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1. Semantic roles

A semantic role is the actual role a participaat/plin a situation, irrespectively
of its linguistic encoding. Therefore, assigningnaatic roles to the arguments
of a verb is a way of adding deep semantic infolonato the analysis of a sen-
tence. With this type of information, we can answeestions like who, when,

where or what happened, which is useful in systir@isrequire the comprehen-
sion of sentences, like dialogue systems, informnatetrieval, information ex-

traction or automatic translation.

The idea of semantic roles has a long linguisidition, originated in the
concept of case roles (Fillmore 1968), later terrtfematic or theta roles in
Government & Binding theory (Jackendoff 1972).

While there is a certain agreement in the linricommunity about the in-
ventory of syntactic categories and functions dradr tdefinition, this is not the
case at the semantic level, where there is mongtiskien about the very defini-
tion of semantic role, at least in the more tradil sense.

As the level of analysis scales, so does theadigin of the description and
the gradual nature of language becomes more evilfettie corpus annotation
task, this fact results in a low level of agreemamong the different projects
that deal with role annotation and also in a lolegel of inter-annotator agree-
ment or consistency in each annotation. With regarthe available resources
for Spanish that contain manually extracted infdramabout semantic roles,
the ADESSE database (Garcia-Miguel and Albertuz5p@Ges a set of 143
roles, the AnCora corpus (Taulé et al. 2008) 2@sand the Sensem corpus
(Alonso et al. 2007) 24 roles. In addition, amolmg three projects, only the An-
Cora corpus assigns a semantic role to all the ments of the clause, while
the rest only treat valency-bound complements.

In our corpus, we use a set of 52 semantic raleshown in table 1, follow-
ing the set of roles used by Bick (2007) for theaation of Portuguese texts.
Those cover the major categories of the tectogramatannotation layer of the
Prague Dependency Treebank (Hajicova et al. 2080)\vell as those of the
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Spanish AnCora project. In contrast to the latiee, arguments selected by the
verb are not incrementally numbered (ARGO, ARG1GZRARG-M) accord-
ing to their degree of proximity in relation to ttierb, mainly because the com-
bination of syntactic function and semantic rolgstallows the later addition of
ARG- attributes on demand, without loss of infonmat Only ARG-0 and
ARG-1 are used internally in the grammar to traatheésis alternation, as ex-
plained in section 2.1.2.

Role Definition Example

8AG agent alguiencome algo

8AGcau causative agent alguienlo hizo caer

8COG cognizer alguiense acuerda de algo
8SP speaker alguiendice algo

SPAT patient alguien conago, algo se cae
SDON donor alguienda algo a alguien
SREC recipient dar algoaguien

SBEN benefactive ayudaradguien

SEXP experiencer alguienteme algo

8§TH theme venlgo, alguien piensa eslgo
8TP topic domain hablar sobaégo

8STI stimulus sentialgo, algo gusta a alguien
SRES result producalgo

8MES message deailgo

8§SOA state of affairs, fact comprolago, exageranlgo
SROLE role trabajar comguia

S§COM co-argument coincidir caguien

SATR static attribute alguien edto

S8ATR-RES resulting attribute alguien se poevioso
SMAT source material hecho deerro

8POS possessor alguien tieaigo

SCONT content algo contierszucar

8ID identity él se llam#edro

8LOC location vivir en lxiudad

SORI origin, source venir dempo

8DES destination ir a lplaya

S8PATH path pasear a lo largo di
8LOC-TMP temporal location em 2007, hace un afio
SORI-TMP temporal origin desdmero

SDES-TMP temporal destination hastaleimingo

SEXT-TMP temporal extension durante dgnanas
SFREQ frequency de vez en cuando, 10 veces

Table 1a. Semantic roles
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Role Definition Example

SEXT extension, amount pesar Kilbs

8CAU cause porque ..., a causa de...
S§COMP comparation mejor que nunca

S8CONC concession aunque ...

8§COND condition si..., siempre que...

SEFF effect, consequence fueron tantos que....

8FIN purpose, intention para..., destinado a...

8INS instrument cortar con wuchillo

SMNR manner de esta manera, lentamente
S§COM-ADV accompanier junto con..., com algo en kEnm
SMETA meta adverbial segun..., tal vebyiamente
SADV dummy adverbial many gerund clausagmitiendo...
SMED pronominal/unaccus. seacuerda de algsgha caido
§VOC vocative tranquilaJuan

8FOC focalizer sélo, también

SNEG negation no, sin...

SEV event, act, process algotermina/comienza
SPRED (top) predicator (main verb)

SDENOM denomination (lists, headlines)

8INC verb incorporated darseentade

Table 1b. Semantic roles

The principles followed in the development of tidergrammar (and therefore
in the annotation of the corpus) are the following:

a) All clause-level complements (valency goverpedhot), are systemati-
cally assigned a semantic role, including relafiwenouns as well as subordi-
nate clauses and coordinate clauses that fulfithkdwrerbial role. A phrase-level
complement can receive a role only when a givea cah be applied to clause-
level as well as phrase-level complements safay.eample, the nousala in
the noun phrask reunion de los profesores en la sala de estudiceives the
role 8LOC, because it's a noun that refers to aglkand it is preceded by the
prepositionen and this type of structure is usually 8LOC irrssprely of its
syntactic function.

