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Abstract

We propose a formal diee for the encoding of relations holding betweencl# units of natural
languages, based on the concept xithd function introduced by Meaningext theory Because the
language traditionally used for encodingital functions is not fully specdd from a formal point
of view, we propose a melanguage which we belie to be computationally tractable. Moveq
this formal language ales us to gie a formal basis to the traditional language andltibsfigaps.

1 Intr oduction Section 2 introduces some basic terminology and

The concept of EXICAL FUNCTION was introduced notation that will be used in the remainder of this
some 35 years ag®glkovskij & Mel' uk 1965) to paper Section 3 presents themdicit encoding and

describe tw types of relations holding between Section 4 proposes a formal aefion of the ECD

lexical units (= lecemed) of a natural language: €N¢0ding, describing it rela to the &plicit

semantic deviations and base-collocate relations.£Nc0ding.

A formal language for describing these relations b)é Basic notions

means of Igical functions has beenddoped and

used a&tensiely in lexicographic descriptions 2.1 Semantic derivations and base-collocate
found in EXPLANATORYCOMBINATORIALDICTIO- relations

NARIES(ECDs) — see Mel'uk & Zholkovsky

(1984) (for Russian) and Melik et al. (1999) (for The Meaning-_Téxt concept OLEXICAL FUNCTION
French). Havever, the formal bases of tHecp (hereafterLF) is used to model wwtypes of rela-

ENCODING of lexical functions hae never been tions holding between Jemes of a natural lan-

made totally eplicit, leaving researchers with a 9Uage: semantic demtions and base-collocate

formal device that seems loose from both a Comlou_relatlonsA SEMANTICDERIVATIONhoIds between

tational and conceptual point of wigWe beliee it WO lexemes |y and L in ary of the follow-

is essential to address this issue as the concept'@@ three cases: 1)jland Ly have (roughly)
lexical function itself has pred to be particularly the Same meaning —this is either a case of
suited for applications in computationakigogra- ~ (duasi) synogmy if L, and L, belong to the
phy (see Heid 1996, dhtenelle 1997) and natural S&ME€ Part of speech, or a case efbal, nom-
language processing (see lordansljal. 1996). |nal,.;\:1djectval or adwerbial translation _(|n
The alternatie encoding we propose is computa-' SNI€Tes sense); 2) L.and L, have opposite
tionally tractable and mas eplicit the inner 'Meanings —the link here is that of (quasi)
value and role of kical functions in natural lan- 2Ntorymy; 3) L, designates a participant or a
guage, thus making it easier for Meanirgd{Tout- circonstant of t_he_snuatlon de3|gn_ated b’y L
siders to understand and manipulate them. Because®-9- CRIME is linled by semantic deva-

it makes explicit all formal properties of beical ~ 1oNS WIthAUTHOR [of a crimg or CRIMI-

relations, we hereafter refer to the proposed forVAL, VICTIM, IN_STRUMENT [of a crimd,
malism as thEXPLICITENCODING etc. Such relations betweenxiemes are

calledsemanticderivations as no morpholog-

ical link needs to eist between |Igemes

1 Meaning-Bxt linguistics distinguishes twtypes of ::nE;IIOI\(;Z?.’ ;:,:? (r)]:aAr\nys:[caonL?_grchig]RoETAhT?(l)?\JgI_
lexical units, l&kemes and phrasemes, the latter beingh I) vation. | h
multi-lexemic lexical units QUMPTHE GUN,, etc.). olds between tw lexemes Iy and L, when

For the sak of simplicity we use here the tetex- "€ can be combined to form a semi-idiom-
emeto refer to both types. atic constructionL, L, —called acOLLOCA-




TIoON— where one of the components —calledwhich associates to eachxéene Ly asetof values

the COLLOCATE— is chosen in a (partially)
arbitrary way to xpress a gien meaning and/

f «(L41), such that for eachxeme L, belonging to
this setf (L;)=L,. The sef (L) will be the empty

or a grammatical structure contingent uponset if no l&keme is linled to the kyword L; byf .
the choice of the other component —calledy, £\ copingoF LEXICAL RELATIONSS a corre-

the Baseof the collocationSuch is the case of
collocates gpressing intensi@iation heavy
bombadment sharp contrast, ...), collocates
that function as supportevbs for the based
run a fever, to stagea coup ...), etc.

A relation of semantic demtion holding between
two lexemes i3 and L, is always oriented: it asso-
ciates L, to L. For instance, MURDERER is the
standard name of therdt actant of MURDER
MURDER, =1%tactani] MURDERER. Of course,
we can also associate MURDE® MURDERER,
but in this case we ka a diferent semantic def-
tion, namely: MURDERER-actioni] MURDER,.
For base-collocate relations, the link i&2sa more
obviously oriented. L will be connected to {as
one of its collocates, i.e. axeme with which L
forms a collocatiorh; L,, of which L is the base.
For instanceheavyis a collocate (acting as intensi-
fier) of the baseombadmentin heavy bombat-
ment and not the other ay round.We will see
immediately belo how the fact of modeling Iei-
cal relations by means @dfinctions accounts for
the inherent orientation of such links.

2.2Formal perspective on LFs

Each LFf encodes a subset of the Raif all pos-
sible lexical relations.The notationf (L;)=L»
means that a ¥ecal relationf holds from L to L.
We call Ly theKEYWORD and L, theVALUE of f .

spondence between the s& of all possible Iei-
cal relations and a formal languaBgecalled the
ENCODINGLANGUAGEOF LFs. A given element of
E encodes the subset ofleal relations corre-
sponding td through¢.

An encoding : R —» E defnes a partition oR. A
given encodingp, is said to be moreRANULAR
than another encodingy, if ¢, defnes a fer parti-
tion of R thand,, that is, if¢, collapses together
some LFs which are considered separatelg oy

2.3 Linguistic perspective on LFs

Each LFf corresponds to a linguistically homoge-
nous set of Ieical relations. In other wrds, if

f (Ly)=L, andf (L’{)=L",, then L, provides the
same linguistic features to,las L', to L 4, that is,
the same modidiation of semantic content and/or
the same modidiation of syntactic belw#or. In
addition, an LF can be wed as some sort of
“generalized” lgeme (se&Vanner 1996:23). Con-
trary to a true Ieeme, an LF is not associated
with specifc realizations. Its realizations depend
on its cont&t of application, that is on theak-
words; for each é&yword L there gists a sef (L)

of possible realizations &f.

