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Abstract

This paper presents an implementation of ex-
tended qualia structures in a contemporary
HPSG formalism. The extended qualia struc-
tures employ a vocabulary of semantic roles
and a fifth quale for shape or contour. Moti-
vation for such extensions is given on different
grounds, and some ideas as to how to derive the
additional information automatically, are pre-
sented.

1 Introduction

The HPsG Grammar Matrix (Bender et al.,
2002) is an extraction of the language-
independent types from the English Resource
Grammar (Flickinger, 2000) and presents a de-
tailed and, in most respects, widely accepted
elaboration of the standard HPSG formalism
(Pollard and Sag, 1994).

The feature geometry of lexical semantics in
the HPSG Grammar Matrix is rather simplistic.
The type hierarchy of relations is extensive and
introduces a variety of relations types, but lex-
emes only introduce such relations on difference
lists, i.e. unordered “bags” of relations (Copes-
take et al., 1999). The empirical motivation for
a richer lexical semantics includes the seman-
tics of adjectives (Pustejovsky, 1993; Larson,
1998), compound nouns (Johnston and Busa,
1999), possessives (Vikner and Jensen, 2002)
and prepositions (Mari and Saint-Dizier, 2004).
Research on related phenomena has led to the
formulation of a structured lexicon and various
accompanying mechanisms which exploit these
structures so as to account for the generative
nature of the lexicon (Pustejovsky, 1995).

One of the central structural components of
the generative lexicon is qualia structure. The
present paper concentrates on the implementa-
tion of this component in the framework of the
HPSG Grammar Matrix. Some obvious concerns
include a minimal extension of the original fea-

ture geometry and maximal use of type infer-
ence, in the sense of (Flickinger, 2000).

Despite our concerns about minimality, our
implementation extends qualia structure with a
fifth quale and a vocabulary for semantic roles.
Since this is a serious complication, the major
part of this paper is devoted to the motivation
of the associated features.

2 Feature geometry

In the HPSG Grammar Matrix, semantic rela-
tions are partially defined by the following type
hierarchy:

relation
PRED predsort

basic-arg0-relation
ARGO basic-semarg

ARGO event

arg0-relation
ARGO individual

] [event—relation]

The type individual is furnished with a SORT
attribute intended to specify sortal restrictions
(for pronoun resolution, animateness, etc.).
Since this information is already contained in
conventional qualia structure, we insert qualia
structure as a set of features on this type. The
preliminary feature geometry is presented here:!
[individual i
FORMAL oquale
TELIC dquale

AGENTIVE
dqual

CONST ...
| CONTOUR oquale

e[S—HEAD s-agtv]

!Efficient implementation of constitutive qualia raises
a number of interesting problems. Since this paper fo-
cuses on the extension of traditional qualia structure, the
issue is ignored for now.



Qualia are encoded as two types of complex
feature structures. These structures are defined
in the following type hierarchy:?

quale
QPRED predsort

-dquale ] oquale
AGENT animate [QTYPE semsort]
OBJ semsort

INSTR artifact
MATERIAL substance
LOC location
S-HEAD s-role

The agentive and telic qualia inherit a num-
ber of semantic roles (3-roles) and a feature s-
HEAD (X-head). The possible values of S-HEAD
are defined by this hierarchy:

s-role

s-agtv s-non-agtv

s-null  s-obj  s-instr s-mat s-loc  s-agent

The notion of X-head functions much like
indexing in the original formulation of qualia
structure (Pustejovsky, 1995). If e.g. the telic
quale of knife includes the feature [QPRED cut]
and adequate sortal restrictions on semantic
roles, it is still necessary to specify what seman-
tic role is linked to the index of knife. In (Puste-
jovsky, 1995), this is expressed by coindexation.
Unfortunately, this leads to cyclic embedding,
since the index of knife is a value of one of its
embedded features. Instead the S-HEAD feature
is used to constrain the linking of indeces with
semantic roles in composition. The partitioning
of the set of ¥-head values into s-agtv and s-
non-agtv illustrates the fact that only a subset
of X-head values are relevant in agentive con-
texts.

Formal and contour qualia inherit another set
of types, i.e. QTYPE. This feature corresponds
to SORT in that it is used to specify sortal infor-
mation about a semantic type. It is now possi-
ble to extract from the qualia structure both a
sortal and predicative use of formal qualia.’

2QPRED has the same meaning as PRED, but the fea-
ture is renamed to be introduced at this level of the fea-
ture geometry for technical reasons.

