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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)
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MNIST Digits & LeNet-5
LeCun, Boutou, Bengio & Haffner (1998)
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LeNet-5
LeCun, Boutou, Bengio & Haffner (1998)
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ImageNet
Fei-Fei Li et al. (2009), 14m images, 22k categories
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ImageNet Classification Error
ILSVRC: 1.4m, 1k object classes
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AlexNet
Krizhevsky, Sutskever & Hinton (2012)
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Sunspring
Sharp & Goodwin (2016)
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Sunspring
Sharp & Goodwin (2016)

[video]

http://arstechnica.com/the-multiverse/2016/06/an-ai-wrote-this-movie-and-its-strangely-moving/
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Hardware

• local machine
• build your own server
• AWS / Google Cloud Platform
• GPU(s) / TPU(s)
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Popular Libraries
based on Johnson (2016) in Stanford CS231n l.12

Caffe Torch Theano TensorFlow
Language C++, Python Lua Python Python
Pretrained Yes++ Yes++ Yes (Lasagne) Inception
Parallel GPUs: Data Yes Yes Yes Yes
Parallel GPUs: Model No Yes Experimental Yes (best)
Readable Source Code Yes (C++) Yes No No
Good at RNN No Mediocre Yes Yes (best)
Higher-Level APIs No No Keras Keras and TFLearn
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[Human Learning Resources]

https://www.jonkrohn.com/resources/
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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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ReLU: Rectified Linear Units
Nair & Hinton (2010); Maas, Hannun & Ng (2014)
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MNIST
LeCun, Cortes & Burges
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Fully-Connected Neural Net
Single Hidden Layer
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TensorFlow Playground

[demo]

http://playground.tensorflow.org/#activation=tanh&batchSize=10&dataset=circle&regDataset=reg-plane&learningRate=0.03&regularizationRate=0&noise=0&networkShape=1&seed=0.17272&showTestData=false&discretize=false&percTrainData=50&x=true&y=true&xTimesY=false&xSquared=false&ySquared=false&cosX=false&sinX=false&cosY=false&sinY=false&collectStats=false&problem=classification&initZero=false&hideText=false
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Deep Fully-Connected Net
3 (or more) Hidden Layers
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TFLearn

Caffe Torch Theano TensorFlow
Language C++, Python Lua Python Python
Pretrained Yes++ Yes++ Yes (Lasagne) Inception
Parallel GPUs: Data Yes Yes Yes Yes
Parallel GPUs: Model No Yes Experimental Yes (best)
Readable Source Code Yes (C++) Yes No No
Good at RNN No Mediocre Yes Yes (best)
Higher-Level APIs No No Keras Keras and TFLearn
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A Simple Deep Net in TFLearn

[notebook]

https://github.com/the-deep-learners/study-group/blob/master/demos-for-talks/simple_dnn.ipynb
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Synaptic Pruning



Deep
Learning

Antecedents
Vision Case Study

Building Blocks

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

(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
Mostly 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

[Summary Blog Post]

https://www.untapt.com/blog/2016/09/29/deep-learning-study-group-session-3-how-to-improve-neural-networks/
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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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Classic Deep Architectures
...introducing Convolutional Layers
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Hubel & Wiesel (1959)
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AlexNet
Krizhevsky, Sutskever & Hinton (2012)
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ConvNet Visualisation
Yosinski et al. (2015)

[video]

https://www.youtube.com/watch?v=AgkfIQ4IGaM
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Network Architectures
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AlexNet: ILSVRC ‘12 winner
Krizhevsky et al. (2012)

[TFLearn notebook]

https://github.com/the-deep-learners/study-group/blob/master/demos-for-talks/AlexNet.ipynb
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VGGNet: ILSVRC ‘14 runner-up
Simonyan & Zisserman (2015)

[TFLearn notebook]

https://github.com/the-deep-learners/study-group/blob/master/demos-for-talks/VGGNet.ipynb
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ConvNet in TensorFlow

Caffe Torch Theano TensorFlow
Language C++, Python Lua Python Python
Pretrained Yes++ Yes++ Yes (Lasagne) Inception
Parallel GPUs: Data Yes Yes Yes Yes
Parallel GPUs: Model No Yes Experimental Yes (best)
Readable Source Code Yes (C++) Yes No No
Good at RNN No Mediocre Yes Yes (best)
Higher-Level APIs No No Keras Keras and TFLearn
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ConvNet in TensorFlow

