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Noah Hutton (00:00:38):
A leading theory places the origin of life on Earth here, deep beneath the sea, billions of years ago inside towers of rock. These towers allowed water heated by volcanic activity below the sea floor to flow up to the cooler ocean above. A system of equilibrium and balance. But like everything in nature, this was not a perfectly efficient system. Mistakes happened all the time inside the tower. Things got stuck, things accumulated, pressures built up. And then deep within the tower's narrow rock tubes tiny structures started to form which used these conditions to generate energy. But these structures weren't perfect systems either. They mutated and made their own mistakes, some of which produced new possibilities. This cycle would continue for billions of years until eventually a collection of tiny mistakes came to form the most complicated living organ in the known universe, which would one day set out to understand itself.
Cori Bargmann (00:01:53):
We don't know how much we don't know. We don't know whether we know 1% of what there is to know or 10% of what there is to know.
Christof Koch (00:02:02):
You've got a billion synapses in this tiny volume and you've got a quadrillion in your entire brain.
Jeff Lichtman (00:02:08):
Every part of the brain is different and every part of the brain has a remarkable diversity of cell types and connections.
Terrence Sejnowski (00:02:14):
Neuroscientists have the questions, but we don't know how to answer them because we don't have the tools.
Anne Churchland (00:02:18):
And we want to measure every neuron in the brain in a millisecond time scale and know which cell types all those neurons belong to. We cannot do that.
Kathryn Hess (00:02:26):
We know nothing. We know nothing, really, about how the brain works.
Moritz Helmstaedter (00:02:30):
We need to take long term goals.
David Eagleman (00:02:33):
We're essentially on this little strip in between the infinitely small and the infinitely large. And we're trapped on this little tiny strip that with can see.
Henry Markram (00:02:41):
Well, I think much more pragmatic to that, I think that we have to see.
Noah Hutton (00:02:46):
This is Henry Markram and he saw things differently.
Henry Markram (00:02:52):
It took the universe 11 billion years to build a brain. It's essential for us to understand the human brain if we do want to get along in society. And I think that it is a key step in evolution.
Noah Hutton (00:03:03):
I first heard of Henry when I was in college, where I got interested in neuroscience. I was fascinated by how the electrical signals and chemicals in the brain could possibly give rise to the consciousness of the mind. In classes, I was assigned papers to read by one of the world's most renowned neuroscientists, Henry Markram. When the field was booming in the 1990s, Henry achieved international recognition for studying neurons and how they work in the brains of animals. But now, on the Ted stage, I was surprised to see Henry talking about doing something totally different.
Henry Markram (00:03:35):
Our mission is to build a detailed realistic computer model of the human brain. We have to embody all our data and all our knowledge into a working model.
Noah Hutton (00:03:49):
He was abandoning his line of biological research and announcing a new project to build a digital simulation of the brain. After college, I started working on documentaries and what I really wanted to do was to make a documentary about neuroscience. But when every scientist I could find said the answers to the deepest questions might be centuries away, it seemed like not such a good idea. That all changed when I saw Henry give this talk.
Henry Markram (00:04:16):
The brain creates, builds, a version of the universe. Now, this is, of course, a topic of philosophical debate for centuries, but for the first time we can actually address this with brain simulation. It's like a veritable universe. You would be able to step inside the reality that is created by this piece of the brain. So in summary, I hope that you're at least partly convinced that it is not impossible to build the brain. And we can do it within 10 years. And if we do succeed, we will send to Ted in 10 years a hologram to talk to you. Thank you.
Noah Hutton (00:04:58):
I decided to follow the progress of the scientist who believed he could build a brain in a decade. I got in touch with Henry and proposed the idea and he gave me access. I was starting my own 10 year project.
Noah Hutton (00:05:12):
(silence)
Speaker 11 (00:05:32):
[crosstalk 00:05:32] do you want to see where your new home is going to be? Okay.
Henry Markram (00:05:45):
Big holographic neuron over there. I'm joking, did not print. We have 560 clinically classified diseases. Even if the ones that are being studied, they're a handful, Alzheimer's, depression, schizophrenia, attention deficit, autism, but there is a lot of them. And in totality it's affecting a lot of people. And as scientists you want to sit back and say, "Okay, it's enough for me to study my microcircuit. I'm happy. I'm studying my [inaudible 00:06:13] because there's funding to study the brain. I don't think it's enough and that's what keeps me going, because I really do think that we need a solution.
Noah Hutton (00:06:35):
Blue Brain is what Henry called his project after the IBM Blue Gene supercomputer, a descendant of the computer that took on chess champion Garry Kasparov in 1997.
Speaker 12 (00:06:44):
Whoa, Deep Blue, Kasparov.
Noah Hutton (00:06:49):
In the Blue Gene's new home, water was piped in from Lake Geneva to keep it from overheating in the basement as it began its new task of simulating a brain. In the 19th century scientists realized that the brain is made up of billions of individual cells called neurons. Neurons come in all sorts of shapes and sizes. They have branches called axons and dendrites that they use to communicate with each other at little meeting points called synapses. How all the electrical and chemical signals exchange between neurons eventually create our perceptions, our memories, our sense of free will, and our consciousness has remained a great mystery of the brain. These questions were far beyond the horizon of the experiments most scientists were doing in 2009, but for Henry, creating a detailed simulation of an entire brain, would trigger the seat change in neuroscience needed to solve the great mysteries. Experiments that would normally take great patience, specialized machinery, the sacrifice of animals, or would be too invasive for human test subjects could be done instantly and with far greater control on a full digital simulation of a brain.
Martin Telefont (00:08:01):
Yeah, it gives you all kinds of cool new insights. And that's our signal. That's Henry.
Henry Markram (00:08:07):
That's okay. So if you model consciousness and you simulate something, it behaves as all the properties of consciousness. It's a simulation of consciousness. Is it really conscious? We'll have an intelligence, you'll be able to dial down a molecule and see that you dropped the IQ dial of a molecule, see that you raise the IQ. I believe that we will understand the brain before we're finished building it.
Noah Hutton (00:08:44):
What keeps you going?
Henry Markram (00:08:45):
Well, I wanted to see this built in 10 years, as I said. It's going to be built. Here we are, the 3D room, the video conferencing room, and then main offices.
Lorenz Wagner (00:09:02):
The driving force behind this big career change was his son, Kai. He has a lot of success, but what happens, he see at his son and he can't really help. He even can't understand him.
Henry Markram (00:09:25):
We started to get concerned. We started searching, talking to therapists, and doctors, and going from clinic to clinic. The conclusion came up that Kai was, in fact, autistic. I felt powerless. As a neuroscientist, I couldn't explain what was happening to my child.
Lorenz Wagner (00:09:51):
It was really amazing coincidence because you have one of the most renowned brain researchers in the world, somebody who knows more about the brain than almost everybody we have on Earth. And he says, "Okay, what kind of a neuroscientist am I?" I know so much about our brain, but I don't understand my son.
Kamila Markram (00:10:12):
Kai's not the reason why Henry is a neuroscientist or why he wants to build the brain, and simulate it, and understand it all, but he really brought that type of urgency.
