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What ML 
Model Should 
I Use?



What is the 
difference 
between Deep 
Learning and 
Neural Networks?



Supervised Learning 
Learning a function that 
maps an input to an output 
based on example 
input-output pairs:

       X = data    Y = label



X? And Y?

X = X-ray image
Y = age of a child



Who is X? Who is Y? 

● Image classification (dogs versus cats)
● Spam detection on emails
● Estimating the price of a house
● Translate a sentence from Spanish to 

French
● Find a tumor in an image



Goal of supervised machine learning

Find a function F(X) that approximates Y

     Y  ≈ F(X)

F is usually called a model



What is Deep Learning?

Find a function F(X) that approximates Y

     Y  ≈ F(X)

F is usually called a model

F is a (deep) Neural Network



Why deep learning?

For traditional 
algorithms the 

functions plateaus

*from Andrew Ng



ML Models for Supervised Learning

Tabular Data: 
In most cases you want to 
use tree based models: 
Random Forest and 
Gradient Boosting

Text, Images, 
Recommendation 
Systems:
Neural Networks

*This is a generalization



ML Models for Supervised Learning

Text: 
Neural architectures for 
text: 
● Recurrent Neural 

Networks
● Transformer models 

(Bert, GPTs…)

Images:
Neural architectures for 
images:
● Convolutional 

Neural Networks
● Transformers



Neural Nets



Simplest Neural Nets

● Linear Regression 
● Logistic Regression
● Multi-class logistic regression



Review of linear regression

- x  square footage of a house
- y  value 



Review of linear regression: how to find 
the line?

The line that minimizes the 
sum of the square of the 
errors.



Linear regression summary



Review of logistic regression

- Model classification 
problems

- In picture: two features and 
the two labels (0 or 1)

- Linear classifier
- Objective: find the line that 

separates 0s from 1s



Logistic regression:  Model

- Model classification problems
- Model predicts the probability 

of class 1
- Predict dogs versus cats



Logistic regression:  Model

- Model classification 
problems

- Model predicts the 
probability of class 1



Logistic regression



Multi-class logistic regression

● Classification problem
● Instead of two classes we 

have K classes
○ Predict dog breed from images

● Generalization of logistic 
regression
○ Need K lines instead of one



Multi-class logistic regression

Instead of two classes we have K 
classes

○ Predict dog breed from images



Multi-class logistic regression

Dot product



Multi-class logistic regression



Multi-class logistic regression



Two layer neural network for regression



Two layer neural network binary for 
classification



Two layer neural network multi-class 
classification



Example
What function is this network computing? 



Neural Network -- Intuition





Admission Office



Admission Office

Would you admit Student 3?



Admission Office



Admission Office: model 1



Admission Office: model 2



Does the student get accepted?



Given this model: yes



Would you accept this student?



Real data likely non-linear



Real data likely non-linear



Real data likely non-linear



How to get non-linear from linear



How to get non-linear from linear



Where is the Consensus



How the president makes decisions



Neural Network



Neural Network



Normalizing each judge



Normalizing: sigmoid takes raw scores into 
normalized scores (probabilities)

sigmoid



Formula for president



Neural Network



Full network details

-7

-2

1

0

0
1

Score1=sigmoid(exam-5)

Score2=sigmoid(grades-5)

Score3=0.5*Score1 +0.8*Score2 -1



Simulation of a two layer NN



Neural Network Language



More than 2 Judges



More than 2 dimensions



More than two outcomes



“Deeper” Networks 



Neural Network can compute any function*

*Given enough hidden units they can approximate any function.



Feed Forward Neural Networks



Feed Forward Neural Networks



Compute probability of acceptance for
Student: Exam = 5, Grades = 5



Activation functions

Activation function is the 
non-linear function used after the 
linear transformation

● For non-final layers many 
functions work

● For the last layer the function 
is usually defined by the 
problem you are solving



Activation functions for non-final layers

● Sigmoid is not used very much
● Tanh is used in RNNs
● Relu and “Relu like” functions are used everywhere



Activation functions for non-final layers



Activation functions for final layers

● Are defined by the type of problem you are trying to solve
● Sigmoid is used for binary classification
● Identity is use for regression 
● Softmax is used for multi-class classification



Softmax activation function

● After the last linear 
transformation we get K numbers 
(K -classes)

● These numbers need to be 
normalized to sum to 1



Softmax activation function



Softmax Practice

Compute the prediction and loss of these two examples.



Hard predictions for classification



Fitting two layer neural networks



Applications of Deep Learning in 
Medicine and Physics



Image to Image Models

Unet Models are able 
to take an input image 
and return an output 
image.

Segmentation task: 
every output pixel is a 
class.