In order to be able to postulate LFs, i.e. generaliza-
tions upon Igical relations, the linguistic “content”
associated with each particular LF has to remain

Using this functional notation, it is therefore possi-vague.To illustrate this point, we will tak the

ble to revrite the two above-mentioned relations
holding between MURDERand MURDERER as:

15t act ant (to muder) = muderer
act i on(murderer) = to muder?

Because seral lexemes can be lirdd to a lzeme
L, byf, f is not &actly a function. Rathgeach
LF f corresponds to a map (a true functidén)

2 To be accurate, we should write theyword and
value of a LF in upper case, asythmth are [gemes
and not sudce linguistic realizations. kever, to
make our formulas more readable, we will follo
here the ECD corention and mak use of italics
instead.

standard LF of intensifation,Magn, which is
somehwv an idealization of “pure” intensdation.
It is never expressed as such for at leasbtrea-
sons. First, the intengifation of the meaning of a
lexeme L is in &ct alvays the intensifiation of a
component of this meaningoFinstance, while
deadlyin deadly combaapplies to the number of
casualtiesfierce in fierce combapplies to the
actual intensity of the comb3fThe second reason

3 The case of the LF of “realizatiorReal i is even
more striking. The meaning >»pressed by
Real 1(recommendatignin to follow a ecommen-
dation is olviously distinct from the meaning
expressed byrReal 1(car) into drive a car



why Magn is never expressed as such is thalwes
returned bywagn(L) themseles correspond to full
lexemes that hae they own specifc meaning.
Therefore, een if we should consider thattense
andfierceare both equalentMagn of combat it is
still possible to identify semantic dérences
between the tw collocationsntense combaand
fierce combabn the basis of the defiional mean-
ing of the two corresponding collocated/hether
for Magn, Real ; or ary other LF it is theoreti-

cally possible to opt for more granularity in the
encoding and postulate more than just one LF for a

given set of Igical links. Havever, if the concept
of LF has to retain its descripé and generaliza-

tion power, there is no doubt that each unit of

description has to be rather coarse.

2.4The ECD encoding of lexical elations
The modeling of LF relations fefred by Meaning-

Text theory pravides computational linguistics

with a conceptual foundation that we beke
should be kpt almost as it iaVhat we propose to
deeply reise ishow LFs should be formally

although linear and apparently homogeneous in
nature fagn, Qper 1, CausOper 41, etc.), account
for two distinct properties of thexeal relation
they encode: 8EMANTICCONTENTand aSYNTACTIC
FRAME of behaior. Thus, for instance,

| ncepOper 1(diseasé = to contract [ART ~]
encodes the follwing information:

1. semantic contentto contact a diseasaneans
(to start [cfl ncep] to experience [ciOper 1] a
diseasg

2. syntactic frameto contactis a \erb that taks

the noundiseaseas complement and thedfi

actant of this noun as grammatical subject in
order to &press the ah@ semantic content.

3 Towards an explicit encoding of lexical
relations

The &plicit encoding describes each LF by means
of two distinct formulas: the encoding of the EF’
semantic content and the encoding of its associated
syntactic frameWe will examine succesgely
(Sections 3.1 and 3.2) each of these tepresen-
tational components. Notice that all illustrations

accounted for: what we termed in Section 1 theyng eamples gien in this section are bomed
ECD ENCODING This encoding is made up of a setfrom a test study we conducted on LF relations

of about sixty “primitve” LF relations and of rules

controlled by FrCOLERE ((ange}). We selected

for combining them (for a presentation, seejs |exeme for tw reasons: fst, it has already

Mel’ uk 1996).While Meaning-Ext literature
usually describes the basicieon of the ECD

encoding, it is interesting to note that no detaile

account has been made of all the rulegegoing
the combination of the units of thisxleon.

Each LF preided in the ECD encoding pertains to
either a semantic desation or a base-collocate

been described in great detail using ECD encoding

ésee Mel’ uk et al. 1984); second, nouns of feeling

ontrol \ery rich and dierse sets of LF relations
and are therefore particularly suited for studying
encoding problems.

3.1 Representation of semantic content

relation, thus suggesting a natural bipartition of therThe semantic content of an LF is a cgafation of

set of LFs:PARADIGMATICLFS, which account for
semantic dewiations,vs.SYNTAGMATICLFS, which
account for base-collocate relations.wéwer, the
ECD encoding considers that some LFgehboth
collocational aluesV andrusebD derivational \al-
ues, noted V', such that L+V and V' are para-

predicate-agument relations holding between
PRIMITIVE LF MEANINGS These primitve meanings
correspond to some of the LFs already ideaifi
by Meaning-EBxt theory They are primitve in the
sense that tlyewill not be accounted for by means
of other LF meanings. Primitée meanings are

phrases. &t instance, the ECD encoding accountsamed using the standard symbols found in ECDs

for two possible galues ofMagn(rain): torrential
and/ downpour This entails thatorrential rain
anddownpourare paraphrases, bothpgessing
(rain) together with intensiation.

The concept ofusioN which has just beerxam-
ined, reveals somethingery important about the

ECD encoding. 6rmulas used in this encoding,

(although these symbols refer to the whole LF in
the ECD encoding) follwed by the agument
structure between square-bratkWe list belav

all primitive meaning that will be used in this
paper using the follwing template of presenta-
tion: <Fomalencoding>  : (<Semantic glosg>

Incep] Arg] : (Arg beging



Caug[ Argy, Arg,] : (Arg; causegirgy) E.g.rage

Magn[ Arg] : (Arg is intens Curly braclets{.. .} indicate a meaning functioning
AntiMagn[  Arg] : (Arg is little) as contgt; i.e. it is not part of what isx@licitly

Plus] Arg] : (Arg increaseks expressed by the LFn addition, parenthesés.)
Minus] Arg] : (Arg decreasgs are used to specify the scope of operators when
Fac Arg] : (Arg functiong needed:

Reall Arg,, Arg,] : (Arg, realizesArg,)

