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Abstract

This paper explains the automatic semantic in-
terpretation of sentences. These sentences were
selected for testing the verb predicates that we
have been defining for WordNet 1.6 verb classes,
and the algorithm that uses them. Seman-
tic interpretation is performed for determining
the meaning of the verb, or, verb predicate,
its semantic roles, adjuncts, the attachment of
postverbal prepositional phrases, and also for a
limited number of nominalizations. A compari-
son to other approaches to semantic annotation
is provided.

1 Introduction

We explain the automatic semantic annota-
tion of sentences using our semantic interpreter
(Gomez, 2001; Gomez, 2004a). We have pro-
duced a corpus of 2000 sentences, taken from
the The World Book Encyclopedia, World Book,
Inc. (Chicago). One thousand of those sen-
tences can be downloaded from our homepage
(www.cs.ucf.edu/gomez). The remaining one
thousand sentences can be obtained upon re-
questing them from the author of this paper.
Some of the sentences have undergone editing
so that they could be processed by our system.
These sentences were generated for validating
some of the verb predicates (Gomez, 1998) that
we have been defining for WordNet 1.6 (hence-
forth, WN) verb classes (Fellbaum, 1998). We
think that these sentences provide a panorama
of the predicates and its semantic roles for a
relatively large class of verbs, and also, that
these interpreted sentences could be of value for
machine-learning researchers that need inter-
preted corpora, and for the NLP community at
large. By semantic interpretation, we mean the
determination of the meaning of the verb, or,
predicate, its semantic roles, adjuncts, and the

attachment of prepositional phrases. The senses
of nouns are also resolved (see below for de-
tails). But, compound nouns are not resolved,
unless the pair of nouns exist in the WN lexicon.
We have also provided semantic interpretation
for some of the deverbal nominalizations in the
texts if the nominalization is in our database of
nominalizations, which is incomplete. No reso-
lution of anaphora is done, which is beyond the
scope of this work.

The parser that builds the input for the se-
mantic interpreter does not resolve structural
ambiguity, but does identify verb complements
including clausal complements. Thus, the at-
tachment of PPs and any postverbal modifiers
are the tasks of the semantic interpreter. In or-
der to test the predicates, it is not necessary to
parse complex sentences containing relativiza-
tion, coordination and/or subordination, free
relatives, etc. The only thing needed is to pass
to the semantic interpreter all the complements
(including clausal complements) and postverbal
modifiers of the verb in the clause. However in
our data set, we have processed sentences con-
taining relativization, coordination, subordina-
tion and adverbial clauses in order to provide a
rich set of syntactic and semantic structures.

2 Output of the Semantic
Interpreter

The output of the semantic interpreter is very
easy to read. The sentence is listed first fol-
lowed by the semantic interpretation for that
sentence, which, in turn, is followed by the hi-
erarchy of all super-predicates for the verb pred-
icates in the sentence. The grammatical re-
lation is listed first followed by the semantic
role for that grammatical relation in the form
< (semantic — role) >. Hence, the pair <>
identifies semantic roles, which appear always



(CLAUSE CL1 (P "Shotgun shells are filled with small pellets")

(SUBJ ((NOUN SHOTGUN) (NOUN SHELLS)) ((SHELL1 SHOTGUN_SHELL1)) <GOAL>)

(VERB FILLED ((AUX (ARE)) (MAIN-VERB FILL FILLED) (VOICE PASSIVE))
FILL-SOMETHING (FILL1 FILL2) SUPPORTED BY 2 SRS)

(PREP WITH
((SHOT6 PELLET2)) <THEME>)

(PREP-NP ((ADJ SMALL) (NOUN PELLETS))

(ATTACH VERB CONFIDENCE STRONG))

)

FILL-SOMETHING => FILL-OR-LOAD => PUT => CAUSE-TO-CHANGE-LOCATION => ACTION

Figure 1: Output for the sentence “Shotgun shells are filled with small pellets.”

to the right of the grammatical relation. The al-
gorithm selects the predicate that maximizes se-
mantic roles, or explains the most grammatical
relations (see (Gomez, 2001) for details). The
program prints the predicate followed by the
WN verbs senses and the phrase “supported by
‘a-number’ SRs,” (where ‘a-number’ stands for
a cardinal number), which indicates the num-
ber of grammatical relations (SRs) that have
realized semantic roles. If the output for that
sentence has more semantic roles than the num-
ber listed in the phrase “supported by,” those
semantic roles are adjuncts (Gomez, 2001).

