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How is artificial intelligence changing
science?
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Intel's Gadi Singer believes his most important challenge is his latest:
using artificial intelligence (AI) to reshape scientific exploration.

In a Q&A timed with the first Intel AI DevCon event, the Intel vice
president and architecture general manager for its Artificial Intelligence
Products Group discussed his role at the intersection of
science—computing's most demanding customer—and Al, how
scientists should approach Al and why it is the most dynamic and
exciting opportunity he has faced.

Q. How is Al changing science?

Scientific exploration is going through a transition that, in the last 100
years, might only be compared to what happened in the '50s and '60s,
moving to data and large data systems. In the '60s, the amount of data
being gathered was so large that the frontrunners were not those with the
finest instruments, but rather those able to analyze the data that was
gathered in any scientific area, whether it was climate, seismology,
biology, pharmaceuticals, the exploration of new medicine, and so on.

Today, the data has gone to levels far exceeding the abilities of people to
ask particular queries or look for particular insights. The combination of
this data deluge with modern computing and deep learning techniques is
providing new and many times more disruptive capabilities.

Q. What's an example?

One of them, which uses the basic strength of deep learning, is the
identification of very faint patterns within a very noisy dataset, and even
in the absence of an exact mathematical model of what you're looking
for.
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Think about cosmic events happening in a far galaxy, and you're looking
for some characteristics of the phenomena to spot them out of a very
large dataset. This is an instance of searching without a known equation,
where you are able to give examples, and through them, let the deep
learning system learn what to look for and ultimately find out a
particular pattern.

Q. So you know what you're looking for, but you don't
know how to find it?

You can't define the exact mathematical equation or the queries that
describe it. The data is too large for trial-and-error and previous big-data
analytics techniques do not have enough defined features to successfully
search for the pattern.

You know what you're looking for because you tagged several examples
of it in your data, and you can generally describe it. Deep learning can
help you spot occurrences from such a class within a noisy
multidimensional dataset.

Q. Are there other ways Al can change the scientific
approach?

Another example is when you do have a mathematical model, like a set
of accurate equations. In this case you can use Al to achieve comparable
results in 10,000 times less time and computing.

Say you have a new molecular structure and you want to know how it's
going to behave in some environment for pharma exploration. There are
very good predictive models on how it will behave. The problem is that
those models take a tremendous amount of computation and time—it
might take you weeks to try just one combination.
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In such a case, you can use a deep learning system to shadow the
accurate system of equations. You iteratively feed sample cases to this
system of equations, and you get the results days later. The deep learning
network learns the relationship between the input and the output, without
knowing the equation itself. It just tracks it. It was demonstrated in
multiple cases that, after you train the deep learning system with enough
examples, it shows excellent ability to predict the result that will be given
by the exact model. This translates to an efficiency that could turn hours
or days into second.

Granted, sometimes the full computation will be required for ultimate
model accuracy. However, that would only be needed for a small subset
of cases. The fact that you can generate an accurate result so much faster
with a fraction of the power and the time allows you to explore the
potential solution space much faster.

In the last couple years, new machine learning methods have emerged
for "learning how to learn." These technologies are tackling an almost-
endless realm of options—Iike all the possible mutations in human
DNA—and are using exploration and meta-learning techniques to
identify the most relevant options to evaluate.

Q. What's the big-picture impact to the scientific method or just the
approach that a scientist would take with AI?

Scientists need to partner with Al. They can greatly benefit from
mastering the tools of Al, such as deep learning and others, in order to
explore phenomena that are less defined, or when they need faster
performance by orders of magnitude to address a large space. Scientists
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can partner with machine learning to explore and investigate which new
possibilities have the best likelihood of breakthroughs and new solutions.

Q. I'm guessing you could retire if you wanted to.
What keeps you going now?

Well, I'm having a great time. Al at Intel today is about solving the most
exciting and most challenging problems the industry and science are
facing. This is an area that moves faster than anything I've seen in my 35
years at Intel, by far.

The other aspect is that I'm looking at it as a change that is brewing in
the interaction between humans and machines. I want to be part of the
effort of creating this new link. When I talk about partnership of science
and Al, or autonomous vehicles and other areas, there's a role here for a
broader thinking than just how to give the fastest processor for the task.
This newly forged interaction between people and Al is another
fascinating part of this space.
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