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Different Turing
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Why useful with several tapes
?
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We saw how to do this in Ollwlh )

step , once I - tape Tm



Model 2 2 -way w
- tape
at

→ wEE

Model 3 Non - deterministic TM
( NDTM )

-

toonly :
NDTM 's can guess

from a state of one symbol
at -2 we may

have up
to B -- I @ III. 3 different

transitions

Example where non - determinism is unfelt :

Given integer n > l ; doe ,
then exist integers n

, ,q > I

such that n - nin, lis n composite ? )

A non - deterministic TM M can
'

guess
'

two integers n
, Ma > I ,

calculate M -- Nina

and then check whether m - n



Modi : one tape with several heads

' i. in
3

Initially all head , in leftmost position

↳ la" b
"
c
" I azo l

l
.

check that input is of
the form a*s*c*

( using one head ) reject if not
the can

2 . Dada . -
- a⑧ . . - b① -

- - -c

4 ha hrs

move each head I step forward until h,
reaches

'
w
'

and check whether # a = # b -- # C



Modi 2 - dimensional tape

*

I###e .
-

head reads one cell
Many non models possible ,

including

combinations of the above (e.g N DTM

with several tapes and
several heads on

each

tape ?

Our goal : prove
that none of the n models are

stronger than a
standard deterministic one

- tape TM

In particular , if L
- L@ ) for M being e.g. a k- tape TM

then I standard TM m ' such that L - L@ y



Simulating a 3 - tape TM on a l - tape
deterministic TM
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red dot indicates the positions of

the 3 heads of M .

We remember them via special
character

simulation idea : to simulate
I step of M ,

M
'

I
.

starts with its head in leftmost pool
his

2 . Then move , forward
until it has found content

under each reading
head

3
.
Move head to leftmost position

4 . move forward and modify
the tape cell under

each head and move
this R

,
L or S

5 . Go to 1
.

I to start simulating next step of
M )



Note that if M is moving into

blank area C ' uh , ) on one of
of stapes

,

we need to make space on
M 's tape for

this shift this partone step right

--
T.at#HdFtt--F-

M wants to move right on tape l l say )
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Fide .
.

one execution of thshelf take OCI w 't )

when w
'
is stains from head position to

empty tape .
This is at most # steps taken so far

by M



How do we implement this simulation idea ?

aso ome M is a k - tape TM

For each state of , of M
we have

when Aj E Nuh- I•
states Gila

, per ;Qu)

.
state, pics
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Meaning of thenotates :

o when we are in state Gipp , ,p. .. ,pr, - , - , . . . ) we have collected
the

symbols currently under the heads on the first r tapes

• In state pi
ki - - bet ,-, . . , - ,4,4 . . , bu ,8,82 , . . .,8u )

we have modified

the tape cells under the first g- head, and move the itth head
i Ef

according to 8 ;
(possibly shutting part of the tape)

Note M has a HUGE # ofstate ,
But it is at most some finch

function flk ,
P
,
Q)



Implementing one step Effi ,9,92 , . -aw) - ftp..br . - -fu ,8, ,8z, --8k) €)
I .

M
' starts in state gin

.
.

. .
. .
. ) at leftmost part of tape

2- In state 9-Ya
, .

. . ,ar , . . .. )
r ch M

'
moves its head

forward to copy content under
M 's cell - head

-
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.
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when we reach a state Ef y pier91,92, - r - 19k

we have collected all character , on du
M 's heads

Move to state Pie
,
. . . ,
- p . . . . . .su , 8 , . . . . ,8u )

becannot I

4
.

In state Pics
. .
. . ,b , . . . . . ,b , in , . . ,bail ,k , . - ish )

Ssk

. Move to position of the ⇐ list
head

• replace age , by lost , (
according to ¥1 )

and move
'
head ' s -11 according to Use ,

• If stick go to
state Pigs

, ,
. . ,b* , . . . . ,b , ,h . - bu ,

8
,
. - 8h ) and so

to 4
.

else move head to leftmost position and so to state ate
, . . . ,
-)



Runningtimeforsimulah.IS
up pon

M take , t steps on input w ,
Iwl -- n

Then the input tape can contain
'atmost

n t t symbol I
'
w
'

and all
other tapes at most t symbols #

'
w
'

( M writes at moot one symbol on each tape
in each step )

• Simulating one step where no
shift night

is needed takes 0 (Ilength of tapes )
- O (n tht )

• Possible extra time
to shift parts of tape

to the night :
chit

-
-HEE
O (d-Htt .

.
.tt ) = O ( hint ) we ignore

the k- l l# 's

•
Total work for simulating one step

0 Cutlet )-lock't )
= o ( n + k't )

.

Total work for simulating
t step ,

O ( n -
t th't
'

)
polynomial in n and t ( k is fixed )