Manif Arg] : (Arg manifests itse)f * {1 Magn)

[= ([X] such that his anger is intenke

Manifl Arg;, Arg,] : (Arg; manifests itself imrg,) E.g.[X] trés encolem (Iit, (very-in-ange)

Sympt Arg,, Arg,] : (Arg, is revealed byArg,)
Non[ Arg] : (Arg does not hold 3.2 Representation of syntactic frame

In addition to primitve LF meanings, some special gynactic frames contain oatypes of information:

notations are used to refer to speaifieanings:

. _ _ 1. The part of speech of theue.There are only
* # meaning of thedyword; _ four parts of speechferb), Noun), Adjective)
« 1, 2, 3, ...: first, second, third, ... semantic act- andAdv(erb).

ants of the &word; _ o 2. The diathesis of thealue (roughlythe comple-
* Q: other (unspeciéd) semantic participant. ment structure it controls). In accordance with
Some formulas may ka to include non standard  what can be found in the ECD encoding, we
componentsThese cannot be formalized and are limit ourseles to a deep-syntactic vid of
simply introduced between semantic quotes)). encoding, which indicates the relatioblicity
Examples belw illustrate the use of speciabk of the syntactic dependents of treue.

words and symbols for gumentsWe use actual gq, instance, the formul[L,2] denotes aerbal

LF relations controlled by FCOLERE whose )¢ taking the fst actant of thedyword as sub-
predicate-agument structure i€olére de X evers ject and its second actant assficomplement,

Y a cause de A(X's anger tovardsY due to J): while V[2,1] denotes a corersive structure.

« Caug[2i3# Information on the alue’s diathesis is essential in
[= (Y/Z causes ang}r modeling the relation that link it to theykwvord.
E.g.Y/ZmetX en colee (lit. (Y/Z-puts-X-in-ange)) For instance, in French (as in English), thstfi

« Sympt, (poingsdeX )] argument of a grb is by dedult the theme of the
[= (anger is reealed by Xs fists] proposition; consider the communicaicontrast

E.g.X sert les poingsle colée (lit. (X-squeezes-the-  between the threealues obtained beln
fists-of-ange)

N . . O # O N o 3
Primitive meanings can be combined to form morejp1) [ (Coler) = habiter (to live in) [N=X]
complex meanings through predicates recueby 0 # 0O
taking aguments: oy O (colér) = épmouver(to fee) [ART ~]
« Caug[1,Minus[Manift]] 0O # O, . o

[= (X causes a decrease in the manifestation of }nger Ovp# O (colér) = encourir(to incun [ART ~]
E.g. X étouffe sa colee (lit. (X-suffocates-his-ang@r '

Components can also be combined by using théhe aboe examples sha the use of complete for

infix operator® expressing specifation/character mulas; thg are matrices mgde up of semantic con-
ization: tent (first rov) and syntactic frame (secondap

subformulasThe first formula &presses thdtabi-
» #Megn ter is an “empty” \erb that takscolé

_ hich is intengé eris an “empty” erb that takscolére as gram-

[= {@nger w matical subject and therdit actant ottolere as
complement in order to onlypress that anger is
4 By corvention, we do not indicate thegament of ~ €xperienced by someonka colee habite Rul. lit.

Magn[] : it is identical to its semantic gernor (i.e. (@ngerlives in-Rul). In ECP encoding terms, it IS a

what appears at the left-hand side oftheperator). ~ case ofFunc;. The LFs in the second and third




examples correspond tOper ; andOper o, Simple LF

respectiely. We shav below how a fev simple LFs can be

For AandAdv values, which are meant to function expressed in thexplicit encoding. (r lack of

as syntactic modiirs, the geernor is indicated as space, we are forced to presuppose that the reader
first element in the gument list, folleved by”.  has at least an approximate wiedge of the ECD

For instanceAl1"] denotes an adjew#fll value encoding.)

that functions as modét of the fist actant of the

keyword: Funcg := E\/[i##] E; Func; := %/[#f]# E;
D . R } )
11,\] [ (colére) = faché (angry). per | = EV[#?#E]# E Caus = gjaus[ QH E
: i ; : Q. ;
This example shws thatfachéis an adjectial con- Manif, Q][0 va#

stituent that can function as modifiof the fist ~ Mani f = 5 VH, Q] O

actant ofcoléere (la colére de X(X's angey —» X 0 Non ' 3 |

faché (angry X) in order to characterize this actantNon::q fﬁ\'# ol ncep::D ncepjf] E;
as being imolved in a “situation of ang&rThis LF ) 0 bos(#é i
corresponds téy in the ECD encodinglVe will  \gpgn := A Magn Ul L Magn
return to this particular LF in Section 4.1. g Ay U g'A‘d\’[#/\ U

Recall the loose conceptsm{RADIGMATICVS.SYN- A = %\Ag] E; Adv; = &d\{%’\#ﬂ E
TAGMATICLF introduced in 2.4They happen to be ’ ’

irrelevant in the gplicit encoding as the only thing The expressiorpos(#) , which appears in the syn-
that matters is whether avg@n LF encodes a tactic frames ofNon andl ncep, denotes the part
semantic dewation or a base-collocate relation. of speech of thedyword. Non andl ncep do not
This information is directly\ailable in the gplicit  impose ag part of speech for theiralue, ut they

encoding: if, as is the case in the @ebdormula#  behae as some kind of syntactic “chamelebns.
does not appear in the syntactic frame compone
of an LF formula, the alue off (L) is a semantic
derivation: otherwise, thealue is a collocate. Con- The first “natural” operation on LFs that we may
trast the folleving formula with the preceding one: think of is that oicomposiTION that is, the applica-
Oy O . tion of an LFg to the application of another UE
™y O (coler) =en[~] (in [~]). gof (L) = g(f (L)). As has already been mentioned
_ ~ L ... in Meaning-"Ext literature, this operation bears
While Al1] represents an adjeatior an adjecti- oy jittle interest in terms of kcographic
val phr.ﬁseA[l # represents aord (hgre, a  description: iff (L1) = Ly, andg(f (L1)) = Lg, this
preposition) ora phrase Whlch_once combined Wlﬂ3JI0es not imply that anLF relation holds between
the leyword will form an adjectial phrase. L, and Lg. Take for instance the case of the adjec-
tive sour (a sour applé&ish/liquid/...). The most
neutral \alue forOper 1(sou is to be(This apple
is soupd. Now, what would be a possible colloca-
4.1 Defining the ECD encoding tional value forl ncep(to be? There does not
The ECD encoding is based on linear unidimen>€M to b_e gnother ch0|_ce than theevy general
sional formulas that synthesize both the informa;[0 start This is salty— This starts to be saltyWe

tion on the semantic content and syntactic frame dt?encoorri h%rlee ;?Ie irt"\)/\?oﬁlzlllggaf;[:?qurl{efg??lrj:t?n q
LFs. It uses affiite number oBIMPLELFS, all other 9 Y P