1 In the HISPAL parser, the main clause-level sgtitfunctions are the following: subject

(@SUBJ), accusative object (@ACC), dative objectD@®), prepositional object
(@P1V), adverbial complement (@ADVL), subject adial complement (@SA), object
adverbial complement (@0A), subject complement (@ ®6ject complement (@OC),
passive agent complement (@PASS), adjunct predec&@PRED), vocative (@VOK),
top node noun phrase (@NPHR) and main verb. Foemetails about the symbol set,
see http://beta.visl.sdu.dk/visl/es/info/symbolsaps.html and http://beta.visl.sdu.dk/visl
/pt/info/portsymbol.html.
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b) As exemplified in the example of appendix e tole tags (at the end of
line, and preceded by 8) are assigned to the senedd of the implicit seman-
tic dependency relation, i.e. to the noun in a nplrase, or to the dependent of
a preposition. The notational convention is thahaetic role tags are assigned
to tokens, Constraint Grammar-style, alongsideasstit and dependency tags.

The semantic head is not necessarily equivatenhe syntactic head, and
therefore the constituent’s syntactic function amlé function may be on differ-
ent tokens. That happens mainly in the followingesa

- Prepositional phrases, where the syntactic hedte preposition, but
the semantic head is the dependent.

- The semantic head of a (sub)clause (or any clewsé function) is the
verb. If there is a verbal chain, the syntacticchisathe first verb, while
the semantic head is the last one. In additio]anses introduced by
el hecho de qudike in El hecho de que te haya llamado no significa
gue quiera venir a la fiesjdahe syntactic head is the nolmechqg while
the semantic head is the verb of the subordinatesel

c) Only one role is allowed for each token, ahdstambiguity is not al-
lowed. Only the main verb can receive two role tadge main verb always re-
ceives and “internal” role, as the semantic heathefclause (§8PRED), and can
also receive an “external” one, when the clausa asole plays a role (8TP,
8CAU, 8EFF, etc.), as in the example of appendix A.

d) The rules of the grammar use syntactico-semanformation available
in the input (lemma, semantic prototype of the hé&gok of preposition, etc.) as
well as information extracted from corpus-basedueses. One of our main
sources to obtain semantic information about vedsbeen the ADESSE data-
base (Garcia-Miguel and Albertuz 2005). As for $lyatactic information, we
have used the Spanish CorpusEye corpora (httgp/faam.sdu.dk).

2. The grammar

We have developed a role grammar made up by 568t2mt Grammar hand-
written rules that exploit syntactic and semamimimation to assign role tags
to the clause-level complements. The input to #maastic role grammar is pro-
vided by the HISPAL parser (Bick, 2006a).

2.1. The linguistic approach

Linguistically, the three main difficulties in tlessignment of semantic roles are
the following. First, the relative lack of lexicemmantic information, that is es-

sential for the correct assignment of semanticsr¢@ection 2.1.1). Second, the
fact that there is no clear correspondence betwgatactic functions and se-

mantic roles, for which some systematic diathelesraations have been estab-
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lished (section 2.1.2). And third, the behaviouths particlese (section 2.1.3),
that can receive in Spanish several syntactic hatefore semantic interpreta-
tions.

2.1.1. Semantic information

The ADESSE database, that contains syntactico-demaformation about the
clauses and verbs of a Spanish corpus of 1.5 milords, allows us to study
the relationship between the syntactic function s@ghantic role in valency-go-
verned clause-level complements.

All in all, 96 sets of verb lexemes that tipigadlllow a given role with a
given syntactic function have been defined, moypag of the lexical informa-
tion into grammar. For example, the following LISfverbs (V-SP-SUBJ) con-
tains verbs whose subject is usually a speaker.

(@) LIST V-SP-SUBJ = "contar" "decir" "explicar" dblar" "preguntar";

With the list in (a) and the following MAP rule,dlgrammar assigns the role
“speaker” (§ SP) to any subject (or agent complénierthe passive voice)
(8ARG0&) whose dependency-parent (p) is one ovirbs of the list.

(b) MAP (§ SP) TARGET 8ARGO& (p V-SP-SUBJ);

In addition to that, the semantic features of taach(whether this is an animate
entity, a human, a place, a tool, etc.) can al¢eradene the role played by the
complement. In certain occasions, the semanticgbype information that is
available in the HISPAL lexicon in an experimentay (Bick 2006b), has also
been used: for example, rule (c) assigns the mhdstination” (SDES) to a de-
pendent of preposition (@P<) if its semantic prgpetis in the set N-LOC (that
contains the semantic prototypes related with atlee meaning) and its parent
Is in the set of prepositions PRP-DES (that costg@irepositions that typically
introduce this role, likdasta, en direccién,atc.).

(c) MAP (8DES) TARGET @P< (0 N-LOC LINK p PRP-DES);

2.1.2. Diathesis alternation

Secondary tags (8ARG0&, 8ARG1&) are used internialthe grammar to sys-
tematize the most frequent diathesis alternatiorstractions, allowing a more
straightforward mapping between syntactic functiand semantic roles.