3The predicative use of formal qualia is not discussed
in this paper. Briefly, it has been used to compose the
semantic forms of coordinative and copulative construc-
tions, e.g. (Segaard, 2004).

The feature geometry as presented here is a
complication of the general feature geometry of
the HPSG Grammar Matrix. It is natural to ask
if some “tightening up” is possible?

Consider again the hiearchy of relations. The
event-relation is instead replaced by a new type
se-relation, introducing the same set of features
as dquale. This extends the Y-vocabulary to
every event relation; for some motivation, see
(Parsons, 1991). The translation from event-
relation to se-relation is exemplified below. The
question mark illustrates how semantic roles are
often more natural to encode:

. se-relation
event-relation

PRED cut
PRED cut
ARGO event
ARGO event
— | AGENT human
ARG1 ?human/tool
INSTR. tool

ARG2 substance
OBJ substance

Now say quale is a subtype of se-relation. The
feature geometry is then already simplified in
that no duplication of PRED values is needed.
The feature geometry is further simplified by
exploiting type inference. Consider the follow-
ing type hierarchy:

quale

te‘lic agentive
\

[PRED cut] [PRED manu|  [PRED knife-q]

A

[S—HEAD s—obj] [S—HEAD s—instr]

The hierarchical ordering of qualia is well-
formed, since the predicates are themselves
hiearchically ordered, i.e. cut is a subtype
of knife-q.* From the lexicographer’s point of
view, this is kind of backwards. Each time a
lexical entry points to cut in its qualia struc-
ture, its qualia value (e.g. knife-q) should be
added to the supertype of cut. The partial lex-
ical entry of knife can then be simplified:

individual

QUALIA [PRED knife-q]
quale

ual

4The introduction of predicate values in the type hi-
erarchy is not a standard feature of the HPSG Grammar
Matrix. For technical reasons, this move is also necessary
for generation in the LKB grammar engineering system.
See (Copestake, 2004) for details about generation in the
LKB system.



The advantage of the new hierarchy is that in
the feature geometry, agentive and telic qualia
can be collapsed. If in a certain context, the
telic aspect of knife is modified, the QUALIA
value is simply unified with telic, and the telic
qualia of knife is inferred. The special con-
straint on agentive contexts is simply added to
the type agentive.

In sum, our feature geometry differs from that
of (Pustejovsky, 1995) in a number of respects,
ie.:

(i) it introduces qualia structure at the level
of individual,

(ii) it conflates type information and the formal
role,

(iii) it conflates agentive and telic qualia in the
feature geometry,

(iv) it introduces the s-HEAD feature for agen-
tive and telic qualia,

(v) it distinguishes betwen sortal and predica-
tive use of formal qualia,

(vi) it adopts a vocabulary of semantic roles
rather than specifies the arity of qualia
predicates,

(vii) and it introduces a fifth quale for contour.

Some objections to (i) and (iii) are presented
in the final section. (ii), (iv) and (v) are ignored
for the rest of the paper. Instead the following
sections are devoted to the motivation of (vi)
and (vii).

3 X-roles

Our theory of ¥-roles is inspired by Dik’s Se-
mantic Function Hierarchy (Dik, 1978). The
hierarchy is extended with a role for materials.
Each role is conceived of as an event participant
role:

Agent > Object (Goal) > Recipient > Beneficiary >
Instrument > Material > Location

Dik’s Goal is renamed as Object (in order not
to confuse Goal with Recipient!). In addition,
we collapse Location and Temporal into a notion
of spatio-temporal Location.’

®The exact translation of this vocabulary was mo-
tivated by the study of compound semantics (Sggaard,
2004), but I wish to stay agnostic about the exact num-
ber of roles and their labels and interpretations. See
(Parsons, 1991) for some discussion.

3.1 Linguistic motivation

In the functional-typological literature, the rel-
evance of semantic roles to linking is often rec-
ognized, see e.g. (Dik, 1978; van Valin and
LaPolla, 1997), but the following data is sup-
posed to explicitly motivate semantic roles in
qualia structures:

In agentive or telic compounds, both con-
stituents occupy a X-role by hypothesis; but
some roles are more natural than others. In
some languages, the modifier only takes a re-
stricted number of roles. Consider the following
compound nouns from Danish:

(1) (a) eskimomusik ('Eskimo’s music’)
(b) eskimokniv ("Eskimo’s knife’)

(c) kunstnervaerksted (’artists’
workplace’)

(d) bgrneler (’children’s clay’)

In (1), the referents of the modifiers all par-
ticipate as agents in the events inferred from the
lexical semantics of the head nouns, but while
the referent of the head noun in (1a) is the ob-
ject of its respective event, that of (1b) is an
instrument. In (1c), the referent of the head
noun is the location, while in the fourth exam-
ple, (1d), the head noun’s referent participates
as material.

