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Goals For Today
● Why do we consider Alan Turing the founder of Computer Science?
● Why is Computer Science a Science, and not an Engineering?
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What is the Church-Turing Thesis?
● “Algorithm” is an informal, intuitive notion of a process. A set of instructions to 

complete some task.
● A Turing Machine is a formal definition of a model of computation
● The Church-Turing Thesis asserts that the Turing machine captures the intuitive 

definition. That everything computable in the intuitive sense is computable by a 
Turing machine. But why?
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The Direct Appeal to Intuition
● First we will agree on an example of a computer, an object performing the 

action of computation
● We will make slight modifications so small to be undeniable
● We will argue that the composition of these modifications is still correct and 

conclude



  



  



  



  



  



  

● Finite work is done in finite time, important for the development of 
computational complexity

● The amount of symbols necessary for computation must be finite
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● Church’s Thesis: Any reasonable model of computation is equivalent to a Turing 
machine

● Turing’s Thesis: The Turing machine is equivalent in power to the human mind
● Church-Turing Thesis: The definition of algorithm is independent of any specific 

formalism 



  



  

Applications
● Well specified pseudocode can always be implemented
● A problem unsolvable to a formal model (like a Turing machine) will be 

unsolvable to us as well.



  

A Recipe for All of Computer Science

● Choose an abstract intuitive concept
● Construct a formal definition
● Argue that the intuitive concept corresponds to the formal definition
● Proofs or results involving the formal definition implicate the intuitive concept 



  



  

● Proof – Frege, Hillbert, Russell, Whitehead, (1900s)
● Truth – Tarski (1933)
● Computation, Algorithm – Turing (1936)
● Information, Communication, Noise – Shannon (1948)
● Intelligence – Turing (1950)
● Grammatical and Ungrammatical – Chomsky (1950s)
● Randomness – Kolmogorov (1963)
● Run-time, Complexity – Hartmanis and Stearns (1965)
● Efficient – Edmonds and Cobham(1965)
● Intractable, Difficult – Cook and Levin (1971, 1973)
● Pseudorandomness – Blum, Micali (1982)
● Secure – Goldwasser, Micali (1982)
● Learning – Valiant (1984)
● Knowledge – Babai, Goldwasser, Micali, Rackoff, Moran, (1989+)
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● Computer Science has nothing to do with computers. These are just tools.
● Chemistry is not about beakers
● We (Computer Scientists) have as big of a claim to understanding the beauty of 

the natural world as much as physicists or biologists do



  

Questions?


