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3 Case Relationships

Caserelationships are assgned to averb andits paositiond, prepaositiond
and adrerbial arguments. Evaluating lists of cases involves comparing themto
other listsandcheckngtheir coverage of lexical andsyntactic markers. The
occurrence of cases in texts can ke used as anindicator of their generality and
their practical coverage.

This chapter isnot about case analysis, the seaond part of HAIKU' sthreepart analysis. It is
about the cae relationships themselves.! Of HAIKU's three sets of semantic relationships,
the caes are the oldest and have been used in the analysis of more texts than either the
clause level reationships or the noun modifier relationships. The processes of
constructing the case set and evaluating it described in detail i n this chapter are similar for
those other lists.

Elements of case analysis inevitably creg into my presentation for coherence (sedions 3.2.4, 3.6).
Case analysisin HAIKU was a group undertaking in TANKA driven and implemented by Sylvain Delisle
(Delisle 1994 Delisle et al. 1996. Development of the cae list and case marker dictionary and
evaluation of the case system were driven by me under the same TANKA wing.
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52 Case Relationships

3.1 Introduction

This introduction gives badkground oncase theory and valency theory, and on aher sets
of case relationships. The next sedion (3.2) describes the lexicd and syntadic dements
that mark cases in clauses. The markers played a lealing role in the wnstruction and
evaluation d the list of cases (as well as being used in the interadive cae anayzer). In
sedion 3.3 1 describe the processof designing HAIKU' s case system and dcefine aiteriafor
its evaluation. Case definitions appea in 3.4 along with examples. An evauation d the
case system is described in sedion 3.6.

3.1.1 Cases

Cases represent the semantic relationships expressed syntadicdly by a verb and its
arguments. The verb expresses an event (see sedion 1.1.1); its arguments express the
participants in and circumstances aroundthe event. Reseachers buil ding natural language
processng systems that use caes (or case-like relationships) seldom devote much eff ort
to developing a set of cases. Often the use of cases is not even explicitly adknowledged.
Consider the description from Grishman (1999 of one of the tasks in the popdar MUC
competition: “The template-filli ng task for MUC-6 invalves the extradion d information
abou a speafied classof events and the filli ng of atemplate for ead instance of such an
event.” The templates consist of a set of predefined template dements for people,
organizations and artifads involved in the event, i.e., the participants in the event. For
example, a purchasing adivity template onsists of roles for the sdller, buyer and ohjed
purchased. These template dements comprise an application-spedfic case system, bu a
case system noretheless Even papers on systems that make explicit use of semantic cases
(such as Oflazer and Yilmaz 1996 rarely list a complete set of cases and even lessoften
offer any justification for them.

The linguistics community has devoted more atention to the study of case systems (see
Somers 1987). These studies, however, are usualy driven by linguistic motivations sich
as, for example, language universals and psychologicd plausibility. The resulting case
systems provide a starting point for case systems intended for computer-based
applicaions uch as information extradion a computer aided knovledge aquisition
from text.

This chapter describes the wnstruction d a cmplete cae system that brings together
elements of existing case systems and evaluates the average of the caes on syntadic
phenomena and in red texts. The evaluation dfers practical justificaions for the cases,
following the lead of Wilks et al. (1996 who argue against validating a set of semantic
primitives against some external set of entities (such as me unknowvn ided set of
psychologicd primitive cncepts). They hold that there can be no dred, independent
justification for individua primitives, only pradicd motivations for the inclusion d a
given primitivein a set.
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3.1.2 CaseTheory

Case theory (Fillmore 1968 Somers 1987 focuses on the simple finite dause and onthe
main verb within it. A case catures that part of the meaning of a syntadic dement
conveyed by its relationship with the verb. The occurrence of a cae in atext is sgnaled
by a cae marker. Markers are ather lexicd (for example, a preposition that introduces a
prepositional phrase) or positiona (subjed, dired objed, indired obed). Traditiona
case theory requires that there be exadly one semantic case adgned to ead syntadic
argument in a propasition (Fillmore 1968. The restriction can be tracel badk to case
theory’ sroats in the study of grammaticd roles and morphdogica case (Bruce 1975.

3.1.3 Valency Theory

Valency theory (Somers 1987 deds with the types and nunber of verb arguments in a
clause. The number of required verb arguments depends on the type of complementation
of the verb. For example, ore sense of the verb giveis ditransitive and requires a subjed
and two oljeds. Cases assgned to required argument positions of a particular verb are
considered core roles for that verb, while caes asdgned to opional verb argument
pasitions (such as adverbials) are mnsidered peripheral.

Some caes (such as Agent and Objed) are more often assgned to required verb
argument pasitions and are therefore more frequently core. Others (such as tempora or
locaive caes) are more often asdgned to optional verb argument positions and are
therefore more frequently peripheral. It is common for case system designers to
distinguish cases as absolutely core or peripheral. But consider example (84).

(84) Themeding lasted [six hours poy] -

The cae asggned to the dired objed (written pobj —seesedion 3.2.1) clealy must be a
temporal case (such as Duration). Since the dired objed is a required argument for the
mondransitive use of the verb last, the Duration case is core in this example. In contrast,
(85) shows a peripheral use of the same cae, since it is assgned to an opional
prepositional phrase agument.

(85 I readthe minutes [for six houss pp] .

Systems that contain core caes only sometimes have alocdive cae and rarely have a
temporal case. To acmurt for sentences such as (85), the temporal nature of the dired
objea is considered incorporated in the verb and a simple Objed case is assgned.
Alternatively, a verb such as last may be nsidered intransitive with a temporal
preposition (such as for) lexicdized in the verb (Cook 1989.

For the purposes of automated text analysis the identificalion o cases that are @re for a
given verb sense would be alarge knowledge engineaing task and noexisting dictionary
offers help. Thisinformation would nd redly be useful in TANKA sincewe ae mncerned
with colleding adual patterns of cases as they appea in a text: HAIKU'S case analyzer
captures the caes that are asciated with spedfic aguments for the verbs in a text.
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Given subcaegorization rules for verbs, HAIKU could adually be used to buld a
dictionary of casesthat appea as core and peripheral (seesedion 5.2.3.

3.1.4 Other Case Systems

There is a long history of work in case theory and reseach related to cases from many
different areas, including linguistics, computer science and cognitive science Campe
(19949 offers abibliography of over 6,600references related to case. In this dion | will
discuss ®me of the more theoreticd work in case theory then some of the computational
work in case systems and text analysis. The distinctionis not always perfed.

Fillmore (1968 presents a small set of cases that has bemme the kernel of many
subsequent case systems. His cases can be thought of as a set of semantic relationships
underlying surface level case, which is expressed by morphdogy, word order, etc.
Fillmore' sorigina list consisted of the six relationshipslisted in Table 14.

Agentive Instrumental Dative
Faditive Locdive Objedive

Table 14: List of cases from Fillmore (1968)

Bruce (1975 explores the relationship between surface cae (syntadic level) and deegp
case (semantic level). He atempts to define asingle subjedive rule for deading which
cases are “central to an event description”—essentially, which cases are @re for certain
events. One of his observations is particularly relevant to the TANKA projed. He
reagnizes that it is important to measure the “goodress’ of a cae system, athough he
doesn't offer a solution. He does mention that “one can orly spe& of the goodressof a
case system relative to a problem situation” (Bruce 1975 357) and that different
problems require different levels of granularity in case systems (seesedion 3.3.2. Bruce
also surveys sverd theoreticd case systems and severa pradicd case systemsin use in
ealy applicaions. Many of these systems are spedfic to the domain for which they were
creaed.

Larson (1984 presents a list of cases to be used as an intermediate representation in a
madine trandation system. The @mputational setting demands more amphasis on
identifying a complete set of roles (both core and periphera) for all verb arguments.
Larson'slist of twelve caes appeasin Table 15.

