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Review

strings over finite alphabet sigma

Def A function fsigmasigma is called computable

if exists a TM M over a tape alphabet sumsupsetsigma s.t

forallsinsigma M halts when run on s and outputs fleftsright

Motivation:

We would like to be able to model a “theory of computation.”

For that, we need a “model of computation,” i.e. an abstract representation for a 
device capable of processing some input, doing some computation, and 
outputting the result.



One simple but powerful example of such a model is the Turing Machine (TM), 
which, informally, consists of an infinite sequence of tape subdivided into 
squares, and a tape “head” which advances over a single square in discrete time 
steps. In a given step, it can:



• Read the symbol on the tape currently under the head.

• Change its internal state, based on this symbol.

• Write a symbol to the tape at this square.

• Move one square left or right on the next time step, or stay in the same place.

We now state the mathematical definition of Turing Machine.






























































Example

alphabetagamma where

alphainSigmabetainSigmagammainleftLRSright

fin

Alternate notation: Instead of labeling 
transition edges in a TM diagram like in the 
photo, you can simply label them with:

It is believed (although this is not the kind of statement that can be proven, 
mathematically), that Turing machines can model any algorithmic problem…



In other words, any function that can be computed by an algorithm can be computed 
by a Turing Machine. This is the Church-Turing Thesis.

Church-Turing Thesis: Every function that can be computed by algorithms in any 
reasonable model of computation can also be computed by a Turing machine.













































































Practice Problems

Running a TM by hand

Soli First draw the TM

BIR10100R 11R
S1Su

01RBoRS2

BOR
Seenextpage

Note: In this problem, we also define a start state for our TM. 
One can also define some subset of the states as accepting; 
these are denoted by double circles in our TM graphs.

If a state has no transitions out of it, though, it is 
automatically accepting.



There are many similar notational variations in the description 
s of TMs. You will see and get used to a few of them.




















































































TSidenote Shorthand for TM State

Building a TM I

00211R

RBBLs1 102 9S2S0

10Rbeta1BIR 00v
BBR11R widecheckS3 00R11R8B1LS58o01RS6 S4u

111

The “configuration notation” for TMs represents a description of the TM — 
(both tape and tape head) — at a given time step. In it, a string such as






























































































Building a TM II

00R
11ROMR9 0MRS2MMRBBR S1s0

BBLMMx
A0012112s5 1MLS4S1

MMR

Fin


