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8. Turing Machine (2)

8.3. Programming techniques for TM
— Basic techniques
8.4. Extended TM
— Natural extensions... language does not change
8.5. Restricted TM
— Natural restrictions... language does not change
8.6. Turing machine and Computer

— Turing machine has university, and has the same
computation power as usual computer
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8.3. Programming techniques

Basic techniques

1. States can be used as memories

2. Increasing the number of tracks in a tape
3. Subroutines
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8.3. Programming techniques

1. ‘Finite values’ can be stored
by states, which can be

Basic Techniques
denoted by, e.g., (9,a,b,c)

1. Store using states

2. Split the tape to multi-track

lafblc |
BB XX~ [X]B B[~
=~ |B|B|Y,Y. Y,|B|B]--
T8 18 X [XIBIB] = PR

2. Multi-track can be realized by changing V
an alphabet to, e.g., 3-tuple (X Yi.Z)- 6132
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8.3. Programming techniques

Basic Techniques
1. Store using states
2. Split the tape to multi-track

Ex) For the palindrome...

1. ‘state’ stores 0/1

2. no need to delete X by - [B[BIX]
checking Y on the ~[B[B[Y]
other track.
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8.3. Programming techniques

Basic Techniques
3. Subroutine (details are omitted)

» Re-use a TM program that performs some unit
computation ... make many copies and embed them

into the transition diagram.
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8.4. Extended Turing Machine

Natural Extension...that does not change the class
of languages

1. Multi-tape TM

2. Nondeterministic TM

Deterministic: the next state is
uniquely determined

Nondeterministic: there can be many
next states. TM accepts the input
if one of possible state accepts.  |,,.,,




8AERF 1T HMDHLTR

BARGILE.. . EEELTIEIEHSAL

1. 7—7T™M
e AYRARF—TTE
IS ICEEAEE
s ANTF—TLN IR
LT~ TB

= [BIBIX[XGRNX[B]B -

~[B[B[B[B[\[B[B[B] -

~[B[B[B[B[-[B[B[B[ -

13/32

8AERF 1T M DHLTR

BAGILE.. . SEBELTIEEHLLAL
1. &57—7 TM Z157—7 TM THEH(HE)

- [BIB[XIX[ANX[B]B] = [BIB XX [X[B[B-

N e

- |B[B[B[B[\[B][B[B] -~ |B|/B|B|B | |B[B|B]|

. T |a

-~ [B[B]B]B|- |[B[B[B] -~ |B|[B|[B|B||B[B[B]
o Ial T Toase

8.4. Extended Turing Machine

Natural Extension...that does not change the class
of languages

1. Multi-tape TM « Each tape is
read/written by
distinct heads
independently.

 Except input tape, all
tapes are filled by B.
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8.4. Extended Turing Machine

Natural Extension...that does not change the class
of languages

1. Multi-tape TM can be simulated by a one-tape
TM (Sketch)

Each tape head
is maintained
by multi-track.
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8.4. Extended Turing Machine

Natural Extension...that does not change the class
of languages
2. Nondeterministic TM can be simulated by a
deterministic TM (Sketch)
» Many ‘next states’ exist

Nondeterministic TM:  « It accepts if one of computations
reaches to an accepting state.
Simulation by a deterministic TM:
« Record on the other tape the sequence of ‘next states’
nondeterministic TM chosen
« Check all possible choices, and accept if at least one
computation reaches to an accepting state.
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8.5. Restricted Turing Machine

Natural Restriction...that does not change the class
of languages
1. TM with semi-infinite tape
» the tape has the leftmost cell.
2. TM with stacks instead of a tape
» Two stacks are sufficient!!
3. TM with counter instead of a tape (Omitted)
e One counter = PDA = CFL
» Two counters are sufficient!!
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8.5. Restricted Turing Machine

Natural Restriction...that does not change the class
of languages
1. TM with semi-infinite tape
e There are no cells on the left of the initial position.
% It can accept the same
language as usual TM.

“* It can simulate the usual
™.

Bound 2152
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8.5. Restricted Turing Machine

Natural Restriction...that does not change the class
of languages

1. TM with semi-infinite tape
e There are no cells on the left of the initial position.

/| Right

!

% It can accept the same
language as usual TM.

= Using two track tape,

-Eﬂ simulate the usual tape that
[«[B] |

BB |B] has no bounds on both sides.
Leﬁ 24132
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8.5. Restricted Turing Machine

Natural Restriction...that does not change the class
of languages
2. TM with stacks instead of a tape

» 1stack...PDA
e 2 stacks... Equivalent to the usual TM

2 stacks are enough to
simulate the usual TM.
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8.5. Restricted Turing Machine

Natural Restriction...that does not change the class
of languages
2. TM with stacks instead of a tape

How to simulate usual TM (Sketch):

. Push all input data to the stack 1
(hence order is reversed)

. Copy them to the stack 2
(order is turned to usual)

. Regard two stacks as one tape by
joining them.
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8.6. Turing machine and Computer

» Turing machine has university, and has the
same computation power as usual computer

‘Usual computer’  «Simulate each other= Turing Machine

address _ data % Turing Machine
O00000L 0T CEOREE ju 'c')‘PUt/ can simulate
00000010 |ADD00111 utput
another
l l - .
IIIIIII — von Newman type Turing Machine.
Memory Computer

Universal Turing Machine: TM that simulates given code of TM.
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HBEITIEHR

s CNETOFENDE T4 (Videos taken in this class):

http://jenzabar.jaist.ac.jp/

« BT F v ARADREOABREE TAE AR AF

(Temporal videos for Tamachi-campus taken in studio):

http://e-tamachi.jaist.ac.jp/tamachi06/lectures06/i113/index.html

« RIEICE T ARV EhEIX FT

Feel free to ask

o FEEDUVIIEZED Web R—U B FIF->THYET,
(You can click above links from my web page for this class.)

about your records.
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