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Neural Information Processing Systems 2016

B A R C E L O N A  •  S P A I N  •  DECEMBER 5 - 10  |  http://nips.cc

NIPS 2016
TUTORIALS 

Deep Reinforcement Learning Through Policy Optimization
Pieter Abbeel (OpenAI, UC Berkeley) and John Schulman (OpenAI)

Large-scale Optimization: Beyond Stochastic Gradient 
Descent and Convexity
Francis Bach (INRIA, ENS) and Suvrit Sra (MIT)

Variational Inference: Foundations and Modern Methods
David Blei (Columbia), Shakir Mohamed (Google Deepmind) and 
Rajesh Ranganath (Princeton)

Natural Language Processing for Computational Social Science
Cristian Danescu-Niculescu-Mizil (Cornell) and Lillian Lee (Cornell)

Generative Adversarial Networks
Ian Goodfellow (OpenAI)

Theory and Algorithms for Forecasting Non-stationary Time Series
Vitaly Kuznetsov (Google) and Mehryar Mohri (Courant Institute, 
Google Research)

Deep Learning for Building AI Systems
Andrew Ng (Baidu, Stanford University)

ML Foundations and Methods for 
Precision Medicine and Healthcare
Suchi Saria (Johns Hopkins) and Peter Schulam (Johns Hopkins)

Crowdsourcing: Beyond Label Generation
Jenn Wortman Vaughan (Microsoft Research)

INVITED SPEAKERS

Reproducible Research: the Case of the Human Microbiome
Susan Holmes (Stanford University)

Dynamic Legged Robots
Marc Raibert (Boston Dynamics)

Intelligent Biosphere
Drew Purves (Google DeepMind)

Predictive Learning
Yann LeCun (Facebook and New York University)

Machine Learning and Likelihood-Free Inference in 
Particle Physics
Kyle Cranmer (New York University)

Learning About the Brain: Neuroimaging and Beyond
Irina Rish (IBM T.J. Watson Research Center)

Engineering Principles From Stable And Developing 
Brains 
Saket Navlakha (The Salk Institute for Biological Studies)

SYMPOSIA 

Recurrent Neural Networks and other 
Machines that Learn Algorithms
Alex Graves (Google DeepMind)
Juergen Schmidhuber (IDSIA) 
Rupesh Srivastava (IDSIA)
Sepp Hochreiter (Johannes Kepler University)

Deep Learning
Navdeep Jaitly (Google)
Roger Grosse (University of Toronto) 
Yann LeCun (New York University & Facebook)

Machine Learning and the Law
Adrian Weller  (Cambridge,  Alan Turing Inst.)
Conrad McDonnell (Gray's Inn Tax Chambers)
Jatinder Singh (University of Cambridge)   
Thomas Grant (University of Cambridge)

ORGANIZING COMMITTEE 

General Chairs: 
Daniel D Lee (University of Pennsylvania)
Masashi Sugiyama (The University of Tokyo) 

Program Chairs: 
Ulrike von Luxburg (University of Tübingen)
Isabelle Guyon (Clopinet)   

Tutorials Chair: 
Joelle Pineau (McGill University)
Hanna Wallach (Microsoft)   

Workshop Chairs: 
Ralf Herbrich (Amazon)   

Demonstration Chair: 
Raia Hadsell (Google DeepMind)   

Publications Chair & Electronic Proceedings Chair: 
Roman Garnett  (Washington University)   

Program Managers: 
Krikamol Muandet (Mahidol University and MPI)
Rohit Babbar, Behzad Tabibian (MPI for Intelligent 
Systems)

PROGRAM COMMITTEE
 

Emmanuel Abbe, Princeton Univ.
Alekh Agarwal, Microsoft
Anima Anandkumar, UC Irvine
Chloé-Agathe Azencott, MINES ParisTech
Shai Ben-David, Univ. Waterloo
Alina Beygelzimer, Yahoo Research
Jeff Bilmes, Univ. of Washington, Seattle
Gilles Blanchard, Univ. of Potsdam
Matthew Blaschko, KU Leuven
Tamara Broderick, MIT

