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Abstract PropBank (Kingsbury and Palmer, 2002) through a sys-
tematic mapping between the two resources. The syntac-
tic frames in our verb lexicon account for over 78% exact

matches to the frames found in PropBank (Kipper et al.,

This paper presents the mappings between the
syntactic information of our broad-coverage

domain-independent verb lexicon, VerbNet, to
Xtag trees. This mapping between complemen-
tary resources allowed us to increase the syn-
tactic coverage of our verb lexicon by capturing
transformations of the basic syntactic descrip-
tion of the verbs present in VerbNet. In addi-

2004).

A natural extension of VerbNet's syntactic frames
is to incorporate the possible transformations of each
frame. The Xtag grammar (XTAG Research Group,
2001) presents a large existing grammar for English verbs
that accounts for just that richness of constructions. Map-

ping our syntactic frames to the Xtag trees greatly in-
creases the robustness of our resource by capturing such
transformations.

tion, having these two resources mapped allows
the semantic predicates present in our lexicon
to be used to disambiguate Xtag verb senses.

2 Levin Classes

1 Introduction
Levin verb classes (Levin, 1993) are based on the abil-

The limited availability of large-scale lexical resourcesty of a verb to occur in pairs of syntactic alternations
has restricted natural language applications to specifighich preserve the intended meaning. The fundamental
domains. We propose to fill this gap by creating Verbassumption of Levin classes is that the syntactic behavior
Net (Kipper et al., 2000a; Dang et al., 2000), a freelyf verbs is a direct reflection of the underlying semantics.
available broad-coverage verb lexicon. VerbNet includeshis is a not uncontroversial thesis in its strongest form,
mappings to other known resources so that they can gt it is indisputable that meaning can have great predic-
used as extensions of each other. tive ability. Hale and Keyser (1987) discuss the predictive
VerbNetis a domain-independentverb lexicon with exability of lexical semantic knowledge using the archaic
plicit syntactic and semantic information for over 4,000wvhaling termgally, which might be interpreted to mean
English verbs. The verbs are organized in classes aseeor possiblyfrighten. Depending on the assumption
cording to Levin’s classification (Levin, 1993). In or- made about galley’s meaning, speakers can make con-
der to retain common syntactic and semantic propertidiicting judgments about the verb’s syntactic behavior.
for all members of a class, our verb classes are hierdfor the speaker interpreting it to meaae,the middle
chically organized, with 74 new subclasses added to thsnstruction is disallowed “*Whales gally easily” (paral-
original classes. The syntactic frames represent the sugling “Whales see easily”), while for the speaker who in-
face structure of constructions such as transitives, intraterprets it agrighten, the middle construction is allowed.
sitives, prepositional phrases, resultatives, and other #or an example from Levin, consider the classes of the
ternations listed in Levin. break verbs and thecut verbs which are similar in the
The verbs in our lexicon have been mapped to Wordability of their members to participate in the transitive
Net (Miller, 1985; Fellbaum, 1998) and more recently teand middle constructions. Additionallgreakverbs may
FrameNet (Baker et al., 1998). The syntactic coveraggppear in the simple intransitive construction witlet
of VerbNet has been tested against the frames found rerbs may appear in the conative construction. The ex-
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planation given by Levin is that theut verbs describe a 4 Compositional Semantics for VerbNet

series of actions with the goal of separating some entit o
into pieces. Whether the goal is achieved or not, the ag_everal attempts have been made to use LTAG derivation

“John cut df€es to compute compositional semantics. Stone and Do-

tion can still be performed, as recognized by _ : ) .
the loaf.” For the break verbs, the verb specifies the mah@" (1997) describe a system for incorporating semantics

ner that a resultant change of state occurs. The action §f¢ TAG trees by a system that simultaneously constructs

breaking cannot be attempted if no result is achieved arf§e Sémantics and syntax of a sentences using LTAGS.
so these verbs disallow “*John broke at the window”. =ach lexical item anchors a tree or family of trees and

associates with each tree a logical form representing the
semantic and pragmatic information for that lexical item
and tree. The meaning of a sentence is computed by the
conjunction of the meaning of the elementary trees used
in the derivation.