Hierarchy of Predicates

After printing the semantic interpretation for
the sentence, the hierarchy for the predicates
in the sentence is printed. This hierarchy and
the semantic roles for the predicate determine
the meaning of the predicate. In the first file in
our corpus (file £50-1.1), if a hierarchy has been
already given for a predicate that hierarchy is
not listed again. However in the remainder of
the files, the hierarchy for a predicate is listed
every time in which the predicate is identified
in a sentence.

For some predicates, the algorithm prints the
predicate concatenated with “-I” or “-I1” Thus,
we may have the hierarchy

LEAVE-A-PLACE-I
LEAVE-A-PLACE
CHANGE-LOCATION
ACTION
ROOT

The predicate LEAVE-A-PLACE-T is identical
to LEAVE-A-PLACE, which is listed as its
immediate super-predicate. Thus, the pred-
icates predicate-name-I and predicate-name-II1

are identical to predicate-name. The use of “-
I” and “-II” became necessary because of the
semi-automatic definition of some predicates.
In our current implementation, we have elim-
inated the use of the suffixes [-I] and [-1I], and
predicates are listed without any of these suf-
fixes. Hence, the hierarchy above will begin
with leave-a-place.

3 WordNet Verb Senses and Noun
Senses

Sometimes more than one WN verb sense is
given for a predicate. For instance, for the
predicate travel-change-location given for the
verb “travel” in the sentence “She traveled to
Spain,” the following WN senses of “travel” are
listed (travell traveld travel5). This means that
all WN senses of “travel” in that list are coa-
lesced into the predicate travel-change-location
(Gomez, 2001). Hence, all these WN senses of
the verb have the same meaning.

In some cases, the algorithm provides the
sense of the first verb listed in the WN synset
list. For instance, in the sentence “She carried
the books to the store,” the algorithm provides
the sense transport2 for the predicate carry-
something. Transport2 is carryl in WN. The
sense carryl can be easily obtained from trans-
port2, something we have not done because of
the many things that needed implementation.
Likewise, for “pass a law, bill, etc.” the algo-
rithm may give you “legislatel,” which is pass3.
If the verb is immediately followed by a ques-
tion mark, the sense of the verb does not exist
in WN, or it is unclear which WN verb sense
the verb in the sentence may stand for.

Noun Senses

In some instances, the algorithm may provide
more than one sense for a noun. To the contrary



to verb senses, this list is a ranked list in which
the first noun sense listed by the algorithm is
the preferred one. For instance, in the sen-
tence “The star remains stable,” two senses are
provided for “star” as follows: (CELESTIAL-
BODY STAR1 STAR3). Both senses of “star”
have celestial body as their hypernym. The
difference between “starl” and “star3” is that
“start3” is visible to the naked eye. The al-
gorithm is unable to distinguish between these
two senses of “star” and lists both senses. In
the sentence “Cats climb trees,” the algorithm
is unable to determine if “cat” refers to a domes-
tic cat (catl), or to a big cat (cat6). Thus, the
senses for “cat” are listed as: (ANIMAL CAT1
CAT6).

The ontological categories without numbers
correspond to our ontological categories, which
are the result of some changes and additions to
WN 1.6 upper-level ontology (Miller, 1998) (see
(Gomez, 2004b) for details).