The tags 8ARG0& and 8ARG1& are assigned respagtito two types of
arguments: the argument semantically closest toptkedicate (0) (that corre-
sponds to the subject in active voice) and therskctosest one (1) (that corre-
sponds to the accusative object of transitive verlactive voice). Specifically,
8ARG1& is assigned to:
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- the subject of passive clauses (with participlevibh se

- the subject of unaccusative verbs (inherentlycansative or witlse

- the accusative object of the rest of verbs (idiclg impersonal con-
structions withse.

The tag 8ARGO0& is assigned to the rest of subjants to the passive agent of
the passive voice.

The grammar takes the active voice as a refeyamzkthe roles that would
be assigned to the subject in the active voicdaratead assigned to SARGO0&,
and the roles that would be assigned to the aadeasabject in the active voice,
are assigned to 8ARG1&.

In the following examples, the complements witle headmanifestantes
that depend on the same verbal lemma in the thasesc receive the tag
8ARG1& (and therefore the same semantic role, 8BbBM)means of only one
rule, despite displaying different “surface” syntadunctions (accusative ob-
ject, subject and accusative object, respectivialgifferent syntactic construc-
tions:

El presidente ha multado a lownifestantes
Los manifestanteban sido multados por el presidente.
Se ha multado a losanifestantes

2.1.3. The particle se
The patrticleseconstitutes one of the main sources of ambiguityé automatic
syntactic analysis of Spanish, and at the sameitsnieterpretation is crucial for
the correct assignment of roles. In addition, thige itself can receive several
roles:
- Pronominal (§MED), with intrinsically pronominaérbs.
- “Subject” roles. These in passive, impersonal or unaccusative construc-
tions receives the role that the subject wouldivecm the active version of
the same constructions.
- In reflexive and reciprocal constructions sgeefunctions as accusative or
dative object and therefore receives the correspgmdle, in the same fash-
ion as a full phrase. It should be noted that flrexeve sentences with a sub-
ject and accusative object, both functions refehtosame entity, despite re-
ceiving different roles (8AG and SPAT, respectivdbr example, like irella
se asea
- seas a form ofe (in se lo, se laetc.) functions as dative object, and there-
fore receives the corresponding role, in the sasbkidn as a full phrase.
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2.2.CG3

Our Constraint Grammar uses the new CG3 compiiat,was developed by the
Danish company GrammarSoft in an open source framewn cooperation
with the VISL project at the University of Southdbdenmark (for documenta-
tion, see http://beta.visl.sdu.dk/constraint_graminenl). In fact, the semantic
role annotation project served as a kind of test foe a number of CG3 fea-
tures, allowing the authors to influence compilevelopment according to their
needs.

Like previous incarnations of the Constraint Gnaan paradigm (Karlsson
1995), CG3 is basically a disambiguation and inforon mapping methodol-
ogy designed to operate on token-based grammaaigsalthat can be added, re-
moved or changed in an incremental and contextitsengashion. Unlike pre-
vious editions of the formalism, however, CG3 esilif moves beyond shallow
syntax, by allowing the direct creation and use@bendency and other binary
relations. Together with the use of arbitrary wiwdsizes —rather than a strict
sentence window- the new structural links also supgnaphora and discourse
markup. In therms of parsing strategy, CG3 provideshe hybridisation with
other major parsing paradigms, by integrating ce+perived statistical informa-
tion and feature-attribute unification. Finally thew formalism allows the use
of regular expressions, increasing rule and tagesehomy and permitting the
on-the-fly reference to lexical information by refece to e.g. grammatical
morphemes and affixes.

In a CG rule, a context condition (in parenthes@tains an obligatory po-
sition marker, consisting of a number indicatintatige distance in tokens. The
default (positive number) is a right context, whale@egative number indicates a
left context. For example, rule (d) maps the rdEJ A to constituents liken
Su opinidn, en nuestra opinipatc, using distance between tokens. Specifically,
the rule maps the role SMETA to a dependent of gsitjon (@P<) if the de-
pendent itself (0) corresponds to the lemma “omifiiommediately preceded
(-1) by a possessive pronoun, immediately precégqurepositioren

(d) MAP (8META) TARGET @P< (0 ("opinion") LINK -{<poss.*>r) LINK -
1 PRP-EN);

In CG3'’s direct use of dependency links, as we s@ean in rule (c), topological
position markers are replaced with p (parent),haldy or s (sibling) relations.
Thus, the context “p PRP LINK p V LINK ¢ @SUBJ LIN& 8AG” could be
used to establish a preposition-link independernthefactual distance between
the preposition and its argument, and to checlthfieragent-hood of the clause’s
subject (through its verb).

