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Turing — 1936



ON COMPUTAMBLE NUMBERS, WITH AN APPLICATION TO THE ENTSCHENIDUGSPROBLEM

“There is no sense in being precise when you don’t know what you are talking about...”
-von Neumann
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The epitaph on his tombstone in Gottingen consists of the famous lines he spoke at the
conclusion of his retirement address to the Society of German Scientists and Physicians in the fall
of 1930. The words were given in response to the Latin maxim: "Ilgnoramus et ignorabimus" or

"We do not know, we shall not know":?"

Wir missen wissen.
Wir werden wissen.
In English:

We must know.

We will know.

The day before Hilbert pronounced these phrases at the 1930 annual
meeting of the Society of German Scientists and Physicians, Kurt Gédel—in a
roundtable discussion during the Conference on Epistemology held jointly with
the Society meetings—tentatively announced the first expression of

his incompleteness theorem.?

The origin of the Entscheidungsproblem goes back to Gottfried Leibniz, who in the seventeenth
century, after having constructed a successful mechanical calculating machine, dreamt of building
a machine that could manipulate symbols in order to determine the truth values of mathematical
statements.” He realized that the first step would have to be a clean formal language, and much
of his subsequent work was directed towards that goal. In 1928, David Hilbert and Wilhelm
Ackermann posed the question in the form outlined above.

In continuation of his "program", Hilbert posed three questions at an international conference in
1928, the third of which became known as "Hilbert's Entscheidungsproblem".[3] As late as 1930,
he believed that there would be no such thing as an unsolvable problem."

Godel's first incompleteness theorem ...

first appeared as "Theorem VI" in Gddel's 1931 paper On Formally Undecidable Propositions
in Principia Mathematica and Related Systems I.

The formal theorem is written in highly technical language. The broadly accepted natural
language statement of the theorem is:

Any effectively generated theory capable of expressing elementary arithmetic cannot be

both consistent and complete. In particular, for any consistent, effectively generated formal


http://en.wikipedia.org/wiki/Ignoramus_et_ignorabimus
http://en.wikipedia.org/wiki/David_Hilbert#cite_note-21
http://en.wikipedia.org/wiki/Kurt_G%C3%B6del
http://en.wikipedia.org/wiki/Incompleteness_theorem
http://en.wikipedia.org/wiki/David_Hilbert#cite_note-22
http://en.wikipedia.org/wiki/Gottfried_Leibniz
http://en.wikipedia.org/wiki/Calculating_machine
http://en.wikipedia.org/wiki/Truth_value
http://en.wikipedia.org/wiki/Entscheidungsproblem#cite_note-2
http://en.wikipedia.org/wiki/Formal_language
http://en.wikipedia.org/wiki/David_Hilbert
http://en.wikipedia.org/wiki/Wilhelm_Ackermann
http://en.wikipedia.org/wiki/Wilhelm_Ackermann
http://en.wikipedia.org/wiki/Entscheidungsproblem#cite_note-3
http://en.wikipedia.org/wiki/Entscheidungsproblem#cite_note-4
http://en.wikipedia.org/wiki/On_Formally_Undecidable_Propositions_in_Principia_Mathematica_and_Related_Systems_I
http://en.wikipedia.org/wiki/On_Formally_Undecidable_Propositions_in_Principia_Mathematica_and_Related_Systems_I
http://en.wikipedia.org/wiki/Consistency
http://en.wikipedia.org/wiki/Complete_theory

theory that proves certain basic arithmetic truths, there is an arithmetical statement that is

true,™ but not provable in the theory (Kleene 1967, p. 250).
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The incompleteness theorem is closely related to several results about undecidable
sets in recursion theory.