L= being apresse b zome form ofconcatenalD2L 1 L veton s bevesnrando st
tion of the simple LFsAfter introducing the derhi- ’

tion of simple LFs, we will she that more | ncep is concerned, there is deificly a special

complex formulas can be obtained by means O{S:ﬁélgr;ohuc;lC\I/\I/?]?Crt])?jto\,\éesenﬂootuhroellgCtl)teotv\tlzzkg(klte
operations performed on simple LFs. '

andto turn: it would be equallydrfetched to sate

r&Eomposition of LFs

4 Relating the explicit encoding to other
modes of encoding



thatl ncep(to bg =to turn. As we will soon dem- A . f = O4C fye f) O

onstrate, the relation which holds betwsenrand _ W(_ f)/\’dé ot
to turnis not the result of a composition of LFggb Wherei( f) is the I" actant ofc( f) ord(f), and
the result of a product of LFs. d( f) isd(f) minusi( f). For instance:
. QYWManiff#, Q
Product of LFs Ap. Mani f = E{ }/\Xl[ Q'E[\1#] ] E

ThePRODUCTIs the more produate mode of com-
bination of LFs. Some additional formalism is nec-
essary in order toxplain hov a product is
obtained. Letc( f) be the content df, d(f) be Taking into consideration the almremark about
the diathesis of, pos( f) be the part of speech of A; (which applies taAdv; as well), theeroDUCT

f . In first approximation, therobucTtof g andf,  of g andf can be defied in more general terms as

E.g.: Un gestdregard/...) rempli[de colég] (lit.
(a-gesture/look/...-fied with-ange)).

writteng. f, is defned as: follows:

gt =0 do# ~df) O 9.1 = o

© 7 Lpos( g)d( g)# -d(f) U O dg# -of)i -i(f) O
In other vords,c( g. f) is equal toc( g) where# Lpos( g)id( g)# -d( f)i -i( f)U

is replaced witte( ), andd(g. f) is equal to  of course, only when theréit member of the prod-
d(g) where# is replaced withtl(f ). Forinstance, ¢t js of theg; form should actant replacement

the products of ncep andCaus with an LFf j _j( 1)) pe performed in the content and diathe-

return the folleving formulas: sis components.
| _Olnceplc( ) 0O Incorporation and paadigmatic LFs
ncep. f = O df) O
Lpos( )] In order to account for fuseghes (mentioned in
Caus. f _[Caus[ Q¢ f)] L Section 2.4), we introduce the operationNafoR-
Ovod f) L PORATION It associates to each syntagmaticfL&

It is important to note that in this paper we arecorre_sponding paradigmatic UFf such that
dealing only with products of collocational LFs, f(L) is a paraphrase of li{L). The efect of the

i.e. LFs where thé& symbol appears in the syntac- incorporation operatar is to remee # from the
tic frames of , g andg. f syntactic frame of . For instance:

Our sour'to turn problem, mentioned ale, finds / Qper; = E\/m# E;/ A= % E

now its solution. It is a case of LF product, i.e. _ _
| ncep. Oper 1(sour) = to turn[~], and the collo- Notice that the incorporation operator does not

cationto turn souris properly accounted for by the €xist as such in the ECD encoding, which uses the

following explicit encoding formula: /" symbol as only a “mark” on aalue indicating
nce 0 that it is fusedMagn(coler) =/ rage. We believe
I ncep. Oper 1 = \/[1%]4 0 that this notation, while cenient when fused and

non fused alues hae to be listed togethehides
Note that gen though composition and product ofthe fact that a fusedatue does not entertain the
LFs are tw different operations, tiyecan hovever  same relation with theggword as a non fused
be related. Iig is a syntagmatic LRhe \alue of \3jye. As the relation is dférent, the name of the

g. f (L) is a (potentially less idiomatic) paraphrasere|ation has to be dirent in an gplicit encoding.
for the \alue ofgof (L) + the \alue off (L): to turn

[soul] = to start to besoul. It is this relation that 4.2 Deriving other encodings

makes the product b? an equally natural OPeraH attempt to defie a nev explicit encoding by
tion, from a formal point of vis.

no means implies that the ECD encoding should be
All that seems ery neat. Hwever, the case oAy discardedWhile it is not suited for performing for
(remembeA (colere) in 3.2 abwoe) will force us to  mal computations, it is highly relant for human
refine the defiition ofg. f . We want that: encoders of LF relations. ECD formulas are not so
dissimilar from &pressions in natural languade.



formula such agaus. Non. Mani f (L), for  We believe our &plicit encoding to be suitable for
instance, can beery directly translated into these tasks as it meets the faling three require-
pseudo-English a® cause the non-manifestation ments: 1) it is entirely defed in terms of its syntax

of L and, therefore, can be used as pseudo-parand semantics; 2) it alles us to gpress all infor
phrase for the alue itsef in English sentences. mation that seems relant to the automatic pro-
Because of this, the ECD encoding is a metalancessing of Igical databases; i.e., it has Saient
guage with which the l@cographer and the lin- granularity and can be connected in a rather direct
guist can “think’ However, we propose this fashion to the ECD encoding; 3) it alle for the
metalanguage to be dedid on top of thexplicit  definition of formal operations such as composi-
encoding, and not the otheawround, in order to tion, product and incorporation.

provide it with safer formal foundations. However, the task is not yet completed. Ouxhe

