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Machine Learning - Part 2

Apr. 10, 2025



You are a new employee at Apple and are given the 
task of designing a regression algorithm to predict how 
much people in the Bay Area spend on groceries every 
month. What are some plausible independent variables 
you could use in the regression? 

Recap question:

April 10, 2025



Recap question:

Some examples of plausible independent 
variables are 
• Size of household 
• Neighborhood they live in 
• Income  
• Age 
• Number of hours spent working every week 
• … 



Machine Learning - Part 2

April 10, 2025

By the end of this lecture, you will be able to: 

1. Give examples of supervised and 
unsupervised learning 

2. Define a neural network 
3. Train a neural network



Two categories of ML algorithms

1. Supervised learning: algorithms are trained 
based on example inputs that are labeled 
with their desired outputs by humans. 
  

2. Unsupervised learning: the input data is not 
labeled and algorithms are expected to find 
structure within the input data by itself.

Coins vs cats



Two categories of ML algorithms

1. Supervised learning: algorithms are trained 
based on example inputs that are labeled 
with their desired outputs by humans. 
  

2. Unsupervised learning: the input data is not 
labeled and algorithms are expected to find 
structure within the input data by itself.



Example 1: Image classification



Example 2: Real estate pricing



Unsupervised learning

Example 1: Clustering unlabeled data into 
groups. We have a database of pictures of 
flowers. Can we find out how many different 
species there are in the database?



Unsupervised learning

Example 1: Clustering unlabeled data into 
groups. We have a database of pictures of 
flowers. Can we find out how many different 
species there are in the database?
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Unsupervised learning

Example 1: Clustering unlabeled data into 
groups. We have a database of pictures of 
flowers. Can we find out how many different 
species there are in the database?
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3 species!



Example 2: analyzing medical images

Distinguish regions of interest in medical images, 
without giving labels to the algorithm.



Example 3: extracting regions of interest of 
pictures



Example: AlphaZero: a Google project to make 
computers better than humans at board games, 
by making the computer play against itself 
repeatedly.

Reinforcement Learning



Example: AlphaZero: a Google project to make 
computers better than humans at board games, 
by making the computer play against itself 
repeatedly.

Results against previous best computer programs:

Reinforcement Learning



Example: AlphaZero: a Google project to make 
computers better than humans at board games, 
by making the computer play against itself 
repeatedly.



Neural networks



Back to the example of home value estimates

We use regression to estimate the sale price 
from the independent variables.



Linear regression uses a formula of this form:

Back to the example of home value estimates

We use regression to estimate the sale price 
from the independent variables.



Price estimate from one real estate agent



Price estimate from one real estate agent

Weights



A single real-estate agent can give an 
inaccurate answer. It is probably a good 
idea to ask multiple agents to get a 
second opinion, third opinion, … . 



Price estimate from agent 1 Price estimate from agent 2

Price estimate from agent 3 Price estimate from agent 4



But how do we combine these estimates? 
One agent could be more reliable than 
another, so we can assign different 
weights to their opinions. 



Combine their estimates to get an accurate price	
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y = 0.20⇥ y1 + 0.15⇥ y2

+ 0.05⇥ y3 + 0.6⇥ y4



Combine their estimates to get an accurate price	
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+ 0.05⇥ y3 + 0.6⇥ y4

Weights



By chaining lots of real estate agents  together, 
we can model functions that are too complicated 
to be modeled by a single real estate agent.



This is (almost) an example of a neural network!



Artificial neural networks (ANN) 
began with Warren McCulloch and Walter 
Pitts[1] (1943). It is a technique for building 
algorithms that learn from data. It is very 
loosely inspired by how we think the 
human brain works.

What is a Neural network?

https://en.wikipedia.org/wiki/History_of_artificial_neural_networks#cite_note-1


Artificial neural networks (ANN) 
began with Warren McCulloch and Walter 
Pitts[1] (1943). It is a technique for building 
algorithms that learn from data. It is very 
loosely inspired by how we think the 
human brain works.

What is a Neural network?

