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Disclaimer

This document contains images obtained by routine
Google Images searches. Some of these images may
perhaps be copyright. They are included here for
educational noncommercial purposes and are considered
to be covered by the doctrine of Fair Use. In any event
they are easily available from Google Images.

It’s not feasible to give full scholarly credit to the
creators of these images. We hope they can be satisfied
with the positive role they are playing in the educational
process.
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Literally Everywhere

‘Scientists in Antarctica are downloading mobile games. Parents in Syria worry
about kids using too much tech. Islanders in American Samoa connect with 4G,
and sherpas in Nepal chat on their smartphones while lugging 75-pound loads.’

John Koetsier TUNE 12/29/2015

https://www.tune.com/blog/global-mobile-why-2016-is-the-global-tipping-point-for-the-mobile-economy/
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Cloud Paradigm

Cloud Paradigm:

I Billions of smart devices each drive queries to cloud servers

I Millions of business relying on cloud for all needs

Symbiosis of cloud and economy is lasting and disruptive.
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Marc Andreesen - WSJ - 2011
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Stack Paradigm I

Stack Paradigm:

I Organizations combine software components from other
providers in a stack

I Massive new capabilities emerge by hybridizing components

Examples:

I Uber (next slide)

I Netflix relies on AWS

I Snap, Dropbox etc. small teams
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Stack Paradigm II

Jeetu Patel, Software is still eating the world, TechCrunch, Jan 2016
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Marc Andreesen - WSJ - 2011

D Donoho/ H Monajemi Stats 285 Stanford Lecture 01: Revolutions Everywhere



The Computing Discontinuity
The Revolution in Computational Science

Case Study: Deep Learning
Resistance

Painless Computational Experiments

Explosion of Computational Resources

Cloud Paradigm:

I Billions of smart devices each drive queries to cloud servers

I Millions of business relying on cloud for all needs

Symbiosis of cloud and economy is lasting and disruptive.

Cloud provides any user same-day delivery:

I Tens to hundreds of thousands of hours of CPU

I Pennies per CPU hour

Any user can consume 1 Million CPU hours over a few days for a
few $10K’s.
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Massive Computational Power Will Transform Science

Traditionally:

I Deduction (in math)

I Induction (in physical sciences)

Emerging new approach:

I Massive computational experiments
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Massive Computations in Science

Traditionally computational fields

Protein Design
(Huang et al. 2016)

AI
(Alahi et al. 2016)

Oil Field Devel.
(Shirangi et al. 2015)
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Massive Computations in Science

Traditionally non- computational field – Mathematics

Borwein/Bailey Borwein/Devlin Individual Articles
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Synchronies, 1

Over same timeframe – 2010-2014

I Instagram, Snapchat emerge to global prominence

I Deep Learning catapults to global attention

Coincides with emergence of

I Smartphone photography

I Cloud computing

I Cloud storage of selfie/smartphone photography
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Marc Andreesen - WSJ - 2011
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Common Task Framework (1980’s)

Under CTF we have the following ingredients

(a) A publicly available training dataset involving, for each
observation, a list of (possibly many) feature
measurements, and a class label for that observation.

(b) A set of enrolled competitors whose common task is to
infer a class prediction rule from the training data.

(c) A scoring referee, to which competitors can submit their
prediction rule. The referee runs the prediction rule
against a testing dataset which is sequestered behind a
Chinese wall. The referee objectively and automatically
reports the score achieved by the submitted rule.

See Mark Liberman’s description (Liberman, 2009).
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CTF Really Works!
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CTF Lifestyle – 1

1. Researchers set up local copies of Challenge
I Data – Training, Test carved out of public dataset
I Scoring – same as challenge scoring rule

2. Researcher’s job: ’tuning models’
I Think up a family of model variations – ’tweak’s
I Run a full ‘experiment’ – suite of tweaks – ’grid’
I Score each tweak
I Submit best-scoring result to central authority

3. Successful researchers perpetually motivated by
Game-ification: tweaking, scoring, winning.

4. Researchers who tweak more often, win more often!.

5. If easier to implement tweaks and faster to evaluate them,
more likely to win!.
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CTF Lifestyle – 2

Sebastiao Salgado, Work
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CTF Goes Mainstream

1. Netflix Challenge (2009)
$1 Million Prize

2. Kaggle (2010)
1 Million’th competitor expected Sept. 2017

3. Fei-Fei Li masterminds ImageNet 2008-2010

4. Hinton’s Deep Learning Team wins ImageNet 2012

D Donoho/ H Monajemi Stats 285 Stanford Lecture 01: Revolutions Everywhere



The Computing Discontinuity
The Revolution in Computational Science

Case Study: Deep Learning
Resistance

Painless Computational Experiments

The Sudden Emergence of Deep Learning
The Slow Emergence of the Common Task Framework
CTF Goes Mainstream
Lessons from Case Study
Framework Wars

D Donoho/ H Monajemi Stats 285 Stanford Lecture 01: Revolutions Everywhere



The Computing Discontinuity
The Revolution in Computational Science

Case Study: Deep Learning
Resistance

Painless Computational Experiments

The Sudden Emergence of Deep Learning
The Slow Emergence of the Common Task Framework
CTF Goes Mainstream
Lessons from Case Study
Framework Wars