Furthermore, we bele that linear formulas of the goal is to etend the ceerage of the proposed
ECD type could be automatically dexd from the encoding so that it canwer the whole spectrum of
explicit encoding, and that these formulas couldLF relations already accounted for by means of the
themseles be automatically translated intgoees- ECD encodingThis implies a complete descrip-
sions in “simplifed” English, French, etcofthe tion of all simple LFs in xplicit encoding terms
purpose of ourxperimentation with FrCOLERE  and the defiition of more operations on LFs.

we manually produced these translations and we

give belav a faw illustrations of hev they look ~ References
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retrieve data, identify inconsistencies, etc.), and 2) Philadelphia: Benjamins.
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Addendum to
“ A computationally tractable formal language
for the encoding of lexical elations”

Sylvain Kahane &Alain Polguére

5 Intr oduction conducting our “test study” on COLERE. Let us
just mention here the case of the an additional

The present ta is an addendum to our papéy “ h q be | duced in the f |
computationally tractable formal language for thePPerator that needs to be introduced in the forma

encoding of leical relations” [hereafterkP]. It Ianguage_ for. semantic cgntent formulas, namely
contains tet that we were unable to present in ourtn€ coordination operatd

paper for lack of space, as well as considerationsCaus] Q,Minusi&ManifiH|

on aspects of our research which are still in a phasg= (Q causes the decrease of anger and of its manifes-
of gestationAdditionally, we are trying to intro-  tation)]

duce here our formalism with more accuyeape- Ex. Qqdh/Qgn.adoucitla coler (de X (lit.

cially when it comes to position it relaé to the (Sth./Sb-softens-the-anger(-of-X)

standard wy of encoding beical relations. In KP 1he gpge collocation is the only instance we

we referred to tw distinct encodings of fécal  fqynd in the laical entry for COLERE where the
relations, that we termed tfEXPLICITENCODING  ;se of the coordination operator seems to be

and theECD ENCODING This last encoding, as We needed. It is unfortunate that thisaenple is not

presented it, is indct not eactly the encoding very clearcut: one could ajue that inCela a
used in ECDsWe will now call it theALGEBRAIC  54ouci la colée de Rul ((This softened &ul’s

ENCODINGand we will compare it with the "true” gnge)) only the decrease of the anger itself, and
ECD encoding, xplaining the role it plays in the ot of jts manifestation isxeressed. Hwever, it
formal modeling we propose for LF relations. seems lgitimate to belige that cases where ceor
This addendum is structured as folk Section 2 dination has to be encoded will necessarilyaef
gives more details on some aspects of optieit ~ while applying the xplicit encoding to LF data.

encoding. Section 3 defs the algebraic encoding, apout the semantic content of pdigmatic LFs

which is then put into relation with actual ECD ,
encoding, in Section 4. Section 5 presents tw !N KP, we hae decided to use the same formula to

tables with the description —in terms of ECD encode the semantic content of a syntagmatit LF
algebraic andlicit encoding— of all LF alues and the corresponding paradigmatic (via incorpo-

for Fr. COLERE which hee 1)V[1#] as syntac- ration) _LF/ f ; the encoding will ary only in its
tic pattern in our splicit encoding (fist table) and syntactic frame component. Cf., for instance:
2) Aas part of speech (table Zdditional refer Oy O
ences introduced in this addentum are listed in thé1 ‘= Dgill\#_l 0-en~
final Refeencessection.

N | I A= 11Af]* 5 fache
6 More on the Explicit Encoding
6.1 Remarks on the semantic content We must insist on the€t that the semantic content
o _ cannot be interpreted in the samaynin both
Coodination in semantic content cases: it is noénwhich is synogmous tofaché,

The eplicit encoding presentend in KP is only abut en colee. Therefore, for a non-incorporated
primary and incomplete proposdhere are man Syntagmatic LR, ¢ f) does notepress the con-

aspects of this encoding that needs to beslde
OpedAddItlonally, we were not able, fOI’ |aCk Of 5 Remember that all ourxamp|es concern thee}(.

space, to present a complete account of all prob- word COLERE, unless we maleplicit mention of
lems and solutions that Y& been ramined when a different leyword.




tent of the @lue —the collocate,ut the content of 6.2 Remarks on the syntactic patten
the syntagmatic combination of theykword and
the \alue —the whole collocation. Part of speels

Let us return to our precedingamnple ofA; vs/
A, encoding; we cite it agn for the reades’ con-

venience:

Another solution wuld consist in using diérent
expressions foc( f) andc(/ f), for example, by
puting# bewveen{...} in c( f) . We think that it is
not necessarecause a paradigmatic LF can be ] W O,
trivially spotted by the absence of # in the syntactié® = Cpfing 07 €N~
pattern and its content interpreted as it must be in 1 0 .. .
this caseThe only case where wevato do thisis / A1 = B{q[}i?\:]p : faché
when we deal with a syntagmatic LF whosdue

modifies the kyword, such adhgn: The symbolAin the &plicit encoding is not
exactly the part of speech of thalue. It means
Magn :%&{Jmﬁ? E that the walue is the head of an adjeti phrase.
For the syntagmatic LA, the value (hereen) is
/ Magn := U #"I\/Ia%n U not an adjectie kut a translatif of noun in adjecé
Cpos(hld) B (usingTesniéres terminology), that is, a preposi-
Here | had = in your text, above itwas =, | tion. More generallythe \alue of a syntagmatic LF
think it should be :=, according to the meaning is a translatif of the part of speech of tregword
you gave me for this operator in our paper. into the part of speechwgin in the syntactic pattern

In the case of Magn, we want to epress thedct  Of the LF For this reason, it could be judicious to

that#, and notMagn is the dominant node of the mention also the part of speech of tiegword in
content. the «plicit encoding (gen if it it can be deter
Graphical epresentation mined by general s_yntactic rules, from t_he informa-
tion already found in the present encoding).
A semantic content formula, as we encode it, i
formally equvalent to a tree whose branches ar
either a predicate-gument {, 2, etc.), a moditia- For paradigmatic LFs, the syntactic pattern

tion () or a coordinationg) relation. Fr instance, depends on the syntactic pattern of tiegword.

