A closure property

CS 3 9 e IfL, and L, are decidable, so is L,L,.

5 * Proof: Let M, be a decider for L; (i = 1,2).
TheOry Of ComPUtlng Let M be the following 3-tape TM:

Nondeterministic Turing Machines
Church-Turing Thesis
Amit Chakrabarti

More closure properties Nondeterministic Turing Machines

« If L, and L, (over X) are decidable, so is
Abbreviated NDTM

TM’s by default deterministic
7-tuple (O, 3, I, 0, 4y Guer Gre)- Just like a TM

* Think how you might prove these. This means, a configuration can now yield
several different new configurations.




NDTM computation formalized Uses of nondeterminism
* Consider NDTM M = (Q, >, T, b, 9y Guee ) « Simpler solultions for {ww: w € *}
« We say M accepts x € X7 if

« Simpler proofs of closure properties

e Want NDTM M for language L. What if x & L?
* But, to prove decidability, we want TMs, not

NDTMs and not k-tape NDTMs!

Digression: Lexicographic ordering Digression: Lexicographic ordering

* Let X be an alphabet. Order the elements of X » A TM can replace a string on its tape with the
arbitrarily, as though creating a lexicon. E.g., lexicographically next one.

* Method best illustrated by example: X = {1,2,3}

* This ordering on X induces an ordering on the
strings in X* as follows:




Turning a NDTM into a TM Representing the branches as strings

* Let Nbe a NDTM; design TM M to simulate N. Config C, = string “3 17

* M will try out every possible branch of N’s Config C, = string “1 2 17
computation. A branch is a particular sequence of
nondeterministic choices. Branching factor of tree

* M will have three tapes = max # nondeterministic
choices at a configuration

=max{|d(q,a)| : ¢€0, aET'}

Sample configs of M Sample configs of M

Suppose Suppose
* inputto Nis 11010  inputto Nis 11010
* in configuration Cs the tape of NV reads 10$a0b$1 * in configuration C, the tape of N reads a$01

Then, possible config for M: Then, possible config for M:
Tape 1: 11010 Tape 1: 11010

Tape2: 105a0b$1 Tape 2: a$0 1

Tape 3: 12 Tape 3: 31




Simulating the NDTM

N accepts if somewhere in its computation tree
there is an accepting configuration.

M will visit the entire tree looking for such a
configuration.

Pitfall: some of the branches in N’s computation
could be infinitely long (if N loops). This may
cause M to loop and not “find” an accepting
configuration elsewhere in the tree.

Solution:

Random Access Machine (RAM)

A formal model of a typical computer:
Infinite number of numbered 0, 1, 2, ...

Finite number of , including a
that holds location of next instruction.

Each word and register can hold any integer. Each
initially holds 0 until overwritten.

Integers decoded into usual computer instructions:
LOAD, STORE, ADD, MULT, JUMP, JNZ, etc.

A Turing Machine is as powerful as a RAM.

Simulation, continued

 Breadth-first traversal == lexicographic ordering
e M=

Simulation of a RAM by a TM

» Use 4 tapes:

* Main simulation loop:




High-Level Descriptions Church-Turing Thesis

« Now that we can do on a TM anything a computer * Every known reasonable model of computing
can... turns out to be equivalent to a TM. So, we

suspect that TMs correctly capture our intuitive

e notion of “algorithm.”
» Three levels of descriptions of a TM:

— Formal description:

° "7 it 7 0{ g né e m fj ﬁé ”

— Implementation description:

— High-level description:

» Can’t prove: what is a “reasonable” model?