Segmentation/ Contour of the Target Volumes 
and Organs at Risk (OAR)

To plan radiation therapy 
doctors need to contour target 
volumes and organs at risk
● Designing radiation 

treatment plans
● Limit radiation exposure 

and minimize the risk of 
damage 

https://pubmed.ncbi.nlm.nih.gov/31812930/



Segmentation/ Contour of the Target Volumes 
and Organs at Risk (OAR)

● Segmentation is 
labor-intensive

● Neural network can 
generate contours 
comparable to human 
experts

https://pubmed.ncbi.nlm.nih.gov/31812930/



Detecting Breast Cancer in Mammograms

Convolutional Neural 
Networks can be used to 
detect cancer in 
mammograms.



Detecting Anatomical Landmarks for Pelvic 
Trauma Surgery

The automated identification of 
landmarks in X-ray images can 
enhance decision-making during 
surgical procedures.



Detecting Diabetic retinopathy

Diabetic retinopathy is a leading 
cause of blindness in the 
developed world. 

Convolutional Neural Networks 
are being used for this task.

https://en.wikipedia.org/wiki/Diabetic_retinopa
thy



Drug Discovery: generation of new molecular 
structures

Goal: generate new 
chemical structures that 
are likely to have specific 
biological activity.

https://www.sciencedirect.com/science/article/pii/S1359644617303598



Detecting adverse drugs events from 
medical records 

Goal: extraction of medications and associated adverse drug events 
(ADEs) from clinical documents.
Step 1: Named entity recognition 
Step 2: Relation classification

https://academic.oup.com/jamia/article-abstract/27/1/13/5499225?



Convolutional Neural Networks

● Intro to Convolutional Neural Networks
● Convolutional operation
● Convolutional layers
● Max pool, Dense Layers
● Case Study LeNet-5

CS231n Winter 2016 on 
youtube



“Summary of 
Deep 
Learning”

https://www.youtube.com/watch
?v=UAq961jQjYg



ImageNet Challenge

● Competition that ran since 
2010 to evaluate image 
recognition algorithms.

● The training data: 1.2 
million images

● Tasks: 
● Classification into 1000 

categories 
● Object detection 



ImageNet Challenge
The training data: 1.2 million 
images

Tasks: 

● Classification into 1000 
categories 

● Object detection:
○ find a particular object and 

draw a box around it



Start of the deep learning “revolution” 

● ImageNet Challenge 2012 
●  Convolutional neural network (CNN) called AlexNet 

from University of Toronto won the competition
○ First time a neural network won the competition
○ 16.4% error, while the second place had 26.2% 

error
○ The Economist, "Suddenly people started to pay 

attention, not just within the AI community but 
across the technology industry as a whole."



Better than humans



Convolutional Neural Networks (CNN): History

● CNNs were design to mimic how researches in image classification think about 
images

● CNNs have much less parameters than fully connected neural networks



Alexnet wins Imagenet in 2012

Alex Net is very similar to the 
LetNet5
● similar architecture
● different activation 

function (relu) 
● better initialization 
● trained on GPU
● smaller filters than 

LeNet5
ImageNet Classification with Deep. Convolutional Neural Networks. Alex Krizhevsky. Ilya Sutskever. Geoffrey Hinton.



CNN are everywhere



CNN are everywhere



CNN are everywhere

Self driving cars



CNN are everywhere

Estimate poses, play computer games



CNN are everywhere



Given an image the CNN will generate text describing the image







Style Transfer



What is a 2D convolution? 

Tensor Filter



What is a 2D convolution? 

Tensor Filter



What is a 2D convolution? 

Tensor Filter What is the 
size of the 
output?



What is a 2D convolution? 

Tensor Filter

18 0 -1 6

19 6

-24



2D Convolution with RGB images

If the input is a 
volume the filter 
is a volume too



Convolution Layer



Convolution Layer





Convolution Layer















Representation of a full network















Stride 2

● Filters jump 2 pixels at a time as we slide them around
● Produce smaller output volumes spatially







Formula:    (N -F)/stride + 1



Formula:    (N - F + 2pad ) / stride + 1











Representation of a full network







Lenet-5

● 60k parameters
● Convolutions follow by Fully connected layers
● Current network are fully convolutional

https://www.coursera.org/lecture/convolutional-neural-networks/classic-networks-MmYe2



What are 
CNNs 
learning?



What are 
CNNs 
learning?



Summary of CNNs
● Convolutional Neural Networks (CNNs) are widely used in computer vision 

tasks.

● CNNs learn hierarchical representations of features from input data. Lower 
layers capture basic features like edges and textures, while higher layers 
focus on more complex and abstract features.

● CNNs are particularly well-suited for image-related tasks due to their ability to 
understand spatial hierarchies. They can recognize patterns regardless of 
their position in the image.

● Pre-trained CNN models on large datasets can be used as a starting point for 
various computer vision tasks.



