A Non-deterministic Tokeniser for Finite-State Parsing
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Abstract. This paper describes a non-deterministic tokeniserimpleheen developed during the last few years [3F4r related work, see
mented and used for the development of a French finite-statergar. |1, 8, 10, 12].

The tokeniserincludes a finite-state automaton for singiterts and
a lexical transducer that encodes a wide variety of multivpres-

sions, associated with multiple lexical descriptions whesuired. 2 Non-deterministic tokenisation

As the first step in the analysis, a tokeniser segments the sgn-
. tence into tokens. In many applications, it is assumed thétia
1 Introduction level of processing there is no ambiguity. Karttunen [6] ait®s
the compilation of unambiguous tokenisers from directaepiment
Usually tokenisation has been seen as an independent pisc& oy pressions. Such tokenisers are now implemented forustim-
in natural language processing. In many parsing systentskie®i-  4,ages. They consist of a single finite-state network thadyres
sation has had little attention and, especially when pgr&imglish, unique output.
tokens are often supposed to be sequences of letters between \yile this approach s acceptable for certain applicatiarch as part
blanks. _ of speech disambiguation, it may not be satisfactory foremefined
In our approach the tokenisation is a firm part of the morpgioll  ,rocessing, such as syntactic analysis at a sentence level.
analysis. Our tokens are defined for the needs of a synteit®®p  £q instance, in French, the stridg mémésimilarly) can be treated
(i-e. they are the basic components of the parsing). Thitsleato a 45 4 single token (an adverb), or as a sequence of two independ
large collection of different tokens, like: tokens: the prepositiathe (of) followed by the adjectivenémdsame)
as inde méme formgpf (the) same format). If a wrong reading is
arbitrarily selected during the tokenisation, it may leaohtonsistent
and incorrect syntactic analyses.

e asimple word,

¢ several words forming one token asdrpriori,

e a same string ambiguously producing one or several tokeims as
de méme

e asequence of words that may have significant variationjlike =~ 3 Two networks for tokenisation
y avoir bientdt cing ansand

) In order r non- rministic outputs during tketdsation
¢ a simple word that may become two tokens, dig. order to produce non-dete stic outp g

phase, we propose a novel architecture: it uses two firate-stet-
works rather than just one: a simple automaton (the baseniskr)
and a dedicated lexical transducer that describes mutliviidivVv)

expressions.

Our system has the following properties. The tokenisasaahie to
use lexicalinformation, i.e. itrecognises the tokensainatecognised

by the morphological analyser. Also, tokens may be ambigui@i a : . - .
sequence of characters may contain ambiguously one or ees. Thgbasm tokeniseidentifies gener_al_sequences of characters _(combl-
ations of any number of letters, digits and to some extemtfuation

And what is important because we are using it in a developmen?_ . -
environment, the system is reasonably fast to update. signs), without considering whether they belong to the leaag or

We describe a tokenisation process that uses two distiritet-Btate not. Bas!cally, I recognises any string that ploes not héavekts.
transducers. Tokenisation is not a totally independentess, but Themultiword tokeniseis actually a MW lexicon, as opposed to the

closely related to the morphological analysis. The tokees rat basic tokeniser that is a simple finite state network. Thetimaoitd

described in detail here. What kind of tokens are neededmispen 1 See-:
the finite-state network based syntactic analyser for Frertch has http://www.xerox.fr/grenoble/mitt/reports/home.html.
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tokeniser recognises the long tokens not accepted by the tfoas
keniser. Such long tokens consists of, e.g., a list of knqrasgibly
ambiguous) multiwords and regular expressions for putictnand
numeric expressions, such2®4 000 and also for adverbials of time

like le 1er mai The latter simplifies the syntactic analysis; i.e. we

don’t want to write rules for constructions that we can list.
The tokenising networks are used in the following way:

1. We read characters from the input stream; whenever thiavoudl
tokeniser accepts a string of characters, we use this ted&eni/e
extract the longest match and obtain the morphologicalarssét
the same time.

2. Otherwise, we extractthe longestmatch that the baséiekrac-
cepts and analyse the output with other lexicons (stanéaicdn,
guesser, etc.).

3. The found token is removed from the input stream.

3.1 Anexample

Let us look at an example sentefeeracted from thd.e Monde
corpus.

De méme, "Port-Mariane sera ce que le marché en fera", dit
Raymond Dugrand.

The tokenisers divide the sentence into fourteen parts:

De méme, " / Port-Mariane / sera/ ce / que / le / marché/en/
fera/", / dit/ Raymond/Dugrand/.

The MW lexicon recognises the sequences of punctudtioaove),
and it also knows how such sequences should be analysed-An
teresting token is the first one that is also recognised byvié
tokeniser. Besides the word sequence also the punctuatimhtiie
blank characters) belong to the recognised sequence.

