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“Artificial Intelligence”



The evolution of Al
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Broad Al General Al
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Forbes

DEC 29, 2074 & 11:37 AM 115.776 & Sell In May & Walk Away: & Stocks to Dump

Tech 2015: Deep Learning And Machine Intelligence Will
Eat The World
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man in black shirt is playing guitar. construction worker in orange safety
vest is working on road.

Karpathy and Li, 2015
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Brock et al. 2018

Gatys et al. 2015



“Teddy Bear”

Meret Oppenheim, Le Déjeuner en fourrure



Wang et al. 2018



man in black shirt is playing guitar. construction worker in orange safety
vest is working on road.

Karpathy and Li, 2015



a man riding a
motorcycle on a beach

Lake, Ullman, Tenenbaum & Gershman, 2016



What’s this?
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» 100's of CME courses to choose from « $15/CME credit hour
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CCTA usage rate rises sharply, but still eclipsed by MPI

f Fetnsany 23, 2018 = The use of coronary CT angiography
(CCTA) 1o evaluabe chest pain in tha emergency departmant
has grown eaponentaly, but dinicians are shll using
myacardial periusien imaging (MP1) far mone frequetly,
according %o research published onling February 18 in the Amancan
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fMRI, machine learning could predict OCD therapy outcomes
ll Febnary 23, 2018 - By analyzing resting-state functional
MRI {MRT] brain scans with a machine-lsaming alganthm,
i rescarchers af the University of Calfomia, Los Angeles may
; harver dendised a way o predict ireatment outcomes for
pe-unln with chspssve-compulsin disorder (OCD)], sooeding 1o resulls
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Original Top-3 inferred captions:
1. A red stop sign sitting on the
side of a road.
2. A stop sign on the corner of a
street. l‘in-i-l-; 'E'IIEI
3. A red stop sign sitting on the
side of a street,

Adversarial Top-3 captions:

1. A brown teddy bear laying
on top of a bed.

2. A brown teddy bear
sitting on top of a bed.

3. A large brown teddy bear
laying on top of a bed.

|
T
Chen et al. 2018



The path to Broad Al

Explainability Security

Learns to transfer Reasons
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By the numbers....

$240m 1nvestment

Roughly 100 full-time equivalent researchers
(60 MIT / 40 IBM), working on 50 projects

10 year time horizon



What’s coming in the next few
years in Al?



The path to Broad Al

1. Extend
2. Understand

3. Accelerate



Understand

Explainability Security

Infrastructure
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Learns to transfer Physics of Al



Errors in Artificial Neural Networks 5\ gl
Debugging neural networks enables trust and transparency ' A

Antonio Terralba Stefanie Jegelka Hendrik Strobelt
MIT MIT IBM
neuron 1679; neuron 267 neuron 1749 neuron 793: neuron 1978
Bathroom Kitchen House Bathroom Person

Al: Washing dishes Network confused about the scene and did not detect the brush.

Truth: Brushing teeth
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Extend

Explainability Security

Learns to transfer Reasons Physics of Al



Methods for Exploiting Unlabeled Data in
Supervised Learning

Doing more with less annotation _ -
57 Prasanna Sattigien Cireg Womell

IBM MIT

Kumar et al. NIPS 2018. Alignment for Unsupervised Domain Adaptation



What’s coming in the next 3-5 years?



How many blocks are on the Will the block tower fall if  What 1s the shape of the object Are there more trees than
right of the three-level tower? the top block is removed? closest to the large cylinder? animals?



