Every Winter has its own wintry mix. In each case, that uniqueness makes the situation feel particularly bleak. That’s a tradition as old as tech Winters. Let’s go back to the first AI Winter to see how it works. 
Here’s the gist of the issue: far from doing everything the human mind could within a decade, early AI couldn’t even do the one thing the Department of Defense paid it to do: translate Russian to English. 
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Via Towards Data Science
That punch card is from a 1954 experiment that used a 250-word dictionary and syntactical analysis to perform crude translations between the two languages. Three years later, Frank Rosenblatt invented perceptrons, the first neural network. Small, early machine translation wins and the big promise of perceptrons created the hype that led to the Simon & Newell quote above, and ones like The New York Times’ observation that, “The Navy revealed the embryo of an electronic computer that it expects will be able to walk, talk, see, write, reproduce itself and be conscious of its existence.”
Then, in the 1960s, progress stalled. As Sebastian Schuchmann covers in History of the First AI Winter, machine translation didn’t really work outside of very specific settings. Worse, Yehoshua Bar-Hillel demonstrated that machine translation wasn’t even feasible. Others woke up to the fact that, despite the hype, machine translation hadn’t done anything useful and had no future prospects. The Department of Defense cut its AI funding, which had supported fundamental research in the field, and into the 1970s, the hits just kept on coming. Books and governmental reports came to the same conclusions: the technology had failed to live up to its promise, and couldn’t conceivably live up to the hype in its current form. More funding was cut. 
Commenting on AI’s disappointment, philosopher Hubert Dreyfus described the first half of the Hype Cycle three decades before Gartner: 
An overall pattern is taking shape: an early, dramatic success based on the easy performance of simple tasks, or low-quality work on complex tasks, and then diminishing returns, disenchantment, and, in some cases, pessimism.

