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1 Introduction
The objective of this paper is to call the attention of knowledge engineers to
natural languages, with two distinct kinds of arguments. The rst is that the
most natural way of encoding, transmitting and reasoning about knowledge is
through natural language (NL), and thus repositories of knowledge are almost
always in a written form. The second kind of arguments is what one could
call \reasoning by analogy": Drawing from work in natural language processing,
linguistics, both theoretical and computational, and studies in the philosophy in
language, I shall present several cases where a knowledge representation (KR)
problem or solution has a close parallel in NL processing (NLP).
My main claim is that if there is a lot to be gained if studies of natural
language are not left to linguists alone, NL researchers also have a signicant
contribution to make as far as KR is concerned. More precisely, knowledge engineering could (and should) give a hand in (at least) most practical tasks that
computational linguists (or NLP workers) are involved in (e.g., learning from corpora, generalizing knowledge from examples, dening ontologies and hierarchies
for linguistic objects, etc.), but there is a signicant insight to be gained for KR
if deep studies of NL and ways of dealing with it are taken into consideration.
As a by-product of this paper, I shall point at some actual cases where linguistics and AI knowledge interact, in a short survey of the modern work in the
two elds.
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2 Interdependency between knowledge and language

2.1 NL as a KR formalism

Natural language is so far the most comprehensive tool for (humans to) encode
and reason with knowledge. Thus, it could be viewed as the best knowledge representation formalism available. (See 9] and 28] for a similar point). Intuitively,
to master a non-trivial language is one of the more outstanding features of an
intelligent being as such.
However, it is rather dicult (to say the least) to build a system with similar
capabilities as those demonstrated by the average NL user, and thus most KR
work aims at achieving a simpler formalism, as far as the reasoning capabilities
and the phenomena describable are concerned, so that a practical implementation can be carried out (see 19] on the tradeo between expressive power and
tractability).
While much of the knowledge that can be described by these articial formalisms is \translated" or \explained" in the form of NL (patterns of) sentences
that the system is (or not) able to deal with (this is particularly clear for example
for the non-monotonic reasoning and belief revision camps), it is surprising how
few KR researchers have started by studying NL. Especially because NL could
constitute an important area of validation of AI progress.
On the contrary, it is often the case that NL is just mentioned only to be
discarded by a blunt \our aim is not to model the way NL handles this", instead
of being treated as the paradigmatic case. (See e.g. 22, p.108, Note 1] on
temporal ontology.) This is most striking, it seems to me, in the development
of ontologies for representation of a particular domain. My claim is that while
theoretically there is no bound to the partition of a concept space into smaller
and smaller units of meaning, NL could yield a pratical boundary if the smaller
units or concepts present (in an observable way) in NL were studied in detail.
To be fair, it should be said that not all outstanding researchers in KR share
my views of NL. For instance, 16] requires that KR should possess at least the
expressive power of natural language (thus implying that it could and should go
beyond it). But of course also from this philosophical standpoint, the study of
NL properties is a must. On the other hand, 14] is very clear concerning the
dierences between NL and KR formalisms: In page 78, he states
I distinguish sharply between a natural language which is informal
and probably not even completely dened means of communication in
the real world (...) and a formal deductive scheme for representing
knowledge.
And later he goes on Natural language is for communication, the internal language
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of thought is for thinking (...) These are vastly dierent requirements and so the
languages can be expected to be very dierent. 15, page 18]
Incidently, in the same paper (same page) Hayes mentions that looking at the
meanings of English spatial prepositions can be useful, thus reinforcing my claim
that, no matter one's theoretical viewpoints, to look at NL as a knowledge source
is the right thing to do.
Note: One could object to the \NL as KR formalism" argument by claiming
that knowledge representation includes not only declarative knowledge but also
procedural, i.e., the ways to process and handle such knowledge, and for those,
NL does not seem to matter. However, this objection seems to me ill-founded
in two respects: 1) NL understanding does require that the inferences illicited
by words and structures be studied 2) There are procedural descriptions in NL
(cookbooks, assembly manuals, military orders) which implies that NL is not
only important for the declarative part of knowledge storing, but also that it is
the language for communication of many other kinds of knowledge.

