Section 2

Part 1: A closer look at Godel’s Proof

The problem of consistency

· How to determiner the consistency of a mathematical system?

· Consistency = No way to deduce mutually contradictory theorems from the postulates
· Difficulty when dealing with less “intuitive” systems, ones that are not set in a familiar space
· “Relative” proof of consistency

· Transform Euclid’s axioms into algebraic truths and see if they hold

· But – all it shows is that if algebra is consistent then geometry is consistent

· Relative to the assumed consistency of another system

· Hilbert’s “absolute” proof of consistency
· Complete formalization of a deductive system
· No meaning, empty signs
· The goal: to prove that it is impossible using the Transformation rules to derive both p and ~p
· If both p and ~p are deducible then every formula would be deducible (p → (~p →q), then always q)
· If there is at least one formula that cannot be derived from the axioms, then the system is consistent (because if it weren’t then every formula would be deducible)
· How is this done?

· Find a property that is:
· Common to all axioms
· Is “hereditary” (if the axiom has it then all the formulas derived from it have it). 
· At least one formula does not have it
· It cannot be the descendant of the axioms, cannot be derived, thus there is a formula that cannot be derived. (pp. 52). 
· Godel’s two main points:

· First incompleteness theorem:  Every consistent theorem is incomplete; there are true statements that cannot be derived in the system

· Goldbach’s theorem (every even number is the sum of two primes)

· The consistency of a system cannot be proved within the system

· Godel’s system (PM)

· Every expression (signs, sequence of signs, sequence of sequences) can be assigned a unique Godel number

· This holds for meta-mathematical statements about the system

· Godel’s proof

· Construct a formula G that represents the meta-mathematical statement ‘The formula G is not demonstrable using the rules of PM’
· We can assign a Godel number to the statement G, this means that G is demonstrable, which contradicts its content (that it is not demonstrable…)

· G is demonstrable if and only if ~G is demonstrable
· If PM is consistent then G is formally undecidable
· G is not formally demonstrable but it is nevertheless a true arithmetic formula. G has no proof in PM, which is exactly what G claims (that it is not demonstrable in PM), thus it is True. 

· If G is true and formally undecidable then PM is incomplete

· Either PM is consistent and incomplete or it is inconsistent (meaningless: anything can be proved)

Part Two: Can computers think?

· What are the unique features of human thought?

· Pick one feature and answer the next questions

· What would it take to simulate them in a computer?

· What do we need to understand about human thought?

· What would be a test for whether we have successfully replicated them?

The Turing Test 

· What is the proposed Turing test?

· Man (A), women (B), interrogator trying to decide who is who, but A replaced by computer. Can the computer make the interrogator guess incorrectly most of the time?
· Assumptions

· Cognition follows fixed rules

· Human cognition is like a discrete state machine

· Digital computers could mimic any discrete state machine (predictable move from previous state to next depending on input)

· Distinguishing the physical and mental properties; want to capture mental, not physical properties of humans

·  Can those even be distinguished? Does cognition exist separate from body? More soon…
Possible objections – one example
· The Argument from Consciousness. The fact that something produces the behavior of a human does not mean it can think

· This leads to a solipsist view: the same argument could be made for other people: how do we know that other people have souls if not through their behavior?
How to go about building a machine that can pass the Turing test?
· Starting from a child-machine. 
· Three components to the mind:
1. The initial state of the mind, say at birth
2. The education to which it has been subjected
3. Other experience (not education) to which it has been subjected.
Searle: distinguish between strong AI and weak AI. He objects to the Strong version
· Strong AI

· Computation is the mind

· Weak AI

· Computations is a tool in studying the mind
Mimicking does not lead to understanding: The Chinese room experiment

· An English speaker with no knowledge of Chinese is given:

· First batch of Chinese symbols (the script)

· Second batch of symbols (the story)

· Third batch of symbols (questions)

· Rules on how to correlate symbols from the different batches (the program) which instruct the person to give back symbols (the answers) 

·  Does the same with a story in English
· Can both be called understanding the story?

· Does the Chinese procedure explain human ability to understand stories?

· How do we define human understanding?

Looking at the bigger picture…
· Different goals for AI

· Mimic human behavior, have computers do things that humans can do (efficiency, automatization, etc)

· Understand  human behavior, use computers to understand human thought

· Nilsson: we will understand human thought through mimicking it

· Does this hold? Are the ways that computers and humans solve problems equivalent?

A major assumption: it is possible to distinguish the mental from the physical. Is this true??
· Strong AI as a form of dualism…

· Embodied cognition – the idea that “Cognition arises from bodily interactions with the world. Cognition depends on the kinds of experiences that come from having a body with particular perceptual and motor capacities that are inseparably linked and that together form the matrix within which memory, emotion, language and all other aspects of life are meshed”

· Embodied AI: Rodney Brooks, MIT media lab. 

· http://www.iep.utm.edu/e/embodcog.htm for more info

· Cassasanto work on embodied abstract language
· TA note: do the little experiment with left-handed and right handed. Have everyone stand up and read out loud the following paragraph “In the fall quarter my grades got better but in the winter they got worse again”. There are several prediction:
· People should gesture (the relation between abstract concepts and spatial ones)

· People should use their dominant hand when it is a positive context (better) and the other hand when it is a negative context (worse)

· Important: this should be different for left and right handed people! The way the body influences the minds
� Thelen, 1995, pp. 95