This kind of analysis constitutes no positive
evidence for the theoretical status of 3-roles.
The real evidence comes from the ungrammati-
cality of certain combinations of roles in certain
languages.® Here are some examples:

In English, the combination of agents and in-
struments (in that order) in agentive or telic
contexts is ungrammatical:”

(2) *butcher knife

while in Danish, the reverse order of the same
two roles is ungrammatical:

(3) *knivslagter (’knife butcher’)

This kind of reasoning is also found in (Copestake,
1999) who concludes that “limitations on generativity
provide the best arguments for a (semi-)generative lexi-
con.”

"(Copestake and Lascarides, 1997) argue the proper
restriction in fact relates to the SORT value of the mod-
ifier noun, i.e. they simply claim that modifier nouns
must be [SORT non-human] . See (Sggaard, 2004) for
discussion.



Additional motivation comes from cross-
linguistic comparison. (Johnston and Busa,
1999) find suggestive data for a qualia-based
analysis of compound semantics in a comparison
of Italian and English compound nouns. Briefly,
they observe that in Italian, compounds such as
ice knife are disambiguated by the prepositional
linking elements:

(4) (a) coltello di ghiaccio (’knife made of

ice’)

(b) coltello da ghiaccio ("knife for cutting
ice’)

The basic idea of (Johnston and Busa, 1999)
is that in compound interpretation, the index
of the modifier is unified with the default ar-
gument in the argument structure of the head
daughter. In the head daughter, the default ar-
gument is again unified with arguments in the
qualia structure. In their notation:

[bread knife
INDEX
G ARG1
D-ARG1

FORMAL artifact

CONST part_of(y:blade,handle,. .. [i])
AGENTIVE make_of (x:human [1)2:material)
TELIC cut([i)[2:concrete)

NON-HEAD-DTR [INDEX ]

Consider the compound kitchen knife. Since
the modifier denotes a location, one might
be tempted to simply translate kitchen knife
into loc(knife,kitchen). Consider the Italian
translation:

(5) coltello da cuccina

On Johnston and Busa’s account, (5) is a telic
compound. This corresponds to the intuition
that a kitchen knife is not a knife made in a
kitchen, but a knife to be used in a kitchen.
In addition, a compound of the logical form
loc(B,a) does not translate consistently into
da-constructions. In fact, such compounds are
typically translated into compounds with the
prepositional linking element per (Paggio and
(rsnes, 1993). Consequently, it seems right to
insist that (5) is really telic of nature. Unfor-
tunately, there is no way to link the index of
kitchen to the telic predicate in the qualia struc-
ture of knife. This of course is remedied once
Y-roles are introduced.

4 The contour quale

The motivation for the fifth quale includes a
philosophical argument, some facts about com-
pound semantics, some evidence from first lan-
guage acquisition and observations about strong
selectional restrictions in modification of nouns.
In addition, it is demonstrated that the cost of
adding this fifth quale to existing qualia lexicons
is likely to be very small.

4.1 Philosophical motivation

The notion of qualia originates with Aristotle’s
Physics (Pustejovsky, 1995), but what Puste-
jovsky calls formal qualia is in fact described
by (Aristotle, 1999) as “the essential form or
image” of something. It seems Aristotle envis-
aged that the form or contour of an object was
indeed one of its necessary causes. Intuitively,
this makes sense, since reasonable answers to a
question of the form “what is z?7” include:

it’s something made of ...

)
)

(c) it’s something used for ...

(d) it’s something constituted by ...
)

it’s something that looks like . ..

The five answers correspond to five qualia,
respectively formal, agentive, telic, constitutive
and contour qualia. Of course there are other
ways to answer such a question depending on
what kind of thing x is, e.g. if it is a musical in-
strument an answer of the form “it sounds like
...7 islikely. If (a-e) are in fact the most promi-
nent strategies could be tested experimentally.