Noah Hutton (00:10:23):
When Henry launched the Blue Brain project, he started by simulating a part of the brain called the neocortex, a thin layer of tissue that is considered the seat of human intelligence and likely the site of the activity underlying autism. Some scientists believe there's a fundamental unit in this part of the brain that evolve once and then simply repeated itself over and over again. This unit is known as the neocortical column, made up of about 10,000 neurons and it was the closest Henry could get to simulating the part of the brain that might be involved in Kai's autism.
Henry Markram (00:10:55):
The holy grail for neuroscience is really to understand the design of the neocortical column. And it's not just for neuroscience, it's perhaps to understand perception, to understand reality.
Noah Hutton (00:11:08):
Henry and the Blue Brain Project decided to start by simulating a neocortical column in a mouse brain, figuring that if they got that right they could then scale up to a whole mouse brain, then move to a monkey and eventually a human brain.
Cori Bargmann (00:11:20):
Well, it's not a case of somebody who's coming from mathematics or physics, announcing that he's smarter than you are and he's going to do this all computationally. It's a case of a very brilliant experimentalist thinking that he'd seen enough patterns in the data.
Idan Segev (00:11:35):
You see a visionary in front of you. And I never met many like this, but it's clear that this is a visionary who really was dreaming at that point of changing the way neuroscience is being done.
Speaker 17 (00:11:54):
[crosstalk 00:11:54]
Martin Telefont (00:11:56):
Scary thing is by the end of the movie we could really have a number of these working as students in the lab, but ... Well.
Noah Hutton (00:12:08):
During my first tour of the Blue Brain Project, I was brought to their visitor screening room.
Martin Telefont (00:12:12):
Okay, I just need this to switch on the projector.
Noah Hutton (00:12:16):
The lights dimmed and the Blue Danube Waltz began to play over a fly through of a piece of mouse brain that the project had already simulated. That was just a tiny piece of the hole. This was the first rendering of the most detailed brain simulation ever attempted.
Noah Hutton (00:12:32):
(silence)
Noah Hutton (00:13:06):
The Blue Brain Project was part of a long tradition in science, of building models to better understand the natural world.
Kathryn Hess (00:13:14):
In order to understand complex physical reality, one needs to simplify and one needs to find some sort of way of abstracting from the very complex world to some kind of representation with which we can actually work.
Stephen Larson (00:13:27):
So the weather is an example of one that we needed computers basically to even start to model. And so you look to a biological organism and you say, "Well, how are we going to do this without having computers in the loop?"
Kathryn Hess (00:13:43):
One analogy that I like to make is that the kind of abstract geometric representation that we're doing is like what you do when you're in a new city that you don't know and you're trying to get around. So what do you do? You look at a geometric representation of that, which is what you're going to get in Google Maps, for example. So that's the kind of model you take. I'm going to abstract the information I need in order to do what I want.
Noah Hutton (00:14:06):
In neuroscience, all sorts of researchers today used models of the brain, but they're usually simplified models of one circuit or just a few cells. And often these models simplify neurons so much, they're essentially just bits, commonly referred to as point neurons. But in real brains, individual neurons are much more complex. So instead of point neurons, Henry's going to build a model from the bottom up, one that accounted for the staggering complexity of the brain all the way down to the molecular level. This meant the project was pulling data from existing scientific papers as well as doing new experiments in their lab to fill in the gaps around genetics, calcium levels, blood vessels, and everything in between.
Rajnish Ranjan (00:14:45):
What we need is the real data.
Jesper Ryge (00:14:47):
So there's a lot of potential challenge. This is the schematic of what was done.
Emmanuelle Logette (00:14:51):
You can then project how could a neuron react to a certain simulation.
Shruti Muralidhar (00:14:55):
And one was putting a screwdriver in, trying to tinker it, see what exactly is there, how it works.
Vincent Delattre (00:15:01):
The first one, when you get the first one to strike, it's like yoo-hoo. And then when you get the first connection, it's like yoo-hoo again.
Sean Hill (00:15:07):
It's all of this data from many, many different levels of detail that gives us the raw information necessary to build a computer model.
Noah Hutton (00:15:15):
Neuroscientists had never tried to integrate this much data at this level of detail. It was a totally unprecedented attempt at a unified model, without knowing for sure what would emerge from all the tiny bits.
Noah Hutton (00:15:25):
(silence)
Noah Hutton (00:15:38):
That next year something new started to happen inside the small piece of mouse brain that they had simulated. The Blue Brain Project had increased the size of the simulation so that more neurons could be active at once. And when they ran this larger simulation, they began to see glimmers of brain activity they hadn't programmed.
Felix Schürmann (00:16:01):
So the people I would like to point out to you is Eilif, who's actually right now very busy because he's running simulations on the Blue Gene right now.
Eilif Muller (00:16:11):
So this was this first really large simulation that we did also, where we did it for four seconds, which actually took us eight hours.
Noah Hutton (00:16:20):
The waves spreading across the columns of neurons seems to mimic the spontaneous synchronized electrical activity seen in real brains, which was an indication that the simulation might be on the way towards acting like the real thing.
Eilif Muller (00:16:31):
This is certainly an emergent property that requires a network of larger and larger scale. Look how irregularly it sits [crosstalk 00:16:56] well, Felix ...
Henry Markram (00:16:57):
This is nice.
Eilif Muller (00:16:57):
Yeah.
Henry Markram (00:16:58):
This is it.
Noah Hutton (00:17:03):
Traditionally, there have been two ways to study the brain. You can study in in vivo, while the animal is still alive, or you can study it in vitro, where brain tissue is kept alive in a Petri dish full of nutrients. The dream of the Blue Brain Project was to create a third way to study the brain, treating the digital simulation if it were biologically real. This third way would be called in silico.
Henry Markram (00:17:30):
I see it now in virtual and I can ask any question I want. So I think that I'm no longer a biologist, I think now I'm an in silico biologist. Next year we will jump to the next level of super computing. Once you can build a brain region, then we take the next step to building the whole brain.
Richard Walker (00:17:57):
This is fundamentally unexplored territory. We know a lot about the mechanics of the brain. There's a huge amount of neuroscience that tells us what neurons do. We also have high level stuff. We can do imaging and we can see which areas of the brain are involved when you do certain experimental tasks. But what we don't know at all is how these two levels fit together. We don't know how the action potentials produced by neurons end up with you thinking, or writing poetry, or voting in an election. This is really a dark mystery.
Eilif Muller (00:18:31):
There's a bottle of champagne waiting in my desk when you can build a 10 million cell circuit. And we're going to have a little party and ...
Eilif Muller (00:18:38):
(silence)
Noah Hutton (00:18:57):
That year I read a book that was critical of the project by Sebastian Seung, a rising star in the neuroscience community, who at that time was a professor at MIT.
Sebastian Seung (00:19:13):
How does life emerge from dead molecules? And a similar question might be asked in neuroscience. How can we get a smart, intelligent brain out of dumb neurons? Big mystery. If we don't have detailed knowledge about the connections in neural networks that we can really depend on, I think that the endeavor of simulating them is bound to fail.
Henry Markram (00:19:44):
It's not about measuring everything, it's going to be about what's the least amount you can measure. That's the game. What's the minimum I can measure about the brain to reconstruct it? That is the challenge of neuroscience, very much against tradition. Naturally, I need a bulletproof vest. This is not easily accepted.