Agent [nstrument Beneficiary Affeded
Resultant Goal Locéaion Time
Accompaniment Causer Manner Measure

Table 15: List of cases from Larson (1984)

The theory of conceptual graphs (Sowa 1984 uses a set of conceptua relations as
semantic links between concepts in a graph. Conceptual relations linking ads with ather
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concepts are borrowed dredly from the cae relations in case theory: “Arcs of the graphs
correspond to the function words and case relations of natural language” (Sowa 1984
20). Sowa provides a complete list of conceptual relations along with maximally generd
concepts they may link (acording to a ancept hierarchy). As is common, relations are
defined (at least in part) by example sentences.

source path goal local
- instrument intended result .
Active ingti ggtor of or or non-passve
adion . . patient
means adiveredpient
origina state counter- result state undergoing
Objedive or instrument or
. i " change-of-state
material passve means faditive
Dative
psychologicd stimulus medium experiencer content
possesson original owner  medium/price redpient thing transferred
. placefrom space final . ”
Locaive where traversed destination static position
Temporal time since duration time until time & which
am
Ambient reason manner or condtion
consequence

Table 16: The case grid from Somers (1987)

Somers (1987 traces the history of case theory from its roats in valency theory through
Fillmore and ahersto arrive & hisown set of case roles. Somers’ set of twenty-four cases
takes the form of a grid of four columns by six rows (Table 16). The four columns are
inspired by the locdist division d relations into Source, Path, Goal and Locd dimensions
(Anderson 197). Cases appea a the intersedion d ead row and column. This
organization is an attempt to provide aprincipled basis for the construction d a cae
system, as oppased to the abitrariness of systems based on intuition. The requirement
that eat caegory of cases map exadly onto the four dimensions ans at times artificial.
Although the locdi st categories are intuiti ve, whether there is cognitive suppat for fitting
al casesinto such caegoriesisunclea.

Cook (1989 surveys svera different models of case theory including his own Matrix
Model. His model distinguishes propasitiond cases from modd cases. Propasitional
cases are those esentia to a verb’s meaning (roughly, core); modal cases are optional
adjuncts of any predicaion (peripheral). Cooks work deds primarily with the
propasitional cases, though he recognizes the utility of modal cases to automated text
analysis. The matrix model contains five propasitional cases; Cook aso provides alist of
modal cases that shoud appea in any case system that includes modal cases (Table 17).
The list of cases was derived from an analysis of the verb-argument relationships in 300
English sentences (Cook 1979 taken from Hemingway. A maximum of three



56 Case Relationships

PROPOSITIONAL
Agent Experiencer Benefadive Objed Locdive

MODAL
Time Manner [nstrument Cause
Result  Purpose outer Locaive outer Benefadive

Table 17: Propositional and modal cases from Cook (1989)

propasitional cases may appea in the cae frame for a given verb. Objed must appea in
al cese frames and may appea more than orce (for stative verbs and ohed
complements, for example). The other cases can appea at most once A novel asped of
CooK's work is a discusson d criteria for judging the completeness of a cae system.
These aiteriainclude mmparison to existing case systems and extensive use of the caes
in text analysis.

In work nat diredly related to the development of case systems, Levin (1993 argues that
verbs with similar syntadic behaviour share meaning comporents. She groups together
English verbs that behave similarly with resped to dathesis aternations and attempts to
identify elements of meaning common to the verbs in ead group. For example, verbs like
cut often have an Agent, an Objed and an Instrument. Different aternations of the verb
cut alow any one of these caesto occupy the syntadic subjed position (86).

(86) [Kettleman gp/agent] Cut the bagel.
[Fresh bage's susionjea] cut easily.
[Shap knives gbj/instrument] cut well .

Levin attempts to identify the semantic fedures of the verb that permit certain
aternations. Her successin this endeavour provides suppat for the notion that part of a
verb’'s meaning is refleded in the semantic roles alowed to appea in eah syntadic
argument paosition. Levin's work also shows the tremendows variation passble in the
distribution d case roles in required verb argument positions. This variation shows that
the same cae can often be adgned to either a required o optional verb argument
pasition, further blurring the distinction between core and peripheral cases.

Van Valin (1993 offers two tiers of semantic roles. thematic relations and macroroles.
Thematic relations correspondto the cae roles Agent, Effedor, Experiencer, Locdive,
Theme and Patient. The maaoroles Actor and Undergoer serve to rank these thematic
relations in the order listed above, with Agent having the highest degree of Actor-ness
and Patient having the highest degree of Undergoer-ness (Table 18). Van Vain's Role
and Reference Grammar theory holds that it is this ranking along with verb spedfic
preferencerules that all ows humans to assgn thematic relations to verb arguments.



Case Relationships 57

macroroles Actor Undergoer
< >

thematicrelations Agent Effedor Experiencer Locaive Theme Patient

Table 18: Macroroles and thematic relations from van Valin (1993)

Sparck Jones & Boguraer (1987 avoid the abitrarinessof case lists based onintuition a
asumptions abou mental models. Instead, they define aset of cases based onlanguage
data. After dedding that their target set shoud consist of twenty to thirty cases, they
studied a substantial list of example sentences ill ustrating the different senses of the
English prepaositions. They arrived at their final set of twenty-eight cases by mapping the
prepasition senses to candidate caes. The resulting cases are defined orly in terms of the
example sentences from which they were derived. Withou definitions, the distinction
between similar casesis not always obvious. Sparck Jones and Boguraer aso do na take
into consideration the different syntadic functions of prepositions. Since prepasitions do
nat always mark relationships between verbs and arguments, their set of cases includes
several non-case semantic relationships. For example, the Possessd-By relationship can
only link naninals; the State relationship is included for predicaing adjedives. Findly,
there is no evauation d the level of generality of ead case: some of the caes are very
spedfic (such as Force) while there is a single undscriminated Locaion case to acourt
for all | ocative relationships.

Slator et al. (1990 derive semantic dasss based on a study of the twenty-five most
common English prepositions. 184 dff erent senses of the prepositions are dustered into
46 classes based on a semi-automaticdly computed measure of similarity of their
(conventional) dictionary definitions. The dasses are then given names ac®rding to
human refledion onthe shared semantic properties of the senses in ead cluster. What is
striking in the results is the similarity between these enpiricdly derived classes and the
traditional cases foundin more abitrary, intuition-based case systems. The dasses that do
not map straightforwardly onto common case roles often express non-case uses of the
prepositions. These dasses include relationships such as Attribute and Comparison. The
relatively large number of classes can be dtributed to these noncase dasses and the small
number of preposition senses per class(on average). The dasses are crrespondngly fine
grained, with as many as fifteen classes that appea to cover locaive relationships.
Nonetheless the similarity between these purely empiricdly derived classes and case
roles common to cther systems lends empiricd suppat to the kinds of semantic
relationships intuited by case reseachers.

Velardi et al. (199]) attadk the problem of aaquiring shallow semantic knowledge from
text semi-automaticdly. Their system uses a set of mapping rules between syntactic
coll ocates and semantic relations. The syntadic ooll ocates consist of pairs of syntadicdly
conneded constituents, such as subjed-verb pairs, verb-objed pairs, adjedive-noun [@irs
and prepositional phrases that postmodify nours. The output is a set of concept-relation-
concept triples, where concepts are generali zations of individual words based ona small,
domain dependent, hand-coded concept hierarchy. The list of potential relations for a
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given syntadic oollocae is narrowed by seledional restrictions between general concepts
in the hierarchy. Finally, a user can accept or rejed analyses for inclusion in a permanent
knowledge base. A complete list of semantic relationsis not given, though the output isin
the Conceptual Graph ndation (Sowa 1984 and appeas to use mwmmon Conceptual
Graphrelations.

