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Nobel Laureates in Physics 2024 http://www.nobelprize.org/
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The Royal Swedish Academy of Sciences has decided
to award the Nobel Prize in Physics 2024 to
John J. Hopfield (Princeton University, NJ, USA)
Geoffrey E. Hinton (University of Toronto, Canada)
“for foundational discoveries and inventions that
enable machine learning with artificial neural
networks”™
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Natural and

artificial neurons

The brain’s neural
network is built from
living cells, neurons,
with advanced internal
machinery. They can
send signals to each
other through the
synapses. When we
learn things, the
connections between
some neurons gets
stronger, while others
get weaker.

NEURON

Artificial neural
networks are built
from nodes that are
coded with a value.
The nodes are
connected to each
other and, when the
network is trained,
the connections
between nodes that
are active at the
same time get

) stronger, otherwi-
se they get

WEAKER weaker.

SYNAPSE

STRONGER

Different types of network

HOPFIELD NETWORK

John Hopfield's associative
memory is built so that all the
nodes are connected to each
other. Information is fed in and

9“3 y ° ,‘I"'\y 774—’1": (91 ) *'7“) yx by* read out from all the nodes.
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BOLTZMANN MACHINE

_Q_@_ Visible Hidden

nodes nodes

Geoffrey Hinton’s Boltzmann
machine is often constructed in
two layers, where information is
fed in and read out using a layer
of visible nodes. They are
connected to hidden nodes, which
affect how the network functions
in its entirety.

Memories are stored
in a landscape

John Hopfield's associative memory stores
information in a manner similar to shaping a
landscape. When the network is trained, it
creates a valley in a virtual energy landscape
for every saved pattern.

ENERGY LEVEL

When the trained network is
fed with a distorted or
incomplete pattern, it can
be likened to dropping a
ball down a slope in this
landscape.

RESTRICTED BOLTZMANN

L O

O @

In a restricted Boltzmann machine,
there are no connections between
nodes in the same layer. The
machines are frequently used in a
chain, one after the other. After
training the first restricted Boltzmann
machine, the content of the hidden
nodes is used to train the next
machine, and so on.

2

The ball rolls until it reaches a place
where it is surrounded by uphills. In the
same way, the network makes its way
towards lower energy and finds the
closest saved pattern.
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Nobel Laureates in Chemistry 2024 http://www.nobelprize.org/
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The Royal Swedish Academy of Sciences has decided to
award the Nobel Prize in Chemistry 2024 to
David Baker (University of Washington, Seattle, WA, USA)

T4 Y s R1H— (62) “for computational protein design”
KISV IXK

Demis Hassabisr (Google DeepMind, London, UK)
John M. Jumper (Google DeepMind, London, UK)
“for protein structure prediction”
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Figure 1. A protein can consist of everything from tens of amino acids to several thousand. The string of amino acids folds into

a three-dimensional structure that is decisive for the protein’s function.

©The Royal Swedish Academy of Sciences
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Figure 2.
Figure 4. Proteins developed using Baker’s program Rosetta.

How does AlphaFold2 work?

As part of AlphaFold2’s development, the Al model has
been trained on all the known amino acid sequences and
determined protein structures.

DATABASES

1. DATA ENTRY AND
DATABASE SEARCHES

An amino acid sequence with

AlphaFold2

unknown structure is 2017: Proteins that bind to an 2021: Nanoparticles (yellow) with

fed into AlphaFold2, which opioid called fentanyl (purple). proteins imitating influenza virus on
searches databases for similar These could be used to detect the surface (green) that can be used
amino acid sequences and SEQUENCE ANALYSIS fentanyl in the environment. as a vaccine for influenza. Successful

in animal models.

protein structures.

Have co-evolved Have co-evolved

2. SEQUENCE ANALYSIS 4 (_"ﬁ r_r\ﬁ

The Al model aligns all the similar amino acid

sequences - often from different species - and UNKNOWN

investigates which parts have been preserved =TT T T e
during evolution.

In the next step, AlphaFold2 explores which amino

acids could interact with each other in the three- 5:
ylp

dimensional protein structure. Interacting amino
acids co-evolve. If one is charged, the other

has the opposite charge, so they are attracted

to each other. If one is replaced by a water-

2024: Geometrically shaped
proteins that can change their

repellent (hydrophobic) amino acid, the other 2016: New nanomaterials shape due to external influences.
also becomes hydrophobic. DISTANCE MAP where up to 120 proteins 2022: Proteins that function Could be used for producing tiny
spontaneously link together. as a type of molecular rotor. Sensors.
v Using this analysis, Y ] |
AlphaFold2 produces ) ) )
Charged Hydrophobic a gistance mpap that g HEN Figure 5. Protein structures determined using AlphaFold2.
estimates how close -
amino acids are to each g
other in the structure. s
<<
« - 1Im
< Furthest Closest—>>
apart

AMINO ACIDS IN
FOLDED PROTEIN
STRUCTURE

NEURAL NETWORK

3. Al ANALYSIS )
Using an iterative process, AlphaFold2
refines the sequence analysis and distance
map. The Al model uses neural networks
called transformers, which have a great
capacity to identify important elements to CYCLE 1
focus on. Data about other protein
structures - if they were found in

step 1 - is also utilised. T - )

CYCLE 2
4. HYPOTHETICAL STRUCTURE <
QllfthhaeFS:iznguat;zizgaer:getre:tsuzztlhe\:; < : : - ) : 2022: Part of a huge molecular structure 2022: Natural enzymes that can 2023: A bacterial enzyme that causes
to produce a hypothetical protpein y CYCLE3 \ / , in the human body. More than a thousand decompose plastic. The aimis antibiotic resistance. The structure is
structure. This is re-run through step 3. ] ..l - _ proteins form a pore .through the to design proteins thgt can be importa_nt. fqr discpvering ways of preven-
After three cycles, AlphaFold2 arrives E EE membrane surrounding the cell nucleus. used to recycle plastic. ting antibiotic resistance.
at a particular structure. The Al model C LI \ - -
calculates the probability that different ...... - <
parts of this structure correspond a n A 4
to reality AR ©The Royal Swedish Academy of Sciences 8
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jointly to Raymond Davis Jr. and Masatoshi Koshiba "for
pioneering contributions to astrophysics, in particular for the
detection of cosmic neutrinos" and the other half to Riccardo
Giacconi "for pioneering contributions to astrophysics, which
have led to the discovery of cosmic X-ray sources".
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Why science teachers
should not be given
playground duty.
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Newton's Cradle
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Vector addition

figure 7.20 The momentum vectors of the two balls after
the collision add to give the total (initial) momentum of the
system. The paths of the two balls are approximately at right
angles after the collision.
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http://dsc.discovery.com/tv-shows/other-shows/videos/time-warp-gauss-gun.htm
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