Noah Hutton (00:20:11):
Most neuroscientists had devoted their careers to generating more and more data from real brain tissue. Many of these scientists I started talking to didn't believe we were anywhere near ready to start building a full scale simulation of the brain because we simply didn't have enough data yet about the way neurons were actually wired up in real brains.
Jeff Lichtman (00:20:28):
And how are we going to get how they're wired exactly the right way without looking at how at least one or two of them are wired exactly the right way. We don't know for a cortical neuron how it's wired. We just don't know. I don't see any other way around looking.
Haim Sompolinksky (00:20:44):
The idea of the illusion that we are either ready to establish a project of simulating the human brain, mimicking during the brain cell by cell on the computer or the idea that such simulations are going to replace the effort of understanding the brain, are going to generate an understanding of the brain. Both are severely distorted.
Sebastian Seung (00:21:16):
Blue Brain contains neurons that are realistic in their biophysics, their electrical properties, and so on and so forth, but in the connections between neurons, it's highly unrealistic. I would say that brain simulation is a waste of time. It's premature.
Noah Hutton (00:21:33):
Why is he critical of brain simulation?
Henry Markram (00:21:35):
I mean, it's a complex answer. I think at the root of the problem is that we're dealing with a cultural change. I mean, what Blue Brain stands for is really a different kind of approach to neuroscience. It is an integrative approach, it is an approach of using models. And most people have interpreted the models in their brain in the same way that they would think of models that have been constructed in the past. Models of the brain in the past have been models of the brain, which means that they represent the brain in some form or another. For us, this is biology.
Noah Hutton (00:22:25):
By saying that his model was biology, Henry was saying that this new way of studying the brain in silico was just as good as traditional ways of studying the brain in biological labs. This could mean that labs run by people studying real brain tissue, for example, might one day not be necessary. In silico biology could upend the entire field.
Sebastian Seung (00:22:46):
Well, I would ask you this. So they shared you a simulation of some neural activity pattern inside this. Suppose it had looked different. How would you know that that was wrong or right?
Noah Hutton (00:22:58):
Well, I wouldn't know, but ...
Sebastian Seung (00:22:59):
Yeah, how would anybody know what was a wrong activity pattern or a right activity pattern?
Noah Hutton (00:23:03):
Well, if they connect it to a rat in a digital avatar environment, and it can navigate a maze, wouldn't you be convinced that ...
Sebastian Seung (00:23:12):
Well, I think one proposal is that if you can simulate the entire human brain and it turned out to be intelligent, and behave like a human, talk like a human ...
Noah Hutton (00:23:22):
So the Turing test?
Sebastian Seung (00:23:23):
The Turing test. Then we could be satisfied that it was successful. In the meantime, what do you use as the sign you're going in the right direction? So any kind of long term goal requires milestones. What are the milestones that we can propose to show that this project is going somewhere? That is, I think, completely missing. They think they're so smart, they'll be able to figure out, even though they don't have a crucial piece of data. I think that's the real grandiosity.
Henry Markram (00:24:00):
People don't like the way you come and change the tradition of science or the method of science. So it's sometimes very passionate, very emotional, and often puts up a barrier against people to even wanting to understand what it is that we're really trying to do.
Christof Koch (00:24:15):
Yeah, maybe I should've worn long pants, I just realized, but the great thing about the West Coast is guys can dress all different colors. So this here, this is just the material that you're collecting and then editing?
Noah Hutton (00:24:41):
Yes, and it'll be a decade of understanding the brain. Now, I might have to expand my timeline if it doesn't seem like there's any point in stopping in 10 years, but originally it was ...
Christof Koch (00:24:51):
Yeah, in 10 years we'll of course understand the human brain, as Henry said, and the rest is just details. Just for the record, I work with him with a big paper coming out. I'll open on his call and personally I get along well with him. I think he has two personalities. And he has the personality, one is a fantastic scientist, one is very sober. And then he goes into this other PR minded messiah personality. And then he makes these statements that I think are just ridiculous. We'll understand the brain, we'll be able to auto parts of the brain online. We won't need animal experiments anymore. It's all maybe, too, in some fullness of time, century or something. For now, we're very, very far away from it.
Christof Koch (00:25:41):
So some scientists believe that very soon we'll understand the secret of the brain and we'll be able to simulate it in a computer. I think that's illusory. Any reasonable definition of understanding has to be confronted with the fact that today we don't even understand the brain of one of the simplest of all multi cell creatures, namely the brain of the roundworm, C. elegans that has 302. In fact, some philosophers argue that the situation is so bad that we'll never understand it. Which, of course, would defeat us, which I think is also unjustified. So I think there are these two positions, we'll never understand it, we'll understand it in 10 years. I think we're somewhere in the middle. Can I introduce you Count? The Count von Count. His main job is to assure to keep us on the straightened arrow. So he likes, as we all know from watching Sesame Street, he likes to count how many synapses are there, and how much jitter is there, and what's at the function of them. Can this jitter be reduced? It is small in humans and in mice?
Christof Koch (00:26:40):
There are all sorts of questions that you can ask. And the scientist, of course, it's ultimately about numbers and getting ... I mean, that's the stuff you work with, right? So that's why he's our [inaudible 00:26:50] saint.
Christof Koch (00:26:49):
(silence)
Noah Hutton (00:27:12):
Garry Kasparov was confident that a computer was no match for the top chess champion in the world, but late in that first game of his 1997 match against Deep Blue, something unexpected happened. Deep Blue issued a move that seemed baffling. It sends an important piece across the board for no apparent reason. Rather than defend its position, the computer's move seemed more like some kind of an emotional reaction to an imminent loss than the carefully programmed strategy that Kasparov expected. And even though Kasparov then finished off his checkmate, he found the particular move so surprising that he and his team stayed up late into the night at the Plaza Hotel dissecting its strategic value, but they couldn't find any. In the days that followed, Kasparov didn't seem himself, reading into Deep Blue's every move, his own careful strategy falling apart in real time.
Speaker 12 (00:28:19):
[inaudible 00:28:19] and he should get $300,000 for it. Whoa, Deep Blue. Kasparov, after the move C4, has resigned.
Noah Hutton (00:28:31):
It seemed like Deep Blue had outsmarted the human.
Noah Hutton (00:28:53):
(silence)
Noah Hutton (00:28:53):
The next year with the Blue Brain Project was a tense visit. When I arrived, Henry sent one of his project managers to talk to me before I started filming. They hadn't liked that I went out and talked to their most outspoken critics without telling them, especially because it was a particularly sensitive time for the project. The European Commission had just announced a flagship grant to award two scientific projects from any field with one billion euros each. Henry saw it as an opportunity for more resources.
Henry Markram (00:29:24):
For software engineering and for what kind of supercomputers we're going to need. And it's really about having a unified goal, where theory, modeling, computer science, the data, in the informatics, these all have to be coming together to make in silico biology possible as fast as possible.
Noah Hutton (00:29:45):
He would have to win over some of his critics and rally the scientific community into a shared proposal for the one billion euros. And to start, he was going to give a talk at Europe's largest neuroscience conference.
Martin Telefont (00:29:55):
Henry, when are you finalizing your talk? When is your talk done?
