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Abstract. This paper focuses on the description of simple measuresefitay
means of a local grammar. We show that these linguistic tbjmn be decom-
posed in several elementary components and that they geestdcomplex in-
ternal constraints. From these linguistic observatioresbuild a global grammar
that is then evaluated on two corpora.

1 Introduction

Finite-state technology is now widely used in Named Entigc@&nition (NER) sys-
tems. Many studies showed that finite-state representat&nlinguistically relevant
for such entities, in particular numerical expressions ¥NEX). In this paper, we fo-
cus on specific numerical expressions related to 'quastitieeasurement expressions,
that are less studied because of their low frequency relgtio other types of numerical
expressions.

A Measurement expression involves a value measuring a gyopean item (e.g.
length weigh) or a property relating two items (e.distancé as it is shown in the
examples below:

(1) On this road, thepeedof thecar is limited to 50 mph.
(2) The villa has adistanceof 100 feetto the sea

In the construction-grammar framework, they are formalilzg a relation between
three elements: item, dimension and value. An item @egR has a dimension (e.g.
width, weigh) which can be measured with a valierg, 2 kg[Hasegawa et al. 2008].
In addition, each dimension selects a set of appropriats.udimensions can be re-
grouped into families the dimensions of which select theesanits: e.gwidth, height
radiusdimensions belong to the 1D spatial dimension family.

In this paper, we focus on the microsyntax and the recognitféhe value in French
measurement expressions, which, roughly speaking, derdis simple phrase com-
posed of a cardinal numerical determiner and a unit. We ma&@bDnum Unit This is
an obligatory step before a deeper automatic syntactic amaustic analysis. At first
sight, this appears simple but we will show that this typesairessions is subject to
complex lexical and syntactic contraints that can be wedkdbed and identified by a
finite-state system. Our study is based on our previous woiRénstant 2002]. We use
the formalism of local grammars introduced by [Silberz@0®0] and [Gross 1997].
They are made of finite-state graphs representing and stiigtcomplex linguistic



forms. They can recursively refer to other graphs and aredas large-scaled lexi-
cons. The grammars were encoded, compiled and applied vfiémesht programs of
the platform Unitex [Paumier 2008]

The first part of the paper is devoted to a linguistic desimipof the elementary
components that are numerical determiners and scientiiic. fhen, we detail the lin-
guistic constraints on the combination of these two comptmé&inally, we show how
to construct the global local grammar recognizing a regalaguage and we evaluate
it on three distinct corpora.

2 Cardinal numerical determiners

Numerical determiners are well studied linguistic compuaé the field of NLP. Many
researchers showed that Finite state models are best goiitdokir representation (in
particular [Chrobot 2000, Silberztein 2003,Karttunen@Q@porte 2007]). They can be
divided into three categories: cardinal numbers writtewands, cardinal numbers con-
stiting of digits, nominal numerical determiners.

2.1 Cardinal numbers written in words

Cardinal numbers written in words have been studied andritbescin the form of
local grammars by [Silberztein 2003] for French. For thigkyave used the proposed
graph structuration to construct a local grammar, deswibiatural integers in words
up to one trillion. The main difficulty comes from differerpedlings of some words
depending on the context. For instancent(hundred) is spelled differently ideux
cents(two hundred) and inleux cent deuftwo hundred and two). The numbguatre-
vingt has two spellings whether it is located on the right or on #fedf words like
mille (thousand) omillion : quatre-vingtmille deux centuatre-vingts(i.e. 80, 280)

2.2 Cardinal numbers consisting of digits

A finite-state graph is also very convenient to describeinatthumbers consisting of
digits. There exits a writing convention, and so a specifiatay, for numbers with
more than three digits: for example, in Frenchli@98 there exists a white space be-
tween the third and the fourth digits; in English, the whipaee is replaced by a coma
(1,298). From a general point, a white space (a comma in &mgticcurs in the se-
quence of digits every 3 digits starting from the right. Niitat such strict conventional
constraints are not always true in texts depending on theenvBometimes, required
internal whitespaces do not even exist or are replaced by (dotinteger values are
therefore sometimes ambiguous with some date2@39.