Wu (1993 restricts thematic role frames (case patterns) to a maximum of four thematic
roles per frame, and relies on the nesting of role frames to acount for verbs with more
than four arguments. Nesting frames all ows the system to assgn orly core roles in the top
level frame whil e relegating peripheral roles to nested frames. According to Wu, a side
effed of using nested structures is that “surface caes do nd map straightforwardly onto
thematic roles in a one-to-one fashion” (Wu 1993 327). In a system attempting to
represent the semantics of atext in aform that closely matches its surfacesyntax, a one-
to-one mapping between surface caes and semantic roles is desirable. Systems whose
semantic representation dees not map easily to surface syntax become much more
dependent onthe anount and form of preaded semantic badground knavledge.

Pustgovsky & Busa (1995 present the detail s of the temporal template dements for the
MUC competition. The four ‘time objeds During, Before, After and On are equivalent to
Spark Jones & Boguraer’s (1987 tempora cases, and also map roughly to the locdist
Path, Source, Goal and Locd caegories. Although Pustgovsky and Busa do nd use the
term cases, they show a mapping from prepositional (and aher lexicd) markers to the
four time objeds. For example, in, throughod, for, late, early, beginning of and end o
mark the During objed; the Before objed is marked by before, ending, until and by.

3.2 CaseMarkers

A case marker isasyntadic or lexicd indicaor of a cae in a sentence HAIKU recognizes
threetypes of case marker: positional, prepositional and adverbial.

3.2.1 Positional Markers

Positional markers mark a cae by their syntadic position in the dause. They are the
syntadic subjed, dired objed andindired objed of the verb. In this dissertation | use the
symbals psubj , pobj and piobj , which refer to positiond subjed, pasitiond dired
objea and positiond indired objed. These three syntadic paositions often mark cases
such as Agent, Beneficiary, Experiencer, Objed and Redpient. The constituents in these
paositions fill the caes marked by the position itself.

3.2.2 Prepositional Markers

A prepositional phrase @nsists of a preposition and a noun phiase mplement.
Prepositions expressa relationship between their complement and some other constituent
in asentence (seeQuirk et al. 1985 9.1). A prepasition expressng arelationship between
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its complement and a verb marks a cae. The prepositiona phrase is attached to the verb
and the prepositional complement is the cae filler. A preposition expressng a
relationship between its complement and a noun phiase (as oppased to a verb) does not
mark a cae. That prepaosition is attached to a noun and marks a noun modifier
relationship (seesedion 4.5.

In example (87), the prepositional phrase on the printer is attached to the verb printed.
The noun phase the printer fill s that verb’s Instrument case. In (88), the prepasitional
phrase on the printer on s desk is also attached to the verb printed. The noun phiase the
printer on hs desk fills the Instrument case. The prepositional phrase on his desk,
however, postmodifies the nounprinter and fill sa nounmodifier relationship of the noun
printer, na a cae of the verb printed.

(87) Bonne printed the paper [on[the printer ngl ppl -
(88)  Clyde printed the paper [on[the printer [on hisdesK pp] np] ppl -

Becaise cetain prepositions and conjunctions are homographic, conjunctions may sean
to mark cases. In (89), the mnjunction after appeasto mark TimeAt.

(89) Fred came[after o] Barneyleft.

A conjunction joining clauses does not mark a cae however because it does nat signa a
relationship between a verb and ore of its arguments. Instead, it marks a dause level
relationship.

3.2.3 Adverbial Markers

Adverbials are the third type of case marker. The same semantic relationships that are
expresed by prepositional markers can also dften be marked by adverbias. In (90), at
marks and the same time fill s the TimeAt case; in the paraphrase in (91), simultaneously
expresses the same case.

(90) Thetwo events occurred [at the same time ) .

(91) Thetwo events occurred [simultaneously ,q/] -

Based onthe similar distribution d prepaositional phrases and adverbials in dencting the
circumstances of events, adverbials are valid case markers in HAIKU. An adverbial case
marker both marks a cae andfill sit.

3.24 Marker Order

For case analysis of a given clause, HAIKU bulds an ordered pattern of markers for the
main verb. In the pattern, pasitional arguments appea as the symbads psubj , pobj and
piobj ; prepositional phrase aguments are represented by their prepositional marker;
adverbial arguments are represented by the symbal adv.
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psubj > pobj > piobj >  preps > adv

This ordering refleds the unmarked SVO (subjed-verb-objed) word order in English as
well as the nation d clause structure dement centrality (Quirk et al. 1985 2.13. The
nation d centrality comes from the observation that the verb is the most central element
of the dause; the adverbial is the least central, or most peripheral. Between these two
extremes, the subjed, then the objeds and then any other nonadverbial complements
(such as prepositional phrases) are deaeasingly central. Clause dement centrality has an
obvious relationship to the distinction between core and peripheral cases. Those caes
assgned to markers in more central paositions would more likely be ansidered core roles
for averb.

3.3 Case System Design

In this sdion | describe the process of defining HAIKU'S cases. The process though
guided by English marker data, example sentences and test texts, is not purely data-
driven: the initial case set was inspired by cases from existing systems. Nonetheless the
role of language data in the evaluation d the caes grounds the set in linguistic fad, na
just in intuition.

The first step in the processwas to find a rough unon d others case systems (such as
those described in sedion 3.1.4. Any case gpeaing in any other list was a candidate for
inclusionin HAIKU’s st. Only one cae was sleded among every strongly similar group
of cases, even if they had different names in dfferent systems. For example, HAIKU has a
single Objed case to acourt for cases variously named Affeded, Objed, Patient and
ThingTransferred. Also ignored are caes not representing relationships between verbs
and their arguments, such as the Attribute and Possessed-By cases in Sparck Jones and
Boguraer (1987, since thase non-case relationships are wvered by the dause level
relationships or the nounmodifier relationships.

The second step in construction was to buld a cmprehensive list of case markers and
map them to the caes. The set of cases was adjusted acwrding to the ectent to which
cases were represented by the markers in that list. The distribution d data in the marker
list is not the same & in complete texts. In this ense, using the cae marker dictionary to
test the coverage of the caes was more adiagnastic evaluation o the cae set. The
evaluation in sedion 3.6 represents a performance evauation. Criteria for both
evaluations are discussed in sedion 3.3.2.
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3.3.1 TheCase Marker Dictionary

The cae marker dictionary was built by seaching eledronic and conventional
dictionaries? for prepasition and adverb senses. The pasitional case markers (psubj , pobj
and piobj ) were dso included in the cae marker dictionary.

For the prepositions ead dstinct sense was examined to dedde which cases were
appropriate to that sense. If a sense crresponced to a cae, an entry mapping the
preposition to that case was added to the cae marker dictionary. If no case alequately
captured a particular marker usage, the set of cases was reexamined to determine if a new
case was needed o if the scope of an existing case shoud be redefined. At the end d the
processany case that was wedkly represented in the marker list was reexamined to seeif
it was necessary.

The sourcedictionaries were dso consulted to find adverbial cases markers, such as those
in (92) and (93).

(92) Thisprinter prints [quicky agsmanrer] -

(93  Webackupthe hard disk [daily aaserequency] -

Adding mappings between al adverb case markers and cases would na be desirable since
the dassof adverbs is nat closed. An adverb was only added to the cae marker list if it
had a sense mrrespondng to a cae other than Manner, the most common case marked by
adverbs. If the alverb also marked Manner, a mapping between the alverb and Manner
was included in the list. Any adverb na in the list is assumed to mark Manner only.
Conversaly, adverbs that do appea in the list are taken to mark Manner only if thereis an
explicit entry mapping them to Manner.