2.2 Is there knowledge independent of language?

Another point that should be mentioned in this connection is the fact that different languages have dierent realisations of their lexical elds and dierent
languages may implicitly encode dierent conceptions of the world. (This is usually referred to as Sapir-Whorf hypothesis 6], actualized recently in 1]). This
leads us to conclude that a KR system is not guaranteed to be independent on
the mother tongue of the researchers who build it.
A very common example is the distinction animated subject / agent or not.
Germanic languages encode it grammatically, while Romance don't. Deniteness
is also a concept that is not clear to speakers of languages without articles, while,
on the contrary, an average English speaker (without linguistic training) has no
clear feeling about aspect.
This fact is particularly clear for machine translation researchers, where it
has been claimed that there are meaning distinctions that can only be perceived
through other languages 30].

3 Strong similarities between the two domains
3.1 Compositionality

One of the most pervasive phenomena in natural language is the existence of idiomatic expressions, which are roughly dened as those complex linguistic objects
(phrases, words formed by two or more identiable units, etc.) whose meaning
is not compositional, in the sense that by knowing the meaning of its parts you
cannot arrive at or deduce the meaning of the whole. Typical examples are \the
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coast is clear", \to pull strings", \to take the bull by the horns", \to kick the
bucket", \to help oneself", \red herring", \software", \false friends". The degree
of idiomaticity varies from expression to expression moreover, it is not true that
these phrases have only the idiomatic reading. E.g., one can kick a bucket if s/he
likes football and you should not infer that doing this action means instantaneous
death.
In knowledge representation in general, it is easy to devise situations where
knowledge about, say, baking and cakes does not result in knowledge about how
to bake a cake. Or, if a person knows simultaneously how to drive, and how
to jump on skis, it does not follow automatically that one can drive in a ski
jump. This proves that knowledge is also not compositional in a strict sense, and
therefore, ways of organizing idiomatic versus non-idiomatic uses of language in
NLP may be useful in the KR domain as well.

3.2 Context sensitivity 1: time and place of utterance

Natural languages are highly sensitive to the context, in several ways. First of
all, clearly they can (and do) refer to non-linguistic objects - the referential use of
natural language (\Mary", \the king of France"). Then, some words (generally
belonging to a closed set) can also refer to parameters of the utterance context:
deictics 20] or indexicals, and they can be classied in two groups 18]: pure
| e.g. \I", \here", \this", \now"|, or demonstratives, such as \she", \this",
\that". Demonstratives are so called because they depend both on the context
of the utterance and on an accompanying demonstration (be it a gesture, or
previous text). 26] gives yet a more rened picture of these phenomena.
The knowledge engineer should also be interested in at least a partial indexicality of the concepts he is manipulating: They introduce the relationship to
an external changing world, and it is not far-fetched to imagine that, for the
actual connection of a knowledge based system and the real world, mechanisms
parallelling the several kinds of NL indexicals could be necessary.
To be concrete, consider the example of temporal reasoning systems. It is
clearly important to be able to state and process dierently \Today the temperature is 19 degrees Celsius" and \You cannot change things that occurred before
today". In the rst case, \today" could and should be replaced by a particular
date, but, in the second, \today" represents a true indexical, having a dierent
\value" every day.

3.3 Context sensitivity 2: intentions

NL objects may also change the meaning drastically depending on the intention
(and social context) of the utterance. Generally this is considered to be a matter
of pragmatics rather than semantics nonetheless, its correct interpretation is
essential to an error-free communication.
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This has long been acknowledged in the AI community, and attempts at user
modelling and of taking into account the goals of the participants in an intelligent
interaction have been pursued for a long time. However, linguistic information
should also not be forgotten, e.g. the abundance of linguistic clues for topic/focus
relations 13, 12, 7], and intonation information in the study of spoken discourse
29].

