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Overview

Visualisations

Linear regression as a computational graph

An introduction to neural networks

Assessment feedback

oL o e y CONFIDENTIAL: Oxmedica Ltd. 10347756

OXMEDICA



Halfway point

30th June 18th July
Week 1 Week 2 Week 3
Introduction to the Exploring algorithms Language models:
field and the relevant with maths and code theory and coding
skills.
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Ahmed K 24

Naser 20

Turki 18
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Visualisations
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Best Visualisations
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HISTORY OF PANDEMICS

P— ’
Antonine Pague 165180 "
Pague o ustian 241,542 30.50M Nl

Japanese Smallpox Epidemic 735737 )

Black Death (Bubonic Plague) 200M
13471381

Smallpox 56M
1520

17th Century Great Plagues 31
1600

18th Century Great Plagues 600K
1700

Cholera 6 outbreak 1M
18171923

The Third Plague 1214
1855

Yellow Fever 100-150K
LATE 18005

HIV/AIDS 25-35M
1981.PRESENT

THROUGHOUT HISTORY, as humans
spread across the world, infectious
diseases have been a constant
companion. Even In this modern
era, outbreaks are nearly constant.

Here are some of history's most
deadly pandemics, from the
Antonine Plague to COVID-19,

Spanish Flu 40-50M
1918-1919

Russian Flu 1M
889.1890

. Swine Flu 200K
MERS 850 / 20092010
2012.PRESENT . /.coVID-19 3.9M°
WHO ofically declared COVID-19
a pandemic on Mar 11,2020,
DEATH TOLL i
[HIGHEST TO LOWEST] e T s G
200M
Black Death (Bubonic Plague)
13471351
56M
Smallpox 40-50M 30-50M
1520 inish Fiu Plague of Justinian
1918.1919 541542
o .
Inrats and spread to ot 30-50% of Europe's Native Americans. the | is
humans via infected fieas. population. It took more than | 1800s, X
200 years for ' " many think it may have
tallof

| population to recover.
ward off smallpox.
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More than 1,000 deaths each day are attributed to Covid-19
Daily deaths attributed to Covid-19 (7-day rolling average)

First peak 14,675 |
7.052

deaths per

day

European Union
UK
Rest of Europe

Peru
Brazil

Latam and
Caribbean

1 Mexico
=1 US

India
Rest of Asia

Oceania

L

2020 2021 2022

T T

Source: Johns Hopkins CSSE. WHO. national sources. FT research « Excludes recent data covering less than 95% of global population — ) fas
N America includes Canada, Bermuda, Greenland and St Pierre and Miquelon FINANCIAL TIMES
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Figure 1. Effect of treatment with 10 atm. pure oxugen on catalase
activity and seeding mortality of cress seedings.
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Breakdown of China's population by age group
Proportion of total population (1960-2050)
I 0-14 years M 15-64 M 65+

100%

19%

1979
One-child poli
50% = co?r?eg ilntopgh‘lggt
25%
0% +—— 171 T T
1960 1980 2000 2020 2040
Source: The World Bank [B|B|C]
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Area Chart

Combo Chart

Bar Chart
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Line Chart

Radar Chart
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Arctic sea ice
Volume change

AP
Ice thickness

minimum
area
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Worst Visualisations
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KEGG database access
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The Internet

Topology of Autonomous Systems, 2011.01.02
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JULIAN 51
BARNES |
The Sense of n

ankndng gk

SEBASTIAN BARRY
On Canaan’s S s

BETRAVAL
BAugy

Canyy

CAROL BIRCH
Jamrach’s Menagerie [

PATRICK DeWITT
The Sisters Brothers

ESI EDUGYAN

Half Blood Blues ﬂ
YWETTE
EDWARDS
A Cupboard Full %5

of Coats J
ALAN
HOLLINGHURST
The Stranger's Child

STEPHEN ) ©
KELMAN }

Pigeon English Fggeria
PATRICK ?é' 77 .

McGUINESS 7=
The Last Hundred Days ’.*‘"' -

-
AD. MILLER ¢

Snowdrops [Sf&‘é

ALISON PICK
Farto Go

Jnne Roens B
The Testament of
Jessie Lamb

D.J.TALOR
Derby Day

Plot lines
What makes a prize-winning novel? As Julian Barnes wins the Booker Prize,
Delayed Gratification’s Johanna Kamradt charts the themes of this year’s longlisters.

lllustration: Christian Tate
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Export von Bananen in Tonnen von 1994-2005
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90
80
70
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50
40
30
20
10

Lemons
Oranges
Bananas
Apples

Jan Feb Mar Apr
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Utility ckasses should not have a
pubkc or default constructor. = 0.014 e N X is @ magic number. = 1027
Method length |9 X lines (max / ; o ’;t‘ 2 Missing a Javadoc comment =
allowed is X) = 0.027 i sy 4.998
More than X parameters. = 0.424 |
Y Avoid nested blocks = 0,192}

"X 19 tollowed by whitespace, = /
A\
File does not end waith @ newline =

11625 :
f 0.082

I'X'shouldbealoneonalme.=0027 e

| Avoid inline conditionals. = 0 822 Missing package documentaton
fila. = 0082

Line has trathng spaces. = 36.026

['X' construct must use '('s, = 3574
Comment mat:;;::'do formeX ‘X' should be on the previous line. =
0055
Expression can be simplified, = Vanable X’ must be private and
0178 have accessor methods, = 0 027
X' 1% not preceded with whitespace Name X' must match pattern X' =
= 7695 189
[Emp(y statement. = 0.014 Array blukeh(;s:;‘l:gul positon, =
lﬁ" fonget 23;1: KR Must have at least one statement. =
0.041
"X'should be on anewbne = 3177 Expacted X tag for 'X' =3163I
X" is not followed by whitespace = S Expected an @return tag = 1 054'
6.463 ‘X' hides a fiald. = 0.052]
TODO = 0055 File length 19 X lines (max allowed
1s X).=0014
Parameter X should be final =
10804
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1,200