VerbNet is a verb lexicon with syntactic and semantic Joshi and Vijay-Shanker (1999) and Kallmeyer and
information for English verbs, referring to Levin verb Joshi (1999) describe the semantics of the derivation tree
classes (Levin, 1993) to construct the lexical entries. Hs a set of attachments to trees. For each attachment, the
exploits the systematic link between syntax and semasemantics are defined as a conjunction of formulain a flat
tics that motivates these classes, and thus provides a cleamantic notation. They provide an explicit methodology
and regular association between syntactic and semantar composing semantic representations.

properties of verbs and verb classes (Kipper et al., 2000a; Kipper et al (2000) present a method for deriving com-
Dang et al., 2000). Each node in the hierarchy is chapositional semantic interpretations from sentences using
acterized extensionally by its set of verbs, and intensionferbNet. The mappings discussed here are a step closer
ally by syntactic and semantic information about the clast that proposal.

and a list of typical verb arguments. The argument list of

each entry consists of thematic labels and possible selds- Extending VerbNet with XTAG

tional restrictions on the arguments expressed using bi-

nary predicates. The syntactic information in each verp’¥erbNet, while providing an explicitly constructed verb

entry maps the list of thematic arguments to the dee&exicon with syntax and semantics, offers limited syntac-

syntactic arguments of that verb (normalized for voice altic coverage since it describes only the declarative frame

ternations, and transformations). The semantic predicatf ach syntactic construction or alternation. The Xtag

list the participants during various stages of the event ggrammar, on the other hand, is a lexical resource with
scribed by the syntactic frame. well-characterized syntactic descriptions for lexical items

but makes no distinctions between verb senses and cur-

The syntactic frames act as a short-hand descriptionfpénﬂy has contains no explicit semantics. An obvious
the surface realizations allowed for the members of th\c,?,ay to extend VerbNet's syntactic coverage is to incor-
class. They describe constructions such as transitive, iBbrate the coverage of Xtag, accounting for the possi-
transitive, prepositional phrase complement, resultativgye transformations of each declarative frame. Presum-
and a large set of Levin’s alternations. A syntactic framgmy, transformations of VerbNet's syntactic frames are
consists of the verb itself, the thematic roles in their pregecoverable by mapping onto elementary trees of TAG
ferred argument positions around the verb, and other le}ee families. Then, for any verb in VerbNet each the-
ical items which may be required for a particular conyaiic role can be mapped to an indexed node in the basic
struction or alternation. Additional restrictions may begyntactic tree and the selectional restrictions on VerbNet
further imposed on the thematic roles (quotation, plurafpematic roles to features on the nodes. In addition to in-
infinitival, etc.). Examples of syntactic frames a@gent  ¢reasing the coverage of VerbNet, this provides us with a
\% Pat|e_nt(e.g., Jor_m hit the ballAgent V at_ Patiente.g., pre-existing parser for computing derived and derivation
John hit at the window), andgent V Patient[+plural]  ees to which our semantic predicates can be added and
together(e.g., John hit the sticks together). therefore sense distinctions can be made more explicit.

The semantic information for the verbs is expressed .
as a conjunction of semantic predicates, sucmation, -1 Mapping VerbNet frames to XTAG
contact, transfelinfo. For the same verb, each differentEach frame in VerbNet is described by 4 components: 1)
alternation typically has a slightly different set of semana brief text description (such asansitive, Resultatiye
tic predicates, although there is usually a substantial ove?) an example sentence, 3) a syntactic frame, 4) a seman-
lap within a class. The predicates can take argumentis description using a set of semantic predicates. Text
over the verb complements, as well as over implicit exisdescriptions and syntactic frames are very much interre-
tentially quantified event variables. lated, but the text description is independent of the roles

3 VerbNet
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assigned to the verb’s arguments. These text descriptiotie latest frozen release of the XTAG grammar and the
consist of both primary and secondary descriptions whidlatest version of VerbNet. Each VerbNet syntactic frame
were made completely consistent for the whole VerbNetas mapped to a corresponding Xtag tree family, with the
lexicon prior to these mappings. Examples of primaryndex of the tree family recorded in the VerbNet entry. In
descriptions includ@ransitive, Material/Produce Alter- theory we should be able to annotate each unique Verb-
nation, and ErgativeSecondary descriptions provide ad-Net syntactic frame with a mapping to an Xtag elemen-
ditional information about the semantics and/or syntaxary tree. However, there currently are two impediments
These might specify the types of prepositional phrasds doing this:

that a verb may take or the existence of restrictions on 1. Many VerbNet syntactic frames specify surface re-
a complement (often secondary descriptions are used atizations of trees that would not be regarded as initial
distinguish between different types of sentential compldrees in the Xtag framework (though it is possible to re-
ments). Examples (1) and (2) show how the first thregard them as such by violating certain fundamental as-
components of VerbNet frames are described: sumptions of the grammar). The canonical example is

