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2. Deep Learning % Tensor
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Realistic ML Model

1) Explore kinds of data

2) ldentify data sources

3) Curate data

4) Supervise data

5) Evaluate and debug / modify models

6) Adapt to business needs

7) Deploy, serve, monitor

8) Continually repeat: modify and improve
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DEEP NEURAL NETWORK
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THE SOFTWARE INDUSTRY
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THE MACHINE LEARNING INDUSTRY
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Machine Learning



Software =
Empirical
Science

(Probabilistic, Uncertain)
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FROM RESEARCHERS TO PRACTITIONERS



Gravitational Lensing

(10 Million Times Faster) L. P. Levasseu



Hunting for Exoplanets (Kepler)
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Assessing Cardiovascular Risk Factors
with Computer Vision

Image of retina Blood pressure predictions

focus on blood vessels Li Iy P e n g



High School Students |dentifying Cancer
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ldentifying Sick Cassava Plants
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Portrait Mode
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Uncovering Bias in Movies

Female Male

Average time 100% 75% 50% 25% 0% 25% 50% 75% 100%

Male leads
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Sorting Cucumbers
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Things He Shouldn’t Have to Say

*There should be 17 convolution layers, then ...
*The learning rate should be ...

*Use L2 loss ...

*To reduce training time, ignore these features ...
*Use a onbe-hot encoding for this feature ,,,



Things He Should Say

* Here are examples of the nine classes
* The sorting station has electric lights, and also sunlight
* The worst mistake is to classify a C as something else.

e Look at size and thickness, color, texture, small scratches, whether
or not they are crooked and whether they have prickles

* Prickles and scratches are less important
* This was classified wrong because ...

* Sometimes if the camera is directly above the curve, it makes the
curve hard to see

* The background doesn’t matter



Why ML?

Keeping Up with
A Changing World
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Why ML?

Development
Speed
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Why ML?

Doing What You
Don’t Know How to Do
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Dealing
with
Difficulties



Machine Learning:
The High-Interest Credit Card of Technical Debt

D. Sculley, Gary Holt, Daniel Golovin, Eugene Davydov,

Todd Phillips, Dietmar Ebner, Vinay Chaudhary, Michael Young
{dsculley, gholt,dgg, edavydov}@google.com
{toddphillips, ebner, vchaudhary, mwyoung}@google.com
Google, Inc

Abstract

Machine learning offers a fantastically powerful toolkit for building complex sys-
tems quickly. This paper argues that it is dangerous to think of these quick wins
as coming for free. Using the framework of technical debt, we note that it is re-
markably easy to incur massive ongoing maintenance costs at the system level
when applying machine learning. The goal of this paper is highlight several ma-
chine learning specific risk factors and design patterns to be avoided or refactored
where possible. These include boundary erosion, entanglement, hidden feedback
loops, undeclared consumers, data dependencies, changes in the external world,
and a variety of system-level anti-patterns.
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Example: Google Now

Depart now for:
Return Rental Car to Logan Airport

156 Tomahawk Dir,
Boston MA N\
Time of travel: 289 e

N
<
2

23 minutes by bicycle *.,

event = ExtractEvent(email.body)

trip = Travel(current.location, event.location, event.time)
CreateAlert(trip)
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Feedback Loops




Feedback Loops

Go gle ’ things to do in san j

things to do in san jose
things to do in san jose today
things to do in san jose at night
things to do in san juan puerto rico
San Jose

-MYSTERY HOUSE }

e .

- e

Downtown San Winchester The Tech Children's Rosicrucian
Egyptian Museum Park & Zoo Basilica of St.

Jose Mystery House Museum of Discovery
Innovation Museum of San ...

The Top 10 Things to Do in Sgn Jose - TripAdvisor
www.tripadvisor.com/Attractions-g33J0-Activities-Sa... v TripAdvisor LLC
Hotels near Winchester Mystery Hous Is near The Tech Museum of
Innovation. Hotels near Rosicrucian E useum. Hotels near Happy Hollow
Park and Zoo. Hotels near SAP Center. near Children's Discovery Museum.
Hotels near Municipal Rose Garden. Hdtels\@ar Cathedral Basilica of St. Joseph.
Municipal Rose Garden - Winchester Mystery Y@®use - California Theatre

Things to do in San Jose, CA: California City Guide by 10Best
www.10best.com/destinations/california/san-jose/ v

San Jose travel guide on the best things to do in San Jose, CA. 10Best reviews
restaurants, attractions, nightlife, clubs, bars, hotels, events, and shopping in San ...
Best Attractions & Activities - San Jose Attractions - Best Nightlife in San Jose

I'm Feeling Lucky »
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Feedback Loops
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Data/Configuration Dependencies




Data Dependencies:
Blacklist: do not index

Google!
really-gross-stuff.com
calendar/next-page-button
lots-of-other/things

/cgi/

/cgi-bin/




Schematic MCO Encounter Diagram
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Concrete Problems in AI Safety

Dario Amodei* Chris Olah* Jacob Steinhardt Paul Christiano

Google Brain Google Brain Stanford University UC Berkeley
John Schulman Dan Mané
OpenAl Google Brain
Abstract

Rapid progress in machine learning and artificial intelligence (AI) has brought increasing atten-
tion to the potential impacts of Al technologies on society. In this paper we discuss one such
potential impact: the problem of accidents in machine learning systems, defined as unintended
and harmful behavior that may emerge from poor design of real-world AI systems. We present a
list of five practical research problems related to accident risk, categorized according to whether
the problem originates from having the wrong objective function (“avoiding side effects” and
“avoiding reward hacking”), an objective function that is too expensive to evaluate frequently
(“scalable supervision”), or undesirable behavior during the learning process (“safe exploration”
and “distributional shift”). We review previous work in these areas as well as suggesting re-
search directions with a focus on relevance to cutting-edge Al systems. Finally, we consider
the high-level question of how to think most productively about the safety of forward-looking
applications of Al



Scalable Oversight
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Safe Exploration




Inattention Valley




Utility Function Design
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Fundamental Formula of Al

act® = argmax , ;, aions E(Utility(Result(a, s)))

* State Estimation:s

e Model of World: Actions, Result
* Probabilistic Reasoning: E

* Search Algorithm: argmax

* Our Values/Desires: Utility






YOU HANE THREE W\GHES.
€ ONLY RULE \S YoU CAN'T
WISH FOR MORE WISHES.




I VWISH THAT EACH WIGH BT WISH THAT WISHES
BE CONS\DERED B8€ CALCLLATED N
CEPARATELY. ABSOLUTE VALLE.




I WISH FOR A THOUSANU
FEWER WISHES.







Last Tweets of the Krell

/;\ Peter Norvig
v Mar 31, 2017 - 5 min read

Many readers are no doubt familiar with Forbidden Planet, the documentary

film about the Krell civilization, which came to an unfortunate end just at the
launch of what could have been their biggest achievement. Ever since the
film’s release in 1956, xenoanthropologists have been stymied by a lack of

source material on the Krell.




Bug Fixes for Midas / Genie / Krell

* Specify an “undo” function

* Do some simulations first

* Then do small-scale tests

* Do adversarial tests / red teams

* Monitor tests and deployments

* Have ability to shut down or roll back

* Specify a prompt for unsafe actions

* Continuous evolution and improvement
* Don’t over-rely on language: case law



WHAT WILL PROGRAMMERS BE?



PROGRAMMER = MHEROMANAGER?2
TEACHER? GENERAL? PHILOSOPHER?

Don’t tell people how to do things,
tell them what to do, and let them
L surprise you with their results.
— Gen. George Patton
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