4.2 Linguistic motivation

In English, many compound nouns of the form
aff are interpreted “B that looks like an «”.
Consider, e.g.:

(6) guitar fish

It has been proposed, e.g. by (Bauer, 1979),
that compounds such as (6) are semantically
underspecified and undergo some sort of prag-
matic resolution. One counterexample to such
an approach is the consistent ungrammaticality
of such compounds in certain languages. Esto-
nian e.g. is one such language (Hiramatsu et
al., 2000):

(7) *nasi tool (’hand chair’)



(Hiramatsu et al., 2000) tested English and
Estonian language users’ acceptance and pro-
duction of similar compounds. The English sub-
jects produced contour-based compounds freely,
while Estonian language users were quite reluc-
tant to do so.

4.3 Language acquisition

In first language acquisition studies, it has often
been noted that children categorize by means of
shape (Landau et al., 1988; Imai et al., 1994).
This phenomenon is referred to as “shape-bias”,
but suggests the importante of contour when de-
termining the extension of nouns. The shape-
bias is generally believed to be activated at an
early age, and researchers in language acquisi-
tion have independently speculated if “this is a
reflection of the structure of the language chil-
dren hear” (Samuelson, 2000).

4.4 Selectional restriction

If one believes in grammatical encoding of se-
lectional restrictions, contour seems as relevant
a feature as any other. Some sortal restrictions
are not easily formulated without reference to
contour. Consider, for example:

(8) 7en hgj bold (a high ball’)

5 Automatic extension of qualia
lexicons

Automatic extraction of qualia information
from machine readable lexicons has been ex-
plored by various researchers (Copestake, 1990;
Hayes, 2001). In addition, qualia lexicons have
been manually written for a number of FEuro-
pean languages, i.e. the SIMPLE dictionaries
(Lenci et al., 2000). SIMPLE entries are eas-
ily converted into HPSG Grammar Matrix for-
mat (Sggaard, 2004). So it seems that we have
all the tools necessary for extending the HPSG
Grammar Matrix with richer lexical semantics
for actual applications, except for one thing:
No method for extracting information about
Y-roles and contour qualia from linguistic re-
sources is currently available.?

However, extraction of contour informa-
tion from dictionaries seems relatively straight-
forward. Consider the following experiment on
a Danish machine readable dictionary:

8Technically, qualia is no longer encoded in the lex-
icon, but in the type hierarchy. In terms of automatic
extraction of information, this has no interesting conse-
quences.

All entries (129) with the genus term beholder
(’container’) were extracted from the electronic
version of Den danske ordbog (Hjort and Kris-
tensen, 2003).° Contour descriptions were iden-
tified. Only descriptions that could be extracted
as predicates were included, e.g. cylindrisk
(’cylindrical’), but not med stive sider (*with
stiff sides’) or med hank og tud (*with handle
and lip’). In addition, very vague adjectives like
aben (Popen’) or lille (small’) were excluded.
Consequently, contour descriptions were either
geometrical terms or -formed-formations.

The entries included 54 compounds of which
17 had separate contour information. The re-
maining 37 compounds were all endocentric
compounds whose contour information can be
derived from information about the head noun.
However, contour information was only found in
the lexical entries of the head nouns in 17 cases.
Consequently, out of 129 entries, 71 contained
information about contour, but 20 of the entries
without contour information were endocentric
compounds, and contour information can thus
be derived from the entries of their head nouns,
once this information is included in the lexicon.
The result is summarized in the table below.

Contour Compound #

- - 38

- + 20

+ - 54

+ + 17
Total 129

Simple extraction from a machine-readable
dictionary allows us to extract contour infor-
mation from approx. 55% of the entries. The
remaining 45% will inherit the contour in-
formation from beholder, i.e. roughly, three-
dimensional. The extraction is easily improved
by searching multiple dictionaries, e.g. Nudansk
ordbog (Becker-Christensen, 2001) has contour
information for some of the words with no in-
formation in Den danske ordbog. In addition,
some definitions refer to subconcepts of beholder

9The present experiment uses the available linguistic
resources for Danish. Since many languages have more
available resources, it is likely that more succesfull ex-
periments can be performed for such languages. The
intuition remains the same, however. Dictionary entries
often contain contour information, e.g. suitcase is de-
fined as ’a large rectangular case with a handle for car-
rying clothes and possessions while travelling’ in Cam-
bridge Advanced Learner’s Dictionary (Woodford, 2003).
The search can be optimized by considering and com-
paring multiple resources and utilizing basic linguistic
structures.



which are listed in the dictionaries with explicit
contour information. If a combined search in
the two dictionaries and this kind of inheritance
was pursued, the success rate would ideally in-
crease to 78%.' While this experiment was
very informal, it still suggests that contour in-
formation will prove one of the easier subtask
in the enterprise of automatic construction of
qualia lexicons.