_ _ N where VerbNet includes as part of a frame a PP that Xtag
(1) Material/Product Alternation Intransitive (Mate- \yoyld analyze as an adjunct.

rial Subject) . 2. Not all VerbNet syntactic frames correspond to an
“That acorn will grow into an oak tree.” Xtag elementary tree.
Material V Prep(into) Product The first issue includes certain verbs appearing in the

Induced Actioralternation, for example, and many of the
transitive frames that additionally specify a path PP to in-
dicate the direction of the action. In Example (5) the Xtag
grammar analyzes 'over the fence’ as an adjunct, this
analysis is based on the fact that this PP is optional for
Because secondary descriptions sometimes refer fae grammaticality of the sentence. Consequently, verbs
variants of a frame that Correspond in Xtag to an entaklng this frame should map to the Transitive tree fam-
tirely different tree family than the original frame, it is ily, the tree corresponding to the VerbNet frame’s overt
necessary to consider both these descriptions in order$gntax being derived by adjunction into the elementary
uniquely identify frames. For instance the Benefactivéree of the auxiliary tree of 'over the fence.” As an exam-
Alternation in VerbNet has two variants as shown in exple, consider the two frames in (5) and (6), both of which

(2) Material/Product Alternation Intransitive (Prod-
uct Subject)
“An oak tree will grow from that acorn.”
Product V Prep(from out of) Material

amples (3) and (4): have PP adjuncts under the Xtag analysis:
(3) Benefactive Alternation (for variant) (5) Induced Action (with accompanied motion and
“Martha carved a piece of wood for the baby” path PP) )
Agent V Material Prep(for) Beneficiary Tom jumped the horse over the fence

Agent V Theme Prep[+spatial] Location
(4) Benefactive Alternation (double object)

“Martha carved the baby a toy out of a piece of (6) Transitive (+ path PP)

“Jackie accompanied Rose to the store” Agent V

wood”
Agent V Beneficiary Product Prep(from out of) Theme Prep[+loc OR +path]
Material This is similarly an issue with intransitives followed

y a PP. Xtag grammar guidelines specify that no verb

In the current Xtag grammar example (3) corresponc@nould appear both in Tnx0v (the tree family for purely

to the tree family of Ditransitives with a PP Com.p.lemenEntransitive verbs that can be followed by a prepositional

ephrase but do not require one to be grammatical) and also
in TnxOVpnx1 (the tree family for intransitive verbs that
st be followed by a prepositional phrase to be gram-

family with the PP anchored Hgr adjoined into the tree
at the VP node, whereas example (4) corresponds to t

Ditransitive tree family (TnxOVnx2nx1). VerbNet how- atical). In VerbNet many verbs participate in thena-

Evfr: tcr?n or_1|y dlscnr(]j"nmate bdetwegn th? E[\_NO fralgwes;]wn ve Alternation, in which the a transitive frame alternate
oth the primary and secondary descriplions. £ach SYlsy, an intransitive frame in which the NP object is re-
tactic frgme, then, is assumed to _be_ uniquely spemﬂe&aced with a PP fronted by 'at’ Examples (7) and (8)
by its primary and secondary descripiions. Generally, t ow a conative frame in VerbNet and its transitive equiv-
VerbNet syntactic frame specified by a full descriptionalent respectively:
corresponds to the surface syntactic realization of an Xtag '

elementary tree. Mappings between VerbNet syntactic (7) Conative

frames and Xtag tree families were done manually, using “Carol cut at the bread”