4 Semantic Roles and Predicate
Classes

Our approach to semantic roles is better de-
scribed in the discussion in (Gomez, 1998).
Briefly, it is as follows. Predicates are orga-
nized in an inheritance hierarchy in a similar
way as ontological categories for nouns. There
is one generic predicate, or super-predicate, for
each class of predicates. Semantic roles de-
pend on this generic predicate which deter-
mines their number and their meaning. Thus,
the generic predicate communicate that con-
tains transfer-of-information as its major sub-
predicate, has the following semantic roles: an
agent (the person, or animal that communi-
cates), a theme, the thing communicated, a
recipient, the person or animal that receives
the thing being communicated, the form-or-
medium-of-expression in which the communica-
tion takes place, e.g. “book” in “This book ex-
plains algebra to children,” and the topic. Some
of the subpredicates of communicate may have
some semantic roles that are specific to these
predicates. For instance, thank-somebody has
one semantic role realized by the PP [for + NP]
which is specific to this predicate. We have de-
fined 243 subpredicates of communicate.

The predicate class change-location stands
for a person or animal changing location from

a place to another. In this predicate, the agent
and theme are the same. Other roles are: to-loc,
the destination of the agent, from-loc, the place
from where the agent changed location, the in-
strument, the means used to change location,
the distance, which is the distance traveled, and
at-speed the speed at which the change of loca-
tion takes place.

The generic predicate cause-to-change-
location expresses a cause of change of location
of something other than the agent; although
the agent may have also changed location. In
“The squirrel carried the pecans to the nest”
the agent has also been moved, but the pri-
mary event is the fact that the squirrel caused
a change of location of the pecans. In a sen-
tence such as “The moon circles the earth,”
“the moon” is the theme and the inanimate-
cause is unknown. The semantic roles for
this generic predicate and its subpredicates are:
agent, theme, goal, source, distance, inanimate-
cause and instrument. Upon completion of the
event, the entity expressed by the theme is at
the goal, while the entity expressed by the theme
was at the source. Thus, in “Kelly filled the
tank with water from the river,” “the tank” is
the goal, “the water” is the theme” and “the
river” is the source. The inanimate-cause is any
entity other than a human-agent or an animal
used in a causal way, e.g. “The wind pulled the
trees from the ground,” “The war caused much
suffering,” “His policies caused many revolts”
etc.

Stative Predicates form several classes.
Many of them belong to the classes of verb
senses listed under bel, be2 and be3 in WN.
We have used the term description for referring
to the parent predicate of all these predicates.
Some examples of generic predicates within this
class are be-at-a-place, include, etc. We have
used the term thing-described for referring to the
entity of which something is being predicated.
Thus, in the sentence “The book is on the ta-
ble,” the “book” is the thing-described and “on
the table” is the at-loc. In “The table is red”
“the table” is the thing-described and “red” is
the attribute-described of the table. We have
also used attribute-described to refer to the se-
mantic roles realized by the direct objects of
stative verbs. For instance, in “This book in-
cludes many references,” “many references” is



the attribute-described.

The roles for the generic predicate cause-
change-of-state are: agent, theme, beginning-
state, ending-state, inanimate-cause and instru-
ment. In these predicates, the theme has un-
dergone a change of state, not just a change
of location, or a transfer. There is a big dif-
ference between the ending-state of this pred-
icate and the goal of the predicate cause-to-
change-location. In “He broke the cup into
small pieces,” the cup has undergone a change
of state, and does not exist any longer in
the ending-state. In “She shaped the metal
into a beautiful statue,” the metal has been
transformed into a statue in the ending-state.
There are major subpredicates of the predicate
cause-to-change-state for which we have defined
over 600 subpredicates. Some of the major
sub-predicates of the predicate cause-to-change-
state have little relation between each other.
They range from cause-change-of-integrity to
cause-a-change-of-human-belief, e.g., “He con-
verted the Irish to Catholicism” in which the
ending-state expresses a change of belief by the
theme. These major sub-predicates are well con-
tained within themselves, and they inherit lit-
tle from their super-predicate cause-to-change-
state.  We could have defined semantic roles
that are specific to them, and we have done so
in some cases. These semantic roles are more
informative than the semantic roles of their
generic predicates. For instance, for the sub-
predicate separate-from-somebody, separate8 in
WN (“discontinue an association or relation;
go different ways”), the beginning-state is ex-
pressed as from-person, meaning the person or
social group one separates from.