[notebook]

https://github.com/the-deep-learners/study-group/blob/master/weekly-work/week1/deep_MNIST.ipynb
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ConvNet in Theano

Caffe Torch Theano TensorFlow
Language C++, Python Lua Python Python
Pretrained Yes++ Yes++ Yes (Lasagne) Inception
Parallel GPUs: Data Yes Yes Yes Yes
Parallel GPUs: Model No Yes Experimental Yes (best)
Readable Source Code Yes (C++) Yes No No
Good at RNN No Mediocre Yes Yes (best)
Higher-Level APIs No No Keras Keras and TFLearn
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ConvNet in Theano

[demo]

https://github.com/the-deep-learners/study-group/blob/master/weekly-work/week5/network3.ipynb
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ConvNet in Keras
calls TensorFlow or Theano

Caffe Torch Theano TensorFlow
Language C++, Python Lua Python Python
Pretrained Yes++ Yes++ Yes (Lasagne) Inception
Parallel GPUs: Data Yes Yes Yes Yes
Parallel GPUs: Model No Yes Experimental Yes (best)
Readable Source Code Yes (C++) Yes No No
Good at RNN No Mediocre Yes Yes (best)
Higher-Level APIs No No Keras Keras and TFLearn
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ConvNet in Keras
calls TensorFlow or Theano

[notebook]

https://github.com/the-deep-learners/study-group/blob/master/demos-for-talks/Keras_MNIST_ConvNet.ipynb
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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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Kaggle
Data Science Bowl 2017

[link]

https://www.kaggle.com/c/data-science-bowl-2017/
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Transfer Learning
Caffe

Caffe Torch Theano TensorFlow
Language C++, Python Lua Python Python
Pretrained Yes++ Yes++ Yes (Lasagne) Inception
Parallel GPUs: Data Yes Yes Yes Yes
Parallel GPUs: Model No Yes Experimental Yes (best)
Readable Source Code Yes (C++) Yes No No
Good at RNN No Mediocre Yes Yes (best)
Higher-Level APIs No No Keras Keras and TFLearn
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Transfer Learning
Caffe

[Model Zoo]

https://github.com/BVLC/caffe/wiki/Model-Zoo
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Transfer Learning
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Video Classification

[video]

https://www.youtube.com/watch?v=qrzQ_AB1DZk
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RNNs; LSTM RNNs
Hochreiter & Schmidhuber (1997)
Graves, ... & Schmidhuber (2009)
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Vector Space Embedding
Word2Vec: Mikolov, ... & Dean (2013)
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t-SNE
Hinton & van der Maaten (2008)
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‘Understand’ Language
with Word2Vec features in your model

[even with small corpora]

https://medium.com/@grivescorbett/word2vec-in-niche-domains-with-limited-data-e8c3a2c7ef52
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Quick, Draw!
ConvNet + LSTM

[link]

https://quickdraw.withgoogle.com/
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Multi-Stage Bayesian Regression with PyMC3

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

deep-orange.untapt.com



Deep
Learning

Antecedents
Vision Case Study

Building Blocks

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement



Deep
Learning

Antecedents
Vision Case Study

Building Blocks

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

Outline

1 Antecedents
Case Study: A History of Biological & Artificial Vision
Building Blocks

2 Theory
Biological & Artificial Neurons
Neural Networks
Deep Neural Networks

3 Contemporary Applications
Convolutional Neural Networks
Long Short-Term Memory Recurrent Neural Networks
Deep Learning at untapt
Deep Reinforcement Learning



Deep
Learning

Antecedents
Vision Case Study

Building Blocks

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement

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
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[OpenAI Universe]

[Google DeepMind Lab]

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


Deep
Learning

Antecedents
Vision Case Study

Building Blocks

Theory
Neural Units

Neural Nets

Deep Neural Nets

Application
ConvNets

LSTMs

untapt

Reinforcement


	Antecedents
	Case Study: A History of Biological & Artificial Vision
	Building Blocks

	Theory
	Biological & Artificial Neurons
	Neural Networks
	Deep Neural Networks

	Contemporary Applications
	Convolutional Neural Networks
	Long Short-Term Memory Recurrent Neural Networks
	Deep Learning at untapt
	Deep Reinforcement Learning


