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Rich Intellectual History of AI 

- Julien Offray de La Mettrie

Lôhommemachine (1747)

- Charles Babbage

Difference Machine, Analytical Engine

- Turing, von Neumann, Weiner, et al.

- Newell, Simon, Rochester, McCarthy, et al.

18th

19th

20th



Computation as Basis of                           
Thought & Intelligent Behavior

É Theories of computability

É General purpose computer







Dartmouth Meeting

É Machine methods of forming abstractions from 

sensory and other data

É Carrying out activities which may best be 

described as self-improvement

É Manipulating words according to rules of 

reasoning and rules of conjecture

É Developing a theory of the complexity for various 

aspects of intelligence
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Grappling with Incompleteness 
in an Open World

Bounded rationality (Simon, et al).

Hopelessly incomplete knowledge of é

ÂPreferences

ÂState of world

ÂOutcomes of action



Limited agents immersed in complex universes

üLimited representations

üLimited time and memory

Enduring Perspective: Intelligence 
amidst Inescapable Incompleteness
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ÂFrame problem

How to limit the scope of the reasoning required to 
derive the consequences of an action?

ÂQualification problem 

ÂAll preconditions required for actions to have 
intended effects

ÂRamification problem

ÂAll effects of action

Nonmonotonic logics, representation of fluents

Relevance & Attention in Open Worlds
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ü Incompleteness is inescapable

üUncertainty is ubiquitous 

×State of world

×Outcome of action

×Problem solving itself

Push unknown & unrepresented details 

into probabilities and propagate

Uncertainty as Organizing Principle



ČMachinery for handling 

uncertainty & resource limitations

foundational in intelligence

Uncertainty as Organizing Principle



Expressive Representations                            
of Uncertainty

ÉGraphical models for representing beliefs

Fuel

Gauge

Start

Battery

TurnOver

p(B)

p(T|B)

p(G|F,B)

p(S|F,T)

p(F)

üd-separation

üSound and complete algorithm for identifying all 
independencies entailed by the graph.



Representing Problems of Action

Utility
World 

State H

É Maximum expected utility (MEU)

É Influence diagrams (Howard & Matheson, 1975)
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Utility
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É e.g., Structure search

É Measure of model likelihood

*

Acceleration of Machine Learning: 
Discovering Structure and Concepts



Identification of Hidden Variables

É ñUnknownò variables discovered

?

?



É Bounded rationality Ą Bounded optimality

É Economics of computation

É Flexible computational strategies

É Principles of reflection

éand the BottleneckBeauty

Insights arising in tight situations



Å Immediate value of result
Utility of 

action

t

Deadline!

Economics of Flexible Computation



Economics of Flexible Computation

Å Immediate value of result
Utility of 

action

t



Economics of Flexible Computation

Å Immediate value of result
Utility of 

action

t

Å Net value of result

Å Cost of delay



Economics of Flexible Computation

Å Immediate value of result

t

Å Net value of result

Å Cost of delay

Utility of 

action



Flexible Procedures

Å Immediate value of result

t

Å Net value of result

Should I think more about this?

?

Utility of 

action



Flexible Procedures

Å Immediate value of result

t

Å Net value of result

Expected value of computation

Should I think more about this?

?

Utility of 

action

Whatôs the next best computational action?
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Partition of resources

Foundations of Reflection

Expected value of computation



metalevel

object level

Foundations of Reflection

Expected value of computation



Real-World: 
Uncertain performance & Cost of Delay
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Treat patient for respiratory failurenow!

EVC

Upper bound
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Tractable EVC in time-critical medical decisions

EV Metareasoning > 

EV Default



Learning about Instances & Reasoning 
from a Stream of Problems

e.g., Machine learning & SAT solvers

üGrappling with long tails

üDynamic restart policy in SAT solvers (Kautz, et al)

(a         b     c)     (    b    d)    (b     c     e)     . . .



Open-World AI



Toward Situated, Flexible, Long-Lived

Open-World Systems

Flexible adaptation to varying & dynamic 

situations

ïStreams of observations and challenges 

over different time frames 

ïBroad variation, uncertainty in goals, time 

criticality, available actions

ïLearning about new objects, predicates, 

goals, preferences

éand about perception & reasoning 



Time
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Standing challengeé

Value of computation

Value of information

Value of learning

Attentional Challenge: Coordinate 
Sensing, Reflection, Action, Learning



Challenge: Lifelong Learning

É Tradeoff  local costs of exploration, 
labeling for long-term gains

to

Information 

value

Recognized

events
?

Decisions about information collection

Perceptual 

Exploration



Challenge: Handle Streams of Problems 

É Policies for using all timeéincl. idle time

üHow to best use available time to solve 
future problems?  

üHow to trade current problem solving 
for solving future problems?



Stream of Problem Instances

Time
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Trading Off Present for Future

Time
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Challenge:
Frame ïand Framing Problem

É What goals, preferences, éobjects, 
predicates, relationships should be in a 
decision model?

É How can tractable, relevant models be 
constructed automatically?

É How can the system learn about the 
frame?
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of Local Decision Problems



Automated Framing & Execution 
of Local Decision Problems



Automated Framing & Execution 
of Decision Problems
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(DX Tom HPN )

(ABN Tom BP)

(BP Tom  144/90)

Propositional Model

Knowledge-Based Model Construction

First-OrderKnowledge Base

{(DX $x  $z) |p (ABN  $x $y) }
{(ABN $x BP) |p (BP  $x $z) ^ (AGE  $x)}
{(ABN $x  BP) |p (BP  $x $z) ^ (AGE  $x )}

�Y�Y

Deductive
Inference

Probabilistic
Inference

Situation!

Context-sensitive propositional models 

from first-order knowledge base

Event 
probabilities

Best actions

Breese, Goldman, Wellman, et al. 