Decimal numbers can also be simply represented. In Frememtieger and decimal
parts are separated by a comma (12,7 ou 3,896). In English, dot (12.7 ou 3.896).
Numbers in scientific notation also have a specific syntax:1623.10E51,23x10+52

! This free open-source system has the advantage of allowsierg to add external lexicons and
to refer to their lexical entries in the implemented gramsnar



or 4,8x10-6 They include a coefficient and a base. The coefficient is amdgaumber
between 1 and 10 not included. The integer part solely costame digit. The decimal
part is more free in size: it depends on the precision reduiféde number is then
adjusted by means of the base which is either a positive ativegnteger.

2.3 Nominal numerical determiners

Nominal numerical determiners were systematically descriwith a finite state rep-
resentation in [Silberztein 2003,Laporte 2007]. They héneformDet Nnum deDet
Nnum of) where

— Nnumare numerical nouns representing exact multiples ofrillion, milliard,
billion) or sub-multiples of 10dixieme centeme milliardiemg. There are also nu-
merical nouns used for approximation suchraBiers (thousands);entaineg(hun-
dreds)cinquantainedouzaingdozen)dizaine

— Detare indefinite determiners (eplusieurs(several)) or numbers (e.dix, 10

(3) (Dix+10+Plusieurs) millions depersonnes sont allergiques la poussiere.
(Ten+10+Several) million people are dust-allergic

(4) Marie attendune douzaine damis cette semaine
Mary is expecting a dozen friends this week

These deteminers can include a limited set of modifiers thiaghbittle semantic
nuances such as in:

(5) Paul a perdune petite douzaine dekilos.
Paul lost a few dozen kilograms.

There also exist semi-fixed forms of these determirdes:Nnum et des Nnum.de

(6) Marie a gagnées centaines et des centaines dellars.
Mary earned hundreds and hundreds of dollars

Sequences of nominal numerical determiners are also aztept

(7) 1,67 milliardieéme de milliardieme de milliardieme dekg.
1.67 billion billion billionth of kg

3 Units

The use of a type of unit depends on the dimension to be mehddi@ensions can
be gathered in families the members of which share the saamse of appropriate units.
For each family, it is therefore necessary to define the &ssacclass, that is the list
of all types of appropriate units. Each class is usuallyd#idiinto two sub-classes: unit
symbols - e.gm- and unit names - e.gaetre(meter)-. In practice, each dimension fam-
ily X (e.g.Energy is associated with two hand-drafted grapkenit (e.g.EnergyUni}
for unit names an&XUnitSymb(e.g. EnergyUnitSympfor unit symbols. For instance,
graphEnergyUnitwould look like in figure 1. It refers to the graphs represegthe dif-
ferent types of units belonging to the cla€alory, Joule ElectronVoltandWattHour

In the two following subsections, we show how these graph®wenstructed (either
automatically -prefixgenbase either manually -prefibase).
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Fig. 1. EnergyUnit

3.1 Basic units

Firstly, we enumerated measurement units by using the tfaiedassification. We
generated a specific dictionary where lexical entries epoad to unit forms (exmil-
limetres mm). Each entry is assigned a lemma (millimétre, mm), a category (Unit),
morphological information, its scientific unit class (exetdrUnit) and information
weither the form is a unit name (+Name) or a unit symbol (+Syn@iven a base
unit (meter, m), we automatically list all multiples and swloltiples (e.g. kilometer,
km ; millimeter, mm) by adding relevant prefixes and suffixémw required. All mor-
phological information were encoded in a specific configardfile for each base unit,
in order to be used at the dictionary generation. For ingtatie configuration below
for byte units ByteUni} indicate that the base name and symbol are respectrotdy
ando. All derived forms would be in masculine (cod® and names accept the plural
form by adding suffixs (codemorphq. All standard prefixes are not accepted and are
limited to those encode8UP (kilo-octet *milli-octet). Names also accept a hyphen
between the prefix and the base form (cbgphen).