}aradigmatic LFs and syntactic pattern

the following semantic formula For instance:
+ Real[1#"Magn 0 # O
[= (X realizes # with intensiy Syn = Cpos@hld@] u
E.g.X déhainesa colée surY (lit. (X-unleashes-his-
angeron-Y)) wherepos@#) andd@) are respeoctely the part
formally corresponds to the folkong tree: of speech and the diathesis#of
Real 6.3 Handling of multiple values
/N‘ In the ECD encoding, multiplealues of an LF for
1 Magn a same &yword are presented as a list separated by
# three types of separators:

commaVy, Vo, means thataluesv, andV, are

See also Dymetman & Copperman (1996) and" .
of equal semantic status (thesalues are

Kahane (2000), where semantic graphs aplie ordered alphabetically):

itly encoded as tree¥Ve are ware of the dct that o | tharVs <\ that/ ks hiah
this encoding maks our semantic formulas less < €55 11anvy < Va means thav; ranks nigher
thanV, on a “semantic intensity scale”;

“semantic;” thg are actually gry close to Mean- 3 colon-Ve- V. that vial
ing-Text deep-syntactic structures. - Semi-colon. vy, vz means inat a non wra
semantic gp «ists betweeW, andV,, (i.e., in a

given contet, V, may not be considered as
being an adequate paraphrasevoy.



In our proposal, LF links are described in anprobably nearer from ¥[3,#] where 3 has the
atomic way. In other words, «plicit formulas same thematic rol@ than av[2,#] where 2 has
encode a relationship betweeneyword and one another thematic role.

given alue. Sometimes, allklues encoded under a _ )

single ECD formula will recee identical formulas 7 An Algebraic Encoding

in the eplicit encoding too. In such cases, it is aAs we said in KPthere is may reasons to defe
very straighfonard lusiness to automatically con- an “algebraic encoding” such as the ECD encod-
nect all these alues togetheHowever, this will  ing. But why do not condider directly the ECD
not alvays be the caseoFinstance, in cases of encoding ? Let us def what we call an algebraic

incorporation, we will need to be able to automati-encoding andxplain why the ECD is notxactly a
clly relate incorporated and non-incorporated-v pure algebraic encoding.

ues, &en though thy do not receie identical
encoding.This problem is part of the much more
global task of deeloping a complete and consis-
tent algebra based on the proposed encoding.

An encoding of Igical relations is a correspon-
denced : R - E whereR is the set of beical rela-
tions andg, a formal languageéin encodingd : R
- E can be said algebraicEfis a set of algebraic

6.4 Granularity expression, such as a set of arithmexipressions
» L or a set of logic formulaA set E of algebraic
Let us recall the defition of the granularity: expressions is ils on a set of atoms by the appli-

An encodingd : R — E defines a partition oR,  cations of a fiite number of operations. In the case
whereR is the set of Igical relations A given  of arithmetic &pressions, atoms are numbers and
encodingd is said to be moreRANULARthan operations are +, %...giving us &pressions such
another encoding,, if ¢, defnes a fier partition ~ as -%(4+7). In our case, atoms are simple LFs and
of Rthang,, that is, if¢, collapses together some operations are incorporation, product...

LFs which are considered separatelypgy The ECD encoding resemble an algebraic encod-
In other words, more an encoding is granulass ing because it use a set ofpeession on a sets of
each LF cwers a great number ofdieal relations. atoms.The only “operation” considered is called

e combination and is noted by simple concatena-
lon. Neverthless, as we will see belothe combi-
nation is not an algebraic operation: it corresponds
to different operations according to the FL which
are combined.

We hare adopted more or less the same granularit
as the traditional encodingytwe did not consider
whether this granularity is adequater nstance,
can we consider th&tact ; andReal ; are con-
verse or must we consider thect ;| andReal
express diferent meanings ? Or on the contrary 7 1 Complements on simple LFs

mustReal ; be split in order to account for huge _ _ _
semantic gps such as the one mentioned in KPL€t Us gve some complements to the list of simple
Footnote 3 The meaning epressed by LFsgveninKP

Real 1(recommendatigrin to follow a ecommen- Vo= (#V); § = #N);

dationis obviously distinct from the meaning . ] N ]

expressed byreal 1 (car) in to drive a car) ?Is the Ag = (#.A): Advg = (#.AdV);
oblicity of syntactic ayuments of thealue alvays S := (i,N[d'(#)]) with d’'(#) = d(#)\{i}

a good criterion to split thexeal relations?This Fact := (Fact[#], V[#]); Fact := (Fact[#], V[#i])
last question touches upon the modeling of the- _ _

matic roles in LF alues.Thematic roles ha to be €8] := (Real[i,#]V[i.#])

taken into consideration for handling paraphrasingCaus := (Causli,#] V[i,#])

with LF relationsto be the taget of to be the ea- :

son of.. A study is necessary to correlate the the—Sympt ?? (Commenevt-on hire arec les i ?)
matic role of the ajument of the &ywords with Convay = (#,pos(#)[d(#) .2 2.1]) =
the \alue of the LFIn particular for a gven LF  (#,pos(#)[2,1,d’(#)]) with d'(#)} d(#)\{1,2}.
content, &/[2,#] where 2 has the thematic réles
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In other words,Convy; is a paradigmatic LF f (g(L)) -g(L) -»L, wheref andg are tw syntag-
which permutes the tavfirst elements of the matic LFs for which the alue is the geernor of
diathesis of #. Note that it is paradigmatic LFthe keyword, to be in a relation of paraphraser F
which is not obtained by applying the operator // tanstance:

a syntagmatic LF CausxReal 1 (L) Caus(Real 1(L))
7.2 Properties of incomporation ©

For anf (L) that normally functions as modfi of

ro-<—o0O
n

L (for instancevagn), the syntactic frame associ- 0 Real 1(L)
ated to the @lue of/ f (L) is the syntactic frame of
the leyword: i

O #WMagn [ olL

/ Magn =
9N~ Cpos( #) [deg] T | , | |
As we will shav, this equation determines com-

For instance/ Magn(eaf) = devour, wheredevour  pletely the semantic content okg and its part of
are associated with the folling syntactic frame: speech, it not its diathesis.

