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Language Identification in the Limit

E Marx GorLp*

The RAND Corporation

Language learnability has been investigated. This refers to the fol-
lowing situation: A class of possible languages is specified, together
with a method of presenting information to the learner about an un-
known language, which is to be chosen from the class. The question
is now asked, ‘“Is the information sufficient to determine which of the
pussible languages is the unknown language?’” Many definitions of
learnability are possible, but only the following is considered here:
Time is quantized and has a finite starting time. At each time the
learner receives a unit of information and is to make a guess as to the
identity of the unknown language on the basis of the information
received so far. This process continues forever. The class of languages
will be considered learnable with respect to the specified method of
information presentation if there is an algorithm that the learner can
use to make his guesses, the algorithm having the following property:
Given any language of the class, there is some finite time after which
the guesses will all be the same and they will be correct.

In this preliminary investigation, a language is taken to be a set of
strings on some finite alphabet. The alphabet is the same for all lan-
guages of the class. Several variations of each of the following two
basic methods of information presentation are investigated: A text for
alanguage generates the strings of the language in any order such that
every string of the language occurs at least once. An informant for a
language tells whether a string is in the language, and chooses the
strings in some order such that every string occurs at least once.

It was found that the class of context-sensitive languages is learn-
able from an informant, but that not even the class of regular lan-
guages is learnable from a text.

1. MOTIVATION: TO SPEAK A LANGUAGE
The study of language identification deseribed here derives its motiva-
tion from artificial intelligence. The results and the methods used also
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have implications in computational linguistics, in particular the eop.
struction of discovery procedures, and in psycholinguistics, in particulgy
the study of child learning. These implications are discussed in Section 4.

I wish to construct a precise model for the intuitive notion “able o
speak a language” in order to be able to investigate theoretically how it
can be achieved artificially. Since we cannot explicitly write down the
rules of English which we require one to know before we say he can
“speak English,” an artificial intelligence which is designed to speak
English will have to learn its rules from implicit information. That ig,
its information will consist of examples of the usc of English and/or of
an informant who can state whether a given usage satisfies certain ruleg
of English, but cannot state these rules explicitly.

For the purpose of artificial intelligence, a model of the rules of usage
of natural languages must be general enough to include the rules which
do oceur in existing natural languages. This is a lower bound on the
generality of an acceptable linguistic theory. On the other hand, the con-
siderations of the last paragraph impose an upper bound on generality:
For any language which can be defined within the model there must
be a training program, consisting of implicit information, such that it
it possible to determine which of the definable languages is being pre-
sented.

Therefore this research program consists of the study of two subjects:
Linguistic structure and the learnability of these structures. This re-
port describes the first step of this program. A very naive model of
language is assumed, namely, a language is taken to be a distinguished
set, of strings. Such a language is too simple to do anything with (for
instance, to give information or to pose problems), but it has enough
structure to allow its learnability to be investigated as follows: Models
of information presentation arc defined, and for each I ask “For which
classes of languages does a learning algorithm exist?”’

In the second step of this program (Gold, 1966), which will not be
discussed here, nontrivial models of the usages of language arc con
structed. The next step will be to return to learnability theory and de-
termine whether reasonable training programs exist for linguistic struc-
tures of this type.

2. LANGUAGE IDENTIFICATION MODELS

Appendix IT lists intuitive definitions of some of the terminology of
recursive theory used herein. ‘
Let A be a finite set (the alphabet of the languages to be considered)
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