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Turing machine
Turing machine is a computing device that was 
invented by the mathematician and logician Alan 
Turing (1912-1954).

The machine is described in the paper by Turing 
[1936].

It models the actions of a person doing a primitive 
calculation on a long strip of paper divided up into 
contiguous individual cells, each of which contains 
a symbol from a fixed alphabet.
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Turing machine
The person uses a pencil with an eraser.

Starting at some cell, the person observes 
the symbol in the cell and decides either to 
leave it alone or to erase it and write a new 
symbol in its place.

The person can then perform the same 
action on one of the adjacent cells.
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Turing machine
A Turing machine consists of two major components, a tape and a control unit.

The tape is a sequence of cells that extends to infinity in both directions.

Each cell contains a symbol from a finite alphabet.

There is a tape head that reads from a cell and writes into the same cell.

The control unit contains a finite set of instructions, which are executed as 
follows:
◦ Each instruction causes the tape head to read the symbol from a cell,
◦ to write a symbol into the same cell, and 
◦ either to move the tape head to an adjacent cell or to leave it at the same cell.
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Turing machine instruction
Each Turing machine instruction contains the 
following five parts:
◦ The current machine state.
◦A tape symbol read from the current tape cell.
◦A tape symbol to write into the current tape cell.
◦A direction for the tape head to move.
◦ The next machine state.
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EXAMPLE 1
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EXAMPLE 2
EXAMPLE 2. To show the power of Turing machines, we'll construct a 
Turing machine to recognize the following language:
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Palindromes
Construct a Turing machine to recognize the language of all 
palindromes over {a, b}.
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String Successor
Construct a single-tape Turing machine that inputs 
any string over the alphabet {a, b, c} and outputs its 
successor in the standard ordering, where we 
assume that a < b < c. 

Recall that in the standard ordering, strings are 
ordered by length, strings of the same length being 
ordered lexicographically.
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String Successor
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Find #
Construct a Turing machine that starts with the symbol # in 
one cell, where all other tape cells are blank. The beginning 
position of the tape head is not known. The machine should 
halt with the tape head pointing at the cell containing #, all 
other tape cells being blank.
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