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Al as a Horizontal Enabling Layer

Across Domains
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Electricity

The Internet
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Top Ten Companies by Market Cap

October 2022 October 2026

Apple I .02 NVIDIA I S .65
Saudi Aramco 2.10 Apple  Exy
Microsoft . .74 Alphabet I < . | 6
Alphabet . 25 Microsoft I 3 .34
Amazon B .15 Amazon I ./ |
Tesla H 0.83 TSMC I ) .45
Berkshire 0.59 SpaceX (xAl) I 2 .00
UnitedHealth 0.47 Meta B | 85
J&IJ 0.43 Broadcom I .70
Visa 0.37 Saudi Aramco 1.63

0 2 4 6 0 2 4 6

Market Cap: $11.2T — $31.0T (2.78x)
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Movement

—7 Muscle proteins help
you move

Digestion

p Enzymes break
down food

Defence

% Antibodies recognise
threats
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Proteins Make Life Work

Examples of Protein Functions

A protein’s shape helps it do its job

000

Transport

Hemoglobin carries
oxygen

Signalling
Insulin regulates
blood glucose

Support

Collagen supports
tissues



Protein Folding

Amino Acids Sequence Protein Shape
K)V)(F)E)(R)(C/E(L(AR)TI(LXK

) (O (D) (B RLIGMD G Y RGIISLIA
N WM C/ILIAKWIEI!ISIGI(Y)N

F)(G) (H) I T)R)A)(T)N)Y N(AGDRSIT
DY) (G (1)F 1)N)(S)/R)(YW/(C

K (L) M) (N — Q —
N)D)(GK)(T) (PG AVINIAICH

P (Q)(R)(S L)(S)(C)(S)AL(L)QDNIIIAD
AV)ACAXKRNVVRDIPIOQ

T (V) W) (Y
G)(1)R)AW V)AWRNIRIICQ

Human Lysozyme

Given the sequence, can we predict the shape?
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Shape Enables Function

Hemoglobin carries oxygen from lungs to tissues

Tissues
Lower Oxygen

Lungs
Higher Oxygen

Binds Oxygen Releases Oxygen
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Finding a Structure Took Years

From experimental measurements to a 3D model

X-Ray Crystallography

%®%."’.% %

John Kendrew Max Perutz Crystal Diffraction Structure

Myoglobin Hemoglobin
1958 1960
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Finding a Structure Took Years

From experimental measurements to a 3D model

X-Ray Crystallography

John Kendrew Max Perutz Crystal Diffraction Structure

Myoglobin Hemoglobin
1958 1960 12 Years ~100 Entries
For Myoglobin’s First Structure In the PDB by 1982
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Case Study: Protein Prediction and Design

Prediction
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Predicting and Testing Protein Structures

How do we know a predicted structure 1s right?

Sequence Prediction

K V F E R

C E L A R..

Sequence Is Given A Model to Test
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Predicting and Testing Protein Structures

How do we know a predicted structure 1s right?

Sequence Prediction Compare with Experiment

K V F E R

C E L A R..

Prediction

S Is Gi A Model to Test
cquence 1s Liven odel o 168 X-Ray Crystallography

CASP: A Structure Prediction Competition

Predict Before Seeing the Experimental Structure
Global Distance Test (GDT): Higher Score = Closer Match
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CASP: Decades of Progress

Blind Assessment Since 1994

100 ~90: Competitive with Experiments
80
L
S 60
7
E 40
O
20
0

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Median GDT Across Targets - Gebhart (2023)
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CASP: Decades of Progress

Blind Assessment Since 1994
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GDT Score
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CASP: Decades of Progress

Blind Assessment Since 1994

100 ~90: Competitive with Experiments
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CASP: Decades of Progress

Blind Assessment Since 1994

100 ~90: Competitive with Experiments
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L
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1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Median GDT Across Targets - Gebhart (2023)
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CASP: Decades of Progress

Blind Assessment Since 1994

100 gy Competitive with Experiments
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CASP: Decades of Progress

Blind Assessment Since 1994

100 gy Competitive with Experiments

80

60

40
) lI I
0

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Median GDT Across Targets - Gebhart (2023)

GDT Score

Slide 13 - Stage 7/9



CASP: Decades of Progress

Blind Assessment Since 1994

100 gy Competitive with Experiments

20 AlphaFold 1
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CASP: Decades of Progress

Blind Assessment Since 1994

100 AlphaFold 2

~90: Competitive with Experiments

0 AlphaFold 1 _
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Median GDT Across Targets - Gebhart (2023)

GDT Score
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How AlphaFold Predicts Structure