3.2 Punctuation and multiwords

The punctuation has its own mini-lexicon that is includethia MW

lexicon. Basically, the punctuation lexicon contains h# fpunctu-
ation characters repeated any number of times (and multicteas
like three dots ...) and transformed into themselves. Bassidlank
characters are also included, and they are transformeahirtorFi-

nally, various word boundaries are inserted to the outpsin#plified

regular expression for this could be:

[« | | % 0]+ [0/ | O/

where.:;. denotes that a dot is transformed into itsetf, :0 that a
blank is removed, an@./
/I is added to the output. This provides a mechanism for tokenis
and producing the same word boundaries (or token boundléoies
a,banda, b

The punctuation itself is mostly just a curiosity but whenave deal-
ing with the multiword expression, the punctuation lexit@wtomes
important. Consider, e.g., the adverbial of tileeler mai(the first
of May). Let us suppose that we want to recognise this as d@ato
Then we cannot just add it to the MW lexicon. The reason isttiet
tokeniser uses the longest match it founds from the MW lexiad
we could misanalyse a sequeteder maire(the first mayor). There
are two ways to fix this: (1) we may add also tbeler maireto the

2 In English: Similarly, "Port-Mariane will be what the matkeill do out of
it", said Raymond Dugrand.
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MW lexicon, or (2) we simply concatenate the punctuationiciex
after the multiwords in the lexicon. This way we obtain theulgin
the example above. In this case, the tokenisation is agttesdblved
after the morphological analysis.

4 Combining the tokenisers

In theory, the basic tokeniser and the MW lexicon could bepased
into a single transducer. L&tdenote the basic tokeniséthe mul-
tiword lexicon, A the morphological analyser aridla guesser that
gives every string an analysis. The tokenisation and thephaogi-

cal analysis could then be expressed as one transducerynisime
[T °A]J U[T °[G-A] where’denotesthe compo-
sition andG-A the transducer that does not accept the (input) strings
accepted byA.

However, such a compilation easily leads to time and spaxd#¢ms,
while the two independent networks remain reasonable cotepan
when the number of encoded MW expressions is high (typically
several thousands, not considering cyclic expressiortsasidates).

5 Ambiguous tokens

For instance, in the case d& mémeone gets the following two
readings at the lexical level:

(1) de Prep ./ méme InvGen SG Adj
(2) deméme Adv MW

.The first reading includes the symhél which represents a word

|lq)oundary between the prepositid@and the singular adjectiveéme
while the second reading is a single token, marked with a MyV ta
Ambiguous MWs (with respect to tokenisation) cover varioom-
binations such as preposition + adjective in tlkemémexample, or
adjective + noun as ibon marchgcheap) as a MW adverbial, but
alsogood markewhen analysed as two independent tokens:

(1) bon Masc SG Adj ./ marché Masc SG Noun
(2) bonmarché InvGen InvPL Adj MW
(3) bonmarché Adv MW

More complex situations may occur when the decompositich®f
MW into more than one token leads to many combinations. Ehis i
for instance the case withien que a MW connective than means
although Whenbien qués split into two tokenshiencan be a noun,
an adjective or an adverb, amgie a conjunction or an accusative
relative pronoun. Besides, the type of word boundary betvioéen

that an (ambiguous) sentence boundaryandquemay vary, depending on the type of clauses (simple clause,

embedded clause, etc.) to be found between the two toketise In
end, one gets about 200 lexical analysesiien que in addition to
the MW connective reading.

6 Components of the MW lexicon

The MW lexicon results from the union of various lexical reses:

¢ MWs from the basic lexicon
One component of the MW lexicon results from the extractibn o
MWs encoded in our basic French morphological analyser][7, 2
This represents about 8000 MWs (6200 nouns, 1000 adver@s, 35
grammar words, 200 adjectives).
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¢ Alternate readings [5]

Another component of the MW lexicon originates from a trans-
ducerthat encodesalternate readings for MWs, i.e. readihgre

the string is not recognised as a single token, but rathersas a (6]

guence of independenttokens, as mentioned abovsdnmueor

de méme

Such alternate readings are described using expressibns31L
defined for that purpose. These regular expressions exuacis
from the basic morphological analyser, and combine theneas r

(71

quired. The complete lexical reading results from the ctaregtion [8]

of the contiguous extracted words, while the relevant wanatal-
aries are inserted in-between. For instance, one alteenatading
of the MW bien queresults from the extraction of the adverien

and the connectivgue both being concatenated with any word (9]

boundary in-between (as any clause may start befoep

¢ Miscellaneous readings
Another component of the MW lexicon originates from a lekica
transducer which encodes MWs that are not found in the basic

morphological analyser. This covers a wide range of phemame [11]

such as misspelt expressions, @ griori, domain specific termi-
nology, names, idioms, or expressions that constitute becige
for the parser by going against the predictions of the gésgra

tax, e.gfin mai(lit. end May),le pourquoi et le commefthe why ~ [12]

and the how).

e General regular expressions
Another way of adding information to the MW lexicon is to use
general regular expressions that combine specific woigls)euns
appearing in time adverbials, and more generic words deilac
from the lexicon, e.g. prepositions, numbers, etc.
This is how we encode time MWs like dates, dundi 21 janvier
1794 or verbal phrases that behave as adverbialsil @ay avoir
bient6t cing ang(it. there will be soon five years), where some
inserted elements belong to predefined sublexicons (engerals,
adverbials). For example:

il [ vayavoirl ya| yaura] Adverb Numeral [
mois| année$.

jours|

7 Conclusion

We described a non-deterministic tokeniser integratediimta-state
parser. The tokeniser being non-deterministic means there loss
of information when a given string can be seen either as dantor
decomposed into several tokens. The tokeniser allows ustmde in
a compact fashion a wide range of multiwords, ranging frotesia
names, terminologies, complex adverbials, idioms and mereral
phrases that are difficult to parse. This in turn, improvesatcuracy
of parsing.
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