Henry Markram (00:30:03):
Tomorrow morning. The reason why I'm putting a bit more effort into this than a normal presentation is because there's a lot of misconception about what this project is. You have one spontaneous, you leave it like that. Then the other one, you see it like that, and then you just slowly start going in. And so I think that it's important at this point in time to try to really lead them through the science of what we're doing.
Martin Telefont (00:30:27):
We can get the top view of the slides and then we can go [crosstalk 00:30:29]
Henry Markram (00:30:29):
No, just this one we have, now you just have to zoom and you'll see the top of the ... See how thick it is.
Noah Hutton (00:30:39):
The one billion euro proposal to the European Commission would be called the Human Brain Project. And if successful, it would mean over 100 labs working together in a brand new 10 year timeline.
Srikanth Ramaswathy (00:30:50):
Henry's talk is going to blow the audience away simply because there has been no such thing shown to the world ever before. I don't think the community's braced yet for a talk of this magnitude. So if there could be a Richter Scale for these talks, then I think nine would be the minimum for this talk. Yeah, it's going to take the community by storm, I'm certain.
Srikanth Ramaswathy (00:31:16):
(silence)
Henry Markram (00:31:16):
This is scary.
Henry Markram (00:32:09):
[crosstalk 00:32:09] and this is the reason why we've been driving Europe and pushing Europe to launch a [inaudible 00:32:25] what we want to do is build a CERN for the brain because we feel it's critical to trigger a massive, globally collaborate, and very focused effort of understanding the brain.
Speaker 32 (00:32:37):
You are not modest.
Richard Walker (00:32:40):
There were six competitors for two projects, so two out of six will win. And the European Commission thinks they can tell us that in the early months of 2013.
Eilif Muller (00:32:55):
That's where it stays.
Henry Markram (00:32:57):
[inaudible 00:32:57] and I thank you very much for your [inaudible 00:33:10]
Speaker 33 (00:33:11):
Another thing that you sometimes do is a small sign of salesman.
Henry Markram (00:33:14):
A little bit of selling.
Speaker 33 (00:33:16):
But those people are not deciding.
Henry Markram (00:33:17):
That's right.
Idan Segev (00:33:32):
You put 10 years of your life towards a project. You believe in Henry Markram that can lead it, and he can. He proved it, he can lead big events. And suddenly there are these critical moments where six finalists are waiting for the billion. But it's not the billion, waiting for the dream to be fulfilled in a sense. The day before the announcement, there was this uncertainty that killed us all.
Henry Markram (00:34:03):
We heard a very significant rumor from a very reliable source.
Idan Segev (00:34:07):
From significant people who said we know for sure that it's not going to be you.
Speaker 32 (00:34:13):
23 proposals and then a short list of six. And now, two winners. One of the two winners is for research into graphene. The other winner is The Human Brain Project. Congratulations, Professor Henry Markram.
Speaker 34 (00:34:36):
[crosstalk 00:34:36] Human Brain Project.
Speaker 35 (00:34:37):
[crosstalk 00:34:37] Human Brain Project.
Henry Markram (00:34:39):
It's an amazing thing.
Speaker 32 (00:34:39):
Okay.
Henry Markram (00:34:54):
The scientists that never even knew each other existed have come together in this project and are going to now work together on a common plan.
Speaker 36 (00:35:01):
[inaudible 00:35:01]
Speaker 37 (00:35:03):
We've made it.
Speaker 38 (00:35:04):
It is really something to discover.
Speaker 39 (00:35:05):
It was just what we were waiting for.
Sean Hill (00:35:07):
The first thing I think about is all the work we have to do now.
Speaker 40 (00:35:09):
We belong to this project, but we also feel that we are enhancing our own science.
Speaker 41 (00:35:10):
Mathematical criticals.
Speaker 42 (00:35:15):
Robotics.
Speaker 43 (00:35:16):
Brain images.
Speaker 44 (00:35:16):
It extends society.
Speaker 45 (00:35:18):
These chips.
Speaker 45 (00:35:31):
(silence)
Idan Segev (00:35:35):
Now it's serious.
Barack Obama (00:35:39):
The next great American project, The Brain Initiative.
Noah Hutton (00:35:41):
The European investment in The Human Brain Project seemed to kick off a flurry of activity around the world.
Speaker 47 (00:35:46):
In the US, the brain initiative focuses on neuro technologies. In Japan, the Brain/MINDS Project on brain mapping for brain disease studies.
Speaker 48 (00:35:55):
What is the China Brain Project?
Speaker 49 (00:35:57):
10 years with international collaborations, mouse connecting.
Speaker 50 (00:36:02):
Mapping the human brain and making a digital copy. It's not the basis of science fiction, it is the long term work of scientist Henry Markram. Markram's work is being documented not only in scientific journals, but in what will be a 10 year documentary film. Let's bring in the director of The Blue Brain Project documentary, Noah Hutton. How does one commit to a 10 year documentary project?
Noah Hutton (00:36:26):
It is. They became The Human Brain Project last year, which was another 10 year reset of the timeline. So now I'm 15 years in. Well, I'm six years in to a 15 year film.
Speaker 51 (00:36:36):
Picture a cultural change that would tear down scientific silos and build in their stead unprecedented levels of integration. And through all, picture the potential to unlock the most mysterious and fantastical entity ever to exist on Earth. What would that be like? Well, ladies and gentlemen, we're about to find out. Welcome to The Human Brain Project and to the first of over 3,000 days on the road to discovery.
Zach Mainen (00:37:19):
It just all never made much sense. When I was a graduate student, I published papers with detailed simulations of neurons, very similar to what Henry does. However, when you step into the problem a little bit deeper, what you see is a conflict which is often simply put at top down versus bottom up. Bottom up person says we don't know how the result, which is intelligence, say, is going to happen, but if we catalog all of the bits, then if we put them together in the right way, then it will emerge naturally. As if, for example, you are facing a broken watch. And if you could just put the pieces back into the right places, it will now tell time again.
Zach Mainen (00:38:11):
So, indeed, if you knew all the right pieces and you knew all their interactions, then in a simple case, like a watch, you really should be able to reconstitute it, simulate it, whatever. So now you take the brain and it's a bunch of neurons. They hook together in certain ways that are going to do certain things when they're hooked together. However, most people think we don't know what all the relevant bits are. So if you take this bottom up approach, you'll end up with something that's a bunch of parts, but doesn't tell time.
Noah Hutton (00:38:42):
Cognitive neuroscientists like Zach Mainen saw the idea of simulating a brain with a pure bottom up approach as flawed because it didn't take into account the behaviors that emerge from this cacophony of tiny parts. This sounded similar to other criticisms I had heard. A question of whether the electrical activity in the model would ever be relevant to the complex behaviors of an animal with a body in an actual environment.
Zach Mainen (00:39:05):
Is the point that you can now point at a beautiful simulation or a particular neuron and see spikes in the dendrites? No, we don't really care about spikes in the dendrites. That isn't the point. We don't want to predict spikes in the dendrites, we want to predict what it's going to do. I thought at first so maybe our behavior tasks will be modeled on the simulation. And then, if by building up all the circuitry we could have an artificial rat brain doing the tasks that they would do in my lab compared to data back and forth, but nobody was talking about doing that.
