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Computing is normally done by writing certain symbois on paper. e
may suppose this paper is divided into squares like a child’s arithmetic book.
In elementary arithmetic the two-dimensional character of the paper is
sometimes used. But such a use is always avoidable, and I think that it
will be agreed that the two-dimensional character of paper is no essential
of computation. I assume then that the computation is carried out on
one-dimensional paper, 72.e. on a tape divided into squares. I shall also
suppose that the number of symbols which may be printed is finite. If we
were to allow an infinity of symbols, then there would be symbols differing
to an arbitrarily small extent. The effect of this restriction of the number
of symbols is not very serious. It is always possible to use sequences of
symbols in the place of single symbols. Thus an Arabic numeral such as

1 If we regard a symbol as literally printed on a square we may suppose that the square
0<2<]1, 0<y<1. The symbol is defined as a set of points in this square, viz. the
set occupied by printer’s ink. If these sets are restricted to be measurable, we can define
the “distance” between two symbols as the cost of transforming one symbol into the
other if the cost of moving unit area of printer’s ink unit distance is unity, and there is an
infinite supply of ink at z = 2, y = 0. With this topology the symbols forin a condition-
ally compact space.
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17 or 999999999999999 is normally treated as a single symbol. Similarly K = 7 M fE &
in any European language words are treated as single symbols (Chinese, BeR=REE P araes
however, attempts to have an enumerable infinity of symbols). The [ESIERIR:-1EIRNET
differences from our point of view between the single and compound symbols BEFgH|EEEFAN
is that the compound symbols, if they are too lengthy, cannot be observed
at one glance. This is in accordance with experience. We cannot tell at
a glance whether 9999999999999999 and 999999999999999 are the same.

The behaviour of the computer at any moment is determined by the } iﬁggﬁz 7“5:‘!‘9
symbols whjch@is observing, and his ‘ state of mind ”’ at that moment. JJ’Q'GDEJJE?"Z;’JE b2
We may suppose that there is a bound B to the number of symbols or

squares which the computer can observe at one moment. If(hc)wishes to TRBE 3, 75 FRAE &
observe more,@must use successive observations. We will also suppose EZZTEHBD
that the number of states of mind which need be taken into account is finite.

The reasons for this are of the same character as those which restrict the
number of symbols. If we admitted an infinity of states of mind, some of FENEIEETERE
them will be ‘“arbitrarily close "’ and will be confused. Again, the restriction BE@EIVSSvE=SElEX
is not one which seriously affects computation, since the use of more compli-

cated states of mind can be avoided by writing more symbols on the tape.
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AL M. Turing. On computable numbers, with an application to the
- Entscheidungsproblem. Froceedings of the London Mathematical
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As soon as an Analytic Engine exists, it will necessarily guide the
future course of the science. Whenever any result is sought by its
aid, the question will arise—By what course of calculation can
these results be arrived at by the machine in the shortest time?

— Charles Babbage (1864) N
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