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Overview

 Where did Al go?

 From impossible dreams to everyday realities:
How Al has evolved, and why

« Macromodeling: A trend for the next 30 years
e How to bring Al back to this Society
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Al at the start of Cognitive Science

e Computation as a formalism for cognition was the
founding insight of Artificial Intelligence (1956)

— Cognitive Science was the second field to adopt this
perspective (1978)

— But not the last, e.g., biology!

 Originally the Editorial Board of Cognitive
Science was 50% Al researchers
— Now 3 Associate Editors out of 12

« Early CogSci and Al conferences were often

collocated and coordinated, due to substantial
overlap in attendees




The Divorce: Disaffection and Seduction

e Dismissive attitude from rest of the community
— Reviewers were often hostile to symbolic Al
— Most new trends Iin cognitive science start by dissing Al

o Other scientific criterion for Al
— Humans are just a special case

 Plenty of non-scientific temptations
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Al has seen healthy growth

o “Al Winter” was about companies, not the science

« Continuing expansion of venues for Al work
— IJCAI, AAAI, ECAI: Mainline conferences

Reasoning: KR&R, QR, DX, ICAPS, UAI, SAT
Language: ACL, Eurospeech

HCI: 1UI, SBIM, UM

Learning: 1CML, KCAP, KDD, COLT, NIPS
Vision & Robotics: CVPR, RSS

Agents: AAMAS

Education: AI&ED, ITS

Entertainment: AII1DE

Cognitive Science: CogSci, 1CCM, I1CDL
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Important trends in Al

 Scaling up of symbolic systems
— SAT solvers, planners, Cyc, Semantic web

e Learning Is everywhere

— Support Vector Machines, Reinforcement learning,
Inductive Logic Programming, Transfer learning

— Relational learning is the frontier
e Combining logic and statistics
e Al & the Web
 [ntegrated intelligent systems
 Physically grounded Al
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Parallel but Diverging paths

e Shared affections

— Natural language (12%)
o 3/4ths in Al on Web track)

— Bayesian techniques (mentioned in 24% of papers)
* N.B. Logic mentioned in 35%

— How intelligence connects with the world (6%)
* Big here, not big in Al
— Neural nets (6 papers in AAAIQS, i.e., 2%)
» Other statistical learning methods used instead.
— Embodied or situated cognition (1 paper, 0.3%)

— Cognitive Architectures (2%)
» 5 papers: Act-R (1), Icarus (1), SOAR (3)
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The Why of AI’s Trajectory

»




Computing Power: Then and Now

| 1970s | Workstation ___|Scaleup _
25 MHz 3 GHz 1,200

<1.2 MB 2-8 GB 18,000
10-25 1

« Multiply by 10-10,000 if a cluster is available

* The scale of what can be done has completely
changed!

— Example: Powerset parsed the Wikipedia to produce a
semantic representation in two days
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Representational Resources

 Early days: Hand-built from scratch
— 1964: Bobrow’s STUDENT: 52 facts in KB
— 1980s: 102, 10° facts

e Today: Free downloads
— WordNet: 10° synsets
— VerbNet: 102 verb senses & lemmas
— OpenCyc: 10° facts

 Tomorrow: Learned from reading, sketches,
games, vision, & robotics

fi (i i.— 107-10° facts




CogSketch

Sketch understanding

system for

— Modeling human spatial
reasoning and learning

— Data collection & analysis
for cognitive scientists

— Platform for sketch-based
education software
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Features include |

—  Model of spatial relations,
esp. qualitative spatial
relations

—  OpenCyc ontology

— Advanced reasoning
(including SME) built-in,
accessible through APIs

Download CogSketch at:

http://spatiallearning.org/projects/cogsketch_index.html



Sources of Data

e Text went from scarce to plentiful
— 1980s: Hand-typed texts, AP new services
— 1990s: Large-scale on-line corpora
— Turn of the century: The Web

e Cameras went from expensive to cheap
— 1980s: Major capital expense, one per lab
— Now: impulse purchase
— Image processing still has intense requirements

e Pens, touch interfaces now off-the-shelf
* Robots, sensors becoming commodities
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Where Al is going

Filtered through a Cognitive Science lens
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From micromodels to macromodels

« Most cognitive simulations are micromodels
— Focus on one process in isolation
— Inputs hand-generated, outputs hand-evaluated
— Strength: Can focus on particular phenomena

— Weakness: Model may not be able to play its intended
role as a component in explanations of larger-scale
cognitive phenomena

« Macromodels provide complementary approach
— Focus on larger unit of analysis

— Inputs automatically generated, outputs used by other
parts of the model
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Learning by Reading

 How do people acquire and organize knowledge
from texts?

Goal Unique property | Language Human in | Testing
Processing loop?

Learning Learn deep Rumination: DMAP parser,  Simplify Ability to

Reader models from  Poses questions to ResearchCyc syntax to  answer quiz
simplified itself to improve  lexical ease questions
English texts  understanding knowledge parsing

KnowlItAll Extract Accumulates Information Crafting IE  Manual
shallow millions of triples  extraction patterns Inspection
knowledge quickly patterns
from web

Factovore Extend Cyc Uses own Several parsers, Facts Manual
by letting it knowledge to lexical checked by inspection
search the decide what to knowledge in hand

web search for Cyc




Social Robotics

Effective interaction
with people requires
vision, robotics, speech,
dialogue, world
knowledge, ...
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Large-scale Conceptual Learning

« Many phenomena occur at larger scale than

today’s simulations can handle o ki

— Developmental trajectories i

— Conceptual change Why do things
float?

— Becoming an expert
« Use natural language and sketch understandlng to
semi-automatically encode stimuli RS
e Reduces tailorability )
« Can scale up to larger experiments
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How to help AI and this Society reconverge

* Respect the evidence provided by computational
and representational requirements of tasks

— Just as valuable as behavioral constraints or
neurological constraints

* Broader review criteria for human data are crucial
— Requiring subject-running is too exclusionary

— Other sources of data: human-normed performance
tests, panels of judges, misconceptions.
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