Peter Latham (00:39:38):
In a nutshell, the plan is to collect a bunch of facts, put them into a computer program, run it, and hope it tells you something about how the brain works.
Speaker 54 (00:39:48):
And you're skeptical of that?
Peter Latham (00:39:49):
They're skeptical.
Anne Churchland (00:39:50):
I think if we really had unlimited resources, we would have room for more people that have super open ended experiments because, the super opened ended experiments, they have a place.
Zach Mainen (00:40:00):
I think people would be okay to live and let live if the project was being represented fairly as a project and there was money for other projects, et cetera. No, instead it was this is the game and you're either in it or you're not in it. And that naturally makes many people almost double down their negative reaction because he's being so aggressive in saying this is the way we have to do it.
Anne Churchland (00:40:27):
We should hope for the best kind of structure for science possible, which is that there are a group of people that are really excited and really dedicated to a problem. And they come together, and they push hard on each other's ideas, and they are critical when someone's going the wrong direction.
Zach Mainen (00:40:42):
It's rare for people to be so aggressively promoting one particular approach. Even that approach has some merit, I wouldn't say my approach to serotonin is the only way to study serotonin. I would say I hope we make some contribution to this problem. I could certainly benefit from interactions with people thinking about it other ways. And you just never heard anything like that. This was not the way that it was going to work, so ...
Speaker 55 (00:41:16):
Scientists have signed an open letter, calling for Europe's massive Human Brain Project to be reevaluated.
Noah Hutton (00:41:24):
Zach Mainen coauthored an open letter that called into question the scientific direction and leadership style of The Human Brain Project under Henry Markram. Over 800 scientists then signed on in an outpouring of criticism I'd only seen glimmers of through the years. As Henry's billion euro triumph was thrown into question, the project attempted to hold their second yearly summit and focus on the science.
Speaker 56 (00:41:49):
Some may describe the goals as overambitious. I keep reminding the enthusiasm that was there when we launched HBP and this enthusiasm needs to be kept.
Noah Hutton (00:42:06):
Henry had allotted a significant portion of The Human Brain Project's budget to the computer infrastructure needed to simulate the brain and the more traditional cognitive neuroscientists within the project felt like they got the short end of the stick. Simmering intellectual tensions have been set aflame by money.
Speaker 57 (00:42:26):
Welcome everybody to this press conference.
Henry Markram (00:42:27):
First with a brief summary and then I will go into much more depth. It's been off to a great start. It's a big step, it's our first step. Let's have fun, let's [inaudible 00:42:42]
Speaker 58 (00:42:41):
In your presentation earlier, you said there were expectations that need to be managed now. I think you were referring to the open letter by almost 800 neuroscientists by now. I'm wondering where those expectations were coming from. Is it maybe because you sold a technology project as a neuroscience project?
Henry Markram (00:43:14):
I think the notion whether it's a neuroscience project, it's an IT project, let's get on with it. This was a disastrous press conference. We messed up. We just wanted to talk about science and we should've realized that we can't.
Noah Hutton (00:43:35):
Henry's critics resorted to the open letter after months of disputes behind closed doors. At the summit, I was hearing whispers that there was a bitter disagreement over funding between Henry Markram and a cognitive neuroscientist named Stanislas Dehaene.
Stanislas Dehaene (00:43:49):
You learn that after three months essentially they wanted to kick me out of the project. And so I know you heard about these all stories.
Henry Markram (00:43:57):
Why did you come into the project if you don't agree? Why do you sign and come into the project? They said, "Because we thought we could come inside and change it."
Stanislas Dehaene (00:44:06):
Maybe there is a connection because it's a special kind of scientist that goes for billions. I was not interested in the billions, I was interested in the science.
Henry Markram (00:44:14):
It's the era of the social networking. One neuroscientist that's frustrated, not getting funding, is now going to click the button. Come on, everybody, click the button. So it became a click the button thing. If anybody hasn't believed by now or doesn't suspect that it's just maybe possible, that in four years we're going to have an exquisitely detailed reconstruction of the mouse brain, they've got their heads in the sand. I try not to talk about the human brain, but it's going to be the same. Everybody thinks this is just unattainable. I have to tone down the message, I have to keep it calm, but this is going to happen. It's just no question.
Noah Hutton (00:44:59):
Do you need him or are you ...
Speaker 60 (00:45:03):
No.
Noah Hutton (00:45:03):
Okay.
Speaker 60 (00:45:04):
[crosstalk 00:45:04]
Henry Markram (00:45:04):
It's only going to be in 10 years, so I can say whatever I want. I'm telling him the truth.
Henry Markram (00:45:57):
(silence)
Noah Hutton (00:45:58):
When I went back that next year, the shake up was complete. An outside mediator had recommended that Henry step down from leading The Human Brain Project.
Eilif Muller (00:46:13):
Being here and witnessing what it took, and the amount of personal energy, for example, Henry Markram has put into getting this project off the ground, it's super human. It must be incredibly painful for Henry to basically have put so much personal effort into something that I really know he really fundamentally believes has to happen in neuroscience. I also fundamentally believe it has to happen.
Noah Hutton (00:46:46):
The sixth floors of what was supposed to be the new headquarters in Geneva were now a reflection of a messy break up.
Speaker 62 (00:46:51):
Blue Brain is now third floor, fifth floor.
Noah Hutton (00:46:52):
Okay. Where did the HBP people go?
Speaker 62 (00:47:00):
They don't like to say. They're on the first floor.
Marc-Oliver Gewaltig (00:47:01):
This document describes The Blue Brain Project and this document describes The Human Brain Project.
Noah Hutton (00:47:09):
Henry's vision for a big budget expansion hadn't really worked out and, in a sense, we were back to where things started. The Blue Brain Project, the original vision to simulate the brain.
Richard Walker (00:47:19):
This is a very, very dangerous time for the project. The vision does come from Henry Markram, but we have to conserve that.
Noah Hutton (00:47:27):
Henry had survived, securing his support from the Swiss government, who continued to audit The Blue Brain Project with a group of outside experts year after year and continue to believe in the vision.
Henry Markram (00:47:38):
There's no scientific argument against why you cannot reconstruct and simulate the brain. We did our first reconstruction in 2008. We're now in ... What are we? 2015. Of that period, we were refining, refining, refining, and adding new biological detail, and checking and validating. We did seven years of validation essentially.
Noah Hutton (00:48:00):
One of the things the project had been trying to do over those seven years was to connect their brains simulations to a body. Because they had simulated a part of a mouse neocortex, they were trying to build a mouse avatar in hopes it could eventually navigate a maze and pass a behavioral test, something the critics had been pointing to as a marker of success. But for the robotics team, it seems progress was slow.
Speaker 64 (00:48:22):
You have always the problem that simulated robotic experiment is too perfect. Let's say you have just a simple robot arm. You hold it out like this. A real arm will bend a tiny bit on the weight, whereas in a simulation a stiff arm is a stiff arm, and it will not bend. And making it bend is extremely difficult. And the reason really lies in the imperfections of all the parts that we have in reality as opposed to the perfect mathematical models that we have in the simulations.
