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Start Chapter 3 - Turing machines
- -

$3.1 Turing machines as algorithms
- Formally ( Q ,E

,

f
,
8
, go , face , Erej )

plus blank symbol w

[ = input alphabet C f tape alphabet
( includes also w )

8 : Qxr → Qxrxfl , R)
- Examples 'to recognize
- f w c- La ,b)

*

I #
a 's in w =

# b 's}
- formse-Hig.tn/evel#

← Implementation level- TM descriptions {⇐ formal description
( giver)



§ 3.2 : multi tape & non -deterministic

Turing machines

graphs
§ 3.3 : descriptions of { Boolean formulas

etc
.

I

Midterm on Nov 5
,
will cover material

yup
to October 22 ( end of next week)

Details to follow
. . .



Turing Machines "

Part ? 1-

Input lurk tape

E alphabet for input , larger alphabet f
= E o fu }
via: I

Rules for input ! Say E
-

- { c , if
interested in L = { On In I need }

input we Lent
,
w = r

,
- -

- re

-t¥
In addition :

Q s

,

finite set
, intuitively Q is

. .

↳ program
"

t.cl#
you which state



Formally : a Turing machine
! 7-stupe

( Q ,S
,
P

,
or
, go , Eaa ,9rej )

if i t f fStates input tape cell
'hit"'

state state

alphabet alphabet where you where

accept you reject

Example : want to recognize : afa
,b)
*

b

( this is a regular language )

Turing umcohvne approach : input

-=
-=

- 8 right left

④ Waimea
moves

,

transition function
! Qtr : Q×r×fL,R}
stat! T T f
set tape new

cell
state

overwrite

alphabet on tape cell



To
recognise

Ls a {a
,b)
*
b

① Make sure input begins ( otherwise

"algorithmic move to the end of tape
reject

)

③ Make sure last letter is
a

"

b
"

(
then accept ,

→ Ca ,R)

otherwise repeat

Formally !
W orb comp

→ Tf ← stops !

1a a→ any

-⑨
✓ →6,4 fbs do
a Bd (a ,R) § anything
↳ → ( b , RI 9sg

q

( f. faint
a

move left



Describe wish table

as-is
{ o etc

. etc
,

etc
.

÷ff÷t¥q#9#
Q - ra { L ,R}
-

Now ! We want to convince outselves

that turning machines can solve
any

decision

problem ( E *→ { accept , reject)) that you
could write in Python , C++ , Javascript , etc . - -



Describe Turing machines !

- formal : describe f (and explain algorithm
- Middle : Implementation

vague { - High - level
-

Take {on In / new} = { a , ooh , 0313 . . .)

give Turing machine algorithm : S :{gig

a-
given

start in#

go input 00111 (should reject)

f = { on ,
U

, IT!%o
.

-

of symbols )

e.g . { on ,z ,u } Ok

{ on.az . . .
.is/I&:iiIl



Compare Turing machines vs
.

C++ program
:

description : simple much more
'
e complicated

computation

real - world
better idea

performance
÷

unrealistically
slow

-

Idea to
recognizes { 01

,
0011,000111 ,

- - - }

Initially ← accept , but reject 00111W .
-

G

E . 1-①

② "s

.
-

move right
T M

n

③ continue
moving right TIME

until hit u
a

•

④ move one left

⑤ write an X ( or y or u )



L. . .
-

.
-

⑥ wmriotvee back to

first X
,

then sort of start again

[Break 10:20am
,
back in 5 min)
-

State diagram
' L' lo 'sa" t - it , use textbook shothad

→④ ai::: e

¥hmd
④

shorthand

⑨?÷:: ... in

÷÷±¥J
CED

shorthand



shorthand : if ( q , f) E ①xp

is never encountered

it's Ok to leave

it out

-

So far ! f- Loyally - n}
,
use textbook shorthand

c. →
*,
R.

→ ..

- →

En ④

9 , I
.

might see
Lx#l¥ ←

xxooll x w

accept EET-jt.TT# I



→ ④
. .

9 rightmostei÷
o- xp

"¥Ekeg
8

01 Wu -
- s XI wu .

.
Ii wie -' xxuw

00 l l U → Xo I I -⇒ x: .ci
'RE u

xoix
it



→ ⑤

"
'

e . %x*
E::*

Em:* FEE



97£. IT

T
qrightmost Eft

-

next time i lock a
bit moreT

then introduce 2- tape
machines

-

Individual
,
Q2 ! 51 states

,
not

50 States