(8) octet:0::Byte:morpho+SUP+m-+hyphen

We also generated two graphs for each scientific type: ongniibsymbols, another
one for unit names. Both make reference to unit forms encodibe dictionary. For ex-
ample, graphsin figure 2 represent units derived fiomle <Unit+JouleUnit+Symb-
and <Unit+JouleUnit+Name> respectively indicate all unit symbols-$ymb) and
names tName of typeJouleUnit In total, we constructed graphs for 21 unit types.

- irloutelnis s p—G) - —)—] nrlowtebn sy @)
(a) Joule (b) JouleSymb

Fig. 2. Joule type

In addition, we constructed manually graphs of compound narnes with some
variants. For instancenille nautique(nautical mile) have several variants : englle
(E+marin+nautique)(E+international+britanniqué) Finite state graphs are therefore
of great interest to represent them. It is even clearer witlhenicy units that contain
many lexical variants. Graph 3 represents the differerdsyqd dollars.

2 Symbol E is the empty word



us
U.s.

<E>
<américain>
<canadien>
<australiens ]
<jamarcain=
<libérien=
<néozélandals>

<Ex

des Caraibes de I'Est

Bahamas

la Barbade

Belize

<dollars Guyana
Hongkong

de Malaisie

Singapour

Talwan

Trinité et Tobago

Zimbabwe

Bermudes
des Fidji
Salomon

Fig. 3. Dollar

3.2 Complex units

Some units are defined by the combination of basic units. f&ance, in physics, a
speed unit is the "division” of a 1D spatial unit and a timetuoéntinetres par heure
(centimeters an hourkm/s In everyday language, there exists some variants such as
kilometresa I'heureou kilometres-heureExemple 9 shows that the first expression can
also be reduced in the sequericEheure, but this is only available with the unit name
heure

(9) Max roule a une vitesse de 80 (kilometres+E) a I'heure
Max has a speed of 80 (kilometers+E) an hour

(10) Ce météorite a une vitesse de 2 (kilometres + *E)selzonde
This meteor has a speed of 2 (kilometers+*E) a second

Below is given the grapBpeedUnitepresenting this type of unitsengthUnitis
the union of graphs of units measuring lengfimeUnitgathers units measuring time.
Note that it contains a simple unit nameeudmeasuring the speed of boats.

The area dimension lexicalized by the womrlee, surface superficiealso selects
complex units:

— the combination of a length unit followed by either the tfif it's a symbol or the
modifiercarré (square) if it's a unit name: e.q2, metre car;
— simple surface units likare, hectaresymbolized bya andha.

In a similar way, units measuring volume are formed of tweetypf units: a length
unit followed by the digit 3 or the modifierube(cubic); units derived frontitre (liter)

The scientific unit traditionally associated with frequgichertz Nevertheless, in
everyday language, the unit is more free. It can be any cbleteoun phrase with no
determiner followed by a preposition (or symbol '/’), an igpial determiner and a time
unit:
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Fig. 4. SpeedUnit

(11) Lusine produit trente poulets (a la+/) minute
The factory produces thirty chicken a minute

Thus, itis necessary to describe a complete noun phraséwititeory is not finite-
state. Nevertheless, in practice, this phrase is shortisedais followed by a sequence
expressing time. We therefore limited our noun phrase grajie following maximal
sequencéddj N Adj de Det NNote that frequency expressions can be expressed in a
non-connex manner. They may require the analysis of a whkslgesce, which makes
finite-state description more difficult even if pragmatidusions based on finite-state
techniques exist. Examples 12 and 13 are equivalent in mgawnihich shows that
uterrancepar an (a year) can be inserted in different locations of the samgfike
standard adverbials).

