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Turing Machines

state control
finite

Most powerful computational model

tape head
a b b

input

Operations:
Read symbol, write symbol at head
Move Left (L) or Right (R)

Initial configuration:  input starting at left end,
with blanks following;  tape head at left end

a
state control

finite tape head
a b b

input

Computation on a Turing Machine

Given current state q, current symbol a
new state q’, new symbol z, move head L or R

On input w, M either

1.  Enters the 
acc

and accepts w, or

2. Enters the rej and rejects w, or

3.  Does neither 1 or 2, in which case it rejects w





A configuration is a string uqv where
Configurations of TM M

q is a state in Q

M’s head is reading the first symbol of v
uv is the current (nonblank) tape contents

The start configuration 

If M ever tries to move off the left end of tape, 
the head stays in the same place:

qcv        q’bv
accepting configuration is one with q a

is one with q
r

rejecting configuration A 

halting  configuration A is an accepting or 
rejecting configuration.

is q  w     (on input w)

An 



q0 q1 q2 q3

q4
q5 q6

0,X,R

0,0,R
Y,Y,R

1,Y,L

Y,Y,L

X,X,R
Y,Y,R

0,0,L

0,0,L

X,X,R
0,0,R
1,1,R

,L,

Example TM

n n
  L =  {  0  1  |    n  >   1}

Q = {q0, q1, q2, q3, q4, q5, q6}

=  {0,1} =  {0,1, X, Y,    }

q0  start q5  accept       q6 reject
given by

q0 q1 q2 q3

q4
q5 q6

0,X,R

0,0,R
Y,Y,R

1,Y,L

Y,Y,L

X,X,R
Y,Y,R

0,0,L

0,0,L

X,X,R
0,0,R
1,1,R

,L,

Example TM

Configurations on input 0011                 010



Example TM

n nn

=  {0,1, 2} =  {0,1,2 X, Y, Z ,    }

  L =  {  0  1  2  |    n  >   1}

q0 q1 q2
0,X,R

0,0,R
Y,Y,R

q4
0,0,L

0,0,L

1,Y,R

Z,Z,L
1,1,R

q32,Z,L
Y,Y,L
Z,Z,L

1,1,L

q5

,L,
0,0,R
1,1,RX,X,R

q6
X,X,R

q7

Y,Y,R
Z,Z,R

2,2,R
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TM Construction

Methods for programming TM’s

1.  Storage in states
Old states Q   New states Q x I1 x ... x Ik

Ex.  L given by ab*    ba*
Construct TM M that stores first symbol, then
makes sure not in rest of input.
Q = {q0,q1,q2} x {a,b, }

q0,

q1,b

q1,a q2,

q1,

rej.
a,a,R

b,b,R
a,a,R

b,b,R

a,a,R

b,b,R