To understand the workings of a CG system, iinjgortant to note that it is
not a one-pass method. First, different layersralysis are treated progress-
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ively, allowing higher levels (such as semantierahnotation) to use already
established “safe” information from previous levédsy. part of speech disam-
biguation or syntactic function). Second, rulesodth in sequential and/or heu-
ristic order—, can be rerun in a second or thirsspa a kind of bootstrapping it-
eration, first providing new context for later rsjethen themselves profiting
from the tagging or disambiguation performed byséhsame later rules. In a
wider sense, we exploit a similar bootstrappin@&fby tagging a corpus with
an immature Constraint Grammar in order to extriactinstance, verb comple-
mentation patterns or preposition statistics, whaah then be fed into the sys-
tem as lexical valency information or word setth@ grammar.

3. The web corpus

An Internet corpus of 11.2 million words has beetomatically annotated at
the dependency-syntactic level with the HISPAL pgrand at the semantic role
level with our role grammar. The evaluation of thsults is described in section
4.1, and the relationship between semantic rolggax and lexical categories
found after the annotation is commented in secti@n

The corpus has been compiled from the Interrehgua method described
in Sharoff (2006) and also used for the Leeds hatecorpora (http://corpus.
leeds.ac.uk/internet.ntml). The method is desigimednsure a uniform source
and domain spread, as well as good general legmatrage of the harvested
data. First, from a corpus-based frequency listwemually chose the top 500
words that were specific to Spanish (i.e. not atgsame time Portuguese, Eng-
lish, etc.) and seeded an URL collection with Gedgbkups of fifty thousand
random 3-tuples and five thousand 4-tuples froms thord list. All in all we
ended up with 127,500 unique URLs. Of these onBp 3ihere classical .nhtm(l)
addresses. About 12% were marked as pdf or WORDmdewsts which were
discarded for the current corpus project for techinreasons, but on the other
hand might offer a source of more coherent or ncarefully added text in the
future.

Even after source selection, the downloaded stdk@ontained considerable
amounts of binary data and other non-textual datefh as unmarked (and hence
undetected) pdf data and xml meta data that hdxk thitered out. Other post-
processing steps involved encoding normalisation§O-latin-1) and sentence
splitting. As the most sophisticated filter we vaad program Hisponly de-
signed to separate Spanish text from text in olmeguages, in particular Eng-
lish text on Spanish web sites. The program congplateguage probabilities for
each line, using specific character combinatiorts faequent trigger words, and
discards lines with more foreign language than Spatriggers. As a default,
neutral lines without triggers (especially: shamiek) inherit their language at-
tribute from the preceding line. Since this heuwristethod worked reasonably
well, we did not resort to the safer, but much €lgwmethod of looking all
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words up in a monolingual Spanish dictionary. Nibi&t a certain language tol-
erance threshold is actually desirable, becausai$paentences often contain
minor amounts of foreign material, such as namean Iwords, quotes and
—nowadays— English technical terms, not least fileeinternet domain.

After cleaning, our data was distributed acrassoding types as shown in
table 2 (counting only function-carrying words, poinctuation tokens, etc.):

iS0-8859-1 13.072.056 words| 36,6 %
utf-8 7.374.397 words 20,7 %
Windows 2.182.745 words 6,1 %
unknown 13.079.055 words 36,6 %
all 35.708.253 words | 100,0 %

Table 2. Encoding types

Since character recognition is crucial to the HI&Rarsers lexical lookup, and
since its native mode is ISO-latin, a higher empercentage can be assumed
even for utf-8 and windows-1252, since not all eleggrs can be successfully
filtered into is0-8859-1 (e.g. dashes and certaiotes). This is especially true
for the data with unknown encoding, that for tregson was kept apart in the
corpus search interface. For our semantic role tatina, the safe (known-en-
coding) part was further cleansed by excludingdistarting in ™' (lists) or '<',
or containing “words” with double CamelCase (e.BcR, typical of binary
data), underscores or internal colon (URLS), resmlin a subcorpus of 11.16
million words?

We decided to make the annotated corpus accesaWISL's Corpuseye
site (http://corp.hum.sdu.dk). The interface isdaben the CQP engine and al-
lows us to do normal and regular expression teatcbes as well as “refined”
menu-based searches, where it is possible to lookrfy combination and se-
guence of lemma, word category, syntactic funcborsemantic role. Results
can be evaluated in terms of frequency statisics@occurrence strengths. To
accommodate for the semantic role categories,ghecs engine as such had to
be changed since no other corpora at the sitequslyi offered this type of in-
formation.

Though in principle relevant in a web corpus, we ot so far —apart from ensuring
URL-uniqueness— try to treat text duplication. Tgteenomenon is by no means infre-
quent, due to extensive copying or repetition betweelated web sites (as well as poss-
ible “plagiarism” between unrelated websites), ibug not a trivial task to remove dupli-
cates while at the same time provide for naturaétidon of shorter text strings such as
individual sentences and sub-sentence segments.
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4. Results

In section 4.1 we provide some preliminary evabratmeasures for the auto-
matic annotation with semantic roles, and in 4.2axamine the relation be-
tween semantic roles, syntax and lexical categam#se resulting annotation.

4.1. Evaluation

A soft evaluation has been carried out by manuaysing the role labels in a
fragment of 5,000 running words. The standard eatedo measures recall, pre-
cision and F are provided. Overall, the automatic role annotatchieves a

89.0% recall, 75.4% precision and 81.694tB=1062, fp=347, fn=13F).

