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Jeanne Calment
(1875-1997 — i.e., 122 years)
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Hubel & Wiesel (1959)
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Camera Obscura
da Vinci (15th Century)
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Block World
Larry Roberts (1965)
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Viola & Jones (2001)
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Neurocognitron
Fukushima (1980)



Deep
Learning

Antecedents
Tech Velocity

Vision Case Study

Machine Intelligence

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

Building Blocks

The Future

MNIST & LeNet-5
LeCun et al. (1998)
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LeCun, Boutou, Bengio &
Haffner (1998)
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ImageNet Classification Error
Krizhevsky, Sutskever & Hinton (2012)
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Krizhevsky et al. (2012)
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Deep Learning in Late 2016

[Image to Lyrics and Music]

[Daddy’s Car]

[Sunspring]

https://www.theguardian.com/technology/2016/nov/29/its-no-christmas-no-1-but-ai-generated-song-brings-festive-cheer-to-researchers
https://www.youtube.com/watch?v=LSHZ_b05W7o
http://arstechnica.com/the-multiverse/2016/06/an-ai-wrote-this-movie-and-its-strangely-moving/
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Biological Neuron Morphology
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Perceptron
Rosenblatt (1957)
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Biological Neuron Physiology
The Binary Action Potential
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Multi-Layer Perceptron
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Sigmoid Neuron
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tanh Neuron
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ReLU: Rectified Linear Units
Nair & Hinton (2010); Maas, Hannun & Ng (2014)
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MNIST
Handwritten Digits
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Fully-Connected Neural Net
Single Hidden Layer
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Popular Libraries
Never pay for software

• Theano
• Torch
• Caffe
• TensorFlow [demo]

Higher-Level APIs:
• TFLearn
• Keras

http://playground.tensorflow.org/
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Deep Fully-Connected Net
3 (or more) Hidden Layers
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Synaptic Pruning
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(Stochastic) Gradient Descent
Adam = AdaGrad + RMSprop
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Backpropagation
computes error & gradient of cost function
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Overfitting
...and avoiding it

• L1/L2 regularization
• dropout
• artificial data set expansion
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Improving Neural Networks
Attribute & Hyperparameter Tuning

• problem simplification
• number and width of layers
• cost fxn: quadratic, cross-entropy, log-likelihood, &c.
• more epochs, early stopping
• clever initialization of weights and biases
• learning rate η, variable schedule
• regularization parameter λ
• mini-batch size
• automation, e.g., with Spearmint
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Improving Neural Networks
Attribute & Hyperparameter Tuning

• problem simplification
• number and width of layers
• cost fxn: quadratic, cross-entropy, log-likelihood, &c.
• more epochs, early stopping
• clever initialization of weights and biases
• learning rate η, variable schedule
• regularization parameter λ
• mini-batch size
• automation, e.g., with Spearmint
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Universality
Solve Any Continuous Function (Nielsen, 2015)
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Unstable Gradient
Typically Vanishes (but can Explode)
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Hubel & Wiesel (1959)
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DeConvNet
Yosinski et al. (2015)

[Deep Visualization Toolbox]

https://www.youtube.com/watch?v=AgkfIQ4IGaM
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“2.5-dimension” CT Scans
Roth et al. (2015)
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Computer-Aided Detection
Shin et al. (2016); Roth et al. (2016)
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Long Short-Term Memory
Hochreiter & Schmidhuber (1997)
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Word2Vec
Mikolov, Sutskever, Chen, Corrado & Dean (2013)
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t-SNE
Hinton & van der Maaten (2008)
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Word2Vec + t-SNE
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Word2Vec + t-SNE
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untapt
Digital Recruitment Platform
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untapt
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untapt
Candidate-Side Feedback
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untapt
Client-Side Feedback
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untapt
Multi-Stage Bayesian Regression

Krohn, Rives-Corbett & Donner (2016)



Deep
Learning

Antecedents
Tech Velocity

Vision Case Study

Machine Intelligence

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

Building Blocks

The Future

untapt

Krohn, Rives-Corbett & Donner (2016)
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untapt
Ensemble with Deep Neural Net

deep-orange.untapt.com
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AlphaGO
Silver et al. (2016)
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Deep Q-Learning
Mnih et al. (2015)

[Atari Games]

https://www.youtube.com/watch?v=6kO4eZWeKOM


Deep
Learning

Antecedents
Tech Velocity

Vision Case Study

Machine Intelligence

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

Building Blocks

The Future

Deep Q-Learning
Mnih et al. (2015)

[Atari Games]

https://www.youtube.com/watch?v=6kO4eZWeKOM
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Deep Q-Learning
Mnih et al. (2015)

[Atari Games]

https://www.youtube.com/watch?v=6kO4eZWeKOM
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[OpenAI Universe]

[Google DeepMind Lab]

https://openai.com/blog/universe/
https://deepmind.com/blog/open-sourcing-deepmind-lab/
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Hardware

• local machine
• build your own cluster
• AWS
• GPU(s) / TPU(s)



Deep
Learning

Antecedents
Tech Velocity

Vision Case Study

Machine Intelligence

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

Building Blocks

The Future

Hardware

• local machine
• build your own cluster
• AWS
• GPU(s) / TPU(s)



Deep
Learning

Antecedents
Tech Velocity

Vision Case Study

Machine Intelligence

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

Building Blocks

The Future

Hardware

• local machine
• build your own cluster
• AWS
• GPU(s) / TPU(s)



Deep
Learning

Antecedents
Tech Velocity

Vision Case Study

Machine Intelligence

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

Building Blocks

The Future

Hardware

• local machine
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Resources for Human Learning
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Transfer Learning
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Jeanne Calment
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Jeanne Calment
(1875-1997 — i.e., 122 years)
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Life in the Year 2138
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Thiel & Masters (2014)
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Thiel & Masters (2014)
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Thiel & Masters (2014)
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Pinker & Mack (2014)
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Pinker & Mack (2014)
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