Noah Hutton (00:49:04):
So instead of waiting for a behavioral task, the best foot forward for the project after the open letter would be to publish a paper that showed how the electrical activity in the simulation could replicate the electrical activity seen in a real brain. Such a publication could prove their copy of reality was real enough to matter. It would mend the damage of the open letter, it would give everyone involved proof that the vision was still on the right track.
Richard Walker (00:49:29):
This paper, this would mean we are recognized as part of mainstream science and that we are a paradigm legitimately competing with other paradigms.
Noah Hutton (00:49:43):
On October 5th, 2015, Henry and The Blue Brain Project team published Reconstruction and Simulation of Neocortical Microcircuitry in the peer reviewed journal Cell. The Cell paper was seven years in the making and received a mixed response. Cori Bargmann told the New York Times that the Cell paper was an amazing tour de force, but that the simulations are in their infancy. Zach Mainen told Science Magazine what he thought about The Blue Brain Project's major publication. There's nothing in it that is striking, except that it was a lot of work.
Henry Markram (00:50:30):
We built it from the bottom up, tested against a different experiment or protocols and we see the same phenomenon. You can't explain this and fight this out scientifically in the media. It's better just to keep quiet.
Noah Hutton (00:50:48):
These are the silent years.
Henry Markram (00:50:49):
This is my silent year. I'm going into hibernation. We can talk some more a little bit later. It's amazingly exciting. And what you can tell already from just this microcircuit, it's just a measurement. When you get a brain region, you get the whole mouse brain.
Noah Hutton (00:51:14):
All right, I'll see you. Thank you, Henry. All right, I'll see you later. When I would talk to the critics, I'd leave feeling critical. When I would talk to Henry, usually I'd believe again. And when I'd go downstairs to see the latest visuals, usually I would've believed even more, but something else was starting to creep in, a sense of multiplying touch screens, curve screens, headsets, but a lack of meaning to anything and anyone outside this glass and steel building in Geneva.
Cyrille Favreau (00:51:49):
We want business people to get used to be in the brain, to make the brain your home, and to see it as if it was something real.
Cyrille Favreau (00:51:57):
(silence)
Noah Hutton (00:52:17):
If the outside world wasn't convinced by the scientific papers, the ideas seem to be that the visuals could be made to look real. This is how a neuron looks when it's stained with chemicals so it can be seen under a microscope. And this is an artificially simulated neuron from The Blue Brain Project.
Nicolas Antille (00:52:34):
This fleshy tone is fake. We also chose a stain that is not a pure black because pure black is not a stain that you often see. It's a very dark brown and that's what tricks people into believing in this image.
Nicolas Antille (00:52:55):
(silence)
Speaker 67 (00:53:21):
You were mentioning this lies a thing here. We can try to lower that one. And you can see how the [inaudible 00:53:34] replicates?
Noah Hutton (00:53:35):
Yes, so this I've seen before, right?
Speaker 67 (00:53:37):
Yeah, probably.
Noah Hutton (00:53:37):
Yeah.
Srikanth Ramaswathy (00:53:37):
The N equals one, but they are pretty much the same as layer four cells. It was funny because Randy was right behind me and he asked the next question, which completely contradicted what Marcia said.
Eilif Muller (00:53:56):
Well, a model is never correct. You can only prove a model is wrong, but in the aspect of continue having a continuous instrumentation to know what is the current state of ... What does the model account for and what it doesn't?
Speaker 69 (00:54:09):
That's an interesting thing and you can challenge people to prove us wrong instead of saying it's validation. Prove us wrong.
Eilif Muller (00:54:15):
I mean, when you sit down for a good read, are you reading a neuroscience book or are you reading Harry ...
Srikanth Ramaswathy (00:54:20):
Neuroscience book. I mean, reading neuroscience is part of work. So outside work hours, it's not neuroscience.
Eilif Muller (00:54:28):
A 9:00 to 5:00 sort of a guy?
Srikanth Ramaswathy (00:54:30):
Yeah, I think so. I mean, until we're all fathers and husbands, the 9:00 to 5:00 sort of guys now. So yeah.
Srikanth Ramaswathy (00:54:37):
(silence)
Speaker 70 (00:54:59):
So what did you think? Would you feel like you were going into the voyage into the brain?
Speaker 70 (00:55:25):
(silence)
Noah Hutton (00:55:25):
A lot of milestones have been set in the project and I'm trying to figure out which ones to shape my timeline.
Richard Walker (00:55:34):
Yes, we can make the milestone. I'm certain. [inaudible 00:55:37] this afternoon. The question is how good it is.
Eilif Muller (00:55:41):
I think Henry said we're going to stop in 10 years. Well, he did say if you give me enough money then we could reconstruct it in 10 years. I think the 10 years was set at some stage in his own career.
Noah Hutton (00:55:54):
I don't remember any mention of money in the Ted Talk.
Speaker 64 (00:55:58):
The milestone is 2020.
Noah Hutton (00:56:04):
I'm pushing everyone this year to tell me what they really realistically think is going to be done by 2020. I'm finishing the film.
Speaker 71 (00:56:11):
Yeah. I feel so sorry for you. Let me just quickly ask Christian if she has any [crosstalk 00:56:24]
Noah Hutton (00:56:24):
Okay.
Speaker 71 (00:56:25):
[inaudible 00:56:25] I'm sorry.
Noah Hutton (00:56:33):
It's okay. Henry didn't show up that time.
Noah Hutton (00:56:43):
(silence)
Noah Hutton (00:56:43):
When I looked at the field as a whole, it seemed computers were creeping closer to brains in every sense. Translating signals from inside our bodies out into new digital languages. This had its effect on the imagination and the metaphor of the digital computer had taken over as the dominant metaphor of the human mind. When the Spanish scientist Santiago Ramón y Cajal discovered neurons and set the course for modern neuroscience, the metaphors were different. Cajal used natural language, calling neurons the butterflies of the soul. Now, in a world enamored with the potential of computers, we saw ourselves in terms of how we believed we could best understand our brains.
Henry Markram (00:57:51):
The brain holds ... It's an information processing machine. It's a computer.
Speaker 72 (00:57:55):
It's the universal computer.
Speaker 73 (00:57:56):
Biological computer, so to say.
Sebastian Seung (00:57:58):
It's a computer that somehow builds itself.
Christof Koch (00:58:00):
Computational tissue.
Anne Churchland (00:58:01):
Computational motifs.
Idan Segev (00:58:03):
Born with these microchips.
Richard Walker (00:58:04):
Rat cognition is a Windows 95 machine.
Henry Markram (00:58:07):
And this can be turned into an algorithm, an algorithm that reconstructs.
Terrence Sejnowski (00:58:10):
What is a neuron computing?
Henry Markram (00:58:12):
Algorithm.
Speaker 74 (00:58:13):
Algorithm.
Speaker 75 (00:58:13):
Algorithmic.
Eilif Muller (00:58:15):
Coding principles.
Terrence Sejnowski (00:58:16):
Codes, neural codes.
Jeff Lichtman (00:58:17):
Code.
Henry Markram (00:58:18):
An algorithm.
Speaker 76 (00:58:19):
Broke the code.
Speaker 74 (00:58:20):
The reverse engineers.
Cori Bargmann (00:58:21):
Circuits.
Sean Hill (00:58:22):
Brain circuitry.
Richard Walker (00:58:23):
Cortical circuity.
