IIIIII
IIIIIIII
........
........

julia

Introduction to Al &ML

Application of Artificial Intelligence & Machine Learning for Precision Medicine
February 16, 2023

MATHEMATICS
{M 'EO'JUIiaHUb Alan Edelman

CSAIL with thanks to Chris Rackauckas


https://cersi.umd.edu/event/17973/application-of-artificial-intelligence--machine-learning-for-precision-medicine

The JuliaLab@MIT & JuliaHub Inc.

Accelerating Computation through a marriage of H R h/i Proi ; -.o. 1 . : _ . e
Computer Science & Computational Science ome News Research/Grants Project Publications Peo| () _J u I |a H U b Platform Pricing Products Industries Resources

Singular. Seamless.
Streamlined for

MIT

'Il"ll II" Adaptive

= ’ ) = e s T = 1 } ‘ i e iInnovation.

‘ () o , v “ JuliaHub: a single platform for modeling, simulation,
e - it 1 Nait 2 - and user built applications. See how JuliaHub
‘ connects you with Julia's superpowers.

Create a JuliaHub Account -> Explore =




Artificial Intelligence

The Turing Test What is intelligence?
“intelligence is the rate at which a

learner turns its experience and priors
into new skills at valuable tasks that

involve uncertainty and adaptation.”
Francois Chollet, Google

Mimic humans VS

Can you tell if you are chatting more rational?

with a machine or a human??




Chat GPT: the Al Chat Bot in the news

Al Breakthrough: ChatGPT Look What ChatGPT Did to My

Online Dating Profile
C?n a|n_105t pass US Mec_jlcal 'Once-in-a-lifetime opportunity': How one
LICEI'ISlng Exam, study finds college professor is leaning into Al and
ChatGPT
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The ChatGPT Al hype cycle is peaking,

but even tech skeptics don’t expect a

bust Some public school districts concerned about

ez grtificial intelligence tool ChatGPT and cheating

Chat GPT Urgent Warning: Is Your
Information, Job or Business Safe?



Chat GPT: the Al Chat Bot in the news
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Love for Me
n with the chatbot built into Microsofts

A very strange conversatio
ttled. Even frightened.

search engine left me deeply unse
ed about
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Some examples of Al & ML In healthcare

e Scientific Al

* new scientific discoveries
* enhance understanding

* Natural Language Processing
* patient chatbots

* unify patient records
e extract data

* help patients TIME

* redact confidential information |The AI Arms Race Is

Changing Everything
Proponents believe this is just the beginning: that

generative Al will reorient the way we work and engage
with the world, unlock creativity and scientific discoveries,

e Precision Medicine
e Custom treatments for the individual
* Computer Vision

e detect tumors / lesions

* Physician Guidance




How does machine learning work?

Remember fitting a line to data?

Q

You had to find the “best”
slope and intercept.

... only useful if the data
naturally falls on a line.

How can you be more fancy?



How does machine learning work?

How can you be more fancy?

 Try using curves instead of lines?
7 N e Add more variables?

A - 2
o
Find Center and Radius / < 3

Find Position of Plane



How does machine learning work?

[nput \ !

: .:__x-%- P x
data XA I f(data)

parameters are learned to approximation f(data)



Example: Apples and Bananas

e Suppose you have all kinds of apples, and you record various values
such as the RGB coordinates of color, some numerical value of
roundness. Label them with the number 1.

Do the same for the bananas. Label with the number 2.

A neural network will create a function that tries to match these and make predictions.



but what about science?
Scientific Machine Learning is model-
based data-efficient machi

Predictions

[ ...
_IUIla Sci-ML ecosystem

How do we simultaneously use both sources of knowledge?



Technology
breakthrough for
science:

The next buzz for physical models
Differentiable Simulation:
What is it? What can it do?

(advanced machine learning at MIT)




Advanced Machine Learning at MIT

Current machine learning is often about big data

We have made advances bring in human intuition,
experience, and models.

Approach: Replace the ignorant h.(Wx+b) methodology with
an encoding of human based models.

Creation of Surrogate Models and insertion inside the neural
network.

30



Universal (Approximator) Differential Equations

Rackauckas, Christopher, Yingbo Ma,
Julius Martensen, Collin Warner, Kirill

x / Zubov, Rohit Supekar, Dominic Skinner, Ali
/ Ramadhan, and Alan Edelman. "Universal
differential equations for scientific
/ machine learning." arXiv preprint

arXiv:2001.04385 (2020).




Universal ODE -> Internal Sparse Regression is the
best

Sparse Identification on only the missing term
Operation[u, * 0.10234428543435758 + u; * u; * 0.11371750552005416 +
us A2 *u, *0.12635459799855597] of u=(S/N,I,D/N)

' Replace o
I True Exposed
S _ Unknfjwn @ Tue Infected
Portion @ Tus Recoversd
1500 |- | = Ecfimated Exposed
Replace e Ectimated Infected
! Unknown mmm— Eotimated Recoverad
E — " m— Training Data End
Portion
1000
I' =
R =
o 500
N' =
D' =
T 0

improves generalizability!
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We are not even close to the possibilities
of Al & ML.
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