Turing Machines

A Turing machine M is:
(), a set of internal states.
22, the input alphabet.
[', tape alphabet, X C I, O €' — X
0 QxI'—=QxTI'x{L, R}
qo € @, the initial state.
F' C (@, the final states.

Behavior of Turing machine M on input w

Initial state gy, tape w, blanks around w,
read-write head at first symbol.

Repeatedly:
Read-write head reads tape symbol.

Halt if no ¢ for current state, symbol.
Read-write head writes tape symbol.
Read-write head moves left or right.

New state given by 0
Accept if M halts in a final state.
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(not in book) Here are transition graphs for two
TMs.
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Configurations of TMs

A running TM can be described by xgay where
g 1s the current state, the read-write head points
at a, x is to the left of the read-write head, and
y is to the right of the read-write head.

The first TM accepts baab.

qobaab = Oquaab li Oaabqy - Daaqsb -
b S

Oagzad F ¢g30aa0 - Oggaad F OOgrad F
O0aq;0 F O0gya0 F Og3000 F O0gy00

The second TM accepts bbaa.

qgobbaa = cqobaa = cbgoaa = cqabea = qcbea =
q30cbca = qocbea = cqpbea = ceqoca =
b S b S

cccqoa = ceqsee = gsOceee = qoecee = ceceqq



Computing with TMs

We can also use TMs to perform computations.
A function f is Turing-computable ift
there exists some TM M such that

flz)=1y

iff there exists some final state ¢ # such that
ES
qox = qry and halts.
Next is a TM that computes f(x) = 2z, where

x 18 a positive integer represented in unary no-
tation, e.g.. 5 is represented as 11111.
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