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Turing machine - the state graph
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Turing machine

Definition

A Turing machine consists of
@ a tape B containint cells numbered from —oo to +oo
@ an alphabet {0,1, B} of symbols written on the cells
@ a head pointing to the cell 0 of the tape
°

a finite directed states graph G = (S, A) where A is labeled
with P({0,1,B}) x {0,1, B,«+—,—,0}, a read symbol and an
action

a state register pointing to the initial state of S

a subset F C S of terminal states of S
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Computation of a Turing machine?

We first write a finite word x (containint 1, 0 and B symbols) such
that the first symbol is on the cell 0.
At each iteration

@ the head reads the symbol s on the cell ¢; it is pointing to;
@ the state register, pointing to the state g, chooses an arc
(g,4q"), for which the reading symbol is s and the action is a;

© we execute the action a:
e if ais 0, 1 or B, the we replace the symbol on the cell ¢; by
this one,
o if ais respectively <— or —, the head moves respectively for ¢;
to ¢j—1 or Cit1,
e if ais (), we do nothing;

© the state register moves from g to ¢’;
@ if ¢’ € F, the machine stops, otherwise it starts again.
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Deterministic machine, non deterministic macine

Definition

A Turing machine is said deterministic if and only if for each state
g and each couple of arcs a; and a, outgoing from g, the reading
symbols of a; and a, are not the same. Otherwise, we say the
machine is non-deterministic.

A Turing machine must sometimes make some choices.
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Accepting/Refusing a word

The terminal states F are parted into two sets of the accepting
states Fy and the rejecting states Fy

.
A deterministic Turing machine accepts a word x, if and only if,
when we run the machine with this word written on the tape, the
machine stops on an accepting state. It rejects it if it stops on a
refusing state.
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Accepting/Refusing a word

The terminal states F are parted into two sets of the accepting
states Fy and the rejecting states Fy

A non-deterministic Turing machine accepts a word x, if and only
if, when we run the machine with this word written on the tape,

there exists a sequence of choices such that the machine stops
on an accepting state. It rejects it if it may stop on a refusing state. |
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Strongly accepting/rejecting a word

Definition
The terminal states F are parted into two sets of the accepting
states Fy and the rejecting states Fy

A\

Definition

A non-deterministic Turing machine strongly accepts a word x, if
and only if, when we run the machine with this word written on the
tape, for every sequence of choices, the machine stops on an
accepting state. It strongly rejects it if it must stop on a refusing
state.

€

This definition is not conventional but convenient.
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Other Turing machines

We can equivalently
add tapes
add symbols
separate reading and writing

merge actions (a finite number of times)
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Not equivalent Turing machines

Probabilistic Turing machine
Quantum Turing machine

Arithmetic machine
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