3.4 Context sensitivity 3: vagueness

Finally, one problem common to formal analyses of NL and KR, which I will
exemplify with two dierent examples, is that of vagueness of a word or concept.
That is, many words depend in a more subtle way on the (linguistic and nonlinguistic) context.
Many qualiers, for instance, are relative to some \fuzzy" notion of average
in the domain they qualify (see e.g. 17]), and this clearly has consequences for
the subsequent reasoning: for \a big ant" is no contradiction to the common
statement that \ants are small".
It is also natural to use \when" for non-exactly overlapping times: \When
they built the 39th Street bridge, a local architect drew up the plans / they
solved most of their trac problems" (taken from 24]). In other words, while
the informal meaning of \when" could be said to be \at the same time", the
times described in the two clauses can be sequenced either way.

3.5 Di erent levels for di erent uses

Dictionary developers 10] know that the very same (objective) level of representation (in this case, words) may need to be conceptually partitioned into several
levels of use. A very practical example is a word processor with style-critiquing
capabilities. For obvious reasons, the spelling checking part has to be based on a
list of only correct word forms. The style critiquing function, however, also needs
information about common mispelled word forms in order to provide accurate
error detection andto furnish correct alternatives. It is clear that the two sets of
words cannot be merged, especially because in many instances the same string
can be a correct word and a mispelled one. E.g., \it's" is a correct contraction of
\it is" and a rather common mispelling of the pronoun \its".
Another clear example is the need to distinguish an inected verb form from
the verb representative (e.g., its \lemma form"): LAY as the lemma form of
the verb inected \lays", \laid", etc. should have a totally dierent information
associated from the one ascribed to the past form of the verb LIE... This should
come as no surprise to the KR researcher, who is familiar with the distinction
between terminological and assertional knowledge ( 21]).
In addition, it has been beautifully shown in 3] that human beings are inconsistent, or better, they possess dierent sets of consistent beliefs which may or
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may not be consistent among them. Moreover, it seems that, again, those sets of
beliefs are dependent on the contexts of their use. It is thus acknowledged that
no global consistency can model an intelligent agent (see also 25]). Models of
inconsistent sets of knowledge about the \same" object are therefore common to
both NLP and KR in general.

4 Conclusion
I have presented two lines of argument of why NL should be a main concern for
KR researchers, the rst philosophical, the second essentially practical. I want
now to survey the literature either where related points are made or work using
both linguistic and AI knowledge is described.
The claim that AI researchers should learn from linguistics is not new (see 27]
for an excellent defence of it) Generally, however, it concerns only the restricted
case where AI researchers are using NL. There are nevertheless noteworthy exceptions:
For knowledge representation purposes, the following examples used linguistic theories and/or data: 11] used a theory of natural language meaning as a
KR-formalism. 31] (following 2]) use natural language repositories (such as dictionaries and thesauri) to represent background knowledge, presenting moreover
a formal representation of this concept for NL understanding.
For linguistic purposes, the following examples use KR techniques (on purpose, no other AI areas will be surveyed): 23, 32] use formalisms with hierarchical ontologies and inheritance inspired by AI work. More particularly, the HPSG
(Head-driven Phrase-Structure Grammar) school is investing in KR-formalisms
in order to produce the grammar theory's inheritance module (see 5]), while 8]
uses classication-based KR systems to understand NL instructions. Last but
not least, non-monotonic logics have recently started to be used for linguistic
description, see on this respect the papers in 4].
Finally, an historical remark is in place: many, if not most, of the early KR
formalisms had natural language understanding as goal, as so notable researchers
as Quillian, Woods, S.Shapiro, Schank and Winograd have stated!
Still, I think it is just fair to say that the typical KR researcher and the typical
NL researcher never think about each other in the (albeit so similar) problems
they have to face everyday.
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