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Artificial Intelligence 

Computers 

•  Believed to have potential for intelligence 
– Now possible to BUILD an intelligent entity 

•  Tool for testing theories of intelligence 
– Many theories quickly failed the test 

•  AI more difficult than first imagined 

AI Definition 

•  Many definitions 
•  Definitions based on  

– Thought processes/ reasoning versus behavior 

•  Definitions based on measurements of 
success 
– Human versus rationality 

•  4 possible goals for AI to pursue 
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Four Approaches to AI 

Systems that think 
like humans 

Systems that think 
rationally 

Systems that act 
like humans 

Systems that act 
rationally 

Thought 

Action 

Model Humans Model Rationality 

Acting Humanly: Turing Test 
Approach 

•  Operational definition of intelligence 
– Ability to achieve human – level performance 

on cognitive tasks 

Acting Humanly: Skills for 
Passing the Turing Test 

•  Natural language processing 
– Communicate successfully 

•  Knowledge representation 
– Store information 

•  Automated reasoning 
– Answer questions/draw conclusions 

•  Machine learning 
– Adapt to new circumstances 
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Acting Humanly:ELIZA 

•  Early attempt to pass Turing test 
•  Emulates a Rogerian psychotherapist 
•  ELIZA example 

•  Begun in 1990 
•  Contest designed to implement the Turing 

Test 
•  Grand prize for the first computer to pass 

–  $100,000 and a Gold Medal 
•  Annual prize awarded to the most human 

computer 
–  $2000 and Gold Medal  

Acting Humanly: Loebner Prize 

Acting Humanly: Loebner Prize 

•  No computer has passed full test 
•  Better performance with restrictions 

on topic 
– Chosen by contestants 

•  Examples 
– Burgundy wines, small talk, whimsical 

conversation, dissatisfaction in 
relationships… 
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Thinking Humanly: The 
cognitive modeling approach 

•  Designing programs that think like humans 
•  Need to determine human thought processes 

–  Introspection 
– Human experimentation 

•  Express theories as programs 

Thinking Humanly: GPS 

•  General Problem Solver (GPS) 
•  Uses means-ends approach 
•  Used to solve well-defined problems 

Thinking Humanly: GPS 

•  GPS mimicked human 
problem solving processes 
including mistakes 

•  Newell & Simon’s approach 
developing GPS 
– Started field of Cognitive 

Science 
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Thinking Rationally: The laws of 
thought approach 

•  Syllogism 
– Premise:  All humans are mortal; 
– Premise:  I am a human; 
– Conclusion:  Therefore, I must be mortal 

Thinking Rationally: Logic 
Theorist 

•  Input 
– Description of a problem in logical 

notation 
•  Output 

– Solution to the problem 
•  Designed to find the basic 

equations of logic"
– Principia Mathematica"

•  Found new and better proof"

Thinking Rationally: Problems 

•  Difficult to take informal knowledge  
– State in formal terms when knowledge is less 

than 100% certain 
•  Solving problems in theory differs from 

doing to in practice 
– Computational complexity 
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Acting Rationally: The rational 
agents approach 

•  Acting to achieve one’s  goals 
given one’s beliefs 

•  Agent 
– Perceives and acts 

•  AI as the study and 
construction of rational agents 

Acting Rationally: The rational 
agents approach 

•  Laws of thought approach 
– Emphasis on correct inferences 

•  Inferences only part of being a rational 
agent 
– Sometimes no rationally correct solution yet 

action must be taken 

Tension Between Approaches 

•  Human centered versus Rationality 
Centered 

•  Human centered 
– Examine human behavior 

•  Rationality centered 
– Any means necessary 

•  Move from human to rationality centered 
approaches 
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Computer Development 
•  ENIAC 

–  125 K RAM 

•  IBM SP supercomputer	

– Teraflop processing 

power	


Computer Development 

•  Limited computing resources 
– Use heuristics 

•  Abundant computing resources 
– Adopt brute force technique 
– Algorithmic approach 

Chess Programs 
•  Early AI work 

– Develop chess programs 

•  Initially used heuristics 
– Examined Grand Master chess heuristics 
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Chess Programs 

•  CHESS 4.5 (1978) 
– Could compete at the master level  
– Lost to British master David Levy  

•  DEEP THOUGHT (1992) 
– Analyzed 34 million board positions per minute 
– Defeated by world champion 

DEEP BLUE 

•  Capable of analyzing over 100 million 
positions per second 

•  1996 
– Played grand Master Gary Kasparov and lost 

•  1997 
– Played Kasparov and WON 

•  “Primitive calculator” not true AI?? 

Watson 
•  IBM supercomputer 

– Beat leading champions in Jeopardy 

•  Two game, three night show 
– Watson scored $77,147  
– Ken Jennings scored $24,000 
– Brad Rutter scored $21,600 
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Watson 

Watson: Brute Force or Intelligence? 
•  90 IBM Power 750 servers 

– Each with a 3.5 GHz eight core processor 

•  16 Terabytes RAM 
– Not connected to internet 
– All information stored in RAM for game 

•  80 trillion operations per second 

Watson: Brute Force or Intelligence? 
•  Massively parallel 
•  100 different techniques used 

– Analyze natural language, identify sources, find/
generate hypotheses, find/score evidence, merge/
rank hypotheses 

•  Data sources 
–  200 million pages of content 

•  Encyclopedias, dictionaries, thesauri, newswire articles, 
literary work, full text of Wickipedia 

•  Databases, taxonomies, ontologies 
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AI Projects Based in Cognitive 
Psychology 

•  CYC and COG 
– Tackle large, complex real-world problems 

CYC 

•  Assumption 
–  Intelligent behavior enabled by common sense 

knowledge 
•  Doug Lenat (1994) 

– Assemble database of common sense 
knowledge 

•  What CYC knows 

COG: Embodied Cognition 

•  Knowledge and Meaning 
– Based on possible actions in 

particular situations 
– Actions 

•  Function of situation, body, experience 

•  Essential prerequisites for 
– New learning 
– Language comprehension 
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COG 
•  Humanoid intelligence requires humanoid 

interactions with the world 
•  Bodies are critical for knowledge 

representation 
•  Maybe bodies are critical for social 

interaction 