As expected, the results of an automatic rolellsly system depend to a
large extent on the precision of the previous sstidanalysis (Gildea and Pal-
mer, 2002). If we only take into account the errtvat can be attributed to the
role grammar itself, ignoring the errors due to mganput, a promising 91.4%
recall, 88.6% precision and 90.0%dfe achieved (tp=1249, fp=160, fn=117).

In addition, this first preliminary evaluation@ks us to detect some source
of errors in the role grammar that can be fixed second developmental phase.
For example, 20 of the false negatives (fn) aretduthe fact that, by mistake,
one of the rules of the role grammar only incluthespassive clitiseas a target
when this is placed to the right of the verb, antiwhen it is place to the left as
well.

Among false positives (fp) that receive a wroalg itag, more linguistic is-
sues arise. The revision shows that (manually) &ting a corpus with seman-
tic roles (or other type of semantic informatios)ai difficult task, given the in-
herent gradual nature of semantic concepts. In smases, it is not clear which
semantic role a given complement should receivaudmsee there is no clear-cut
division between them. For example, 32 errors spoad to the role SBEN and
12 to 8DES, that conflict with SREC. Those threedtions constitute an impor-
tant source of error not only in the automatic aation but also in the manual
annotation of Spanish corpus with semantic rolésMaamonde 2008). There-
fore, an accurate definition of the most conflietikoles, or systematic criteria
for unclear cases needs to be established to eehigfher level of consistency.

On the other hand, 15 errors correspond to velggronounsdl que, el cual,
etc), for which we need to have information abteat antecedent to improve the
precision of its annotation.

The new annotated corpus has shown that thesgllisoom for improve-
ment in our grammar, which at the same time willfhalitated by the great
amount of data now available. In addition, we needarry out a more precise

®  tp = number of correctly detected cases; fp = remul incorrectly detected cases; fn =

number of non-detected cases. Recall = tp / (tp#fecision = tp / (tp+fp) ; F1 = (2*
precision *recall) / (precision+recall)
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evaluation in order to be able to compare our tesubre reliably with other
role labelling systems for Spanish that are basethachine learning (Marquez
et al. 2007, Morante et al. 2007, Surdeanu etCG8®, which achieve an, fof
around 86%.

4.2. The relation between semantic roles, syntaklexical categories

With the information available in the corpus, areeging in mind that we base
our observations on non-revised, automatically tated data, that necessarily
implies a certain error margin, we can study soeneléncies about the relation-
ship between syntactic information and semantiestoln table 3, typical corre-

spondencies are listed for some major roles inotfder of corpus frequency,

covering (a) syntactic function, (b) part of speerid (c) semantic prototype
(nouns only). Arrows in the function column indieatependency attachment di-
rection (i.e. @<ACC has its verb to the left).

As expected, we find that every role can be Ifatfi by multiple syntactic
functions. The less ambiguous roles in this respeethe S8AG, 8SP and 8COG
roles, that correspond always to the subject (endhbtive voice) or the agent
complement (in the passive voice). The 8TH, whihhie most frequent role,
corresponds always to the subject or to the aceesabject. However, while
the roles 8SP and 8COG are primarily determinedhleyhead verb, the roles
8AG and 8TH cover a wide range of verbs and semdeétures. In fact, they
are the default roles for the functions SARG0& #FARG1&, respectively. In
addition, since the functions of accusative obgeud subject are the most fre-
guent (clause-level and valency-governed) functionSpanish, they are also
the most ambiguous in the semantic role level. Td¢eey potentially play many
roles, especially when they are a phrase or pronounn@ea clause): both can
correspond to around 20 different roles out of3Reaoles in our list, depending
on the target’s semantic features, the governimig, \etc.

However, certain tendencies can be observed,hwhight be of interest to
descriptive linguistics, and could also be expbbite parser design. Thus, 8AG
has the highest and S8BEN and 8TP the lowest subigett ratio, as table 4
shows.

Our data also permit to judge the markednessesfqr postverbal position.
Thus, typically human roles (8AG, 8PAT, 8BEN, §RE@ically occur left of
the verb, while non-human roles (§TH, 8LOC, §TR) arore frequent to the
right. Interestingly, the rightward tendency isslasarked in temporal (8LOC-
TMP) than in spatial (8LOC) constituents. The r&®RED, SDENOM, SMED

Cf. appendices A and B for corpus example sengefareevery role of the subject and
accusative object, respectively.

The ratio is here defined as subject frequencidddr by the sum of subject and object
frequency.
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and 8VOK are dummy roles, since they always comedpo the same and
unique syntactic tags.