Every marker - case mapping in the marker list includes an example sentence (see
Appendix Il for a sample of the entries for prepasitions). In addition to providing the user
with an illustration d a given marker — case pair (during case anaysis), the example
sentences helped tune the cae set. An example sentence was ometimes a cmpelling
argument to include acase. Conversely, cases for which an example sentence @uld na
easlly be invented were ansidered dubous. Anather technique to twedk the case set was
to try to construct an example sentence @ntaining two similar cases. When it was not
paossble to compaose asentence ontaining both cases, they might be merged into a single
more general one.

2 Thedictionaries | used most were the COBUILD (Sinclair 1991), the unabridged Randan House (Stein
1983 and Grady Ward's Moby lists. | also consulted LDOCE (Summers 1987 and Fowler’s Modern
English Usage (Fowler 1984 to confirm and clarify marker senses.
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Implementation Note

The case marker dictionary is compiled with HAIKU and there is no facility to load new mappings at
run time. Nonetheless, adding new entries and new mappings to existing entries is a simple
matter of adding Prolog facts to the dictionary in the form shown in Appendix Il. Since HAIKU saves
all marker . case assignments in a separate output file, new mappings resulting from a HAIKU
session can simply be copied over to the case marker dictionary.

3.3.2 Evaluation Criteria

| now identify threedesirable charaderistics of a cae system. These ae cetainly not the
only posshle aiteria for evaluating cases, bu they have proven to be useful for finding
wegknesses in the way the cae set covers empiricd data (both exhaustively enumerated
data, such asthe cae marker dictionary, and data from red texts).

Generality

Cases must generalize to some degree the role of arguments of a verb. Individual verb-
argument pairs themselves could na be used as cases, since they would be nathing more
than a unique label for the relationship and would add ndhing to its interpretation. For
example, a Bre&kWindow case assgned to the dired objed in (94) would na add any
information to the interpretation o that sentence and it would na acwurt for the
simil arity of the roles played by the dired objedsin (94), (95) and (96).

(94)  Alphorse broke[the window poy]
(95  Alphorse broke[the pare poy]

(96)  Alphorse shattered [the window poy]

At the other extreme, verb-argument pairs could be represented by just two roles
correspondng to participarts (P) and circumstances (C). This trivial case system would
probably be too general for any natural language processng task since the designation o
verb arguments as participants or circumstances is no more informative than the syntadic
analysis of verb arguments as objeds or adverbials.

(97) [Gastonp] broke[thewindow p] [yesterday ¢] with [arockp] .

The two extremes inspire the first criterion for the @nstruction o pradicd case systems.
Cases houd be spedfic enough to distinguish between the roles of ead verb argument
in a given clause. A Participant case is too general to acount for the different roles
played by the subjed, dired objed and prepaositional phrase in (97). On the other hand,
cases odd generalize the semantic relationships in a dause. That is, ead case must
acoun for relationships between dstinct verb-argument pairs from diff erent clauses. The
Bre&kWindow case would acourt for only one verb-argument pair.

Together the spedficity and generaity required of a cae system will determine how
many cases it contains and haw closely definitions of the caes match the semantics of the
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spedafic verb-argument relationships they generali ze. Choice of a particular point between
the two extremes on the scde will depend onsuch things as the gplicaion using the cae
system, the target representation d case analysis and the type of text. For example, the
Participant role that | clamed was too general for (97) may be spedfic enough if the
applicaion is a template filli ng task to determine the entities involved in an ad. If the
target semantic representation to be produced from case analysis does not make subtle
distinctions between semantic roles, then a fine grained case set would be unrecessary.
Certain types of texts may aso dctate the required generdlity of a cae system. The
anaysis of geographicd texts, for example, may require fine distinctions between a
number of locdive cases.

Commonly, the overal level of generdity of cases is not explicitly addressed by case
system designers. There ae ways, howvever, to measure the generality of an existing case
set. One measure is the number of times eat case is asggned in the analysis of texts.
Although this measure would be valuable in determining the pradicd generality of a set
of cases, it would require that a large anourt of text be analyzed to draw any significant
conclusions. It also assumes that frequency of occurrenceis diredly related to generality.
Although frequency may hint at which cases are more genera than ahers, it is possble
that certain gute generaly defined cases are lesscommon in texts than some caes with
very restricted, spedfic definitions. Furthermore, the measure would change & more texts
were analyzed, though more analysis would also incresse wnfidenceinitsvaue.

A seaond measure is the number of syntadic phenomena (i.e., markers) acourted for by
eat case. Although this measure tell s us lessabou the gplicability of ead case to the
analysis of texts, it isrelated to the first measure of a cae's generdlity: the generality of a
case using the first measure is boundfrom abowve by the frequency with which that case's
markers occur in text. So a cae with more markers or commonly occurring markers (such
as the positional markers) will potentially acourt for more verb-argument relationships
in a text than a cae with fewer or lesscommon markers. This @mnd measure is easily
cdculated sincethe markers are usuall y fixed independent of any textsto be analyzed.

In Barker (1996 | investigate the degreeto which eat of HAIKU' s cases is represented by
markers in the cae marker dictionary as well as in the clouds text. The report also
discusses posgble adjustments to the cae set for cases that have marker representation
abowve or below average. The main results from the investigation appea in sedion 3.6.2,
where they are extended with results from the small engines experiment.

Completeness

A set of cases houd cover any possble verb-argument relationship. In pradice a cae
system can never be shown to be perfedly complete; conversely, a single omurnterexample
can show that it isincomplete. One measure of the degreeto which a given case system is
complete is the number of sentencesin atext containing relationships covered by the cae
system. As more dauses are cae analyzed within the nfines of a given set of cases,
confidencein the completenessof that set increases.
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A potentia pitfall of trying to satisfy the cmpletenessrequirement is the proliferation o
new cases. If new cases are continually introduced to remedy incompleteness their
number may grow unchedked. Generality, however, ensures that overly spedfic cases are
not added to cover a single verb-argument relationship. A solution is to expand the
definition d an existing case to acourt for a new relationship. The new definition shoud
cover all of the relationships covered by the old definition along with the new
relationship, and no dhers. Documentation o ead case's coverage is therefore
particularly important.

Unigueness

A case system shoud contain nosuperfluous or redundant cases. A case is superfluows if
the relationship it describes never appeas in any text between a verb and argument. A
caseisredundhnt if every instanceof it is aso an instance of some other casein the set.

Empiricdly, a cae can never be shown to be dsolutely superfluous or redundant: the fad
that a cae has covered nore of the encourtered verb-argument pairs in texts does not
imply that it will never do so; the fad that the set of encourtered relationships covered by
a ca&eis asubset of the set of relationships covered by some other case does nat imply
that the two sets will never diverge.

Nonetheless redundant and superfluous cases can be aroided by requiring that no case be
added to the set arbitrarily. That is, inclusion in the cae set must be restricted to cases
that cover at least one verb-argument relationship na covered by any other case in the set.
Redundancy can aso be aroided by defining explicitly the semantic relationships covered
by a cae and by contrasting these with the definiti ons of other cases.

3.3.3 UsingtheCriteriato Guide Case Selection

The initial grain of HAIKU'S case system was suggested by that of the existing systems
from which cases were taken. The cae markers further guided adjustment to the
spedficity of the system. If a single cae was marked by several different markers with
diff ering senses, the cae was lit i nto more spedfic cases. Similar cases marked by only
one or two markers were merged into a single more genera case. The tempora roles
provide examples of both kinds of adjustment.

Many older case systems have only one or two temporal cases. More recent work
distinguishes between multiple temporal cases, often correspondng to the four locdist
caegories. HAIKU'S cases include Frequency in addtion to the common TimeAt,
Duration, Before and After, inspired by the prevalence of adverbial case markers for such
arole: houly, daily, monthly, etc. Frequency is clealy a tempora role not cgptured by
TimeAt, Duration, Before or After.