Sebastien Bubeck, Princeton
Alexandra Carpentier, Univ. Potsdam
Miguel Carreira-Perpinan, UC Merced
Kamalika Chaudhuri, UC San Diego
Gal Chechik, Google, Bar-Ilan Univ.
Kyunghyun Cho, New York Univ.
Aaron Courville, Univ. of Montreal
Koby Crammer, Technion
Florence d'Alché-Buc, Telecom Paris Tech
Arnak Dalalyan, ENSAE ParisTech
Marc Deisenroth, Imperial College London
Francesco Dinuzzo, Amazon

Finale Doshi-Velez, Harvard
Ran El-Yaniv, Technion
Hugo Jair Escalante, INAOE
Sergio Escalera, Univ. of Barcelona 
Maryam Fazel, Univ. of Washington
Aasa Feragen, Univ. of Copenhagen
Rob Fergus, New York Univ.
Xiaoli Fern, Oregon State Univ.
Francois Fleuret, Idiap Research Institute
Surya Ganguli, Stanford 
Peter Gehler, Univ. of Tübingen
Claudio Gentile, DiSTA, Universita dell'Insubria

Lise Getoor, UC Santa Cruz
Mark Girolami, Imperial College London
Amir Globerson, Tel Aviv Univ.
Yoav Goldberg, Bar Ilan Univ.
Manuel Gomez, Max Planck Institute
Yves Grandvalet, Univ. of Compiègne & CNRS
Moritz Grosse-Wentrup, MPI
Zaid Harchaoui, Univ. of Washington
Moritz Hardt, Google
Matthias Hein, Saarland Univ.
Philipp Hennig, MPI IS Tübingen
Frank Hutter, Univ. of Freiburg

Prateek Jain, Microsoft Research
Navdeep Jaitly, Google Brain
Stefanie Jegelka, MIT
Samuel Kaski, Aalto Univ.
Koray Kavukcuoglu, Google DeepMind
Jens Kober, TU Delft
Samory Kpotufe, Princeton Univ.
Sanjiv Kumar, Google Research
James Kwok, Hong Kong Univ.
Simon Lacoste-Julien, U. of Montreal
Christoph Lampert, IST Austria
Hugo Larochelle, Twitter

Francois Laviolette, L'Université Laval
Honglak Lee, Univ. of Michigan
Christoph Lippert, Human Longevity
Po-Ling Loh, UW-Madison
Phil Long, Sentient Technologies
Jakob Macke, Caesar Bonn
Julien Mairal, Inria
Shie Mannor, Technion
Marina Meila, Univ. of Washington
Claire Monteleoni, George 
Washington Univ.
Remi Munos, Google DeepMind

Guillaume Obozinski, Ecole Paris
Cheng Soon Ong, Data61 and ANU
Francesco Orabona, Stony Brook U.
Fernando Perez-Cruz, Universidad 
Carlos III de Madrid, Bell Labs (Nokia)
Jonathan Pillow, Princeton Univ.
Doina Precup, McGill Montreal
Alain Rakotomamonjy, Univ. of Rouen
Manuel Rodriguez, Max Planck Inst.
Rómer Rosales, Linkedin
Lorenzo Rosasco, U. of Genova, MIT
Sivan Sabato, Ben-Gurion Univ. 

Mehreen Saeed, FAST, Univ of CES
Ruslan Salakhutdinov, CMU
Purnamrita Sarkar, Univ. T. Austin
Fei Sha, USC
Ohad Shamir Weizmann, Inst of Science
Jonathon Shlens, Google Brain
David Sontag, New York Univ.
Suvrit Sra, MIT
Karthik Sridharan, Cornell Univ.
Bharath Sriperumbudur, 
Pennsylvania State Univ.
Erik Sudderth, Brown Univ.