Neuro-symbolic Program Induction

Interring generative neural programs from data to enable
reasoning on complex data and enhance explamability of Al

Top row.: hand drawn figures
bottom row: outputs of inferred generative programs

\

Josh Tenenbaum

MIT
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| /" SN
Michael Withrock
1BM

Diego Castillo & |sabel Foster, 2006

Castillo et al. (2006)

Felix Nugee, 2000

Mugee (2000)

Lauran Dodi and Umair Ahmed, 1998

Dodi et al. (1998)

Inferring text transformation programs from examples, to clean
and standardize data, reason about complicated structured text,
enhance explainability




i.x

Jizjun W Chuang Gian  Josh Tenenbaum
MIT 1B3M MIT

Vision (CNN) Structured

Representation




Methods Count  Exist Compare Compare  (luery Owerall

Number  Annbute  Attribute
Humans [Johnson et al., 200 7h] 86.7 906 8.4 96.0 95.0 92.6
CNN+LSTM+SA+MLP [Johnsonetal,, 2017b] 597 119 753.1 70.8 80,9 73.2
NINMN" [Hu et al., 2017) 68.3 837 R BR.7 .10 83,7
Dependency Tree [Cao et al,, 2015] 81.4 942 81.6 97.1 9.5 £9.3
CNN+LSTM+RN [Santoro et al,, 2017) .1 978 93.6 97.1 97.9 95.5
IEP® [Johnson et al., 20017b] 927 97.1 9g8.7 989 9%. 1 96.9
CNN+GRU+CBN [Perez et al,, 2018) 045 992 93.8 99.0 99.2 97.6
DDRprog™ [Suarez et al., 2018] 065 9838 98 4 99.0 99,1 98.3
MAC [Hudson and Manning, 201 5] 97.1 Y95 99.1 99.5 99 .5 98.9
ToD+reg+hres® [Mascharka et al,, 2018]) 976 992 94 4 Q.6 99 .5 94, ]
Churs ( 100 programs ) 54.0 Bl10 50.2 59.5 754 66.0
Churs (200 programs) B4 913 118 £5.9 88.7 6.1
Ours (500 programs) 997 999 999 998 998 998 h

Table 1: Our model outperforms current state-of-the-art methods on CLEVR and achieves near-perfect
guestion answering accuracy. (*): training relies on all program annotations (700k).

Effectively
perfect!



Causal Inference

Beyond Correlation—inferring and testing for causal
relationships in complex systems

Divorce rate in Maine

correlates with

Per capita consumption of margarine

Lorresabicrs 59009 | r=0. 952 5 0H]

Caroline Uhler
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Causal Inference

Beyond Correlation—inferring and testing for causal
relationships in complex systems

tlll’:"hmj Ressarch~ Education~- News&Views~-  Campalgns -

Feature = Christrnas 2016 Food for Thowght

Is caviar a risk factor for being a millionaire?

BAMY 2016 ;355 dek httpsy/ Adol.org 1001 136 omié 536 (Published 09 December 2016)
Cite this ax BMY 201635516536

B L3k medicine = HE
Christmas 2016 - truth, post truth, nothing like the truth S Share

Conikcie podicy

Article Related content Metrics Responses

Anchers Hultehd, poshdociaral sefalar
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Causal Inference

Beyond Correlation—inferring and testing for causal
relationships in complex systems

Divorce rate in Maine

coimelabes with

Per capita consumption of margarine
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Using Al to Accelerate Protein
Design and Discovery

Cme third of global tfood production goes to waste because of spoilage. Can we

. y : - Bemedetto Marelli  Muorkus Buehler Pin-yu Chen
use Al to design proteins to prevent that? sl s ok

Protein Synthesis

LT ROL e 1“:\& \h‘.
e @ oﬂo ~ a-helix f-strand

.-".::""-_l
. . Structure Protein
-'J'L_l'l'“_“ﬂ.-"‘i‘:'d (AA sequence with (distinct sequence of
(building block) distinct 3D organization) amino acid providing specific

structure and function)
Analogy to Text

gy BN B e R dog sit ecouch e |
Letter Word ~ Paragraph
(building block) (letter sequence with (distinct section of a

document dealing with

distinct meaning) a specific topic)
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Protein2Drug: Generative Al
for Drug Design

How can we use powerful new generative neural network techniques to
generate drugs tallored to targening specific binding pockets

Pavel Das Rafael Gomez-
IBM Bombarelli
MIT

Generative
Model for
Ligands



The path to Broad Al

Explainability Security

Learns to transfer Reasons
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