The sortal restrictions on Y-roles can also be
semi-automatically acquired, though this seems
to be more cumbersome. See (Gildea and Ju-
rafsky, 2002) for relevant discussion and similar
work. In reality, it may be that only the values
of OBJ attributes need to be further restricted
(since most roles are only filled by specific kinds
of things, e.g. agents are humans). This infor-
mation can probably be extracted from Word-
Net, see e.g. (McCarthy and Carroll, 2003).

6 Objections
6.1 Coreference

Various objections may be raised at this point.
The extension in (i) at page 3 may have un-
wanted consequences. If individuals with em-
bedded qualia structures are unified for coref-
erence, the qualia structures must of course
be compatible. This is unproblematic for pro-
noun resolution, but what happens when defi-
nites refer to discourse referents? Consider (9).
Or what happens in coordinative constructions,
e.g. (10)7

(9) The university in Trondheim; is beautiful.
The building; was built ...

(10) actor-producer

If dotted objects (implemented as supertypes
with abstract qualia structure) are assumed, (9)
is unproblematic, theoretically. However, the
example illustrates that if qualia structure is
implemented on individual, this strongly con-
strains qualia annotation. It is necessary to al-
ways check which qualia structures are compat-
ible with which. If this is at all possible is of
course an empirical issue. Examples like (10)
seem to suggest it is not. If so, qualia structure

10This result was obtained by manual inspection. 20
of the entries with no contour information were of words
not included in Nudansk ordbog and were thus excluded.
Of the remaining 38 entries for which no contour infor-
mation was found on the first search, contour informa-
tion was supplied for 14, i.e. 10 non-compound words
and 4 compounds. Consequently, the numbers change
to 85/109.

must be moved to somewhere else in the feature
geometry.

6.2 Multiple-facetted modification

Pustejovsky (2001) presents the hypothesis that
every phrase occuring as a modifier to a nomi-
nal head is associated with a specific qualia role.
He then presents empirical data to demonstrate
how modifiers can simultaneously modify differ-
ent qualia roles, e.g.:

(11) a large carved wooden useful arrow!!

On Pustejovsky’s account, the first adjective
modifies the formal quale of the noun, the sec-
ond adjective the agentive quale, the third ad-
jective the constitutive quale, while the fourth
and last adjective modifies its telic quale. Is
this kind of multiple-facetted modification con-
sistent with our inference-based implementation
of qualia roles? Consider this (simplified) tree:

*N?
/\
Adj N’
| /\
[QuAL [ telic] Adj N

[QUAL agentive] [QUAL arrow—q]

useful arrow

carved

The tree is illformed, since telic and agen-
tive do not unify. Unfortunately, the unifica-
tions follow from the unification of the indeces
of the three constituents. There is no obvious
way to avoid this. It doesn’t solve the prob-
lem to move the QUALIA attribute out of in-
dividual (see above), since qualia still need to
percolate from the head-daughter to be accessi-
ble for other modifiers. Only if a “copy” of the
qualia structure is made, and this copy is spec-
ified to percolate can (iii) be uphold. It seems
this leaves us with two solutions. Either (i) is
abandoned and a “qualia copy store” (Q-COPY)
is introduced in the feature geometry; or the
original design (page 1) is restored. The first
solution results in the following feature geome-
try:

While this example may sound somewhat odd, the
combination of carved and wooden are in fact often com-
bined in a single prenominal field.



" LTOP
INDEX

LOCAL|CONT | RELS ([3],... )

QUALIA quale
Q-COPY quale

LBL
ARGO

SYNSEM

LKEYS|KEYREL [

The duplication of qualia information is un-
pretty. Since the use of type inference has some
radical consequences for the underlying lexical
ontology (see above), and more generally, since
the second solution is more conservative than
the first one, we tentatively suggest to maintain
the original feature geometry with the exten-
sions presented here. Since this complication
bears on the existence of multi-facetted modi-
fication, this phenomena should be subject to
future research.

7 Conclusions

The paper discussed the implementation of
qualia structure in the HPSG Grammar Matrix
feature geometry and some extensions to stan-
dard qualia structure. The extensions relate to
semantic roles and additional qualia and were
motivated by empirical and experimental data
as well as theoretical and practical considera-
tions. It was also demonstrated how the exten-
sions are relatively uncostly for applications.
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