Csaba Szepesvari, Univ. of Alberta
Graham Taylor, Univ. of Guelph
Ambuj Tewari, Univ. of Michigan
Ruth Urner, MPI Tübingen
Benjamin Van Roy, Stanford
Jean-Philippe Vert, MINES ParisTech
Bob Williamson, Data61 and ANU
Jennifer Wortman, Vaughan 
Microsoft Research
Lin Xiao, Microsoft Research
Kun Zhang, CMU
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Barcelona

I capital city of Catalonia region
I 2nd largest city in Spain
I 1.6 M people (4.7 M urban area)

I gothic, art-nouveau/modernist
and modern architecture icons

I hills, harbour, and beaches
I party all year round
I UNESCO world heritage
I Olympic games 1992
I FCB, Camp Nou, Lionel Messi

I NIPS-16 at CCIB conference center
I conveniently, 70 m from the beach
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Las Ramblas, Parc Güell, Beach
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Barcelona Landmarks
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NIPS 2016

I 05-10 Dec 2016, Centre Convencions Internacional Barcelona
I organizers:

I Daniel D. Lee, Masashi Sugiyama, General Chairs
I Ulrike von Luxburg, Isabelle Guyon, Program Chairs

I 2500 submissions, 568 accepted (22%)
I 45 oral presentations (2%), 523 posters (20%)
I 13674 reviews

I two track conference, four poster sessions
I 1 plenary lecture: Yann LeCun ”Predictive Learning“
I 9 tutorials, 3 symposia, 50 workshops
I ca. 40 exhibitors
I ca. 6000 participants

I open access: digest and all papers online

http://nips.cc/
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Research Topics

I deep learning everywhere
I image recognition
I MNIST, CIFAR, . . .
I recursive architectures
I deep RL and A3C

I lots of Bayesian approaches

I few papers on ”classical“
algorithms

I no SVMs at all

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 8 / 104



Opening Ceremony: Terry’s Law
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Opening Ceremony: Program Chairs
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Submissions and Reviews
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Hot Topics
Deep Learning, CV, Large-scale, Theory, plus a large tail
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Reviews: Decrease Bias and Variance :-)
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Reviews: Quality of Submissions
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Reviews: Automatic Area Chairs?
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Yann LeCun Plenary Talk: Predictive Learning
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Supervised Learning
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Very Deep Convolutional Nets
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DeepMask
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DeepMask: Sheep

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 21 / 104



Obstacles to Progress in AI
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Learning Efficiency: the Cake Analogy
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Predicting + Planning = Reasoning
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PhysNet: Learning Physics
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Memory/Stack-Augmented Recurrent Nets

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 26 / 104



Capturing Dependencies with an Energy Function
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Train GAN to Predict World Behaviour
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Adversarial Training
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Poster-Session
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Giveaways: New Tux Mutations

Tencent Labs
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Andrew Ng: Nuts and Bolts of DL

Andrew Ng, handout slides
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The Rise of End-to-End Learning
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End-to-End Learning: Speech Recognition

I the era of hand-coded features is over. . .
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End-to-End Learning: Autonomous Driving
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Traditional Training Data Split
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Basic Machine Learning Recipe
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Check your Training Data Distributions
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Better Training Data Split

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 39 / 104



Improved Machine Learning Recipe
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General Human/Bias/Variance Analysis
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Human Level Performance
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Quiz: Medical Imaging
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OT: Stanford PhD Recipe

proven Stanford Univ. approach to PhD research:
I read (lots of) papers
I try to reproduce their results
I understand what works and what doesn’t

I get your hands dirty (real data, real systems)
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Deep-Learning Outlook. . .