(12) Par an, l'usine produit dix mille voitures

(13) L'usine produit dix mille voiturepar an
The factory produces ten thousand cassear

4 Measure expression®num Unit

4.1 Numerical Predeterminers

Simple measurement expressions often contain numeriedeggrminers that can be
located either before or aft@num Unitlike presque(almost),environ (around),ex-
actementprecisely) & peu pes(around):

(14) Marie a énviron+exactemeny 10 ans
(15) Marie a 10 ansgfviron+exactemeny
Mary is (@around+precisely) 10-year old

These words modify the interpretation of the value of the aroal determiner. The
distributions of the predeterminers situated befdreum Unit (PreDnun) and after
(PreDnumPogtare different like in:



(16) Luc possedea(peu pres+environ+*ou presque+presque30 voiliers

(17) Luc possede 30 voilier®3d peu prés+environ +ou presque+*presqupe
Luc owns(around+almost) 30 sailboats

PredeterminerBreDnumet PreDnumPostan occur in the same sequence and are easy
to represent in the form of graphs in order to integrate thethe basic structui®num
Unit.

(18) Paul a couché avemviron mille femmesau total
Paul slept witharound one thousand womaen total

4.2 Internal constraints

This section focuses on the description of the linguistitst@ints existing between the
numerical determineinunm) and the measurement unitrit).

Stylistic constraints The two componenidnumandUnit are firstly subject to stylistic
contraints. For instance, the combination of a numerictérdaner written in words
followed by a unit symbol is not natural although the othenbinations are allowed:

(19) *dixm
(20) 10 (m+metres)
(21) (dix + quelques dizaines de) metres

Determiner connexity Numerical determiners are not always connex and can be di-
vided in two parts separated by the unit as shown in the exasiigalow.

(22) Max a un retard dbuit minutes {rente + et demi)
Max is eight minutes and 30 seconds late

(23) Marie a sauté m 60
Mary jumped 5.60 meters

There exists a constraint of homogeneity between the leftreyht parts of the non-
connex determiner: they are either both written in wordsath lvritten with digits. In
addition, the left part of the determiner must be an integer.

Precision The structureDnum Unitcan sometimes be commuted to a sequence of
severalDnum Unit It has a specific syntax for each unit class. This is mainkdus
to add precision to a measurement. The following examples sfonstraints on the
sequences of simple phraBaum Meter

(24) Jean a couru 10 kilomeétres et (30 metres+*3 000 m&B@secondes)
John ran 10 kilometers and (30 meters+*3,000 meters+*30nsiw)

(25) Ce champ a une surface de 100x200m
This field has an area of 100m by 200m



4.3 Approximations

In this section, we focus on more complex combinations iEgTeng approximations
of values.

Conjunction ou (or) The conjunctiorou (or) is used to approximate the numerical
value of the determiner in the form of a choice between sévataes.

(26) Max acing ou sixans
Max is five or six year-old.

The sequenceing ou six(five or six) could be interpretated as a compound determiner
but this involves issues because the sentence 26 is equiitalthe sentence :

(27) Max a cing ans ou six ans
Max is five year-old or six year-old

Moreover, it is possible to have a sentence like:

(28) Latable est & une distance de 90 cm (ou+vditeh du mur
The table is 90 cm or 1 m from the walll

Range There exist three types of complex structures that are usedpress ranges
of values: (1) entrentre Dnum Unit; et Dnum, Unite (between ... and ...), (3e
Dnum; Unit; a Dnuny Unite (from ... to ...), (3) Dnum Unit; - Dnumy Unit,. In all
structures, Unit and Unit; can be factorized if Unit equals Unit.

(29) Lalongueur est comprigmtre 90 cm et 1,10m
The length is comprised between 90 cm and 1.10 m

(30) Latempérature atteiftle + E) 13a 15 degés
The temperature reaches 13 to 15 degrees

(31) Lintensité du courant sur cette ligne estld® amperes-200 amgres
The electric intensity on this line is 150 amperes-200 aeper

In constructiorde ...a .., the prepositionleis not always obligatory like it is shown
in example 30. In many cases, it is soly the introducer of pgsiional measurement
phrase and should not be included: for instancebateau deing a six tonneg(a boat
of five to six tons). Moreover, the construction witle is naturally ambiguous. It can
also express an evolution in time. Its interpretation delgsesn the main verb of the

elementary sentence.

(32) Le prix du pain est passé de 65 a 70 centimes
The price of the bread went from 65 to 70 cents

In this sentence, the initial price of the bread is 65 centbraaches 70 cents at the
final state. In many cases, this ambiguity is impossible nooee locally.