[92)

Role Syntactic functiof Part of speech  Semantic prototype clds
§TH @<ACC (51%), N (57%), PERS, INF, <sem-c> (10%), <f>, <f-
(14.6.%) @SUBJ>, @<SUBJ VFIN psych>

8AG (6.6%) @SUBJ> (77%), N (45%), PROP, @ <Hprof> (7%), <sem-c>
(~8SP, @<SUBJ, @<PASS INDP, PERS <HH>, <H>
§COG)

SATR (6%) @<SC (65%), N, ADJ, PCP <act> (7%), <sem-c>

@PRED>, @<PRED <H>
SBEN (5%) @ACC> (37%),  INDP (35%), PERS,  <HH> (13%), <H>,
@<DAT, @DAT> PRP-N, N <Hprof>
SLOC-TMP  @<ADVL (37%),  ADV (34%), PRP-N, <per> (31%), <temp>,
(4%) @ADVL>, @N< N, VFIN, PRP-INF <dur>

SEV (3.7%)

@<ACC (54%),

N (85%), INF, VFIN

<act> (33%), <act-s>,

@SUBJ>, @<SUBJ <act-d>
8LOC (3%) @<ADVL (39%), @N<, PRP-N (55%), PRP-  <L> (10%), <Lh>,
@ADVL>, @<SA  PROP, ADV, VFIN <Lcountry>

SREC
(1.6%)

@<DAT (40%),
@DAT>, @<ADVL

PERS (41%), PRP-N
PRP-PROP

[, <H>(9%), <act>,

<Hprof>, <HH>

§TP (1.5%)

@FS-<ACC (34%),
@<ACC, @<ADVL,
@<PIV

VFIN (33%), N, PRP-

N

<sem-c> (14%), <f>,
<act>, <sem-s>, <ac>

SPAT
(0.4%)

@SUBJ> (65%),
@<ACC, @<SUBJ

N (55%), INDP,

<sem-c> (7%), <f>, <H>

PROP

<HH>

Table 3. Relation between semantic roles, syntaxexical categories

SUBJ=subject, ACC=direct object, PASS=passive adeAT=dative, ADVL=adverbial,
PIV=prepositional object, N<=postnominal, FS-ACQCrtle subclause (que/interrogative
clause).

N=noun, PROP=proper noun, PERS=personal pronduBP¥independent pronoun,
VFIN=finite verb, INF=infinitive, PRP-N=prepositi@ah phrase (pp) with noun, PRP-
PROP=pp with proper noun.

<H>=human, <Hprof>=professional, <HH>=human grawuganisation, <sem-c>= cog-
nitive semantic product, <f>=feature, <f-psych>=gsylogical feature/emotion, <act>=
action, <act-s>=speech act, <act-d>="do“-act, <loedltion, <Lh>=human/functional
place, <Lcountry>=country, <per>=period, <temp>3poin time, <dur>=duration,
<ac>=abstract countable. Due to unresolved polysemgubspecifications, more than
one tag may occur with each noun.
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Role Frequency Subject/object rati‘ L/R ratio
(Left or right of verb)
8TH 14.6 % 25.4 % 31.0%
8AG 6.6 % 97.2 % 78.4 %
8ATR 6.0 % - 21.7 %
SBEN 5.0% 3.2% 59.2 %
8LOC-TMP 4.0 % 23.7 % 42.6 %
SEV 3.7% 43.4 % 30.0 %
§LOC 3.0% 0.0 % 23.0 %
8REC 1.6 % 87.8% 44.7 %
8TP 1.5 % 4.0 % 7.5 %
8PAT 0.4 % 80.0 % 68.5 %

13

Table 4. Frequency, subject/object ratio and tefight ratio

Finally, with regard to the relationship betweemaatic roles and syntactic cat-
egories, the following tendencies stand out: tHesr@EFF and 8COND are al-
ways played by a clause, while the roles 8DES, §GiRD, SCOM-ADV,
8COM, §ROLE and S8MAT are always introduced by gpsition.

For annotation examples, we refer to the granuabsiearch interface we es-
tablished for our Internet corpus, (http://corp.hsoh.dk/cqp.es.html), with both
concordances and statistics.

5. Conclusions and future work

Automatically assigning role tags to clause-levehplements is a difficult task.
First, it relies on a previous syntactic analysigt in the case of automatic
analysis systems imply a certain error margin. 8dcohe mapping between
syntactic functions and semantic roles needs aditidguistic information that
Is not widely available from current corpora, odificult to use because of the
disagreement on the inventory of roles in the d#ffié resources. And third, se-
mantic annotation (of roles or other type of semantormation), automatically
or manually driven, is a difficult task becausetlod inherent gradual nature of
semantic concepts, that conflicts with the discosteegories used in corpus an-
notation.

However, as our system is rule-based, we expposiive bootstrapping ef-
fect from the construction of corpora automaticalynotated with semantic
roles, such as our Spanish web corpus. As oppase@nually annotated data,
there are no volume constraints, and the sheeo§mach corpora will allow the
statistical identification of patterns and struetuthat in turn can be used to im-
prove the valency and semantic class lexica uniaerligoth the syntactic and
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role parsers, improving the scope and performahdtieeorules at each new iter-
ation of the bootstrapping process described. Euttork will also have to ex-
plore the possibility of integrating our semantderannotator in an applicative
context such as Question Answering or Informatiatr&tion.

