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Investments & Outcomes in AI: 
Paradigms Shifts—and a Renaissance 







Computational basis of intelligence
Theories of computability
General purpose computer

1940sJohn von Neumann & the EDVAC



Probability & utility theory
Maximum expected utility

Decisions Under Uncertainty 

1940s



Linear programming
Dynamic programming
Markov decision processes

Operations Research & Decision Science

1940s-1950s



Artificial Intelligence (1956)

John McCarthy: 

“I used artificial intelligence because I wanted to put       
the flag on the pole” [of what we were pursuing.]



1956 Dartmouth Proposal

Machine methods of forming abstractions from 
sensory and other data

Carrying out activities which may best be described 
as self-improvement

Manipulating words according to rules of reasoning 
and rules of conjecture

Developing a theory of the complexity for various 
aspects of intelligence
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Decisions in high-stakes settings
Reasoning & action under constraints
Learning from increasing amounts of data
Collaborating with people in open world

Criticality of probability & utility

Intellectual Pressures





High-Stakes Settings



Agencies
DARPA,NSF, NSF, ONR, AFOSR, NLM, NASA

Corp R&D
IBM, Google, Microsoft, etc.

Influences & trends: 
Computational horsepower, data availability, 
algorithmic sophistication, shift of human 
activities to web, competitive landscape

Rich Investments & Returns
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Utility
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Investments in Reasoning
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Value of thinking more?

Approximations & architectures
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Data

Decision Model

Decisions

Predictive Model

Predictions

Rise of Approach & Tools



Igniting E-Commerce Worldwide 

Search intentions

Ranking functions

Advertising

Entertainment

Shopping

Observe 1

Observe n

Machine Learning

Twenty years ago: Challenge of building 
“collaborative filtering” systems



MAN

DOG

“man 
walking 
dog”

G. Elidan, G. Heitz, and D. Koller

Advances in Perception & Language



Event Domain

Face 
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right
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left
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J. Shotton, J. Winn, C. Rother, A. Criminisi

Advances in Perception & Language



J. Shotton, J. Winn, C. Rother, A. Criminisi

Advances in Perception & Language



M. Zeiler, R. Fergus, Arxiv (2013)
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Stacked representations



Large-scale 
systems

Algorithms for learning 
& inference

Advances in Systems for Machine Learning



Algorithms for learning 
& inference

J. Dean, G.S. Corrado, R. Monga, et al.

Advances in Systems for Machine Learning

T. Chilimbi, Y. Suzue, J. Apacible, et al.



Segal, Pe'er, Regev, Koller, Friedman, et al.Mitchell, et al.

Critical Role of AI in Basic Science



Readmissions Manager
Advances in Healthcare Delivery 



Advances in Healthcare Delivery 



wi

Advances in Healthcare Delivery 



AI and Smart Productivity Software 



AI & Transportation Infrastructure

Case library
~1,000,000 km
~100,000 trips





Predictive Models for Routing
72 cities across North America
Flows assigned to ~60 million streets every few minutes

t

tt



Predictive Models for Routing



AI, Winds, and Weather

NOAA: Winds Aloft



Observed Track and Ground Speed

Wind Velocity

)

)

AI, Winds, and Weather



NOAAWindflowDifference
http://windflow.azurewebsites.net/

AI, Winds, and Weather

http://windflow.azurewebsites.net/


On the Horizon…



Direction: Vehicle Safety & Self-Driving



Direction: Deeper Question Answering

“Where is the Orinoco River?"
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Azari, H., Dumais



Direction: Human-Machine Collaboration

α β



1. Reach for needle

2. Position needle

3. Insert and push 
needle through tissue

6. Pull suture with left hand

4. Move to middle with 
needle (left hand)

8. Orient needle with   
both hands

7. Pull suture with right hand

5. Move to middle with 
needle (right hand)

Reiley, C.E., Lin, H.C., Varadarajan, B., Vagolgyi, et al. Automatic recognition of surgical 
motions using statistical modeling for capturing variability. In: MMVR. (2008) 396–401

Example: Robotic Surgery



wi

wi

ui−1

vi−1

ni−1

Grasp Pull Rotate

Example: Robotic Surgery



Padoy and Hager. "Human-machine collaborative surgery using learned models." ICRA 2011

Example: Robotic Surgery



Machine Intellect

Human CognitionA
bi

lit
ie

s 
Direction: Augment Human Cognition



Memory

Human Cognition

Attention Judgment
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bi
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Direction: Augment Human Cognition



Reminders

p(Cost at to | E)

p(Relevant xi | E)

p(Forget xi | E)

Predict user forgets x

Predict x is relevant

Predict cost of notification at t 

Exp. value of 
reminder x

Jogger (AAMAS 2011)

Example: Forgetting & Ideal Reminding

Kamar, et al.



Klingbeil, Saxena, Ng, et al. 

Direction: Robots in Daily Life



Direction: Integrative AI

H. Fang, S. Gupta, F. Iandola, et al.

Human
Machine



Coordination

Reflection & Learning

Natural language processing

Planning

Machine vision

Social skills

Domain commonsense

Dialog

Machine Learning

Acoustical AnalysisSpeech recognition

Inference

Models of human cognition

Whole >  Σi parti ?

Direction: Integrative AI



The Assistant



Direction: Integrative AI