A neural network takes inputs (numbers), and 
outputs numbers.

https://en.wikipedia.org/wiki/History_of_artificial_neural_networks#cite_note-1


An example of neural network

Each circle is called a neuron



An example of neural network

The neurons between the input and output are 
arranged in so called hidden layers



An example of neural network

The neurons between the input and output are 
arranged in so called hidden layers
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An example of neural network

Each arrow has its own weight (a number)



For each neuron, we multiply the value coming in from 
each arrow by its corresponding weight. We add these 
together and then apply an activation function to it. This 
becomes the value of that neuron.

0.20

0.15

0.05

0.60



Use nonlinear activation functions



Use nonlinear activation functions
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Example: computing the value of the first 
neuron for the price estimate

<latexit sha1_base64="yLi9nHefweUdAOuMum0Z+mBiz1Y="></latexit>

Price estimate = tanh(0.123⇥ 3 + 0.41⇥ 2000 + 0.57⇥ 1)
<latexit sha1_base64="+vl77CXm7S7QJb14ULlNpV41lKE=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCKkuUlFc7VKpgYSwSfUhtVDmu01p1nMh2kKqoC7/CwgBCrHwGG3+D02aAliNd3aNz7pV9jxcxKpVtfxu5ldW19Y38ZmFre2d3z9w/aMkwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG9+mfvuRCElD/qAmEXEDNOTUpxgpLfXNoxrsKcRHpUrZtqrn1TNYg45l232zaOuWAi4TJyNFkKHRN796gxDHAeEKMyRl17Ej5SZIKIoZmRZ6sSQRwmM0JF1NOQqIdJPZAVN4qpUB9EOhiys4U39vJCiQchJ4ejJAaiQXvVT8z+vGyq+4CeVRrAjH84f8mEEVwjQNOKCCYMUmmiAsqP4rxCMkEFY6s4IOwVk8eZm0ypZzZV3eXxTrN1kceXAMTkAJOOAa1MEdaIAmwGAKnsEreDOejBfj3fiYj+aMbOcQ/IHx+QM/ypL5</latexit>

= tanh(820.939) = 1.00



1.00

Example:



Final price estimate

1.00

0.42

0.27

0.17

0.20

0.15

0.05

0.60

Example:

<latexit sha1_base64="ymggYXovOfRoNpRQwwnWJobzLpE="></latexit>

= tanh(0.20⇥ 1 + 0.15⇥ 0.42 + 0.05⇥ 0.27 + 0.60⇥ 0.17)

= tanh(0.3785) = 0.36



An engineer choses the structure of the neural 
network (number of hidden layers, the number of 
neurons in each hidden layer and which activation 
function to use).

How do we use neural networks?



An engineer choses the structure of the neural 
network (number of hidden layers, the number of 
neurons in each hidden layer and which activation 
function to use).

How do we use neural networks?

We use training data to come up with weights for all 
arrows. We then test how good our network is by 
applying it to the testing data



Training data

Testing data
Predicted price

$133,335

$91,000

$145,000

Testing loss: how far away the predicted prices are from the 
sale prices

Example 1:



?

More gray

Less round

?
?

and : training data

: testing data
Testing loss: measures how 

many         we got wrong??

Example 2:



More gray

?
?

and : training data

: testing data?

Less round

Example 2:

Testing loss: measures how 
many         we got wrong?



https://playground.tensorflow.org/

https://playground.tensorflow.org/


https://playground.tensorflow.org/

Let’s have a competition! 

Who can get the lowest test loss on classifying 
spiral data points (the 4th dataset) ?

https://playground.tensorflow.org/




Test loss

Training loss



Deep Neural Networks (DNN) 



Many researchers did not believe that neural networks 
are useful, until the ImageNet Challenge in 2012.

More than 14M images divided into 20 000 categories. 
Task: perform classification!



ImageNet Challenge (2012)



ImageNet Challenge



What are the drivers of the improvements?

1.Better hardware 
2. Better training algorithms 

Together, they allow us to train larger and larger 
networks, using more parameters, which gives 
better performance.



The number of weights increases

16 weights (since there are 16 arrows)!



The number of weights increases



The number of weights increases



The number of weights increases



The training of GPT-3 cost $4.6 million and 355 years in 
computing time. Training smaller models than GPT-3 
releases around 626,000 pounds of CO2.