The Before and After cases were richly represented by several different markers, as
evidenced aso in Pustgovsky & Busa (1995. For example, Before is marked by the
prepositions before, by, ending, till, to, towards, until and up to. With the exception o
before and passbly by, these markers suggest a slightly more spedfic role describing the
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ending paint of an ad of duration. To capture this distinction we split the Before cae into
TimeBefore and TimeTo. Similarly, we split the After case into TimeAfter and
TimeFrom, bringing the number of temporal cases up to seven.

With the introduction d TimeTo and TimeFrom cases, TimeBefore and TimeAfter
becane very wedkly represented by the markers. Only before exclusively marked
TimeBefore and orly after exclusively marked TimeAfter. We deleted these two cases,
leaving their examplesto be cvered by the more general TimeAt case.

3.4 TheCases

The resulting set of cases (Table 19) was then compared against those in the systems
described in sedion 3.1.4to ensure that it had at least as much coverage & those systems.

The caes appea in five groups. The PARTICIPANT group consists of cases in which the
argument is usualy diredly invalved in the event expressed by the verb. The CAUSALITY
group includes relationships enabling or oppasing the event. SPACE and TIME group
relationships that placethe event at an absolute or relative position in space or time.
Finally, QUALITY groups the remaining cases that represent various other relationships
between averb andits arguments.

The groups are more useful when talking abou the caes than when using them. For
example, the division into groups shows clealy the paral el between eat o the temporal
cases and their spatia analogs. Moreover, since eab group contains cases that share
some property, clashes or overlaps between cases are much more likely to occur within
groups. For example, it is more likely that Effed and Purpose will need to be
distinguished explicitly than Purpose and LocaionTo; TimeThrough is more likely
redundant because its instances are wvered by TimeAt than because they are wvered by
Agent.

34.1 CaseGlossary

This sdion describes the meaning and coverage of eat case. Eadh description is
followed by one or more example sentences chasen to refled typicd usage or to ill ustrate
the scope of eadt case.

IO

Implementation Note

In practice, for any particular assignment the choice of case depends on the reader’s
interpretation of the sentence, especially for more abstract examples. HAIKU allows the user to
invent new cases if finer grain is required for a text. These user-defined cases are stored in a
separate file that can be loaded at the beginning of a new session. When assigning a case in a
sentence the user can choose one from the original set or from the user-defined cases.
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PARTICIPANT
Accompaniment (ACMP) Experience (EXPR)
Agent (AGT) Instrument (INST)
Beneficiary (BENF) Objea (OBJ)
Exclusion (EXCL) Redpient (RECP)
CAUSALITY
Cause (CAUYS) Oppasition (OPP
Effed (EFF) Purpose (PURP)
SPACE
Diredion (DIR) LocaionThrough (LTRU)
LocaionAt (LAT) LocaionTo (LTO)
LocaionFrom (LFRM) Orientation (ORNT)
TIME
Frequency (FREQ) TimeThrough (TTRU)
TimeAt (TAT) TimeTo (TTO)
TimeFrom (TFRM)
QUALITY
Content (CONT) Measure (MEAS)
Manner (MANR) Order (ORD)

Materiad (MATR)

Table 19: The cases (with abbreviations)

Participant
Accomparniment (ACMP)

The Accompaniment case represents one or more antities accompanying another entity
(usually the Agent, Experience or Objed) invalved in an event. Examples (99), (99) and
(100) show acaompaniment of Agent, Experiencer and Objed.

(98) [l act] €at supper with [my family acwe] .
(99) [l expd livewith [my family acmp] -

(100 | eat [my peas o] With [horey acwe] -

Agent (AGT)

The Agent case represents the initiator or performer of an event. An Agent is typicdly a
sentient being or some antity treaed as entient to some degreewithin the domain. This
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case differs from the Experiencer case in that the Agent intentionally performs an ad or
adively participates in an event. The Agent is expressd by the syntadic subjed of the
verb or asthe objea of the prepaosition by in pasdve dauses.

(101 [Thedatabase manager psubjact] retrieved the records.

Example (101) shows an Agent, The database manager. Although database manager
modues are not usually thought of as sntient, in the domain of Computer Science they
often perform complex tasks. In the dsence of a truly sentient initiator, other entities
(such as database managers) can be Agents. In (102 the Agent would be The andyst and
the database manager fill sthe role of Instrument.

(102 [Theandyst acr] retrieved the records with [the database manager nsr] -

Beneficiary (BENF)

The Beneficiary case represents the entity that benefits from the state resulting from the
event. The state may be to the Beneficiary’s advantage or disadvantage, and it may be
intentional or acadental. Typicaly the Beneficiary is an animate being or an organization.
It may correspondto the syntadic indired objed of the verb if the indired objed is not
the Redpient of the objed of the event.

(103 I wrote[Smill a piony/sene] a referenceletter [to prospedive enployers pyrece] -

(104 | wrote[Smill a pion/sene] [areferenceletter [to prospedive enployers )
potj/OBJ] .

(105 Thisyear’s rains produced a bumper crop[for the farmer pygene] -

Example (103) shows the indired objed (Smilla) filling the Beneficiary case with
prospedive employers filli ng the Redpient case. In (104) there is no verb argument to fill
the Redpient case (to prospedive anployerss is attached to letter, na wrote). Nonetheless
since the writing was dore to the alvantage (or disadvantage) of Smilla, Beneficiary is
again an appropriate cae. Example (1095 illustrates the fad that the filler of the
Beneficiary case nead na be the intended beneficiary of the event. Clealy, the production
of abumper crop for the farmer’ s benefit was not intentional.

Exdusion (EXCL)

The Exclusion case represents an entity not included in a group @ not accompanying
another entity or entities in an event or state. It can also represent the entity that
substitutes for another whose invovement in the event is expeded, a whose ladk of
involvement is sgnificant.

(106 Eveybody slept excet [ Jeff excr] .

(107) Jef played instead o [Howard gxcy] .
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Experiencer (EXPR

The Experiencer case represents the entity experiencing a state or a sensation. Unlike an
Agent, an Experience does nat intentionally perform an ad or adively participate in an
event. The Experiencer is typicdly a sentient being or some entity treaed as sentient. It
corresponds to the syntadic subjed of the verb.

(108 [Ajax psunexed is deeing.

Instrument (INST)

The Instrument case represents an entity that is applied or employed in an event. The
Instrument for events of transfer is often the medium of the transfer.

(109 He brokethewindow with [a brick nsr] .

(1100 The system administrator natified the users via [email |nst] .

In (109 a krickis the entity applied to acamplish the event of breing the window. In
(120 email isthe medium of transfer of natifying the users.

Objedt (OBJ)

The entity diredly aded upon ly the event fills the Objed case. The Objed often
corresponds to the syntadic dired objed of the verb bu may also be marked by syntadic
subjed or by a preposition.

(112) Ethel printed [the fil € porosy] -
(112 [Thewindow psubioss] broke

(113 Theystripped hm[of his pride pyosJ] -

Example (111) has the syntadic dired objed (the file) filling the Objed case; (112
shows the less common situation d the syntadic subjed (the window) filli ng this case;
(113 is an example of the rare occasion where the Objed case is marked by the
prepasition of.2 His pride is the entity that has been stripped while him is the location
from which it was dripped.*

Objed marked by of is rare but not merely idiomatic. Similar examples using different verbs suppart
the dedsion to trea of as a valid marker for Objed: The deprived him [of his rights pyosj]; They
partake[of the bread pyogj] -

Example (113) has a person as the @strad locaion of a feding. An aternative to allowing bath
abstrad and concrete locaions would be to refine eat locdive cae into two separate caes
distinguished by the fegure +concrete
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Redpient (RECP)

The Redpient case represents the antity that diredly receves the objed of an event. The
Redpient must be distinguished from the dosely related Beneficiary case. Whereas the
Beneficiary benefits from the redization d an event, the Redpient takes possesson o
the event's objed. Redpient frequently appeas with events describing dative
relationships and dten corresponds to the syntadic indired objed of the verb.