196



Agent V at Patient version of VerbNet we have 18 syntactic frames that fall
into this category. Some of these are frames that have
been added to VerbNet during attempts at expanding syn-
tactic coverage. Others, such as thieldle construction
are based on the original alternations proposed by Levin.
While most of the VerbNet verbs that take the conative&€urrently, these frames are also mapped to the Xtag ele-
do not have intransitive forms that are grammatical whementary tree from which they are derived, but it is noted
not followed by a PP, many can appear in such frameghat they are not initial trees. In the future, some of these
For example, the verbsut, hack, hew, scrape, scratch,frames may be removed (in the cases where they are not
shovel, and dustonstitute a partial listing of the verbs crucial to characterizing the structure of classes) and for
taking the conative and that can also appear as bare inthers, it should be specified if they are derived from an
transitives. There remains the question, then, of how thaitial tree.
conative alternation should be handled by VerbNet. In
instances such as these, as we are interested merely?id Coverage
recovering the various transformationally related form#\s of the latest release of VerbNet, there are 196 unique
of frames, we simply ignore the constraints of the Xtagrames (as distinguished by primary and secondary de-
grammar, in the case of (5) and (6) mapping to the elescription). Of these, all but 18 correspond exactly to
mentary tree anchoring tree family TnxOVnx1Pnx2, thesome Xtag elementary tree (the exceptions are discussed
tree family of verbs taking an NP complement followedabove). For these 168 VerbNet syntactic frames that map
by a PP complement headed by a particular prepositioaxactly to an Xtag elementary tree, only 16 of the 57 Xtag
In the case of (7) and (8), mapping to TnxOVpnx1, theelementary trees were used. A detailed inspection on
tree family of intransitives with PP complements. the 41 Xtag tree families with no corresponding VerbNet
With regard to the second of these considerations, nétame, revealed that 22 of them deal with small clauses,
all VerbNet syntactic frames correspond to some Xtag e& with idiomatic expressions, and 9 with other various
ementary tree. A number of VerbNet classes contain syiatasses. However, some of VerbNet's syntactic frames
tactic frames that specify multiple adjuncts. As a case iguite simply are not able to be parsed by the Xtag gram-
point consider VerbNet clagsirn-26.6  , with mem- mar. The current Xtag analysis for PPs analyzes PP com-
bersalter, metamorphose, transform, transmute, changglements with an expanded PP structure rather than as a
convert, and turn Each of these can appear in the twoPP substitution node contrasts these approaches. This is
frames presented in (9) and (10): done as expansion of the PP makes the NP node of the
PP available to the metarules for creating the trees for ex-
Material + Product) traction so that sentences such as (12) are derivable from

“The witch turned him from a prince into a frog” (11).

Agent V Patient Prep(from) Material Prep(into) (11) Jill placed her handbag on the table.
Product

(8) Basic Transitive
“Carol cut the bread”
Agent V Patient

(9) Causative/Inchoative Alternation (causative, +

id Ji ?
(10) Causative/lnchoative Alternation (inchoative, + (12) What 1 did Jill put her handbag on t17

Matenal + Product) ) However, Xtag's explicit realization of NPs in comple-
He turned from a prince into a frog” ment PPs precludes handling of incidences of exhaustive
Patient V Prep(from) Material Prep(into) Productpp gypstitution. Thus, Xtag does not handle verbs that

take an exhaustive PP such as 'here’ (or 'there, 'some-

In the Xtag grammar, the frame presented in (9Where,’ etC) as an argument. As such, sentences such as
Corresponds to no e|ementary tree of any tree fam||}ﬁl3) CUrrently cannot be handled, and therefore certain
One might disagree over what elementary tree it is ddtames in VerbNet (namely, the Transitive (+ here/there))
rived from. For instance, (9) can be seen as a trafonstruction simply have no Xtag mapping.
sitive sentence with PP adjuncts (and thus belonging
to tree family TnxOVnx1), as a ditransitive taking a
PP complement with another PP adjunct (tree famil
Tnx0Vnx1pnx2), or as a resultative with a PP anchor an
an additional PP adjunct (and thus belonging to tree famWe presented a detailed account of our mappings be-
ily TRnxOVnx1Pnx2). Similarly, the frame presented intween our broad-coverage verb lexicon with explicit se-
(10) can be seen as either an intransitive sentence with apantics, VerbNet, and a syntactically rich lexical re-
tional PP adjuncts (Tnx0V), or as a resultative with ergasource, the Xtag grammar. By incorporating the trans-
tive verb and PP anchor (TREnx1VPnx2). In the currenfiormations of the basic frames from Xtag to our syntactic

(13) I spooned the sauce there.

Conclusion
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frames in VerbNet we are able to greatly increase the rdcarin Kipper, Hoa Trang Dang, William Schuler, and
bustness of our resource by indirectly providing a much Martha Palmer. 2000b. Building a class-based verb
larger syntactic coverage. In addition to increasing the lexicon using tags. IfProceedings of the Fifth Inter-
coverage of VerbNet, these mappings supply us with a national Workshop on Tree Adjoining Grammars :;md
pre-existing parser for computing derived and derivation Related Formalisms (TAG+5pages 147—-154, Paris,

trees to which our semantic predicates can be associated: rance, May.

thus helping the task of verb sense disambiguation. Karin Kipper, Benjamin Snyder, and Martha Palmer.
2004. Extending a verb-lexicon using a semantically
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