The first AI Winter provides a clear example of why Winters generally feel so harsh. The technology failed in specific ways while theorists had time to put together arguments that those failures were not possible to overcome. Visible failures instilled a pessimistic attitude towards the space, and made people more likely to agree with theoretical work that disproved the technology’s future prospects. 
Over the past sixty years, there have been a series of AI Winters. To go deeper on them, check out my conversation with Anton. 
That same structure holds true for each of the Winters we mentioned above. Each introduces a challenge or challenges not to be solved, but that cannot be solved. 
Crypto has no real-world use cases, the tech is just a slow database, and it’s structurally rife with scams and frauds. Just adding “.com” didn’t automatically make your business more valuable. Solar was less efficient and more expensive than fossil fuels, and less reliable to boot. Nuclear was dangerous – do you remember Chernobyl?! Fukushima?! – and slow and expensive to build. We won the Space Race; why keep wasting money on space when there are so many problems to solve at home on Earth? Biotech companies had to spend way more to develop drugs and get them to market than was palatable… and that’s if they even lived up to their promises, which most didn’t.
Like the guards at Azkaban, reality sucked the happiness and life out of each one of the industries we’ve discussed. In most cases, it wasn’t just that everyone agreed they’d gotten a little over enthused, the facts on the ground made them reconsider whether there was any workable path forward at all. 
In each case, while funding dried up and many people moved on, we’re fortunate that a handful of people continued to believe, took lessons from the failures, and worked to find new solutions. 
While all Winters are unique, and therefore uniquely painful and hopeless, there’s one thing that all of the Winters we’ve discussed have in common. They’ve ended, or are about to end. 
Spring: A Season of Renewal and Growth
The Slope of Enlightenment is Spring. You can’t pack up your winter coat quite yet – Puja and I have an ongoing debate about whether winter ends in April (me) or June (her) – but there are some insanely gorgeous days, plants start to shoot up, and moods lift. 
In Tech Springs, it’s clear that something real is happening, something that’s more than just hype. The promises made in the Fall and doubted in the Winter begin to come true. They may not be fully developed and commercialized, and the companies building them might not have toppled the old guard yet, but they work and they recapture the public’s imagination.  
Turns out, even when certain branches have been cut off, when it looks as if there’s no path forward, if a technology is compelling enough to deserve its very own capital-W Winter, people will keep working until they find a way. 
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caption...
Good news: we’re currently in the Spring seasons of a bunch of the most exciting and hardest-to-crack technologies of the past half-century, all at the same time. 
Take AI. Whether the technology ends up living up to Simon and Newell’s hype in this cycle, it’s clear that something magical is happening in AI right now. Pause and have fun with them. If you haven’t, go play with ChatGPT right now and try to turn off the part of your brain that thinks, “Well, it’s not like this is real AGI, it’s just predicting the next word based on all of the stuff on the internet.” Just enjoy it. It’s amazing that we get to be the first people to use this stuff. 
Unlike the machine translations of the 1950s or the chatbots of a decade ago, though, the AI products that companies like OpenAI, DeepMind, and Stability AI are putting out are legitimately mind-blowing and useful today. 
For example, a bunch of the sentences and sections scattered throughout this piece were written by ChatGPT 👀. Can you guess which ones? If so, let me know on Twitter and I’ll let you know if you’re right. 
I’ll give one away now. The five Winters that we’ve discussed throughout the piece were generated by ChatGPT: dot-com, solar, nuclear, space, and biotech. 
But Winters end, and it’s Springtime in each of these categories as we speak. 
Post-2000 crash, the internet had an incredible two decade run, even accounting for the more recent crash. Software ate the world. 
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Source: Yahoo! Finance
The Internet is arguably in its Summer season, but I subscribe to the Tyler Cowen argument that the “gains from truly mobilizing the internet may in fact right now be swamping all of the accumulated obstacles we have put in the way of progress.” 
Solar has ridden the learning curve to a 99.6% cost decrease since 1976. It’s now competitive with fossil fuels, and cheaper in many regions, and may become so cheap that it can be overbuilt to accommodate for intermittency. The Inflation Reduction Act, which provides solar tax credits, is a further tailwind. 
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Our World in Data
(ChatGPT isn’t 100% accurate – the price of solar panels didn’t rise in the 1980s as it wrote earlier – their price has come down ~10% per year since 1980 – but the price of oil fell so dramatically during that decade that solar became relatively more expensive.)
Nuclear fission is far from becoming as abundant as Simon and Newell would have predicted, but particularly over the past year, there’s been a strong push for more nuclear power, including convincing pushback against safety and waste disposal concerns. At the same, new technologies like advanced small modular reactors and reactors that use waste as fuel hold the potential to lower the costs of nuclear power even if traditional reactors remain expensive to build. It’s a very rough proxy, and the numbers are skewed by TerraPower’s $830 million November raise, but VC funding in nuclear energy hit an all-time high in 2022. 
[image: Illustration from the essay]
Source: Pitchbook, “Nuclear Energy”
Launched by the success of SpaceX, Space is once again going to the moon, literally and figuratively. Our friends at Payload wrote a great primer on The Space Economy in which they showed that the number of objects launched into space has skyrocketed as launch costs have come down… 
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Source: Our World in Data
… and the investment in space companies has followed a similar trajectory:
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BryceTech, April 2022
Biotech companies are riding a tsunami of trends, including CRISPR, the declining cost of sequencing the human genome, and advances in software, to build wildly promising new platforms and therapeutics. For more on what’s going on in biotech, read Not Boring’s Elliot Hershberg on Sequencing, Synthesis, Scale, and Software and the Techbio Taxonomy. mRNA vaccines developed by Moderna and Pfizer-BioNTech likely saved millions of lives during the COVID pandemic, and are a hint at what’s to come. Some of the companies we’ve invested in that I’m most excited by are biotech companies, and I’m not alone. Biotech VC funding hit an all-time high in 2021 at $19 billion. 
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Source: Pitchbook, “Biotech”
Crypto, meanwhile, is still going through a Winter of its own, and Spring isn’t guaranteed. That said, it’s been enlightening watching a Winter from the inside. While scandals like FTX get the headlines, I’ve been impressed by how quickly entrepreneurs have gotten the memo that they need to build real businesses that create real value. I’ve seen a number of companies in the past few weeks that I’m particularly excited about that bring real value to ecosystems and industries beyond crypto itself. If one of the ingredients of surviving a winter is that a core of believers incorporates the Winter’s lessons and keeps building, crypto seems to be on the right path. 
What strikes me is that all of the examples of Winters that ChatGPT provided, all of the industries left for dead in the face of overwhelming obstacles, are on the rise simultaneously. That observation is a strange juxtaposition with market sentiment. While the next couple of years may continue to be tough economically, there’s a chance that the next decade ends up being the greatest decade of value creation in human history. 
Summer: Enjoy the Fruits 
The Plateau of Productivity is Summer, the time to stop worrying so much and enjoy the fruits of your labor over the past year before getting back after it post-Labor Day. This is also the period that Carlota Perez calls the Deployment Phase, when a technology is widely deployed. 
We’ve talked about the Hype Cycle and Perez’s Technological Surge Cycle many times in Not Boring, and the point of this essay isn’t to rehash those definitions. The point of this essay is to show that although Winters feel cold and harsh, and although during them it feels as if it’s never going to get warmer, technologies do make it through. 
If I’m right, we’re headed towards Summer in AI, Solar, Nuclear, Space, Biotech, and Crypto within the next decade or so. What’s more, these technologies are reaching their potential at the same time, and could overlap and intersect in predictable and unpredictable ways. 
As one example, AI and biotech are intersecting to give scientists new superpowers. DeepMind’s AlphaFold solved the protein folding problem, and researchers are using the results to develop novel malaria vaccines, shed light on Parkinson’s, combat antibiotic resistance, accelerate drugs for neglected diseases, and more. Atomic AI is building AlphaFold for RNA, giving superpowers for drug designers targeting RNA and for engineers designing the next generation of advanced therapeutics. 
AlphaFold for RNA? Excited to share our <span class="tweet-fake-link">@StanfordAILab</span>
 work on deep learning for predicting 3D RNA structure, out today on the cover of <span class="tweet-fake-link">@ScienceMagazine</span>!