Stephen Cole Kleene (1943) presented a proof of Gddel's incompleteness theorem using
basic results of computability theory. One such result shows that the halting problem is
undecidable: there is no computer program that can correctly determine, given a

program P as input, whether P eventually halts when run with a particular given input. Kleene
showed that the existence of a complete effective theory of arithmetic with certain
consistency properties would force the halting problem to be decidable, a
contradiction. This method of proof has also been presented by Shoenfield (1967, p. 132);
Charlesworth (1980); and Hopcroft and Ullman (1979).
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Hilbert's tenth problem is the tenth on the list of Hilbert's problems of 1900. Its statement is
as follows:

Given a Diophantine equation with any number of unknown quantities and with rational
integral numerical coefficients: To devise a process according to which it can be determined

in a finite number of operations whether the equation is solvable in rational integers.

A Diophantine equation is an equation of the form

plxy,xe, ..., x,) =0,

where p is a polynomial with integer coefficients. It took many years for the problem to be
solved with a negative answer. Today, it is known that no such algorithm exists in the general
case. This result is the combined work of Martin Davis, Yuri Matiyasevich, Hilary

Putnam and Julia Robinson.™
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The Turing test is a test of a machine's ability to exhibit intelligent behaviour. In Alan
Turing's original illustrative example, a human judge engages in a natural language
conversation with a human and a machine designed to generate performance
indistinguishable from that of a human being. All participants are separated from one
another. If the judge cannot reliably tell the machine from the human, the machine is said
to have passed the test.
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If you can carry on an intelligent conversation with an unknown partner, does this imply
your statements are understood?

Replies to Searle's argument may be classified according to what they claim to show: 2

e Those which identify who speaks Chinese;

e Those which suggest that the Chinese room should be redesigned in some way;

e Those which contend that Searle's argument is misleading; and

e Those which argue that the argument makes false assumptions about subjective conscious
experience and therefore proves nothing.

System and virtual mind replies: finding the mind

These replies attempt to answer the question: since the man in the room doesn't speak
Chinese, where is the "mind" that does? These replies address the key ontological issues of mind
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vs. body and simulation vs. reality. All of the replies that identify the mind in the room are versions
of "the system reply".

System reply®dd

The basic "system reply" argues that it is the "whole system" which understands Chinese. While
the man understands only English, when he is combined with the program, scratch paper, pencils
and file cabinets, they form a system that can understand Chinese. "Here, understanding is not
being ascribed to the mere individual; rather it is being ascribed to this whole system of which he
is a part" Searle explains.@1 The fact that man does not understand Chinese is irrelevant,
because it is only the system as a whole which matters.

Other minds and zombies: meaninglessness|edit]

Several replies argue that Searle's argument is irrelevant because his assumptions about the
mind and consciousness are faulty. Searle believes that human beings directly experience their
consciousness, intentionality and the nature of the mind every day, and that this experience of
consciousness is not open to question. He writes that we must "presuppose the reality and
knowability of the mental."® These replies question whether Searle is justified in using his own
experience of consciousness to determine that it is more than mechanical symbol processing. In
particular, the other minds reply argues that we cannot use our experience of consciousness to
answer questions about other minds (even the mind of a computer), and the epiphenomena reply
argues that Searle's consciousness does not "exist" in the sense that Searle thinks it does.

Other minds reply®al

This reply points out that Searle's argument is a version of the problem of other minds,

applied to machines. There is no way we can determine if other people's subjective
experience is the same as our own. We can only study their behavior (i.e., by giving them
our own Turing test). Critics of Searle argue that he is holding the Chinese room to a

higher standard than we would hold an ordinary person.

Speed and complexity: appeals to intuition[edit]

The following arguments (and the intuitive interpretations of the arguments above) do not directly
explain how a Chinese speaking mind could exist in Searle's room, or how the symbols he
manipulates could become meaningful. However, by raising doubts about Searle's intuitions they
support other positions, such as the system and robot replies. These arguments, if accepted,
prevent Searle from claiming that his conclusion is obvious by undermining the intuitions that his
certainty requires.

Speed and complexity repliesw

The speed at which human brains process information is (by some estimates) 100 billion
operations per second.®! Several critics point out that the man in the room would
probably take millions of years to respond to a simple question, and would require "filing
cabinets" of astronomical proportions. This brings the clarity of Searle's intuition into
doubt.
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