Intro to Large Language Models



LLMs use case: chatbot 
for customer service 

● Can handle frequently asked 
questions by providing quick and 
accurate answers.

● Available 24/7
● Order tracking
● Appointment scheduling
● Human Handoff for more complex 

issues



LLMs use cases: 
generate text 

● Write an essay
● Rewrite a sentence
● Translate a sentence
● Summarize text
● Write code



LLMs use 
case: Entity 
Extraction



What is LLM?

A Language Model refers to a type of artificial intelligence that 
is trained on vast amounts of text data to understand and 
generate human-like language.



What is a LLM?

Language model are 
large neural networks 
with a “transformer 
architecture”.



Training LLMs

Chunk of the internet 
~10TB of text

6,000 GPUs for 12 
days, ~$2M

*Numbers for LLama 2 70B



Training LLMs: a base model

Language Modeling is the task of predicting what word comes 
next.

LLM 
(randomly 
initialized)

The students 
opened their

laptop

This is a classification task. After training with lots of data a based model 
is obtained. 



Training LLMs: a base model

● Language Modeling is the task of predicting what word 
comes next.

The students opened their

● More formally: given a sequence of words, compute the
probability distribution of the next word 



Training LLMs: to be an assistant

1. Start with a pretrained language model
2. Define a task (answering questions, summarazing text, engaging in 

conversation)
3. Collect dats from humans labelers
4. Train your model



Training LLMs: to be an assistant
Instruction finetuning
Supervised task:

X= prompt
Y= completion

Example:

X= Classify this review: “I 
love this movie”
Y= Positive

Pre-trained 
LLM

Classify this 
review: “I love 
this movie”

Sentiment: 
positive

Each prompt/completion pair includes specific “instruction” (e.g. “Classify this 
review”) to the LLM 



Training LLMs: to be an assistant
Instruction finetuning

Pre-trained 
LLM

Classify this review: “I 
love this movie”

Sentiment: 
positive

Each prompt/completion pair includes specific “instruction” to the LLM 

Summarize the following 
text: [EXAMPLE TEXT]

Translate this sentence 
to: [EXAMPLE TEXT]



Training LLMs: to be an assistant
Instruction finetuning 

Pre-trained 
LLM

Instruct 
LLM

After finetuning a model with in instruction 
datasets we obtain an Instruct LLM



How to train your ChatGPT

Stage 1: Pretaining

1. Get your text ~10TB
2. Get a cluster of ~6,000 GPUs.
3. Train your network (next word 

task), cost: ~2M, duration: ~12 
days

4. Obtain a base model

This you can do once a year or so. 

*from AndrejKarpathy

Stage 2: Finetunning

1. Get high quality Q&A dataset by 
hiring people.

2. Finetune base model on this 
data, duration: ~1 day

3. Obtain an assistant model.
4. Run evaluations
5. Deploy
6. Monitor, collect feedback, go to 

step 1.

This is done every week.



Aligning LLMs with human values

InstructLLMs have lost of issues:

● Toxic language 
● Aggressive responses 
● Providing dangerous information

*DeepLearning.AI lecture notes 



Aligning LLMs with human values

*DeepLearning.AI lecture notes 



Aligning LLMs with human values

Goals:

● Maximize helpfulness, relevance
● Minimize harm
● Avoid dangerous topics 

*DeepLearning.AI lecture notes 



Aligning LLMs with human values

1. Use humans to rank documents in various axis (toxicity, 
hepfulness, correctness)

2. Train a LLM that given some text gives it a score
3. Use this model to train the original model using 

“Reinforcement Learning” 

The name for this type of training is “Reinforcement Learning 
from Human feedback.” 



Summary of LLMs

● LLMs are used in many useful tasks (mostly text related)
● Trained in 3 steps 

○ next word task
○ instruction finetunening
○ reinforcement learning from human feedback



Transfer Learning



Transfer Learning: Motivation

● In many areas, such as medicine, 
collecting data is difficult and expensive

● Deep learning often requires lots of data 
and resources
○ An ImageNet deep neural net can 

take weeks to train and fine-tune 
from scratch



http://ruder.io/transfer-learning/

A model trained on one task is adapted for a second related 
task



VGG-16

138M parameters
16 layers
Trained on ImageNet



Transfer Learning with CNNs

http://cs231n.stanford.edu/slides/2017/cs231n_2017_lecture7.pdf



Summary of Transfer Learning
● Transfer learning allows models to be trained on a large dataset for one task 

and then fine-tuned on a smaller dataset for a related task. 

● For most complex domains, there are already pre-trained datasets and 
models available.

● Pre-trained models capture generic features from a diverse dataset, enabling 
them to generalize well across various related tasks. 

● In scenarios where obtaining labeled data is challenging or expensive, 
transfer learning allows the model to benefit from knowledge gained in a 
different but related domain.
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