D Donoho/ H Monajemi Stats 285 Stanford Lecture 01: Revolutions Everywhere



The Computing Discontinuity
The Revolution in Computational Science

Case Study: Deep Learning
Resistance

Painless Computational Experiments

The Sudden Emergence of Deep Learning
The Slow Emergence of the Common Task Framework
CTF Goes Mainstream
Lessons from Case Study
Framework Wars

Researchers Preparing for NIPS 2017

Sebastiao Salgado, Work
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Lessons from Deep Learning Case Study

1. Researchers who tweak more often, win more often!

2. If easier to implement tweaks and faster to evaluate them,
more likely to win!

3. Successful Research Environment
I Easy to tweak models
I Easy to score tweaks
I Fast to score tweaks

4. Successful researchers perpetually motivated by
Game-ification: tweaking, scoring, winning.

5. Easier to stay motivated when easier and more comfortable to
play the game.

I Elegant expression of tweaks
I Rapid turn-around for scoring
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Framework Wars – 1

Influential Frameworks for Deep Learning Influential Frameworks
for Deep Learning

I Matlab
– pre-framework

I TensorFlow
– open source (Originally by Google Brain)

I Torch
– scientific computing framework written in Lua

I PyTorch
– Python package for scientific computing (310

contributors)
I Keras

– A Python wrapper around TensorFlow, CNTK and
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Framework Wars - 4

The real action is all in frameworks

1. Dream up, test, and publish better ...
I Types of models
I Types of tweaks
I Properties for evaluation

2. Implement better frameworks ...
I More elegant expression of models, tweaks
I Distributed Learning across clusters
I Smoother collection and analysis of results
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Intellectual impoverishment
Solution: The Great Enrichment

Resistance – 1

We are at a university!

1. Q: Where’s the intellectual activity in tuning?

2. Q: I didn’t come here to do hard manual labor!

3. Q: I didn’t come here to compete as mindless drones!

D Donoho/ H Monajemi Stats 285 Stanford Lecture 01: Revolutions Everywhere



The Computing Discontinuity
The Revolution in Computational Science

Case Study: Deep Learning
Resistance

Painless Computational Experiments

Intellectual impoverishment
Solution: The Great Enrichment

Resistance t– 2

We are at a university!

1. Q: Where’s the intellectual activity in tuning?

2. Q: I didn’t come here to do hard manual labor!

3. Q: I didn’t come here to compete as mindless drones!

What we see:

Sebastiao Salgado, Work
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Resistance 3

We are at a university!

1. Q: Where’s the intellectual activity in tuning?

2. Q: I didn’t come here to do hard manual labor!

3. Q: I didn’t come here to compete as mindless drones!

What we imagine:
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Metaphor: Computers as Slavery

Traditionally, ‘using computers’ involves interactively running
programs (Excel, Point-and-click)
Claerbout’s Dictum: “... dependence on an interactive program
can be a form of slavery”
http://sepwww.stanford.edu/sep/jon/reproducible.html

Photo: Jon Claerbout Cartoon: http://fritsAhlefeldt.com

D Donoho/ H Monajemi Stats 285 Stanford Lecture 01: Revolutions Everywhere



The Computing Discontinuity
The Revolution in Computational Science

Case Study: Deep Learning
Resistance

Painless Computational Experiments

Intellectual impoverishment
Solution: The Great Enrichment

Digression: The Great Enrichment (Deidre McKloskey) 1
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Digression: The Great Enrichment (Deidre McKloskey) 2
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The Great IT Enrichment – 1
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The Great IT Enrichment - 2

Our vision.

The intellectual poverty of the old interactive
’Excel’-era paradigm are real, but they will be
transcended.

New and better and more powerful abstractions will
lift us out of the mud and out of slavery.
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Coming Soon to a Scientifc field near you

In the near future,

I Scientific research will be transformed

I 1 million CPU Hours behind research papers and theses
I Widespread acceptance of empirical/simulation evidence

I 1 million-hour hurdle manageable through new frameworks.

I Frameworks offer Convenient and Efficient

I ... definition of experiments
I ... management of jobs
I ... gathering of results
I ... analysis and presentation

I Output:

I Better science
I Better math
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Course Focus: Frameworks for Massive Experiments, 1

I Traditional issues
I Experiments implicitly defined by executing unorganized code
I Hard to understand what the baseline is, what variations are
I Code dependencies unclear
I Ordeal to get all the jobs to run, maybe gave up early
I Tedious to harvest all the data, maybe missing some data
I Confusing manual compilation and reporting

I Modern Frameworks
I Systematic structure to coding
I Base experiment clearly defined
I Tweaks clearly defined
I Code dependencies explicit
I Grid of Jobs run systematically
I Automatic transparent access of (cluster, AWS,...)
I Data Harvested automatically to central data repository
I Data analyzed automatically using defined tools
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Course Focus: Frameworks for Massive Experiments, 2

I Example Frameworks

I By individual research teams:
I ClusterJob – Hatef Monajemi
I CodaLab – Percy Liang

I By startups:
I Databricks
I Civis Analytics
I Domino Data Labs
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A Look Ahead: https://stats285.github.io

Eric Jonas Occupy the Cloud
Victoria Stodden Enhancing Reproducibility...

Percy Liang CodaLab Worksheets
Travis Oliphant NumPy
Riccardo Murri IT for research: a journey ...

Andy Konwinski Databricks
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Global Economy → Computing → Science
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