Speaker 74 (00:58:25):
The entire bloody circuit.
Noah Hutton (00:58:30):
Computers are engineered to be perfect and mistakes are quickly corrected in search of the perfect code. Biological evolution runs on a different type of engine. It's an engine built from imperfections, tiny mistakes in DNA known as mutations that allowed life on Earth to diversify, survive, mutate again, become something else. There seems to be a great fountain of tiny mistakes everywhere there's life, especially in neurons. For the scientists and engineers trying to replicate a brain on computers then, it seemed that the challenge was to build a perfect simulation of these imperfections to somehow engineer what scientists call true variability, or noise, in the brain. This was the gamble of The Blue Brain Project. And as long as they were seeing activity in their simulation that resembled the statistics of noisy biological activity, they and the Swiss government which funded them were encouraged to continue.
Idan Segev (00:59:26):
First of all, you are right. I'm using a machine that it was built to be noiseless. I build a quiet machine and then I make the machine noisy in order to replicate my noise, so to speak. It's true that we don't completely understand all the origin of noise in the brain. For example, we know that one of the most noisy element in the nervous system are the synapses.
Noah Hutton (00:59:47):
Synapses are the places where the electrical signals trigger a release of chemical signals, known as neurotransmitters. If the brain were a perfect machine, you would hope this would happen the same way every time, but it doesn't. Often, a very similar electrical signal arriving at the synapse fails to trigger a release of neurotransmitter and this is one source of great noise and variability in the brain.
Idan Segev (01:00:07):
These are the most noisy elements in the brain, really, are these synapses. They're very nonreliable.
Lida Kanari (01:00:13):
We want to use the features that are consistent and exploit them. So generate structures that have the same main topology, but also add some noise, so add the variability that you see in biology.
Noah Hutton (01:00:28):
How do you add the right kind of variability?
Lida Kanari (01:00:32):
That's a good question because we can never know what's the right kind of variability.
Speaker 64 (01:00:39):
This is actually a big discussion we are having here in the groups. What is the right model for the imperfections for this, or that, or this? You can replay Go, play like it was played 1,000 years exactly, move by move. That's why it's easy. You can't do that with a soccer game. It's impossible. You can't replay a game that was played even five days ago. Why? Because it's all in a chaotic system. This is in the nature of nature that makes it much, much harder.
Noah Hutton (01:01:16):
Even if it all works and we simulate the chaotic system of a brain on a computer, a question arises about the identity of a simulated brain. On one hand, we had done something like this before when scientists studied the human heart to such a degree that they were able to design a universal model and produce a piece of machinery that would work equally well in your body or mine, keeping us alive. But when it comes to the brain, what is the universal model? Who's identity would be represented in a fully simulated brain?
Idan Segev (01:01:48):
This network that we build in The Blue Brain is built from many ingredients of this one mouse and another cell from another mouse. It's not one brain of one mouse, it's a brain. It's some brain. Whose brain?
Speaker 78 (01:01:59):
It's possible that every brain is snowflake. Literally at that level, but when I say that, people push back and they might be right. Even snowflakes have regularity. They seven arms, right ... Whatever. Spiders have eight arms, I think snowflakes have seven arms. Whatever that is, but there is that regular pattern over which there is some unique to each snowflake. If you record from 10,000 neurons from 10,000 different mice versus recording from 10,000 neurons in the same mouse, how is that different relative to each other?
Idan Segev (01:02:29):
It's like thinking in some sense Mercedes combined with Volkswagen and another thing, and it may be another car eventually. And it they won't fit, but we do hope that there are certain general principles between one mouse, another mouse. Cell types, the variability, between animals will not destroy our generic brain. It's a generic brain.
Noah Hutton (01:02:52):
For our generic model of the human heart, it was quite clear what the criteria for that model should be and what we wanted it to do. But who gets to decide what the ideal brain should be? What is a generic brain? An ideal, healthy, productive, and safe brain? When we say the human brain, whose brain are we building? Half of the initial investment in Obama's brain initiative came from DARPA and IARPA, secretive agencies within the defense department that are known to fund basic research for military applications.
Idan Segev (01:03:26):
DoD pours money into brain machine interfaces. Scientists say, "Well, if there's money for it, I'm going to go ahead because I'm trying to work on that," but there's not a really big discussion about why the Department of Defense want brain machine interfaces. I'll give you some time to think about why the Department of Defense wants brain machine interfaces and it's not just to cure war veterans who have PTSD.
Noah Hutton (01:03:51):
Even though The Blue Brain Project wasn't taking military funds, it was still funded by the same upstream source, the public. So if cells in our bodies still bear traces of tiny mistakes from deep under the ocean, how will this simulated brain bear the traces of its creators? A scientist's vision, an academic project, or perhaps better described as a corporation with limited relations to the outside world. Curing diseases and disorders will always be a reason we need basic science, but science is done within a context and within an economy. So what would really happen if we figured out how the brain worked in this age of personalized technology?
Steve Jobs (01:04:33):
We call it the pinch. I can bring them closer together or move them further apart to make it bigger or smaller. And so I can just move them further apart and stretch the image.
Henry Markram (01:04:41):
There are many applications. The most exciting thing is that what we're really going to feel probably more concretely than anything else is that we're just not going to need to go through all these settings that you have to put your preferences. In an iPhone or whatever application you go into, it's going to get more and more complicated and you get very irritated. I fill in my preference, I don't want this, I don't want this ...
Noah Hutton (01:05:09):
So what is the vision of the widespread benefit of neuroscience to society now and overtime? And how close were we anyway to the real thing? I started making this film because a scientist attached his bold idea to a timeline, but that timeline kept drifting further and further into the future.
Claude Shannon (01:05:25):
I confidently expect that within 10 or 15 years we will find emerging from the laboratories something not too far from the robot or science fiction fame.
Ray Kurzweil (01:05:34):
About 2010 computers will disappear. They'll be so small they'll be embedded in our clothing, in our environment. Images will be written directly to our retina.
Henry Markram (01:05:41):
We can do it within 10 years. The agenda is 10 years. Our goal is to have a human brain simulation within these 10 years. 10 years. I mean, it's like just because one says that it's a 10 year project doesn't make it a 10 year project. And the idea that it is a 10 year project, is it a 15 year project, is it a 20 year project, I think that may be something that ... What do you think?
Henry Markram (01:06:05):
(silence)
Eilif Muller (01:06:32):
[crosstalk 01:06:32]
Noah Hutton (01:06:38):
In 2019, Eilif, who had joined the project the same year I had started filming, decided to leave Blue Brain. Marc-Oliver, head of the robotics group, decided it was time for a change as well. Though he continued to work part time for Blue Brain, he left to join a telecommunications firm. These were two principal figures of the project who had made the case to me year after year that they were on the path to simulating the brain.
Eilif Muller (01:07:05):
It's a great framework here at Blue Brain to lead team science, but where the institution [inaudible 01:07:10] seems to be struggling is recognizing that there are scientists here in The Blue Brain team that are making unique contributions. I realized that if I wanted to have a continually developing career perspective, I had to unfortunately leave. It was a really tough decision. I'm going to go join Element AI in Montreal that's an AI startup. You want me to talk about the shirt? I think this image really characterizes what team science is about.