1,000

800

600

400

200

AVERAGE NUMBER OF DEATHS PER DAY
on that date, the day before and the day after

0

USA - still flying internal
flights - BUT New York
PT  |ockdown began two

weeks before April 5th

France - police enforce
lockdown two weeks ; 3-A
before April 2nd

UK - schools, pubs
and restaurants from
two weeks before
Friday 3rd April

Italy - most of northern Italy
covered by quarantine two
weeks before Sunday 22nd
March 2020

Germany - lockdown
introduced in Bavaria two
weeks before April 3rd

Full UK
lockdown

began two
weeks before

April 7th

$ Usa

Q France
Spain

¥ hraly

¥ UK

¥ Eng & Wales

£ China

£ Germany

(200) (150) (100) (50) 0 50 100 150 200
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INCREASE OR DECREASE IN DEATHS PER DAY

(smoothed rate of change from the date before to the date after date shown)
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Computational Graphs
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A A little warning A\
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Linear Regression as a Computational Graph
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The very simple linear regression we know and love

1D = 6 + B + ozl + Bsz) + Buz?

Qﬁ
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e What are the parameters?
e What type of output does this model provide?

pralise cllall duauga

i@
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Visualising this as a graph
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Activation functions

Whiteboard
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An introduction to neural networks
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The brain

Source
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https://www.google.com/url?sa=i&url=https%3A%2F%2Felifesciences.org%2Fdigests%2F41250%2Fhow-humans-evolved-bigger-brains&psig=AOvVaw1BrqTienPZn1bHnmS5SzqP&ust=1720535482367000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCKjk0aXUl4cDFQAAAAAdAAAAABAE

Biological neurons

Neuron

Dendrites

Axon terminals

Source
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.upgrad.com%2Fblog%2Fbiological-neural-network%2F&psig=AOvVaw0iA01Sul-5QmhIvpvdM3z3&ust=1720535387944000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCJDjsYfUl4cDFQAAAAAdAAAAABAQ

History of trying to replicate this

1960S 1980 1998 2010S

Decision trees Backpropagation CNN Deep Learning models

1957 1969 1990S 2001 2017

Perceptron  Multilayer perceptron SVM Random Forest Transformer models
Source
W e (@ .
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fmedium.com%2F%40marizombie%2Fimportant-dates-in-history-of-machine-learning-d52d7f24b797&psig=AOvVaw1CKJZe30xgUYlv4eNaXCFa&ust=1720536205535000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCPCS8fzWl4cDFQAAAAAdAAAAABAE

Artificial neurons

Whiteboard
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From one neuron to two...

Whiteboard
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From two neurons to many neurons...

Whiteboard
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From one layer to two...

Whiteboard
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Turning this into larger networks

Input Layer

Input Data—

—— Output

OXMEDICA


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FMulti-layer-perceptron-MLP-NN-basic-Architecture_fig2_354817375&psig=AOvVaw0S3TWD-l11DAdphR394U2G&ust=1720537277144000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCODRofval4cDFQAAAAAdAAAAABAE

A explanation for MNIST

[Video Comprehension]
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An excellent explainer for the MNIST dataset

e Worth making notes on this!
e We’ll discuss key questions afterwards
® https://www.youtube.com/watch?v=aircAruvnKk

) N1 O Ol = W N — O

O
D
O
O
O
O
s
o
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Quick Quiz
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Biological: Bigger is (approximately) better
TASK: Guess the average weights of all of these brains
(in kgs)

Elephant: ???
Humans: ???
Monkeys: ??7?

Hampster: ?77
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Biological: Bigger is (approximately) better
TASK: Guess the average weights of all of these brains

Elephant: 5.71kg
Humans: 1.32kg
Monkeys: 0.115kg

Hampster: 0.001kg
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Artificial: Bigger is better (all else equal)
Task: Guess the number of parameters in these models

GPT-1: ???

GPT-2: ???

GPT-3: ???

GPT-4: ???

{
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Artificial: Bigger is better (all else equal)
Task: Guess the number of parameters in these models (in
millions/billions/trillions)

GPT-1:

GPT-2:

GPT-3:

GPT-4:

117 million
1.5 billion
175 billion

(unknown) 175 bn — >1 trillion

CONFIDENTIAL: Oxmedica Ltd. 10347756



Scaling laws paper (Kaplan et al. 2020)

Scaling Laws for Neural Language Models

Jared Kaplan * Sam McCandlish*
Johns Hopkins University, OpenAl OpenAl

jaredk@jhu.edu sam@openai.com

Tom Henighan Tom B. Brown Benjamin Chess Rewon Child
OpenAl OpenAl OpenAl OpenAl
henighan@openai.com tom@openai.com bchess@openai.com rewon@openai.com
Scott Gray Alec Radford Jeffrey Wu Dario Amodei
OpenAl OpenAl OpenAl OpenAl
scott@openai.com alec@openai.com jeffwu@openai.com damodei@openai.com

https://arxiv.org/pdf/2001.08361
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https://arxiv.org/pdf/2001.08361

1. What are deep learning models? How are the different from other
machine learning models?

2. How can a linear regression be represented as a computation
graph?

3. What is an activation function?

4. Draw a fully-connected neural network with 4 input features, one
hidden layer with 6 neurons and 2 output neurons.

5. Explain the term ‘scaling’ in deep learning.
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