3 voireis a variant ofou



5 Construction of a Local Grammar

All linguistic constraints described in the previous sect were gathered in a local
grammar making use of morphological finite-state resourtasse resources consisted
of the general language dictionary DELA [Courtois and Sitein 1990] and the dic-
tionary of 2,007 simple unit forms, generated in section BHe elementary linguistic
components (numerical determiners and predeterminars, plits) are described in
various graphs:

— Numerical predeterminers can be either predetermineetdd before sequence
Dnum Unit(graphPreDnun) or ones located after (graftre DnumPost

— Numerical determiners can be of different types (grajilnsberWithLettersNomi-
nalDnum NumberWithDigitsand subtypes (graplstegerNumberDecimalNum-
ber, ...).

— Each dimension family has its own graphs of appropriatesuni

For each dimension family, we automatically produced a lgfapumUnitrecog-
nizing: (1) simple expressiori3num Unitincluding predeterminers and internal con-
straints combining numerical determiners and units; (2)glex structures formed of
simple expressions (exentre 10 mm et 15 cnWe used a so-called parameterized
grapHt (cf. figure 5) that contains all possible constructions Whiwlude parameters
(@...@ the values of which depend on the dimension family proaksBarameter
@dimfamily@is the name of the dimension family (eEnergy. The graph refers to
two other graphsSimpleDnum@dinfamily@Unit(e.g.SimpleDnumEnergyUnitep-
resenting simple measurement expressionssamgleDnum@dinfamily@UnitZ(e.g.
SimpleDnumEnergyUnitepresenting simple measurement expressions where ithe un
can be absent. All generated graphs are gathered in one girgihDnumUnit equiv-
alent to a finite state transducer.

The two types of simple expression graphs were also buittguaiparameterized
graph (cf. figure 6). Paramet@precision@indicates whether there exists a graph
descibing precised expressions (cf. subsection 4.2) nitdes @zeroing@indicates
whether the absence of a unit is allowed. For each dimensaimilyf @dim family@,
two graphs §impleDnum@dinfamily@Unit and SimpleDnum@dinfamily@Unit2)
were produced by resolving the parameters. According to Hadues, there are two
cases: (1) the parameter is replaced by the empty word oexieal value correspond-
ing to the parameter; (2) the parameter transition is remhove

6 Evaluation

The evaluation process requires a corpus where measuessiqts are annotated. Un-
fortunately, such a corpus does not exist for French. Westbes constituted three cor-
pora: the first one (hamely SCIENCE) made of articles of twenEh scientific periodi-
cals Science et VieScience et Avenirthe second and third ones (namely NEWS1 and

4 This concept has been first introduced in the software INTEMbprztein 2000]. Note that
the system NOOJ [Silberztein 2005] has also an interestinglsr mechanism to integrate
such lexical and syntactic constraints into grammars. FRisr it uses non strictly finite-state
methods.
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SimpleDnum@dim _family@UnitZ [}

simpleDnumédim_family@Unit J—————0)

JKN+@dim_family@}

Fig. 5. parameterized DnumuUnit

@precision @ |——|:precision:Dnum@dim_family@Unitprecision

wdnurn:Mumberiith Digits
dnum:NominalDnum

<E> e e — <E>
—D—@ R i fithLetters | unit@dim_family@Unit BB e (m)

@zaroing @

wnin@dim_family@UnitSymb

\1 dnum:integarMumber [}—{ wnin@dim_family@UnitSymb D—{ rdnum:integarMumber

&t <demi>

L idnum:NumberwithLetters [—[:unit:@dim _family@Unit

:dnum:Numberiithletters

Fig. 6. parameterized SimpleDnumUnit

NEWS?2) composed of journalistic news taken from yahoo weh SCIENCE aims
at testing the grammar on many different types of expressiNEWS1 and NEWS2
aim at evaluating the grammar on expressions in a more contanguiage. NEWS1
is the strict concatenation of journalistic articles. Iblea9, we observe that NEWS1
is almost limited to the three main types of numerical exgimess studied for NER
(time, percentage and monetary expressions). NEWS?2 isateamation of paragraphs
containing the other types of expressions.

