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Turing Machines

Although Turing
machines are similar to
finife automataq,
because of infinite
bbb larEeEe - length writable tape,
have the advantage
of unlimited memory.

state control
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Turing Machines
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b

1. There are

kK tapes, k2 1.

Each tape has infinite cells.
Each cell stores a symbol

facell coni
this means t

poelonging to a finite set I'.

'ains #, then
nat the cell is

actually em

oty.



Turing Machines

2. Each tape has a tape
head which can move
along the tape, one cell
per move. It can also read
the cell it currently scans
and replace the symbol in
this cell by another symbol.

state control




Turing Machines

T~ 3. There is a state conftrol,
ate control which can be in any one
of a finite number of

T — states. The finite set of
/ states is denoted by Q. The
i set Q contains three
H|H[a]ajbfajb]bjafbla]b[T]O]0 special states: a start state,

an accept state, and a
reject state.




Formal Definition

A deterministic Turing machine is a 7-tuple
M = (Z' [, Q, 9, d. QQccep’r' qrejec’r)' where

®) s a finite sef, called the input alphabet; the blank
symbol # Is not contained in 1,

®[ s a finite set, called the tape alphabet; this
alphabet contains the blank symbol #,

® Q is a finite sef, whose elements are called states,

™ 0, Jaccept Areject Are the start, accept, reject states.

® 5 is called the transition function, which is a function
Qx[x— QxTkx{L, N, R}k



A Sample Delta Rule

ga — g#R

states

When we focus on the
states here, we will see that
the state has not changed.
Thus, we canread it as

'stay in the same state'.



A Sample Delta Rule

q? — g#R When the tape head reads

a sympol ‘a’ from the tape,

the tape head must delete

it.

tape




A Sample Delta Rule

qa — g#R On the right hand-side,

there is a capital R symbol.

We can understand that
tape head must move 1o

the right'.

tape head action

\




A Sample Delta Rule

qab — g#bRN

When the state controller is
INn tThe state q, If the first
tape head reads a symbol
a and the second tape

head shows a symbol b,



A Sample Delta Rule

qab — g#bRN

Then stay in the same state,
In the first fape, delete the
symbol by moving right,

In the second tape, do not
change tape symbol and

Nnot move.



Start Configuration of TM
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The input is a string over
the iInput alphabet 1.
nitially, this input string is
stored on the first tape,
and the head of this tape
IS on the leftmost symbol of
the input string. Initially, all
other k = 1 tapes are
empty, i.e., only contain
blank symbols, and the
Turing machine is in the
start state q.




Execution of TM

alalblalololalnlals O Starting in the start
configuration, the Turing
‘ machine performs o

sequence of computation
steps as described before.
state control The computation
terminates at the moment
when the Turing machine

enters Qaccept OF qrejec’r-




Acceptance of TM
It the computation on the

alalblalb]b]alb]a]b]O INpuUTt string terminates in
[ Qaccept: The TUring machine
M accepts this input. If the

computation on this input
ferminates in Qrgject, then M
state control rejects the input string.




Example 1: Palindromes using one tape
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qo
do
qo0

a— q,UR
b — pUR
0 — qgccept

gua — qrOL
q;b — Q'reject

ql

L — QQccept

o0 — qualR
gub — qabR
g, — qa L

q;;@ — Q?"eject

/
Qb — qf:.sccept
[![!E

State Control

Example 1: Palindromes using one tape

Gpa — qQpal?
qbb — qbbR

w0 — q,

0L

qr.a — qral
qr.b — qrbL

g, — qo

OR



Example 2: Palindromes using two tapes

goad — qpaaRR
qgob0 — qobbRR
q00 — ¢;00LL

goaa — qeaaRL

2 ab — Ureject

qu(l — Ureject

QQDD — qgccept

qraa — qraalL N
qiab — qrabL N
q1ba — g1baL N
q1bb — ¢ ObLN
¢10a — gOaRN
d1 Ob — g2 ObRN

d1 0o — qgcr:ept



» That's all.

» Thanks for listening.
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