(114 1 sent [the prospedive anployers uion/rece] @ referenceletter for Smill a.

(115 1 wrote[Smill a pionsene] a referenceletter [to prospedive enployers pyrece] -

In (114) theindired objea of the verb fill s the Reapient case. In (115 the indired objed
fill s the Beneficiary case whil e the Redpient case is marked by the preposition to (seethe
definition o Beneficiary).

In sentences that contain bah cases, Beneficiary is more often marked by the prepasition
for while Redpient is more often marked by the prepasition to.

Causality
Cause (CAUS

The Cause is the state or event that makes another event take place The Cause cae may
also represent an environment that al ows an event to be performed or a state to exist.

(116) Hedied of [thl rst CAUS] .

(117 Weacted on[hisadvicecaug .

Effedt (EFF)

The Effed case represents a state that is the outcome of an event or the result of another
state.

(118 Thebattlewill endin[death gre] .
Oppasition (OPP)

The Oppasition case represents an entity that contrasts with or oppases the event but is
insufficient to prevent it from happening.

(119 Despite[my warning opp] theypersisted.
Purpose (PURP)

The Purpose case represents the state intended to result from the event. This case implies
initiation d the event by a sentient being. Purpose differs from Effed in that Purpose is
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the intended though na necessarily occurring result whereas Effed is the occurring
though na necessarily intended result.

(1200 Thedrugwasinvented for [ pain relief pyrg| .

Space
Diredion (DIR), LocationFrom (LFRM), LocationThrough(LTRU), LocationTo (LTO)

The spatial cases Diredion, LocaionFrom, LocaionTo and LocaionThrough represent
pasitions in some (possbly nonphysicd) space To dstinguish between them consider an
event of motionto be an arrow. The tail of the arow represents the starting point of the
event (LFRM). The hea represents the destination d the event (LTO). The diredion d
the arow corresponds to the event’s beaing in space(DIR). The shaft joining the tail to
the head corresponds to the spacethrough which the event passes or extends (LTRU).”

(121) | drove[east pir] on[autoroute 640 1ry] from[Laval rrv] to [Repentigny 1o .
(122 Lookinside[yourself pg] for the answer.

(123 Theystripped [him  rrv] of his pride.

(124 Srangeimagesflitted through[my mind  try] -

(125 Hislifeisgoing [nowhere  1q] .

Example (121) shows all four cases together in concrete (physicd) usage. Examples (122
to (125 illustrate éstrad (nonphysicd) uses of Diredion (yourself), LocaionFrom
(him), LocaionThrough (my mind) and the LocaionTo case (nowhere).

LocationAt (LAT)

The LocaionAt case represents the spacein or at which an event occurs or a state eists.
This case gpliesto nonmotion events that occur staticdly in space or to spedfic points
aong the path of a motion event. There is no restriction onthe physicd extent of a point
that fill sthe LocaionAt case. Aswith ather locdive caes, LocaionAt may be interpreted
abstradly (non-physicdly), and either absolutely or relative to another locaion.

(126) We stopped a [arestaurant _a1] on ou way home.

(1270 Memory of the acadent was hidden in [his subconscious | a] .

In (126), a restaurant is a spedfic point along the path of motion; (127) ill ustrates an
abstrad usage of the LocationAt case.

® Inthelocdist framework, LocaionFrom, LocationThrough LocaionTo and LocaionAt correspond to

Source, Path, Goal and Locd. Thereisno dired analogue for Diredion.
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Orientation (ORNT)

The Orientation case represents the beaing an entity involved in an event in terms of the
axes on whose origin the objed is centred. Less drictly, Orientation may represent the
position d parts of an ojed with resped to ead ather.

(128 Thetower lay on[its sde orntl -

(129 Thetreestood[ered orny] despite the heavyice

Time
Frequency (FREQ)

The Frequency case represents the rate & which an event or state reaurs.
(130 Busesarrive[in fiveminute intervals pyrreq) -

(131 Jennifer washes her truck [daily aqwrreq) -

The two example sentences $how the Frequency case being marked first by a prepaosition
and then by an adverb.

TimeAt (TAT)

The TimeAt case represents the time & which an event takes placeor a state eists. It is
the temporal analog of the spatial case LocaionAt. There is norestriction onthe extent of
the time unit filli ng the TimeAt case—the fill er need na refer to a measurable instant in
time. It may aso be another event indicating when the event took dace

(132 Hetravded exensively [last year tar] .

(133 Hemade hisfortune during [ his visit to Europe tat] .

The cae filler in (132 is a time unit with measurable extent. In (133 the nominalized
event hisvisit to Europe indicaes the time when the event (making his fortune) occurred.

TimeFrom (TFRM)

TimeFrom is the cae that represents the time of the beginning of an event. It may also
represent the moment at which a state began to exist or will begin to exist.

(134 He has been blind since[the war trrv] .

(1395 | will stay at your house from [ Tuesday trrv] to Sdurday.
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In (134) the war marks the time & which the state began. He has been Hind from the war
until now. In (135, the moment at which the state of staying at your house will beginisin
the future (Tuesday).

TimeThrough(TTRU)

The TimeThrough case represents the duration d an event or a state. In contrast to
TimeAt, thefill er of this case must have extent.

(136) The meding lasted for [six hou's T1ry] .

TimeTo (TTO)

The TimeTo case represents the time & which an event of certain duration ended or will
end. It may also represent the moment at which a state ceaed to exist or will cease to
exist.

(137 Weworked fromnineto [five o] .

(138 I will stay at your house until [ Tuesday t1o] .

Quality
Content (CONT)

The Content case represents the subjed of any type of communicaion a consideration
event. It may also represent the physicd filli ng of a container involved in an event.

(139 Johnwrote abou [volcanoes cont] -
(140 Albert isconcerned abou [the e@namy con] .

(141 Hefilled the container with [milk cont] .

Manrer (MANR)

The Manner case represents a way in which an event is performed or takes place This
case acourts for many common relationships between a verb and its arguments that
describe quadlitative dharaderistics of the event or state. Manner is often used in the
absence of a more suitable cae and can thus be considered a default. This is particularly
true for adverbial markers.

(142 Emily writes [with style yymanr] -

(143 Michad played [ beautifull y agymang] -
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Material (MATR)

The Material case represents the physicd substance @mpaosing an entity involved in an
event.

(144 We build howses with [brick yatr] -
Measure (MEAS)

The Measure cae represents some quantitative property describing the extent of an event
or the anourt, number or value (including econamic worth) of an entity involved in the
event. An instance of Measure implies a scae of measurement.

(145 Seaetariat won by [threelengths wgad .

(146 | bough the ar for [fivehunded ddlars yead .

Order (ORD)

The Order case represents the placanent of an entity at relative position within a
sequence, or within ancther structured arrangement of entiti es participating in an event.

(147 Hefiled the Baker file before [the Abel fil e orp] -

3.5 Assigning Cases

The cae analyzer in HAIKU extrads all case markers in a given clause based on their
syntadic labels as identified by DIPETT. It assembles these markers into a cae marker
pattern (CMP). HAIKU then attempts to determine the @rrespondng case pattern (CP) by
comparing the airrent CMP and verb to CMPs and wverbs gored from previous clauses.
The technique is reminiscent of case-based reasoning, with previous CMPs and \erbs
comprising the base of cases.’