I low-hanging fruit: supervised, larger datasets, transfer learning
I mid-term: unsupervised learning
I far in the future: real robust RL applications
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Abbeel & Shulman: Deep RL Tutorial
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PR2 Manipulation Learning: Duplo
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PR2 Manipulation Learning: Shape-sorting Box
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PR2 Manipulation Learning: Network Archictecture
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PR2 Manipulation learning: Autonomous
Execution
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Abbeel: Current Frontiers

I off-policy policy gradients / Off-policy actor-critic
I exploration
I auxiliary objectives
I multi-task and transfer (incl. sim2real)
I meta-RL
I 24/7 data collection
I safety
I architectures
I inverse RL, model-based RL, hierarchical RL

How to get started?
I deep RL courses on the web
I deel RL code bases
I environments, e.g. OpenAI Universe
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Universe — World of Bits: Educational Games

https://universe.openai.com
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Ian Goodfellow: Generative Adversarial Networks
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GAN: Video Frame Prediction
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GAN: General Framework
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GAN: Minimax Game
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GAN: Discriminator Strategy
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GAN: DCGAN Architecture

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 58 / 104



GAN: Problems with Perspective
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Workshop on Efficient Methods for DNNs
M. Rastegari & M. Courbariaux, http://allenai.org/plato/emdnn/

I nVidia
I Intel ”Nervana“ (hardware+compiler+cloud)
I binarized networks, real-time on iPhone/Raspberry
I FPGAs and ASICs
I good poster session

I fun discussions
I Intel: we have 10x more multipliers
I nVidia: what you have is vaporware
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Ali Farhadi: DL on Resource-Constrainted Platforms
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Float vs. Binary
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Deep Binary Weight Network
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AlexNet vs. Binary AlexNet
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XNOR-Net
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XNOR-Net
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Network Structure in XNOR-Nets
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XNOR-Net Performance
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Live Demo: AlexNet on iPhone and Raspberry Zero
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nVidia: A3C on GPU
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nVidia: GA3C vs A3C

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 72 / 104



Song Han (?), Stanford: DNN FPGA Architecture
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DNN FPGA Speedup and Efficiency
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Vivienne Sze: EyeRiss Energy-Efficient DNNs
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High-Dimensional CNN Convolution
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Properties we can leverage
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Data Movement is Expensive
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CNN Convolution Options
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Chip Spec
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Comparison with (mobile) GPU
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Yoshua Bengio: Low Precision Neural Nets
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Binarized Neural Nets
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Continual Learning Workshop
Mark Ring et.al., https://sites.google.com/site/cldlnips2016/

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 84 / 104



Satinder Singh: Simple Continual Learning
Demonstration
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Neurobotics Workshop
https://rueckert.lima-city.de/NIPSWS2016/WebContent
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Tensegrity Robotics: NASA SuperBall
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Tobi Delbrück, Zürich: DVS Event Camera

I custom event-based image sensor, CMOS prototype
I per pixel brightness (log I) change detection
I only active pixels are read out (image gradients)

I static scenes: no image readout at all
I requires custom software to reconstruct full image
I fast tracking of moving objects
I ego-motion scene-reconstruction
I rock-paper-scissors live demo

I insight: spiking neurons a means to save energy
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DVS Camera: Live Demo
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DVS Camera: Tracking
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DVS Camera: Optical Flow and Intensity Estimation
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DVS Camera: 500fps Spinning Fan Blades
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DVS Camera: Autonomous Vehicle with DNN
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Kristian Kersting: ML Genome: Learning about
Learning Algorithms
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Emo Todorov: Optimal Control
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Goal Directed Dynamics
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Keeping your head up while falling

N. Hendrich – NIPS 2016 Highlights – TAMS Oberseminar, 17.01.2017 97 / 104



Q&A

(disclaimer: from memory, not accurate transscript. . . )

Q: you are using dynamics, are you also going to try DNNs?

A: Well, we know that NNs are universal function approximators.
So, there exists this network where I write any title and it
outputs a complete paper that is then accepted at Nature.
Am I going to chase this network? No!
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Rich Sutton: General AI Architecture
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RL with Auxiliary Tasks
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Bayesian Workshop: Toussaint: Learning
Manipulation
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CORL
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Bayesian Extimation of Success Region
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