12 .
VL2 o o The semantic conten{ f xg) must be equal to the
However, this is just a defult rule and it is notery  semantic contert f ) where the semantic content

difficult to find counterexamples. Br instance, we  of keyword is equal ta( g) and theth agument
have in the DiCo databa8é Magn(Fr. défaite  of the keyword isi( g). Consequently:

(defea)) = raclée(trashing, but racléedoes not

possess the same diathesigléfaite in fact, thg  C(fxg) :=c(f)4_o(q).i -i( g)-

are cowersie units: if we write thatl( défaite =

[123] (X's defeat in the hands ¥fin the gent  The part of speechos( f xg) must be equal to
Z) then we hae d(raclée) =[213] (trashing pos( ).

inflicted byY to X in the eent 4. While we hae  The case of the diatheglff xg) is more problem-
good reasons to belie that such discrepancies atic. We want the diathesis dfxg(L) to be as
between the syntactic frame of incorporatatles close as possible to the diathesis of
of Magn and that of the édyword are not uncom- f(g(L) -g() .

mon, it is a &ct that the standard ECD encoding
will never allowv us to ehaustvely retrieve such
data, thus forbidding us from conducting a system
atic study of the question. In point efct, the ECD
encoding w[II force us to §tathistinct FL links by g(L)
between DERITE and RACLEE: thedct that the > 9\ -

latter is a fused (i.e. incorporated) interesifof the ~ The diathesis of (g(L)) is the diathesis of,
former and thedct that it is an “approximate” con- d(f), where each i stands for tHe agument i(g)
versive. We beliee our encoding to &ér both a  of the leyword g(L), that is d(f)sj(g)-

way of modeling thesetts. the place # in the diathesis of f(g(L)). Hence the

7.3 Products solution is:

. . d(fxg) := d(f).si(q) #
For sale of covenience, let us introduce awme (xg) = d(f) >i(g)#->d(0y _
more eplicit operator for LF productx. The defi ~ Nevertheless, this is not a good solution. It must be
nition of the product redicts the dct we vant the noted that, in a construction fjt>L’, the agu-
two deep-syntactic comfirationsf xg(L) ~L and ~ment of L which are gpressed on f(). cannot be
exressed on’L For instance, with f = Opegr 1 is

6 For a presentation of the DiCo project, see Polguér@xpress‘?d on () and Ca[mOt be)@ress,ed onlL
(to appear —maybe). (Pierre; épouve de la colé; but *Pierre; épiouve

But as this is a deep-syntactic cguiiation and
not a leical unit, there is no perfect solutiof.
first choice is to takthe diathesis df(g() and
insert the diathesis af(L) at the place occupied

11



sg colér). Therefore the diathesis of g(L) when it In this last case, there is a little problem: 1(g) = #
is governed by f(g(L)) is not d(g)ut d(g), where but the syntactic pattern cannot Ag#,#]. So the
di(9) is a sublist of d(g) pred to all the ayument diathesis is reduced to #".

i(g) expressed on f(g(L)) (containing # is # appearc:onv21Eg - (C(g),pOS(g)[d(gﬂ(g)qz(g) 20 1(9)])

in d(g)):
d(ixa) = d(fy - = (c(9),pos(9)[1(9).2(9).d'(9)])
(79 = dDh>i@ >dite Conv,; [Funcy = Oper ;

with df (g) < dy(g) < d"(9), , _
di (g) = # (or is empty if # does not appear in d(g))Conv21El\/an| f = (Maniff#.Q], VIQ.#)

and d*(g) = d(g)\i(g) expressed in d(f)}. Convy; [Mani f (colere) = traduire [ART ~]
The eact \alue of ¢(g) depends on f. /IMagnig = (c(g)"Magn,pos(g)[d(9)])

Rather to consider the true product, we will intro-fl/Magn = (¢(f);>gamagnPos(f)[d(f)])
duce to near operations, the concatenation . and tiag = A; [Conv

light product(] Paradigmatic LFs and mduct

19 1= (€(Dh->c(grPOSOIA(Dh->(o) When f and g are twsyntagmatic LFs where the
19 1= (c(Mh->c(g),i->i(gyPOS(NA()-5i(g)] value is the geernor of the kyword, fxg is a syn-
The light product is particular case of product withtagmatic LF andxg(L) -> L and f(g(L)) -> g(L) ->
di(g) = #. The concatenation is equal to a product- aré substituableThe same property occurs for
(with di(g) = d(g)) only when there is nogument the light product fg which is a particular case of

i of # in the syntactic pattern of f. product with ¢(g) = d™(g) = #.
Examples: But when f is a syntagmatic LF and g is a paradig-

B matic LF, fxg is a paradigmatic LF an&d(L) et
Incep.g = (Incep[c(9)],VId(g)]) f(g(L)) -> g(L) are substituabl&his is due to the
Caus.g = (Causl,c(9)],V[Q,d(9)]) fact that ¢(g) < d(g) does not contain # because g
Caus.q = (C i VJi.d is paradigmaticWith our defhition of the light

ausg = (Causfi.c(@)L. V(@) product, fg is a syntagmatic LF and f(g(L)) ->
I'ncep. Funco =1l ncep g(L) substitutes with fg(L) -> L rather than
Caus. Funcg = Caus fy(L). This is due to theafct that we hae not sub-

_ . . stitute # in d(f), while gg), which substitute with
Caugly = (Causli(9).c(9)1. VIi(9).#]) # in the defiition of x, does not contain #.
Generally Caus.g and Caysg differ in semantic _
content and in syntactic patterrarfinstance: 7.4About the coverage of the Algebraic
Caug.Opep = (Caus[L,#],V[1,2 #)) Encoding
Caus[Opeb = (Caus[2,#],V[2,#]) = Cays Diathesis

Our set of simple LFs does not alido express all

Only Causg[Opes is apparented with the composi-
y --aug-Ipep s app s posi the possible diathesis of LEonsiderfor instance:

tion CaugoOpes. Indeed, CaugOpen(L)) take
as causer therft agument of its keyword  (Manif[#]*Magn,V[1,#,2]) fulminer de ~ contré