If the aurrent case marker pattern CMP; has aready appeaed in some previous clause
Clause,, then the previous case pattern CP,, is suggested to the user for the aurrent clause.
If CMP; has never been encourtered, a partial matching algorithm finds the most similar
previous marker pattern CM P among previous clauses. The measure of CMP distancefor
the similarity cdculation is defined in Delide et al. (1993. Case patterns previously
assgned to CMP; contain candidate cases for the aurrent CP.

If the system canna find good candidate cases to suggest to the user (for example when
processng the first sentence of a text), the user must supdy a cae pattern using the

® 1 will not make ay other references to case-based reasoning; the term case is already overloaded.
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definitions of the cases (sedion 3.4.1) to guide cae seledion. Oncethe user has acceted
a suggested CP or supgied ore, the CP is gored along with CMP; and the aurrent verb
V.. These stored patterns are acecmulated to help in the processng of subsequent clauses.

The implicit assumption in using previous case aalyses to guide asggnment is that the
cases are generdlizations that can apply to dfferent verb-marker pairs. The number of
times previous case patterns suggested to the user are acceted testifies indiredly to the
generalizing power of the caes themselves.

3.6 Evaluation

| have so far described the @nstruction d a set of cases driven by English case marker
data from dictionaries and word lists. Evaluation d the set was acammplished by using
HAIKU in the cae analysis of sample texts.

3.6.1 CaseAnalyzer Evaluation

| clamed in sedion 3.3.2that the evaluation d a cae system includes its coverage of
clauses from red texts. This sdion lriefly presents the results of case analysis of the
clouds text and the small engines text.

The clouds text contains 512 sentences from which DIPETT parsed 439finite, nonstative
clauses usable for case analysis. The system assembled automaticaly the awrred CMP for
69% of the dauses. The user supdied the corred CMP for the remaining clauses.

Starting with an empty processng history, the system suggested zero o more cae
patterns for eath CMP, depending on previous processng as described above. Over al
439 clauses, the system made on average 4.5 CP suggestions per CMP. The maximum
number of CP suggestions made for any single dause was fourteen. The increase in this
maximum was quick for the first half of the experiment (jumping from zero to eleven
over the first 200 clauses) but slowed for the second Helf, where the maximum increeased
by only threeover the last 200 clauses.

The wrred case pattern was among the system’s suggestions for 62% of the 439
clauses—50% for the first 208 clauses and 724 for the next 231 clauses. Figure 4 shows
the number of clauses for which the corred pattern was among the system’s suggestions
(system) contrasted with the number that had to be suppied by the user (user).

In the small engines experiment, 584 clauses receved case analysis. The system made on
average 4.4 suggestions for clauses for which it could make any suggestions at al. After
fewer than a hunded clauses, the number of system assgnments overtook the user
assgnments for good. By the end d the experiment, the system had suggested a @rred
case pattern for 66% of the assgnments. Figure 5 plots the aumulative number of
assgnments made by the user against the awmulative number of corred assgnments
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Figure 4: CP assignments in the clouds experiment

among the system’s suggestions. The similarity of the trends in Figure 4 and Figure 5
suppats the ontention that the cae analyzer can learn to make better suggestions to the
user.

In order to evaluate the propation d clauses in the text that receved a cae anaysis, |
sampled 100 \erbs at randam from the small engines text, determined their case marker
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Figure 5: CP assignments in the small engines experiment
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pattern manually and foundthat 97 d the sampled verbs and their corred CPs appeaed
in HAIKU’S output. With 93% confidence HAIKU extraded between 91.8%6 and 98.9%6 of
the cae patterns in the text. This high coverage is due to the fad that the user is given the
oppatunity to corred case marker patterns that are incorred due to misparses.

Finaly, for both the clouds and small engines experiments, a user onus rating was
recorded for ead user interadion (seesedion 1.4.4). For the clouds experiment user onus
was 0 (lowest) for 384 interadions (87%). For 50 interadions (11%) the onus was
somewhat higher (1) and for only five interadions (1%) the onus was rated 2. No
interadions were rated onws leve 3. In the small engines experiment the arrespondng
onus ratings were: 480 on O interadions (82%), 89 ons 1 interadions (15%) and 15
onws 2 interadions (3%). Again, nointeradions were rated onts 3.

No new cases were nealed to cgpture the semantic relationships in either experiment. On
the other hand, four cases were never assgned in the clouds experiment and five were
never assggned in the small engines experiment. Sedion 3.6.2100ks at these caes more
closely to determineif they might be superfluous or reduncant.

3.6.2 Case System Evaluation

This sdionrevisits the cae system evaluation criteriafrom sedion 3.3.2 The evaluation
is based onthe results of the clouds and small engines experiments and ona survey of the
representation o cases among the cae markers (Barker 1996. Figure 6 shows the
distribution d ead case with resped to the prepositional and adverbial markers as well
as among the caes asdgned in eat o the two experiments.

Ead case C has asociated with it four bars in Figure 6. From top to bdtom, the bars
represent: 1) the percentage of case asdgnments in the small engines experiment
acounted for by C; 2) the percentage of assgnments in the clouds experiment acourted
for by C; 3) the percentage of adverbia marker — case mappings in the cae marker
dictionary acournted for by C; 4) the percentage of prepaositiona and pasitional
marker - case mappings in the cae marker dictionary acourted for by C.

For example, Diredion acourted for only 0.7 of the caes assgned in the small
engines experiment and 2.6% of those in the clouds experiment, but it is well represented
by the markers (20.0% of adverb-. case mappings, 8.9% of prepositional or positiona
mappings). Objed is wedly represented by the markers (1.2% of the prepositional or
pasitional mappings and 0.0% of the adverb mappings), yet it acourts for 24.8% of all
case asggnmentsin clouds and 39.26 of al case assgnmentsin small engines.

Generality

In sedion 3.3.21 propcsed two measures of the generality of a set of cases. 1) the number
of times ead case is asdgned in the analysis of a large body of text; 2) the number of
syntadic phenomena (i.e., markers) acourted for by eat case.
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Figure 6: Distribution of the cases in the clouds and small engines experiments, and among the markers
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The clouds and small engines experiments canna be mnsidered “a large body of text” for
the first measure. Two texts are insufficient for drawing genera conclusions about the
applicability of eat of the caes. For example, below average representation d a
particular case in two texts does not necessarily mean that the cae is sgnificantly over-
spedfic. Nonetheless the experiments assgned case patterns to 1023finite dauses for a
total of 2043 individual case asgnments in two qute different (though bah technicd)
domains. The data from these assgnments are a useful start when investigating the
completenessand urniquenessof HAIKU’ S case Set.

The marker — case mapping data dharted in Figure 6 can be used to identify the degreeto
which the markers suppat the inclusion d ead case in the set. Cases whose marker
representation is below average ae potentialy over-spedfic and may be candidates for
combination into a more general case if they are semanticdly related. Cases whose
marker representation is above aerage ae poatentialy over-general and may be
candidates for splitti ng into more spedfic cases.

Effed and Purpose ae caes with similar definitions and are both we&ly represented by
the markers (0.6% and 2.®% of all marker — case mappings respedively). These two cases
could be merged into a single more general case. They differ in that Effed describes a
+realized  outcome that is tintended . Purpose represents a +intended — outcome that is
trealized . For applicaions with no reed for such dstinctions, a single cae might
suffice Effed and Purpose ae dso wedkly represented by the experimental data.

LocaionAt and TimeAt are candidates for splitting into more spedfic cases based on
their large number of markers (20.000 and 11.06 of al marker—case mappings
respedively). Their representation among the cae assgnments in the experiments is not
nealy so high, with LocaionAt acourting for 5.7% of the clouds assgnments and 4.0%
of the small engines assgnments, TimeAt 3.1% for clouds and orly 1.8% for small
engines. One paosshility would be to split LocaionAt and TimeAt on the +concrete
fedure, though ddng so would result in inconsistency with the other locaive and
temporal cases, whose astrad and concrete interpretations are rolled into individual
cases.