Appendix A. Tagging sample
"<Los>"

"el" <fr:83> <f:1835430> <artd> <exdem> DETP @>N #1->2
"<fabricantes>"

"fabricante" <cjt-head> <fr:0> <f:17> <'ghacer'’> <HHorg> N M/F P
@SUBJ> SARGO&AG #2->7
<y

"y" <fr:100> <f:1904300> <Rare> <co-subj €K@ CO #3->2
"<productores>"

"productor” <cjt> <fr:98> <f:9998> <'prodert> <HHorg>N M P
@SUBJ> SARGO&AG #4->2
"<tienen>"

"tener" <fr:100> <f:68529> <se:12> <vq> €EP> <xque> <vdb> <vr>
<vt> <’have'> <mv?> <aux> <mv>V PR 3P IND VFIN @BS%A #5->0
"<que>"

"que” <clb> <fr:38> <f:1720876> <komp> <teKS @PRT-AUX< #6-
>5
"<probar>"

"probar” <fr:100> <f:1881> <se:45> <a”xpwdh> <vr> <vg> <vt>
<'prove™> <mv?> <mv>V INF @ICL-AUX$EPRED #7->5
"<que>"

"que" <clb> <clb-fs> <fr:38> <f:1720876> gthp> <corr> KS @SUB #8-
>11
'<sus>"

"su" <fr:100> <f:335709> <poss 3S/P> <sie DM/F P @>N #9->10
"<productos>"

"producto” <fr:84> <f:39275> <'product>c<aat> N M P @SUBJ>
S8ARGO0& 8TH #10->11
'<son>"

"ser" <fr:97> <f:260305> <x+PCP> <vK> <vkd> <vk+N> <'be'>
<mv?><mv>V PR 3P IND VFIN @FS-<ACEPRED 8§TP#11->7
"<seguros>"

"seguro” <fr:100> <f:6442> <'sure’™> ADJ M@<SCSATR #12->11
|l<$.>||

"$." #13->0
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ll<$ﬂ>ll
"$" #1->0
<[s>

Appendix B. Semantic roles of the subjediin alphabetical order)

8AG: Con ellos elsuario puede buscar y visualizar fragmentos encontrados y
descargarlos o enviarlos por e-mail usando el red@gweb habitual y sin ne-
cesidad de estar en casa o en la oficina.

8AGCau: Y laevolucion hace aflorar eso que esta implicito en las erdgrdia
las cosas.

8BEN: Si el PP se refund#PN se va a llevar una gran sorpresa.

8COG: Elpresidente de EA de Gipuzkoa Ifiaki Galdos considerd ayer gue
pacto con el PNV y Ezker Batua-Aralar resulta <gfitsente para avanzar en
un proceso de normalizacion politica e incluso parascenario de gobernabili-
dad y se mostr6 partidario de implicar al PSE.

8COMP: Madeleine Slade quien estuvo durante 23 afil@glo de el Mahatma
indiao hasta que éste murié asesinado en 194&astéterizada en el cine por
la nueva estrella Geraldine James que es much@uads que/o segun reco-
nocio la interesada cuando le fueron presentadaprimeras fotografias poco
antes de su muerte.

8CONT: Estoscriterios sobre apertura se contenian también en el informe
Cashman que aprobamos con amplia mayoria hacenh@nas en Estrasburgo.

8DON: En 1963 I&CIA le envio de regalo un traje de buzo impregnadobeen
cilo de tuberculosis, intentd plantar un caracglesivo en un arrecife donde
Castro hacia pesca submarina y hasta probo coaligndio envenenado.

8EV: Lasinvestigacionesde el Hubble de enero de 1997 han mostrado interac
ciones interesantes entre las jovenes estrellad démulo de el Trapecio con
los discos protoplanetarios.

8EXP: A su juicio los doceonsejerosde el Ejecutivo foral de UPN-CDN se
han sentido también atacados en su propia digmidacdo han visto que al pre-
sidente de su comunidad se le insultaba de mamesanal y se ponia en duda
su dignidad personal como la dignidad del cargo.
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SEXT-TMP: Ya so6lo quedan 13 dias de BustBydiaspasan rapido, afirmé Se-
bastian en unas declaraciones.

8INC: La mismapregunta se podria hacer en otro aspecto si, dice John Ed-
wards o ,Tubby Banerjee”, dos brillantes jévenexejivos con buenos grados,
y que conocen bien el negocio, hubieran sido pratosval tablero.

8MES: Asimismo habilitara un sistema eficaz pa@biey responder lason-
sultas, los reclamos y las denunciasde los beneficiarios de las instituciones
educativas y de las empresas de transporte.

8NEG: El presidente del Ejecutivo foral hizo hinéapn que su formacion no
quiere romper el pacto con el PP pero advirtio uwketgmpoco quiere quedie
pueda coartar nuestra libertad para adoptar nsgstogias decisiones.

8PAT: Cinco de nuestros comparieros fueron detenidos en la2éaria de
Pudahuel luego de constatar lesiones fueron vejadtisatados y torturados.

8POS:Fidel tiene un raro olfato primero para conocer a lasgreas y segundo
para presentir las emboscadas.

