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�FINITE AUTOMATA

TM can both write to and read from the tape

The head can move left and right

The string doesn’t have to be read entirely

Accept and Reject take immediate effect
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Testing membership in B = { w#w | w ∈∈∈∈ {0,1}* }
Definition: A Turing Machine is a 7-tuple 
T = (Q, 

�
, � , δδδδ, q0, qaccept, qreject), where: 

Q is a f inite set of states

� is the tape alphabet, where ���� ∈∈∈∈ � and 
�

⊆⊆⊆⊆ �

q0 ∈∈∈∈ Q is the start state

�
is the input alphabet, where ���� ∉∉∉∉

�

δδδδ : Q ×××× ��� Q ×××× � ×××× {L,R}

qaccept ∈∈∈∈ Q is the accept state

qreject ∈∈∈∈ Q is the reject state, and qreject ≠≠≠≠ qaccept
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A TM recognizes a language if it accepts all 
and only those strings in the language

A TM decides a language if it accepts all 
str ings in the language and rejects all str ings 
not in the language

A language is called Turing-recognizable or 
recursively enumerable if some TM 
recognizes it

A language is called decidable or recursive 
if some TM decides it
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A language is called Turing-recognizable or 
recursively enumerable if some TM 
recognizes it

A language is called decidable or recursive 
if some TM decides it

recursive
languages

r.e. 
languages

Theorem: If A and ¬¬¬¬A are r.e. then A is recursive

Given TM that recognizes A and TM that 
recognizes ¬¬¬¬A, we can build a new machine 
that decides A
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C = {aib jck | ij = k and i, j, k 1}
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������	���TURING MACHINES

δδδδ : Q ×××× k Q ×××× k ×××× {L,R}k

FINITE 
STATE 

CONTROL

Theorem: Every Multitape Turing Machine can be 
transformed into a single tape Turing Machine

FINITE 
STATE 

CONTROL

0 01

FINITE 
STATE 

CONTROL 0 01 # # #
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Intuitive notion of algorithms
equals

Turing Machines

Can we encode a TM as a string of 0s and 1s?

0n10m10k10s10t10r10u1…

n states

m tape symbols 
(f irst k are input 

symbols)

start 
state

accept 
state

reject 
state

blank 
symbol

( (p,a), (q,b,L) ) = 0p10a10q10b10
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Similarly, we can encode DFAs, NFAs, 
CFGs, etc into strings of 0s and 1s

ADFA = { (B,w) | B is a DFA that accepts string w }

ANFA = { (B,w) | B is an NFA that accepts string w }

ACFG = { (G,w) | G is a CFG that generates string w }

So we can define the following languages:

ADFA = { (B,w) | B is a DFA that accepts string w }

ACFG = { (G,w) | G is a CFG that generates string w }
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Read chapter 3 of the book for next time