Each corpus was divided in two parts of the same size: thedivstfor the de-
velopment of the grammar; the other one for its evaluatidierhe construction of
the grammar, we manually annotated the evaluation pareahitee corpora. Different
figures on the annotated evaluation corpora can be foundurefigy Note that the cor-
pora are rather small in terms of number of annotated expreSsAn example of the
SCIENCE corpus in given below:

De violentes tempétes de sable emportgat moins 150 000 tonnes,.XN+Weightde
sel et de sable du lit asséché de la mer et les transporten{pdusieurs centaines de
kilometres,.XN+Length}.

5 The small size of the annotated corpora and the high numHekicfl and syntactic measure
variants prevent from using a statistical process.
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The evaluation stage consists in applying separately tifeszent grammars com-
piled into their equivalent finite-state transducers ontkinee corpora with the longest
match rule: (1) BASELINE (composed of 135 graphs: 325 states9,554 transitions)
recognizing very simple sequences formed of a number (wghtisdand with letters)
followed by a unit; (2) SIMPLE (165 graphs: 5,578 states a@5b3 transitions) rec-
ognizing simple expressions (cf. section 5); (3) COMPLER3Zraphs: 8,940 states
and 131,408 transitions) being the local grammar desciibsection 5. The grammars
were all compared by using standard evaluation measuresispn (p), recall (r) and
F1-measure (f). The results are shown in figure 8.

Eventhough the small size of the corpus attenuates thefismmie of the results
obtained, it is possible to draw some conclusions. Firstlg, COMPLEX grammar
reaches relatively good scores for NEWS1 and NEWS2. Thedgaeity of measure
expressions in SCIENCE makes them more difficult to ann@atematically: for in-
stance, some infrequent complex units are missing sudeesnde d’araneasuring
an angle; some expressions are not described+8545’ 24”; there are other non-
connex types of expressions (&00g CO2/km The experiments also confirm that the
measure phrases studied in this paper cannot be reducedumtzenfollowed by a
unit. By looking carefully at the annotations produced, \aa observe the importance
of nominal determiners. Even if complex structures are ndtequent in the corpora,
the grammar recognizing them is very useful, especiallhéndorpus SCIENCE.

BASELINE |SIMPLE [COMPLEX
r=0.65 r=0.88 (r=0.89
NEWS1 |p=0.77 p=0.89 |p=0.91
f=0.71 f=0.88 |f=0.90
r=0.67 r=0.87 (r=0.89
NEWS2 |p=0.73 p=0.88 |p=0.90
Corpus [#words|#sentence#fmeasures =0.70 f=0.87 |=0.89
NEWS1 |26,717|785 222 r=0.49 r=0.77 |r=0.84
NEWS2 [29,611[950 427 SCIENCE|p=0.52 p=0.74 |p=0.82
SCIENCE|25,411 648 186 f=0.51 f=0.76 |f=0.83
Fig. 7. Evaluation corpora figures Fig. 8. Evaluation
NEWS1 [Time (51) Percent (26) |Currency (17)1D-Space (5)Misc (1)
NEWS2 |1D-Space (38Frequency (22Weight (12) [Area (9) Misc (19)
SCIENCE|Time (25) 1D-Space (24)Weight (9) |Frequency (9Misc (33)

Fig. 9. Distribution of types of measurement (percentage in passis)
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7 Conclusions and Future Work

This paper focused on a description of measure phrasesssipgea value by means
of a finite-state approach. We showed that the resulting granneaches correct scores
when it is applied in a context-free manner. In the short-mam would to like to size
up the evaluation corpora and to increase the coverage dinguristic resources for
improving recall. Future work would also involve integragithe grammar in a more
global process taking all other linguistic phenomena itmoant (a finite-state chunker
for instance) in order to improve precision. From this, ibghl be interesting to im-
plement an automatic process that analyses complete sigmme®f measurement and
annotates the relation between items, dimensions ands/alue
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