Training: Learn from Solved Proteins

Amino-Acid Sequence AlphaFold Predicted Structure
0 ®\ @ © ®
O ® ©
Ul olo
VL(S)(EGE —> 9 ddlehade —>
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5 elel e
C 6 gli)e/®
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Learned Weights
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How AlphaFold Predicts Structure

Training: Learn from Solved Proteins

Amino-Acid Sequence AlphaFold Predicted Structure

V)(IL)IS)(E)(G)(E) —>

000 0 000
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085000
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@ P P -

Learned Weights

Use Prediction Error to Adjust Weights
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How AlphaFold Predicts Structure

Inference: Predict a New Structure
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Predicted Structure
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Amino-Acid Sequence Alpha
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Learned Weights
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New Input - Fixed Weights
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Protein Structures at Scale

W Experimental Structures (PDB) B Al Predictions
200K

100K
| D -lllIIIIIIII

1976 1980 1990 2000 2010 2022  AlphaFold
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Database Entries
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Protein Structures at Scale

Experimental Structures (PDB) B AI Predictions

200M
200M+
& 150M July 2022
=
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2 100M
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A 50M
~200K Experimental Entries
0

1976 1980 1990 2000 2010 2022
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AlphaFold



From Evolution to Al Protein Design

Possible Amino-Acid Sequences

Natural
Proteins

AI Can Propose New Sequences for a Purpose
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From Evolution to Al Protein Design

Natural Selection Favours Survival and Reproduction
Our Design Goal: Bind and Block a Snake Toxin

Al Proposes a Shape

Toxin Target
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From Evolution to Al Protein Design

Natural Selection Favours Survival and Reproduction
Our Design Goal: Bind and Block a Snake Toxin

Al Proposes a Shape

Toxin Target Designed Protein
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From Evolution to Al Protein Design

Natural Selection Favours Survival and Reproduction
Our Design Goal: Bind and Block a Snake Toxin

Al Proposes a Shape AI Chooses a Sequence

NSV T S
—> (GOR)(D)V)(V)R) ...

Amino Acids for the New Shape

Toxin Target Designed Protein
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From Evolution to Al Protein Design

Natural Selection Favours Survival and Reproduction
Our Design Goal: Bind and Block a Snake Toxin

Al Proposes a Shape AI Chooses a Sequence

NSV T S
—> (GOR)(D)V)(V)R) ...

Amino Acids for the New Shape

Toxin Target Designed Protein

Al Predicts Folding and Binding > Researchers Make and Test
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Applications of Protein Design

Crop Protection
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Protein Design

Targeted Medicines Recycling Enzymes
Research and Future Applications
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David Baker
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David Baker
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David Baker
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Recall L1: The Deep Learning Breakthrough

L1, Slide 3 - From Biological Neurons to Modern Al

2012 - AlexNet

@ o0
More Layers + Data + GPUs

Alex Krizhevsky - Ilya Sutskever - Geoffrey Hinton
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Al Mathematics at Scale

OpenAl - October 2026

719 Verification
Manuscripts Does the Argument Follow?
372 Understanding
Families of Results Why Does It Work?
When Can We Use It?

Results at Different Verification Stages - Tuesday, 20 October 2026
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Al Mathematics at Scale

OpenAl - October 2026

719 Verification
Manuscripts Does the Argument Follow?
372 Understanding
Families of Results Why Does It Work?
When Can We Use It?

Is a Correct Proof Enough?

Results at Different Verification Stages - Tuesday, 20 October 2026



Al-Built Software: Beyond the Demo

Selected Apps from ArtCraft’s Creative Suite

What Would You Test?

]
=
=
|
E i@

PhotoCraﬁ VectorCraf’t FilmCraft nghtCraf’t Effctraft DesignCraﬂ PdfCraﬁ
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Propose

Protein

Program

Proof
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When Al Can Test Its Ideas

— Test

Measure Function

Run Tests

Check the Argument

>  Improve

Revise the Design
Fix the Code

Repair the Reasoning



When Al Can Test Its Ideas

Propose > Test >  Improve
Protein Measure Function Revise the Design
Program Run Tests Fix the Code
Proof Check the Argument Repair the Reasoning

How was it tested, and what hasn’t been tested yet?
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Exit Ticket: Discovery and Invention

Think of something you would like Al to help discover or invent
in your daily life or field of study. Use the same example for all three answers.

1. What would you want Al to help discover or invent, and

why would 1t be useful?
2. How would you test whether 1t works as intended?

3. Even if your discovery or invention works, who could be
harmed or unfairly excluded? Suggest one way to address
this.

Please reach out to a TA/STA if you encounter any technical problems before leaving.
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