
CPSC 421/501 Oct 26

Today : Turing Machines ( Ch . 3 Gip])
- single tape (simplest)
- multi - tape ( needed for

"

better
"

.

notion of time complexity )

- non-deterministic ( for Pus
.
NP )

- Turing machines with oracle

calls ( Baker - Gill - Soloway Thm)
⇒ ( how not to solve)Good news ! P

.
vs HP

- Turing machines mech more
realistic than DFA 's



T u

for time complexity
"

time complexity " = running time

of an algorithm
-

poly time in Turing machine

= it 1 '
in any

reasonable

sense f deterministic
,
no randomness)he quantum ,
#

up
to poly #

of threads
1

I



Look at

G. , { 01 " / new }
,
.
. .

=

Complexity of

{ onn / new] in DFA 's

NFA 's

= ? ? as

as # of states
. -

Turing machines !

Single tck.pe machine :
rashly
finite # states

01m ) time

2-type machine :
easy

: finite # states



time Oln )

Start today with

Gi { were,bF / the Kth}to last

letter of w is
"

a
"



Turning machine !

Textbook Gip]

Turing machine = DFA + a bit

more power

DEA : far Ck

input

c. MEETbiibbaab
"

t

setg" make
states

a

decision !

accept or reject



Tmi R
or L

states ¥gÉé
÷
DEA

so here :

- tape
head

never left or right
-

you can write on the tape

write/read : E
= alphabet of input

w = blank cell
indicator

- tape alphabet M contains E
,
W



7

Formally ! Turvy machine i

m .

- ( Q ,
E
,
M

,
F
, go , Eaairej )

f Ff
tape
alphabet you accept

c- reject
the input

"

time
"

that M
+ stop the

computation
takes an input w

= # of steps it takes
to reach qacc , 9rej

reaching que , qrej
"

halting
"



What is 8 ?

① FÉI#t.
at some state

say E = {a. b}

r :{ a. b, w
,
0,1

,

c }

or : Q×f→ Qxrx { L , R}

µfr
DFA : or : Q ✗ E→ q

for NFA : 8 : QXE → Power (Q) )



An algorithm on a TM

(single - tape for

C2 = { {We{a ,b}* /
the 2nd
to last
character/symbol

of w is a}
=

{ c. b)
*

o{ a} a { a ,b}
= {

*
a E

,
E- { gb }

,

initial sittin
input is abba

•

EEE

Q
and

.
-



Ms {a , b, w ,
. .

. } tape
alphabet

{ = { c. b ]
initial state go
=

break 10:14 - 10:19

=

God !

- To convince you that

poly time a TM =
any other

① notion of

classical poly tiny

② you can build a

"universal Turing
machine

"



Question : you hwe we {a. b)
*

,

/ w/ = n , you aunt an algorithm

for Cz ( Cia
,
{only , etc .

)

sit
.

# States is not too big
states ⇐ your C

program ,

Javascript
program , →

time it takes to run the

computation =
#
steps

is small function of n



1st step

' Y*¥¥←w ster

ÉF±
.

high-level descriptions of TM

implementation - level " " l '

formal "
"

"

C)
You specify F
and

- - -

, ,, , , , , , ,

jump back two steps to

the left after reading the w
symbol



Idea

⑨
ais

move

to right

rea☒
Something
else

§

alblblat.fr initial

tf
p
write a

8C go , a)
= ( go , a , R)

0 ( go ,
b) = ( go ,

b
,

R )



o

⑥
GR

b →bÑ¥ 9 ,

.

" •

④
*-Ed¥¥



a ,b → L

☐→0
shorthand for

L ✗ = anything

o_0
b → x

,
L

doesn't
then I meter

81g ,
a) = (Ecco , , )

flop , b) =/ Erej , , )
=

Clear ! If / W/ 32
,
then this

algorithm accepts we Ctg , rejects w¢{



Convention ! if

no arrow out

① or Sone symbol
in F

means : this will never happen

OK fr TM
,
never for

DFA 's , but OK fr NFA 's

=

To be continued - Thursday
- Melee sure this or a

variant of this works

on input
"

u
"

,

"

a

"

,

and
"

b
"

- Write a TM fu {04h }