8REC: Aparentemente todos estos descubrimientpsrsigeron por algun tiem-
po de modo que fue Christian_Huygeqsen recibid principalmente el crédito
de su redescubrimiento independiente en 1656 parpdp por Charles Messier
cuando la agrego6 a su catalogo el 4 de marzo d& 167

8RES: El ex espia cree que aqueligsulade veneno fue fabricada por la CIA
como parte de un plan tramado en 1960 con la nd&fi€hicago que fue ex-
puesto la semana pasada cuando la agencia desélaséfs de 700 paginas de
antiguos documentos.

8SOA: Abundan problemas como la basurajdatruccion de los manglares y
la contaminacién por agroquimicos.

8SP: En concreto laoalicion de izquierdas ha sefialado que no formara parte
del futuro ejecutivo de la Diputacidn si no se paada construccion de la futu-
ra incineradora de residuos solidos urbanos.

8STI: James Deargusté mucho entonces y sigue haciéndolo en |alddial en
todo el mundo.
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8TH: Precisamente laandera de la defensa de estos proyectos constituye un
elemento clave en la negociacion de un progranggodeerno foral.

8TP: No hay financiaciones indiscriminadas, sine ga comprueba lzalidad
de las acciones, se insiste en ella y las progieisrees deben ser objeto de un
control y seguimiento y sus resultados han de bagaiblicos.

Appendix C. Semantic roles of the accusative object

8BEN: La posibilidad de una negociacion entre E&l YSE en Gipuzkoa po-
dria abrir un debate en el primer partido entremes defienden la autonomia de
la ejecutiva que preside Galdos para trazar stigeotie alianzas y quienes con-
sideran que afecta a la direccién nacional porgmeh que un pacto de esta na-
turaleza desestabilice @bbierno Vasco

8CONT: Un hombre devuelve un bolso extraviado quaenia urchequede
30.000 euros.

8DES: Las Asambleas Continentales de Europa, Ajriéenérica nos han sefia-
lado caminos nuevos, senderos inexplorados, temas apenas bathnsg; incer-
tidumbres e interrogantes propios de nuestro tiempo

S8EV: El candidato de la unidad regional exhort@s partidos nacionales que
eviten lasimposicionesy maniobras desde Caracas que tanto dafio le han cau-
sado a la unidad en las regiones.

S8EXP: La que mame fascina es precisamente aquella de la que menos sé

SEXT-TMP: Tras nuestra negativa de retirar la unsgentaria mientras ellos los
pacos no explicaran la razén de la parcial susperg® la actividad a los veci-
nos que esperaban dicho acto los pacos procedkelamar refuerzos que de-
moraronmenosde 5 minutos en presentarse en el lugar.

8EXT: La encuestadora Zogby le otorga un 50g@nto contra un 43 por cien-
to de su rival republicano.

8INC: Sefior presidente, la comunicacion de la Cdmigsonstituye, creo, un
verdadero hito en la historia de la politica sQ@arque pone fin a un periodo
en el que lanencion a la tercera edad se hacia desde la considerdeiéstas
personas como la generacion de los retirados.

8LOC-TMP: La idea lleva ya utempo en su cabeza.
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SNEG: Habl6 durante 4,51 minutos hasta que el gease del tribunal le cortod
porgue lo que estaba diciendadatenia que ver con el juicio.

8ORI-TMP: Vinieron amigos que habian estado cohagle cincoafios otro
gue estaba en Asturias.

8PAT: El programa puede eliminar todos tastros de aplicaciones monitori-
zadas o borrar igualmente aplicaciones no mon#das.

8PATH: Miembros del aparato militar cruzaron haes tsemanas [f&montera
para entregar los explosivos al comando.

8REC: Para apoyar la creatividad y el avance dedo®cimientos hace falta
identificar las nuevas generaciones de investigeddotandas de los medios
de independencia necesarios para que desarrobegorgpias ideas, estima Ber-
til Anderson, director ejecutivo de la Fundaciérrdpea para la ciencia FEC y
miembro del Comité Nobel.

8RES: Galdds subrayo en una conferencia de prenSare Sebastian las claves
politicas que entiende que se derivan de las Wtiehacciones una vez que en
Gipuzkoa el socialista Buen ha mostrado su preteqvor formar urgobierno

de coalicion entre el PSE y EA en la Diputacioraffor

8SOA: Pero también sé, porque a mi me suele ocguée a un presidente que
tiene la cabeza en una cuestion que reclama taatenaion social y mediatica
de el pais no le vayas con un tema regional.

8STI: El engorde con melamina podria ser frecuentetros sectores, lo que ha
hecho a las autoridades ordenar el andlisis dpidépsos para animales pero no
habria causado entre la poblacién fallos renalesviosm como los provocados
en bebés y mascotas estadounidenses gracias asgad@ultos gozan urdieta
mas variada.

8TH: Galdos considerd que para avanzar en un pratesormalizacion politi-
ca en Euskal Herria hay que tener en cuenta ablBa&ubcialista y cité como re-
ferencia a tener en cuentad@logo entre el PSN y Nafarroa Bai.

8TP: Amigos soy Adulfo Pistarino el Moderador débdden el cual sus emi-
nencias Pablo Fattini y Martin Von Pazzz discutivanadostemassin tal vez
llegar a una conclusion ya que estos prohombresrtieada uno una manera de
ver la vida [...].
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