Opep(L) wich is 2. Due to its semantic content, this LF is of the form /

A = ({i(g)}*c(9),Ali(g)"#] /Magn.Manif. But the syntactic pattern of //
A [Oper 1 = A Magn.Manif isV[#].
Ay [Oper 5 = Ay Therefore, we need a LF which can add ajuar

ment in the diathesis:
Perm = (#,pos(#)[i,d(#)])
Perm.g = (c(9), pos(9)[i,d(9)])

A [Manif = ({Q}*Manif[#, Q],A[ Q" #])
A,CManif = ({#}"Manif[#], A[#"])

12



In fact, a LF Permis already considered in the //Caus.Fung = //CausOpey = (Caus[i,#],V[i, j])

ECD encoding with a meaning ‘i permits #le  rpgarefre if we ant to epress anxplicit for-

think th_at this meaning is not '”_‘P“_tab'e to thep, | by a algebraic formula, we must neak
semantic contentuh only to a modifiation of the

L " choices.
communicatre structure due to the addition of an _
argument. A suire
Example: 8 From theAlgebraic Encoding to the true
Combinations of Perprand Cowy; allow to obtain Simple LFs
all the possible diathesis. OurAlgebraic Encoding use a lot of simple LF of

Oper » = Corvzo[Corvy [Perm.Opey the ECD Encoding: Incep, Caus, Non...

The problem of the subspedidition: Operand

Perhaps, it wuld be useful to ge a name to a
Opey;.

combination such as Ceg,lICorv,[(Perm,
which allowvs to add the gument 2 in the third Sympt

position. Pred ?
Other poblems The problem ofA; andAdy;: in the ECD encoding
How could we &press the follwing LF ? Ai is considered as a paradigmatic.LEonse-

(Incep[Real[1,#[1,2]]"Fin[Real[1,#]],V[L.#21) quently the collocatioren colée is considered as
tourner sa ~ contré semantic deviation of colére. It is notalse: more

_ , generally if f is a syntagmatic LA-+f(L) can be
All the {Q[1]}"... are problematic. &llowing the  considered as atue of //f(L).And it could be pos-
ECD encoding, we can introduce a special notagjpje to describe all the collocations with paradig-
tion: matic LFs. But if we think that there is an interest
Propt = ({Q[1]}*Caus[#Q],Adv[*Q #]); to describe the collocations asg me must hae a

Another notation is needed forLFtodescrlbethecoIIocatlcarncolee.

{ Q[ #, Adv[*Q,#]) (which is encodeddvq, as Combinations of LFs
({1}"#, Adv[*1,#]) in the ECD encoding, which is The ECD encoding use an operation of combina-

rather confusing). tion (noted by concatenation of simple LF) which
Another solution could be to introduce a LF whichis not homogenougccording to the fist LF f, an
introduce the semantic contg[1]}"... ECD combination fg can corresponds to f.glay.f

7.5From the Explicit Encoding to theAlge- ~ Mcepf:=Incep

braic Encoding Causf := Caus.f

It is easy to go from an algebraic formula to anCaugf := Caugf
explicit formula: we hae just to tak the defiition Aif := AT

of the simple LFs considered and to calculate th?or\/--f — Con [T
result of the combination, which is easy becaus e 1)
the two operations we use, product and incorporaSum

tion, are well defied. It is &actly as to go from the  tne ECD encoding consider an operation noted +
algebraic gpression 2x(4+3) to thexplicit result  5nq called the sunThis operation is reductible to

14. the light product:

But hav to go into the reerse direction ? g+f 1= flllg

It must be notedfst that theAlgebraic Encoding is  \yhere g is syntagmatic LF which is a maetifof #
redundant. Br instance: such as Magn.

Incep.Fung = Incep
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For instance,
Magn+f = £7/Magn = (C(f->smagnPOS([A()])

Same here. Let’see where this has to go andlive’

right something decent.

9 More on the LAF encoding

Corwv,4 cannot be xpressed asven by a linguisti-
cally reasonablexpression. Br each binary sim
ple LF f, we must hae an &pression of f bt also
of Convy4f.

Quid de Perm?

10 A sample dictionary entry (in a table)

Example 1 We give all the alue of LF with syn-

tactic pattern/[1,#] for the leyword fr. colére
Il faudrait ajouter | encodage alg brique

Je suis daccord la-dessus. Ne touche a rien

dans cette section, jy travaille. Cest de la

job de bras, de toute fagon.

# éprou-
ver, ressentir, étre en ~

#"Magn bouillir,
bouillonner de (ART) ~

Incep[#] se met-
tre, se foutre en ~

Caus[1,Minus[Manif[#]]] étouffer
ART ~
Real[1,#] laisser

sortir, libérer sa ~

Perm[1,Fact[#]] s'abandon-
ner, céder, se laisser aller a ART ~

Non[Perm[1,Fact[#]]] retenir,
réprimer, réfréner, dominer, conte-
nir ART ~

Sympt[#,‘parole’] bégayer,
bafouiller de ~

Sympt[#,‘cri’] crier,
hurler de ~

Sympt[#*Magn,'souffle’] étouf-
fer, s'étouffer, s'étrangler, suffo-
quer de ~

14

Sympt[#*Magn,‘sécrétion’] écumerde
(ART) ~

Sympt[#,‘gestuelle’] trépi-
gner de ~

Example 2 We gwe all the alue of LF with part
of speeclA.

{1+, A[M) /lfaché

{1, AIMLH) en ~

{1 # "Magn*Manif[#]), A[1,#]) fou,
ivre de ~

{1 # "Magn”“Manif[#]), A[*1]) _hors
de soi_

{13+, A[1,2)) //monté contre 2

{1y Sympt[#,'visage’], A["W/1,4])
blanc, bléme, pale, rouge, écarlate,
cramoisi de ~

({#}*"Magn, A["H]) ~ forte, grande,
incroyable, indescriptible, insurmon-
table, terrible, _sans nom_, aveu-

gle, hystérique, folle, sauvage

({#}*"Non[Manif[#]], A["#]) ~ froide,
sourde

({ OPManif[#, 9], A|*  O,#]) plein, rem-
pli, empreint, chargé de @/ART ~]

({#}*"Non[Perm[1,Manif[#]]], A["#]) ~
rentrée

{1y Sympt[#,'visage’], A["W/1,4])
blanc, bléme, pale, rouge, écarlate,
cramoisi de ~
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