Noah Hutton (01:08:00):
Which one are you?
Eilif Muller (01:08:11):
I don't know. Well, that's Henry.
Eilif Muller (01:08:34):
(silence)
Noah Hutton (01:08:37):
Despite critics and the ups and downs of political fights, The Blue Brain Project had continued to steadily build a simulation of the mouse brain. And after 10 years they had published over 150 scientific papers and had a working model of an entire neocortex. What had started as a single column of 10,000 neurons was now a model made up of 10 million neurons.
Noah Hutton (01:08:57):
(silence)
Noah Hutton (01:09:09):
The new visuals were stunning. And even though they didn't have a full mouse brain inside of a body that could show any sort of behavior, some skeptical voices seemed impressed.
Christof Koch (01:09:18):
You can see there are different types of neurons here. So these are neurons from the cortex.
Noah Hutton (01:09:25):
When I visited Christof Koch again, he had just finished reviewing The Blue Brain Project for the Swiss government, which renewed the project's funding once again.
Christof Koch (01:09:33):
There's a technological challenge, which I think they're beginning to master successfully, but then there's a scientific challenge of endowing it with really authenticity. That's going to be more difficult. Except for the question is particular if you fast forward by 10 years because of course the ambitious Henry Markram was not limited to the mouse, but goes to the human. It's not unplausible given the ongoing rate of computer evolution, of maybe quantum computers. That by 2030 you'll have the ability to simulate a human brain. And then how do you know whether it feels like anything? There, the answer is certainly, according to me, that consciousness can't be simulated. Consciousness can't be computed. It's a little bit like gravity or wetness. You can simulate a rain storm, but it's never set inside the computer. You can simulate gravity of a black hole, but you never have to be afraid that your astrophysical simulation's going to suck you into a black hole.
Christof Koch (01:10:25):
So likewise, you can simulate the behavior associated with consciousness, but that is very different from actually being conscious.
Terrence Sejnowski (01:10:33):
Okay, so here's my take on that. Let's suppose Henry is wildly successful and he's able to model every neuron, every important molecule. I can see Henry firing up the simulation and often the speaker comes a squeak. What have you learned about the brain? In other words, your simulation is every bit as mysterious as the brain itself. And so really what's needed is a way to analyze the signals coming out of the brain and the simulations will help us a lot. And I have to say that I admire Henry's fortitude and the fact that he stepped forward so boldly. Do you know how to distinguish pioneers from followers? The pioneers are the ones with the arrows in their backs.
Terrence Sejnowski (01:11:37):
(silence)
Henry Markram (01:11:40):
One shouldn't expect a general consensus view to change the world. It's not going to. This journey, and landing and completing this journey either by us or by the future generations is going to be more significant than landing on the moon.
Noah Hutton (01:12:12):
The story of science is often a story of belief. 10 years ago, Henry believed The Blue Brain Project could simulate a mouse brain and then a human brain. What he's left with after 10 years is the belief they still can.
Henry Markram (01:12:27):
I will always find a way to keep doing this because I think that this is the way. It's of course much harder, much longer. It's not going to be in time for me to help Kai, but I think it's going to lay down a very important foundation that will help kids like Kai in the future. Sometimes people don't realize that the way you improve is through the number of iterations. The one thing you can be absolutely sure of is that it can only get better. There is a perfect reconstruction lying at the end of that railroad track.
Henry Markram (01:13:05):
(silence)
Henry Markram (01:13:14):
You have to put an urgency onto something and you have to make it happen. And if you can't, okay. You have to take a detour, it has to take you a year longer, but it does not change the trajectory and it does not change the inevitability that we're going to get there.
Sean Hill (01:13:31):
I don't know about the timelines, but it hasn't happened.
Noah Hutton (01:13:43):
Right, but then if you can get swept up. And if someone comes along and says, "I think I have a way to do it in 10 years," that's fucked up.
Sean Hill (01:13:52):
Is that you that we're talking about?
Speaker 82 (01:13:55):
It's too far away, 2050.
Sean Hill (01:14:02):
Yeah, for computing.
Speaker 82 (01:14:02):
For everything, I suspect, because it's 30 years.
Sean Hill (01:14:07):
There's a story to be told about the next 20 years in computing.
Henry Markram (01:14:10):
2030's really just around the corner.
Speaker 82 (01:14:11):
For once I'm in agreement with [crosstalk 01:14:11]
Henry Markram (01:14:11):
Okay. 2030.
Speaker 82 (01:14:17):
2030.
Sean Hill (01:14:22):
This is [crosstalk 01:14:24] 10 years.
Henry Markram (01:14:31):
Yeah, that's right. I mean, 10 years is really I think ...
Speaker 82 (01:14:32):
Should we do 2040, get a good compromise for everybody?
Henry Markram (01:14:36):
When you say 2050, it just makes people think beyond the boundaries.
Speaker 82 (01:14:50):
I understand. No, you have reconvinced me.
Henry Markram (01:14:51):
I'm reconvincing you to put it back to 2050.
Speaker 83 (01:14:51):
Look, I'm not [crosstalk 01:14:51]
Henry Markram (01:14:51):
You can start talking about 2030. It's okay.
Noah Hutton (01:14:59):
Even though I decided to stick to my original 10 year timeline, in my final year filming with Henry and The Blue Brain Project, I realized how arbitrary it was for a 22 year old, believing in the powerful words of heroes, to have taken Henry's 10 year timeline literally. The years since felt like both forever and a blip on the scale of scientific progress. They were a 10 year model of someone who had been trying something and working towards something, which some day might benefit all of us, just some of us, or it might fail entirely. But failure is everywhere in science, just as it is in any chaotic system. What I was left with after 10 years was a belief in much of the criticism, but also a belief that to say open to the scientific process is to stay open to the possibility of being wrong. I appreciated Henry letting me in the door all these years, but my 10 years were up.
Noah Hutton (01:16:06):
Henry would continue to believe in The Blue Brain Project's vision to simulate the human brain. And to tell that story, he decided to make a film of his own.
Henry Markram (01:16:15):
Excellent. So that means the images are anchors, but we have other anchors related to the videos.
Speaker 84 (01:16:24):
But we do want someone to basically outsource the voiceover.
Henry Markram (01:16:31):
[crosstalk 01:16:31] you need a professional voice.
Speaker 84 (01:16:35):
[crosstalk 01:16:35] Jay suggested Neil deGrasse Tyson and is doing a [crosstalk 01:16:43]
Speaker 84 (01:17:56):
(silence)
Noah Hutton (01:17:57):
Sometime after Deep Blue had defeated Kasparov in 1997, the IBM programmers wondered about that curious move near the end of the first game that seemed to throw the human into a tailspin. After extensive analysis of Deep Blue's logs, the programmers were surprised to discover that the strange move that baffled Kasparov and his team was a mistake. A bug somewhere in Deep Blue's dense code had frozen its software and then a backup program kicked in to generate a random legal move to keep the match going and prevent a forfeit.
Speaker 12 (01:18:31):
He looks disgusted, in fact, like he can't believe what's going on right now.
Noah Hutton (01:18:40):
In its first great victory over a human, the machine's triumph was sealed by the mystery of a tiny mistake.
Noah Hutton (01:18:47):
(silence)
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