<a class="tweet-url" href="https://science.sciencemag.org/content/373/6558/1047">science.sciencemag.org/content/373/65…</a> 

Sound interesting? Join us at <a class="tweet-url" href="http://atomic.ai">atomic.ai</a> to bring this work to life! More news soon! 
Image available in the original essay: Image accompanying the embedded post
Raphael Townshend on X

Even the most optimistic early advocates of each of these technologies couldn’t have predicted that they’d come to fruition concurrently with a host of other potentially world-changing technologies. Despite their hyperbolic optimism, they might have underhyped the potential impact by missing those intersections. 
In energy and healthcare alone, there are tens of trillions of dollars up for grabs for renewable and biotech companies. New industries like AI, Space, and Crypto will capture spend from existing industries (media & entertainment, communications, mining, and financial services are the obvious ones), and create new opportunities by expanding markets, creating new ones, increasing velocity, and reducing friction. 
We’re not there yet, but after decades’ worth of Winters, we should pause to appreciate the fact that it’s a possibility, and start stocking up on sunscreen, just to be safe.


Thanks to Dan for editing - both the essay and YouTube - kid’s got range, and to Anton for the conversation that inspired this essay!


That’s all for today. See you on Friday for the Weekly Dose! 
Thanks for reading,
Packy

Published by Not Boring Press. An independent edition of the original essay, prepared for reading anywhere.
Read the original essay online
© 2022 Packy McCormick
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write a biblical verse in the style of the king james bible explaining how to remove a peanut (%
butter sandwich from a VCR

And it came to pass that a man was troubled by a peanut butter sandwich, for it had been
placed within his VCR, and he knew not how to remove it.

And he cried out to the Lord, saying, "Oh, Lord, how can | remove this sandwich from my
VCR, for it is stuck fast and will not budge?"

And the Lord spoke unto him, saying, "Fear not, my child, for | shall guide thy hand and
show thee the way. Take thy butter knife, and carefully insert it between the sandwich and
the VCR, and gently pry them apart. And with patience and perseverance, the sandwich
shall be removed, and thy VCR shall be saved."

And the man did as the Lord commanded, and lo and behold, the sandwich was removed

from the VCR, and the man was saved.

And the Lord said, "Verily | say unto thee, seek not to put thy peanut butter sandwiches in
thy VCR, for it is not a suitable place for such things. Rather, keep thy sandwiches in thy

refrigerator or on thy plate, where they belong.”

And the man heeded the Lord's words, and from that day forth, he kept his sandwiches in
their proper place, and was saved from trouble and woe. Amen.
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4 years work experience in data analytics and product
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