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Defining physicists’ relationship with Al

M Check for updates

As physicists are increasingly reliant on
artificial intelligence (Al) methods in their
research, we ponder the role of human beings
in future scientific discoveries. Will we be
guides to Al, or be guided by it?

hroughout September and October, together with

the Alan Turing Institute ‘Al for science and gov-

ernment’ programme, we organized a series of

online seminarstoexploretheinterface between
machinelearning and physics. The recordings are available
on YouTube. We invited researchers from academia and
industry, workingin different areas, in theory, experiment
and simulation. Despite the diversity of physics questions
the speakers are trying to address in their research, they
all agreed that Al is now playing a central role in trying to
answer them.

In an Editorial earlier this year, we discussed Jim Gray’s
four paradigms of science, suggesting that afifth isemerg-
inginwhich“machines[are]nolonger meretools, butequal
partnersin scientific exploration, exchangingideas, intui-
tionand understanding with the human peers”. But the fifth
paradigm of science is yet to be formally defined. There
are kindred ideas, for example, in a talk at the American
Astronomical Society 2019 Meeting, astrophysicist Alex-
ander Szalay defined it in the context of large astronomi-
cal surveys as when “computers decide objectively which
experiments will yield the biggest gain in our knowledge”.
Earlier thisyear,inablog post, Christopher Bishop, Direc-
tor of Microsoft Research Al4Science, defined the fifth
paradigmin the context of numerical solutions of scientific
equationsthat canbe tackled with machine learning meth-
ods which provide fast, robust emulators to replace some
of the traditional numerical simulation methods. This view
was also discussed in the final event of our seminar series.

No matter how the fifth paradigmis defined, itappears
to beimminent, so we should start thinking about how to
define our fast-evolving relationship with Al and what
role the physicist is going to play in future discoveries. In
a Perspective in this issue, Mario Krenn and colleagues
overview how advanced computational systems, and Al
inparticular, can help humans reach new scientific under-
standing. They identify three dimensions of computer-
assisted understanding: a‘computational microscope’ as
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atool to uncover new or deeper properties of a physical
system, inways not possible before; a source of inspiration
that suggests new ideas and connections; and an agent
of understanding. Whereas in the first two dimensions,
the human scientist gains new understanding from the
computer-aided insights and suggestions, in the latter
the Al does. Krenn et al. propose a way to test whether Al
truly understands something by requiring it to explainits
understanding to someone else, a human scientist, for
example. But s this always possible?

In a Comment in this issue, Matthew Schwartz warns
that the assumption that Al's understanding will always
be transferable to humans will quickly become unten-
able because artificial intelligence evolves on dramati-
cally faster timescales than biological intelligence does.
Schwartz suggests that this inability to keep up with Al's
understanding may not necessarily be abad thing (read the
Commentto find out why). Asalso discussedinaFeaturein
this issue, Al may develop very different representations
and a completely alien understanding of the world. Per-
hapsinstead of translating this understanding into human
language, we should start learning Al’s language, which
may involve achange of mindset to be able to operate with
concepts that do not come naturally in our perception of
the physical world.

Suchissues might now sound purely philosophical, but
considering the fast-paced progress in Al for science and
the number of breakthroughs in the past two years (for
example, in protein folding, mathematics or density func-
tional theory), they might become practical problemsina
matter of years. Thinking more broadly, beyond science,
related questions about the role of human creativityinart
and design, for example, might be asked in the context
of diffusion models, the machine learning models that
generateimages from text descriptions, such as DALL-E 2.

Soit’s neither too early, nor too speculative to ask these
questions: Are you happy to take aback seat and enjoy Al’s
scientific endeavours or do you think humans will play a
central role in driving the directions of future discover-
ies? Will humans be left behind or will we enhance our
own cognitive abilities and be able to reach new levels of
abstraction and sophisticated reasoning? We challenge
our readers to give them some thought.
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