
Class Summary
Class 6
Topic: Recurrent Neural Networks and Time Series
Lab: Predict flu outbreaks over time

Class 7
Topic natural language processing
Lab: sentiment analysis on amazon reviews  using LSTMs 
and GRUs

Class 8
Topic: Translation and seq2seq models
Lab: translation 

Class 9
Topic Audio Processing
Lab: Build a simple speech recognizer

Class 10
Topic: Deploying deep learning models 
Lab: Build and deploy emotion classifier

Class 1
Topic: ML Overview and CNNs
Lab: Classifying digits with Keras

Class 2
Topic: Deep learning for image processing/Data augmentation
Labs: Build and improve SOTA classifier for color images (cifar)

Class 3
Topic: Transfer learning and fine-tunding
Lab: Custom Classification on small dataset

Class 4
Topic: Autoencoders/Compression
Lab: Exploring autoencoders

Class 5
Topic: Introduction to text processing/NLP and scimitar
Lab: Twitter text classifier with Sci-kit learn 



Setup Instructions http://bit.ly/hub-setup

http://bit.ly/hun-setup


Today’s Agenda

4:00-4:15 Introductions and Setup

4:15-4:45 ML Overview

4:45-5:45 Build CNN Classifier

5:45-6:00 Start Fashion Classifier



Who am I?

@l2k 
lukas@wandb.com



Who Are You?











ML Overview



AI vs Machine Learning vs 
Deep Learning

AI

Machine Learning

Deep Learning



Machine Learning

Deep Learning





Image Recognition













Label

Cat
Output

Input

??

Machine Learning 101 
Problem

Deep Learning



Statistics 101 Problem

Training Data
Age (Days) Weight 

(Grams)

2 49

12 122

8 74

21 205

4 80

Test Data
Age (Days) Weight 

(Grams)

18 ??



Linear Regression

Training Data
Age (Days) Weight 

(Grams)

2 49

12 122

8 74

21 205

4 61 0

55

110

165

220

0 5.5 11 16.5 22

Weight (Grams)
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0 5.5 11 16.5 22

Weight (Grams)

Linear Regression

Test Data
Age (Days) Weight 

(Grams)

18 170

Linear Model



Non-Linear Regression

Test Data
Age (Days) Weight 

(Grams)

18 166

Non-Linear Model

0
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0 5.5 11 16.5 22
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Non Linear Regression

Test Data
Age (Days) Weight 

(Grams)

18 270

Non Linear Model

0

75

150

225

300

0 5.5 11 16.5 22

Weight (Grams)



Overfitting



Non Linear Regression



What Even Makes a Model 
Good?



Multivariate Linear 
Regression

Test Data
Age 
(Days)

Diet Weight 
(Grams)

18 0 ??

Training Data
Age (Days) Diet Weight 

(Grams)

2 0 49

12 0 122

8 0 74

21 0 205

4 1 80



Label

Cat
Output

Input

??

Deep Learning 101 Problem

Deep Learning



Statistics API

Input: Fixed Length List of Numbers

Output: Fixed Length List of Numbers

Model generated from list of inputs (training data)



Machine Learning/Deep 
Learning API

Input: Fixed Length List of Numbers

Output: Fixed Length List of Numbers

Model generated from list of inputs (training data)



Machine Learning on Speech

Label

Hello
Output

InputHello

??



Machine Learning on Speech

Label

Hello

Machine Learning

Feature Extraction

Output

InputHello



Label

Positive 
Emotion

Output

InputI love my iPhone!

??

Machine Learning on Text



Machine Learning

Feature Extraction

Output

InputI love my iPhone!

A aardvark … hate I iphone love my … Zyzzyv
a

0 0 … 0 1 1 1 1 … 0

Machine Learning on Text

Positive 
Emotion

Negative 
Emotion

1.0 0.0



Label

Cat
Output

Input

??

Deep Learning 101 Problem

Deep Learning



(0,0) (0,1) (0,2)

23 15 3

(1,0) (1,1) (1,2)

56 23 12
….

(2,0) (2,1) (2,2)

56 23 12
….

