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Mondeterministic Turing Machines;
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. Consider a Turing machine with an input

alphabet of {a, b, ¢} and another with an input
alphabet of {0, 11 Which is more powerful?

|E1

.

T kLAd - ek i F =1 1- | - .
I'M with a different diPNADEL 512€

- Encoding
+ A procass of transforming information from one
format into anothar without loss of information.
. Example:
+ Bimary reprasentation of numbars
. Application:
+ Adding marker symbaols that are nat in the onginal
alphabat whan you dasign a TM wall not changs tha
pawar of TH.
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Recap the Turing machines

o T-tuple: (Q, E.T, &, g Qucepts Fuget)
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» Possible modifications to Turing machines?
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TM with a different alphabet size

«» Idea: Use F5M to translate the encoding
betwean different alphabets.
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TM with a muitidimensional tape

» A 2-dimenszional tape

iL. R, W, O

» Quastion: Is @ TM with a 2-dimensicnal tape
equivalent to one with an ordinary 1-

. dimensional tape?




'™ with a multidimensional tape

» The sef of rational numbers:
()= 1{p/g| pand g are natural numbers and

co-prima}

. The saf of natural numbers:
N=11,2.3.4.5, ..}

. True or False: Q] = |N[?
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: Cr . ll=1IN
; i . Breadth-first search
- LI instead of

= depth—first search

Dowvetailing

'M with a multidimensional tape

- Question: Recall that adjacent cells may
become non-adjacent when we map a 2-
dimensicnzl tape to a 1 -dimensional tape.
How do we solve the issue of mapping the
head movemeant between adjacent cells on 2
2-dimensional tape to that cn a 1-
dimensicnzl tape?
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» Map a 2-dimensicnal tape to an ordinary 1-
dimensional tape.

» Map a k-dimensional tape to an crdinary 1-
dimensional tape.

P Jummary:
* Dowatailing (intarleasing)
* Mapping {1-to-1 cormaspondancal

Turing machine modiftications

- A different alphabet size
- Multidimensional tape

. Doubly-infinite tape

. Multiple tapas

« Etc

Theorem: All these modifications do NOT
increase the power of TM's. — TM robustness

Cruestion: What if 2 combination of the above?
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Designing Turing machines

» Task: Dezign & Turing machine that can
recognize {ww|w = E47
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- A Turing machine is determimnistic if:
¥ qeQ, asI" |5ig.a) =]
i.e., no multiple choicas allowead
. Otherwisa, it is non-deterministic.
« A non-deterministic TM (NDTM) can have

several choices of which state to proceed
next in & computation.

. Many “next-moves”:
B O [ — 2% L&

e

NMon-deterministic Turing machines
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. Question: Is the set of languages that can be
decided by MNDTMs larger than that by
DTM's?
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Mon-deterministic Turing machines
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» Simulate any non-daterministic TM M with a
detarministic TM D.

» Three tapes: input tape, simulation tape, and
addraszs tape

» Hawe D try all possible branches of N using
breadth-first search. (can't use depth-first
search hera)

» Conclusion: NDTMs and DTMs are equivalent
in power.
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