Hierarchy of Semantic Roles

This results into a hierarchy of semantic roles.
Thus, one has from-person => beginning-state.
(We have used => to indicate the super-role)
Examples of other roles and their super-roles
found in the corpus are:

in-court-tribunal => at-loc.

at-inquiry-investigation => at-activity.

for-performance => purpose.
because-of-recipient-acts => because-of.
cure-agent => inanimate-cause.

work-place => at-loc

from-organization-or-activity => beginning-
state

One may decide to base the inferences on the
super-roles, or on the the more specific roles.
Moreover, roles may be defined in terms of pred-
icates and the noun ontological categories, facil-
itating the inferences associated with them. For
instance, a role that is used in the predicate
defend-something and its sub-predicates (pro-
tect, save-something ...) is from-attacker, which
is the thing that attacks the entities referred by
the theme of these predicates. Thus, we have
sentences such as “She protected/saved the city
from the invaders/the plague.” The meaning of
from-attacker can be easily captured in an ax-
iom expressing the fact that the entities denoted
by this role attack the entities denoted by the
theme of the predicate, resulting into a general
inference associated with this role.

5 An Example of Sub-Hierarchy

Sub-hierarchies within a major generic predi-
cate are self-contained, and provide the best
way to store the inferences associated with the
predicates. In fact, anchoring the inferences
into these sub-generic predicates will suffice for
most applications. For instance, the predicate
withdraw-from-an-activity-or-organization =>
social-change => cause-change-of-state forms
the following sub-hierarchy:

WITHDRAW-FROM-AN-ACTIVITY-OR-ORGANIZATION
GO-ON-RETIREMENT (RETIRE1)
QUIT-ORGANIZATION-OR-JOB-ACTIVITY

(LEAVES QUIT2)
RETIRE-FROM-AN-ACTIVITY (RETIRE2)
DROP-0UT (DROP_OUT1 DROP_QUT2)

RESIGN (VACATE1)

STEP-DOWN-RESIGN (STEP_DOWN1)
ABDICATE-ORGANIZATION-RESPONSIBILITIES

(ABDICATE1)

GIVE-UP-A-JOB (GIVE_UP7)
QUIT-ORGANIZATION-OR-JOB(leave_officel)
DEFECT (DEFECT1)

DESERT-DEFECT (DEFECT2)
RENOUNCE-AN-OCCUPATION

(RENOUNCE1 RENOUNCE2)

WITHDRAW-A-NAME

The predicate refers to a human-agent with-
drawing himself/herself/somebody from an ac-
tivity, or a social group. In a sentence such as
“The teacher gave up her job next summer,” the
agent and the theme are the same. The meaning



(CLAUSE CL21 (P "the teacher gave up her job next summer")
(SUBJ ((DFART THE) (NOUN TEACHER)) ((EDUCATOR1 TEACHER1)) <AGENT>)
(VERB GAVE_UP ((MAIN-VERB GIVE_UP GAVE_UP)) GIVE-UP-A-JOB (GIVE_UP7)

SUPPORTED BY 2 SRS)

(0BJ ((ADJ HER) (NOUN JOB)) ((OCCUPATION JOB1))

<FROM-ORGANIZATION-OR-ACTIVITY>)

(TIME-NP ((ADJ NEXT) (NOUN SUMMER)) ((SEASON2 SUMMER1)) <AT-TIME>))

GIVE-UP-A-JOB => QUIT-ORGANIZATION-OR-JOB => WITHDRAW-FROM-AN-ACTIVITY-OR-ORGANIZATION

=> SOCIAL-CHANGE => CAUSE-CHANGE-OF-STATE => ACTION

Figure 2: Output for “The teacher gave up her job next summer.”

is that she withdrew herself from her occupa-
tion (see figure 2). The activity, or organization
are expressed by the role from-organization-or-
activity. One could split this role into two roles.
The reason why they are merged into one is
due to simplifying our work in building the en-
tries for the predicate, and also to the semi-
automatic construction of the predicates.