Although Agent, Experiencer and Objed are wely represented by the markers, the very
high frequency of pasitional subjeds and dred objeds in text result in these three caes
acourting for alarge number of case assgnmentsin pradice (clouds: 26.0%, 12.®6 and
24.8%; small engines. 9.7%, 14.®6 and 39.26). The frequency of these caes in textsis
not very surprising, sincethey are most often assgned to required verb arguments.”

There ae dso cases that seem to have general definitions but low marker representation
and low occurrence rates in text. For example, the definition d Content all ows for both
concrete (contents of a @ntainer) and abstrad (content of communicaion)
interpretations. It could be agued that these ae two separate caes. Y et Content acourts

" Recdl that in Cook’s Matrix Model (Cook 1989, Objed isarequired casein all case frames.
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for only 1.8% of the marker — case mappings and 0.9 and 1.2% of the clouds and small
engines assgnments. Since the two dfferent interpretations an unlikely to appea
together in the same sentence, the Content case might be left asis until more datajustify a

split.
Completeness

As clamed in sedion 3.3.2 a pradicd measure of the mmpletenessof a cae set is the
number of verb-argument relationshipsin atext covered by only the caesin the set.

The clouds and small engines experiments assgned 2043individual casesin 1023clauses
and dd na uncover a verb-argument role not covered by HAIKU'S twenty-eight cases.
These aad aher smaller experiments continue to increase the nfidence in the
completenessof the set.

Unigueness

The definition d uniquenessfrom sedion 3.3.2requires two things: that the cae set have
no redundant cases and that it have no superfluous cases.

The presentation d careful case definitions in 3.4.1is an attempt to avoid redundhnt
cases. The mnsistent language in these definitions may make them uninteresting, bu it
helps highlight simil arities between cases. Where definitions exposed such simil arities,
an explicit distinction besed on semantic or syntadic grounds was offered with the
definitions, as for Agent and Experiencer, Redpient and Beneficiary, Effed and Purpose.

Case marker distribution was aso used to avoid redundant and superfluous cases. Cases
with identicd sets of markers might be redundant; a cae whose markers are astrict
subset of ancther case's markers might be superfluous. Marker distribution was the main
evidenceused in the dedsionto rejed TimeBefore and TimeAfter as superfluous cases.

Example sentences were useful for improving the uniquenessof the cae set. In addition
to the examples given for ead definition in the glossary, an example sentence is dored
with every entry in the cae marker dictionary (see Appendix Il). These example
sentences were meant to cover al of the cae marking senses of ead marker. They
provide ajustificaion for the inclusion d a cae & marked by a given marker, which in
turn justifiesthe inclusion d the cae in the cae system.

Redundar Cases

In an experimental setting, redundancy in the cae system would be uncovered if, when
analyzing a dause, two or more caes were gpropriate for a given interpretation d a
particular verb-argument relationship. To date, HAIKU’S users have not encourtered this
problem using the eisting set of cases. Whenever there has been dsagreement among
users abou which case to asdgn, it has resulted from ambiguity in the sentence, na
redundancy in the cae set. Once asingle interpretation d an ambiguous sntence has
been chosen the doice of cases is unambiguous. For example, (148 has two
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interpretations depending on whether the noun phiase various tods fill s the Instrument
case or the Material case.

(148 Marty makes sculptures with [various todls 777 .

The anbiguity is not due to any redundancy between Instrument and Material. If the
intended meaning of (148) is that the scul ptures themselves consist of some arangement
of tods, then various tods unambiguously fill s the Material case. If the intended meaning
Is that the todls are used to construct the sculpture (out of wood and stone, for example),
then the Instrument case is appropriate.

Note that if two cases can appea in the same dause (as Instrument and Material do in
(149), they are not redundant since asingle cae may not appea twice in the same
clause.

(149 Marty makes sulptures out of [wood andstone yatr] With [various todls |nsr] .

Superfluous Cases

Any general purpose, damain independent case system may include caes that are
superfluous to the analysis of a particular text. In the clouds experiment four cases were
not used: Oppagasition, Order, TimeFrom and TimeTo. The dsence of a cae in a single
text is not evidencethat the case is uperfluows. In small engines, however, the same four
cases were neve assgned (Redpient was also nd used). In fad, the temporal cases were
in general weekly represented by the datain those experiments.

From its definition, Oppasition represents an entity that contrasts with or oppcses an
event but is insufficient to prevent it from happening. Despite the fad that this case was
not assgned in clouds or small engines, the only other case that might capture the
relationship marked by appropriate senses of such markers as aganst, considering,
despite, in spite of, notwithstandng, versus, nevetheless and norethelessis Exclusion.
(150 shows both Exclusion and Oppasition in the same sentence

(150 Theywent withou [me exci] despite [my pleas opp) -

Traditional case theory requires that no case gpea more than orcein a given clause and
therefore prevents the merging of Oppasition and Exclusion. Exclusion, though, is also
wedly represented, with only two assgnments in clouds and ore single assgnment (out
of more than athousand) in small engines. If Oppasition is nat theoreticdly superfluous,
it has certainly proven to be pradicdly superfluous. Oppasition and Exclusion may well
be candidates for merging.

Order represents the relative position d an entity within a structured arrangement of
entities involved in an event, as marked by after, ahead d, before, below, beneath,
beyond underneath, first, last, lastly, nex, primarily, second, secondy, etc. The only
other case in the set that could capture these relationships is LocaionAt. Example (151)
contains instances of both LocaionAt and Order.
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(151) Put the Akerbladsfilein [my filing cabinet 7] after [the A’S orp] .

The other two cases not used in either experiment were TimeFrom and TimeTo. These
are the natural temporal courterparts of the locative LocaionFrom and LocaionTo cases,
bath of which appeaed frequently in the texts. The TimeFrom and TimeTo cases are dso
fairly well represented by the cae markers (2.0 and 1.4%6 of marker — case mappings).

Finaly, the dsence of Redpient in small engines suggests that this case might be over-
spedfic, though it did occur fourteen times in clouds (1.5%). In case systems that do nd
contain a Redpient case, the relationship is often covered by some Goa case (Somers
1987). HAIKU’ s case set does nat include ageneric Goal case.

3.7 Chapter Summary

This chapter described the @nstruction and evaluation o HAIKU s list of cases. The first
step in choasing cases was to reoncile eisting lists into a consistent amalgam. A
dictionary mapping positional, prepasitional and adverbial markers to the caes asssts
case analysis, bu it has aso helped expose wedknesses in the cae list. The caes were
further evaluated on the aiteria of generaity, completeness and unqueness using two
measures. the number of occurrences of eat case in sample texts and the number of
marker - case mappings in the cae marker dictionary. Evaluation identified cases that
might be over-general or over-spedfic. For the clouds and small engines experiments,
HAIKU'S case list was complete, that is, no rew cases were required for those texts. The
cases were dso seen to be unique in that no case's markers are aproper subset of the
markers of some other case and there were no case asgnments in the experiments for
which more than ore cae was deemed appropriate.

In this chapter | also reported on performance evauations of the cae analyzer.
Experiments $howed that as more sentences are anayzed HAIKU leans to make better
case pattern suggestions to the user. The arerage and maximum number of suggestions
presented to the user suppat the daim that case analysis is not overly burdensome. The
clam is further suppated by the low average onus rating for CA interadions (0.17
average over the clouds and small engines experiments).

This chapter described the semartic relationships within clauses between a verb andits
syntactic arguments, many of which are noun phases (or contain noun plases). In the
nex chaper |1 goinside the noun phases to investigate the relationships between a noun
andits modifiers.