Cat 
Score

Dog 
Score

Fish 
Score

Other 
Score

1.0 0.0 0.0 0.0

Machine Learning

Feature Extraction

Output

Input



Our Tech Stack



GPU

CUDA

CudNN

TensorFlow

Keras



Build your own box

https://www.oreilly.com/learning/build-a-super-fast-deep-learning-machine-for-
under-1000

https://www.oreilly.com/learning/build-a-super-fast-deep-learning-machine-for-under-1000
https://www.oreilly.com/learning/build-a-super-fast-deep-learning-machine-for-under-1000


Perceptrons



The First Perceptron





Perceptron



Perceptron



Perceptron Algorithm

0 91 95 0
0 0 99 0
0 0 35 0
0 0 94 0

…

…

28

28



Perceptron Algorithm

0 91 95 0
0 0 99 0
0 0 35 0
0 0 94 0

0 91 95 0 0 0 99 0 0 0 35 0 0 0 94 0

…

…
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28

Flatten Array



Perceptron Algorithm

0 91 95 0 0 0 99 0 0 0 35 0 0 0 94 0
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Flatten Array
* Weights

0 91 95 0
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Perceptron Algorithm

0 91 95 0 0 0 99 0 0 0 35 0 0 0 94 0

0.3Σ

0.12 0.45 2.34 -0.34 1.21 -1.24 0.12 -0.45 12.4 0.45 -0.34 2.34 1.21 0.12 4.35 -2.34

Flatten Array
* Weights

Output

0 91 95 0
0 0 99 0
0 0 35 0
0 0 94 0

…

…

28

28



Perceptron Algorithm

0 91 95 0 0 0 99 0 0 0 35 0 0 0 94 0

0.3

1.0

Σ

0.12 0.45 2.34 -0.34 1.21 -1.24 0.12 -0.45 12.4 0.45 -0.34 2.34 1.21 0.12 4.35 -2.34

= Is Five

Flatten Array
* Weights

Output

Interpret

0 91 95 0
0 0 99 0
0 0 35 0
0 0 94 0

…

…
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Activation



Multiclass Perceptron Algorithm

0 91 95 0 0 0 99 0 0 0 35 0 0 0 94 0

0.3

0.3

Σ

0.12 0.45 2.34 -0.34 1.21 -1.24 0.12 -0.45 12.4 0.45 -0.34 2.34 1.21 0.12 4.35 -2.34
0.45 0.12 -0.45 -0.34 -0.34 -0.34 12.4 -0.34 -1.24 -2.34 -0.34 -0.34 12.4 -0.2 4.35 1.3
2.34 -0.34 -0.45 0.45 12.4 0.12 -0.45 -2.34 0.45 -1.24 -0.34 12.4 -0.34 4.35 -2.34 -0.6

Flatten Array

* Weights

Activation Function

0 91 95 0
0 0 99 0
0 0 35 0
0 0 94 0

…

…

28

28

0.6 0.7 Output

0.6 0.7



One hot encoding

Label
0
4
4
3

0
9

0 1 2 3 4 5 6 7 8 9
1 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1



Activation Functions



Sigmoid Activation Function

special case of softmax and logistic







Loss Functions



Poll: Which side is mean squared error and which was 
mean absolute error?



Mean Absolute Error



Mean Squared Error (MSE)

2

2



Learning Rate



Learning Rate too slow

TargetStarting Point

𝒙

𝒇⒳



Learning Rate too fast

TargetStarting Point

𝒙

𝒇⒳



examples/keras-perceptron/nn.py 



Debugging



Simple steps for debugging any neural network
• Make your network as simple as possible 

• Check if you can fit a small sample of your training data 

• Look at the actual values the network is outputting 

• Add complexity one step at a time



Multi-Layer Perceptrons and CNNs



Two Layers of Perceptrons



Multi-Payer Perceptrons Solving the “XOR” Problem



3Blue1Brown: video link

https://www.youtube.com/watch?v=Ilg3gGewQ5U&vl=en

https://www.youtube.com/watch?v=Ilg3gGewQ5U&vl=en


Proprietary and Confidential  - Do Not Distribute

MLP Activation Function: ReLU



Overfitting



Simple steps for improving any neural network

Ask “Am I overfitting”? 

If overfitting, fix the overfitting  

more training data, dropout, regularization, data augmentation… 

If not overfitting, try making the network more powerful  

more layers, larger layers 

one thing at a time!



Dropout



Convolution





Proprietary and Confidential  - Do Not Distribute

Activation Function (ReLU)



Pooling



Proprietary and Confidential  - Do Not Distribute

Pooling





ml-class/examples/keras-cnn/cnn.py 



ml-class/examples/keras-fashion/nn.py 