6 Noun Senses and Selectional
Restrictions

Our corpus of 2000 sentences is the result of
validating some of the verb predicates we have
constructed. The building of the corpus is not
an end in itself but rather a positive side ef-
fect from testing the predicate definitions. If
the definitions of the predicates are adequate,
there is no need to build a corpus because the
semantic interpreter must be able to determine
the meaning of the verb and its semantic roles
in any corpus. Most of the corrections to the
output of the semantic interpreter were needed
because the algorithm failed to determine the
meaning of noun senses. This should not come
as a surprise because verb selectional restric-
tions cannot constrain the sense of the noun in
many situations. But, in defining the selectional
restrictions for semantic roles we have tried to
define them in such way that they narrow down
the noun senses to a small number. There are
those instances in which the selectional restric-
tions do narrow the sense of the noun to just
one. For instance, if you enter “She filled the
mug with beer” the object of the sentence is
interpreted as

(OBJ ((DFART THE) (NOUN MUG))
((DRINKING-VESSEL1 MUG4)) (GOAL))

The system has selected the sense mug4 for

“mug” because the goal for the verb predicate
fill-something is:

(GOAL (XOR CONTAINER1 PHYSICAL-THING THING)

The entry XOR means that only one of the on-
tological categories listed applies. The system
selects the first one that applies. This allows
the system to select the sense of mug4 for the
word “mug.” However, in most situations the
system cannot determine the sense of the noun
based on the selectional restrictions, but it may
prefer some senses over others. For instance the
entry for the theme of the predicate put which
has many subpredicates is:

(THEME (AND PHYSICAL-OBJECT
PHYSICAL-THING) (OBJ))

The entry AND means that both categories
physical-object and physical-thing apply, but it
prefers the first entry listed. Thus, if you enter
the sentence “She put the plants in the box,” the
system outputs for the theme of that sentence
is:

(OBJ ((DFART THE) (NOUN PLANTYS))
(PLANT PLANT2) (PLANT-1 PLANT1))
(THEME))

The system prefers the sense of plant2 (a
life form) over plantl (a factory) because liv-
ing forms have physical-object as a hypernym
in the ontology (see (Gomez, 2004b) for discus-
sion). The selectional restrictions of the theme
is reordering the WN noun senses and preferring
the second sense in WN over the first one. In
other cases, the system may exclude some noun
senses narrowing the preferred senses to a few
ones. For instance, the output for the theme of
“She dropped the stalks on the ground” is:

(OBJ ((DFART THE) (NOUN STALKS))



((CHAFF1 STALK1)
STALK2)) (THEME))

Three other senses of “stalk” all of which have
action as their hypernym have been ruled out by
the selectional restrictions of the theme of the
predicate drop-something-physical.

In other cases, the system returns more than
one verb predicate for a verb. For the sentence
“The plant is widely cultivated for its pungent
root,” the system returns cultivate(cultivatel)
and cultivate-knowledge-wisdom(cultivate3) in
order of preference. The second predicate is also
possible because one of the senses of “plant,”
plant3, has cognition, knowledge as its hyper-
nym in WN.

(PLANT-ORGANI1

7 Related Work

This work bears relation to Framenet (Fillmore
et al., 2003) and Propbank (Kingsbury et al.,
2002). But, the major relation is to Framenet.
However, there are important differences be-
tween our work and Framenet (Fillmore et al.,
2003). An obvious difference between Framenet
and our approach is that the definitions of our
predicates are immediately followed by their
validation which consists of running sentences
randomly selected from a corpus through our
semantic interpreter. A major difference is that
the definition of our predicates are linked to se-
lectional restrictions and the grammatical re-
lations that realize them. The selectional re-
strictions of the predicates are grounded on
the WordNet ontology for nouns (Miller, 1998).
The definition of the selectional restrictions is
what makes it possible for our system to deter-
mine the meaning of the verb, or verb pred-
icate, and its semantic roles. To our knowl-
edge, Framenet does not deal with the prob-
lem of verb polysemy, which is at the core of
the main issue we try to solve. If you consider
the sentences “The engine drives the vehicle”
vs “The teacher drives the vehicle,” or “The
nurse drew blood from the doctor” vs “The
nurse drew criticism from the doctor” gram-
matical relations alone cannot help to determine
the senses of “drive” and “draw,” because both
sentences have the same grammatical relations.
The only way one can determine the senses of
“drive” and “draw” in those examples is by the
semantic categories of the entities expressed by
the grammatical relations of the sentences; or,

in other words, by the selectional restrictions of
the verb predicates those verb senses stand for.

A major effort in our work has gone into
defining the selectional restrictions of the se-
mantic roles in the verb predicates in such way
that those definitions will make it possible the
determination of verb meaning, or verb pred-
icate, and its semantic roles (Gomez, 2004a).
This, in turn, has required from us to look very
closely into the WordNet ontology for nouns
and to modify it (Gomez, 2004b), when needed,
based on the feedback obtained by running our
verb predicate definitions through our seman-
tic interpretation algorithm. The definition of
the selectional restrictions has been a difficult
task because we have to stay away from over-
specifying or under-specifying them in handling
figuratives senses of the verbs. In the following
Framenet annotation:

“(A policeman) <DEFORMER> attempted
to open the bathroom door with a crowbar
, DENTING (the wood) <UNDERGOER> .
(The experience) <DEFORMER> would not
DENT (her confidence) <UNDERGOER> or
make her fearful about driving alone, she said.”

There is no distinction between the two senses
of “dent” in those sentences, and, as a con-
sequence, the different meanings of the roles
DEFORMER and UNDERGOER. In our ap-
proach, the recognition of figurative senses of
verbs is essential, and this has made much
harder to define the selectional restrictions for
the semantic roles of the predicates.

Another major difference between our work
and Framenet is that we have approached the
definition of verb predicates in a systematic
way. As of this writing, we have defined over
3000 verb predicates and mapped about 98%
of WordNet verb classes into verb predicates.
The WordNet verb classes remaining contain
only one or two verb forms. However, to our
knowledge the verbs annotated in Framenet do
not seem to follow any plan. Moreover, not
all senses of the Framenet verbs seem to be
annotated, and in many cases the annotators
have selected verbs with very low polysemy, or
just monosemous, becoming unclear which cri-
teria the annotators have adopted in annotating
some senses of a verb, and not others. In our
case, we have approached the construction of
our verb predicates classes by drawing on Fell-



baum’s Wordnet verb classes (Fellbaum, 1998),
which have been of an immense help to us.
However, Fellbaum’s concept of troponymy in
many cases is too inclusive and as a result many
verbs grouped under a Wordnet verb class do
not share the same semantic roles, which is the
major criterion used by us in building our verb
predicate hierarchies. As a consequence, our on-
tology of verb predicates differs from Fellbaum’s
Wordnet verb classes since we have had to re-
group them differently. Our verb predicates dif-
fer also from Levin (Levin, 1993) classes, which
are based on syntactic criteria.

Another difference between our work and
Framenet is that, in our view, there is an
atomization of semantic roles in Framenet,

e.g., “message,” “messenger,” “denter,” “un-

dergoer,” “ingestibles,” “ingestor,” etc. In our
approach, we have stayed away from reduc-
tionist approaches to verb semantics (see Jack-
endoff’localist hypothesis (Jackendoff, 1990),
Dowty-Vendler’s aspectual hypothesis (Vendler,
1967), Dowty (Dowty, 1979), or to a small set
of primitives (Schank, 1975)) and also from ap-
proaches that lead to role propagation. An at-
omization of roles leads to an atomization of
inferences that would be very hard to handle.
Our approach does not lead to a propagation of
roles since their number and nature depend on
the generic predicate and its subpredicates.

However, we admit that, in some cases, it
makes sense to recognize specific roles, or sub-
roles as discussed in section 4.

8 Conclusions

We have described the semantic annotation of
sentences with semantic roles carried out by
a semantic interpreter. A corpus of 2000 in-
terpreted sentences has been produced using
the semantic interpreter. The main purpose in
building this small corpus of 2000 sentences has
been the validation of the verb predicate def-
initions. These definitions allow the semantic
interpreter to determine verb meaning, or verb
predicate, and its associated semantic roles. We
have briefly described the verb predicates on
which the semantic interpreter is based, the role
of selectional restrictions, and its relation to the
noun ontology. We have also provided a com-
parison to other approaches to annotation of se-
mantic roles.
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