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e/ I) Construction of a qualitative model of a starting air compressor;

0(5) Use of the qualitative model to simulate normal and faulty behavior

described by natural-language phrases. .--

Because this research has been conducted jointly at Unisys (Paoli) and

NYU (New York), the two groups have focused on different modules within the

system, merging each module into the system as it becomes stable. The Unisys

effort has focused primarily on the semantic and pragmatic modules, while the

NYU effort has been focused on development of a qualitative domain model

(starting air compressors), use of this model in resolving noun phrase references,

and qualitative reasoning about the fault-diagnosis process. The Unisys work,

as specified in the original Statement of Work, has been conducted primarily in

Prolog, to take advantage of the the excellent match between Prolog and the

requirements for building a natural language processing system. This has

resulted in a system with good performance and ready portability to a variety

of hardware: the system runs on Vax, Sun, Explorer and Xerox Lisp Machines.

The NYU work has been in Lisp and their completed system will be delivered in

CommonLisp.

2. Objectives

-- The overall objective of the natural-language understanding work is to

demonstrate capabilities for Ctderstandinz'information contained in free nar-

rative. This understanding can be demonstrated in several ways: simulation of

DARPA Final Report -2- May 13, 1987
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4L c. events described in the narrative (as done by the current Proteus system); sum-

marization of events described in the narrative (also done by the current Pro-

teus system); or creation of database or knowledge base updates, to add infor-

mation to an existing database or knowledge base. Such an understanding

depends on the application of many sources of information, including syntactic,

semantic, and pragmatic information, as well as detailed information about the

specific domain in question. T-.wrk-.rd--,' "this report .4e. focused on

several critical research issues in building Proteus:

Portability supported by clear factoring of domain-independent and

do n-specific information, and by a collection of tools to support creation

of the various modules;

0 Modularity, supporting incremental development of a large-scale system
a~Ad permitting a division of labor between Unisys and NYU;

( Integration of multiple sources of information , to provide search focus dur-

Shig parsing and convergence on a correct interpretation of individual sen-

/ ences (and ultimately of the entire discourse);

.0 Robustness, provided by a broad-coverage grammar, integration of multiple

,knOwledge sources to detect inconsistent information, and feedback to the

user to provide help in diagnosing missing or incorrect information;

* P.development environment for the construction of a large-scale natural-

language processing system, including tools for debugging, testing, updat-

ing, and tailoring the system to different types of development.

DARPA Final Report -8- May 13, 1987
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APPENDIX A

An Overview of the PUNDIT Text Processing System

This paper by Lynette Hirschman, Deborah Dahl, John Dowding, Francois
Lang, Marcia Linebarger, Martha Palmr, Leslie Riley, and Rebecca Schiflman
was presented at the Penn Linguistics Colloquium, Philadelphia, February,
1987.
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W The PUNDIT Natural Language Processing System1

Lynette Hlrsebman, Deborah Dahl,
John Dowding, Francois Lang,

Marcia Linebarger, Martha Palmer,
Leslie Riley, Rebecca Schlffman

Paoli Research Center,
UNISYS Defense Systems

P.O. Box 517, Paoli, PA 19301

TELEPHONE NUMBER: (215) 648-7554

1This work has been supported in part by DARPA uder contract N00014-8--0012, administered by the Office

of Naval Rsearcknd is part by National Science Foundation contracts DCR-8202397 and DCR-S-0320O, as well as
by Independent R&D funding from System Development Corporation, now pat of Unisys Defense Systems. AP-
PROOFD FOR PUBLIC RELZAME, DISTRIBUTION UNLIMITED.



This paper describes the PUNDIT sastem for procesing natural language inputs.
PUNDIT, written in Prolog, is a highly modular system consisting of distinct syntactic, seman-
tic, and pragmatic components. Each component draws on one or more sets of data, including a
lexicon, a broad coverage grammar of English, semantic verb decompositions, rules mapping
between syntactic and semantic constituents, and a domain model. PUNDIT has been
developed cooperatively with the NYU PROTEUS system. These systems are funded by
DARPA as part of the work in natural language understanding for the Strategic Comput-
ing Battle Management Program. Modularity, careful separation of declarative and procedural
information and separation of domain specific and domain independent information ail contri-
bute to an overall system which is fleible, extensible and portable. See Figure 1 for the overall
design of the system.
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Figure 1- Organzation of PUNDIT



2. Cumaeeat ApplIcatIon Domains

PUNDIT has boon used as part of two different applications. The first is a text processing
application and the second is as a natural language front end for a database query system. In
developing these applications, the basic natural language analysis components have remained
the same. Application modules have been developed which take the general representation of
the meaning of a text which PUNDIT produces and create an output tailored for the specific
application. For the text processing application, the application module produces a summary of
the text. For the database query application, the application module produces a logic query.
This fiexibility of the basic PUNDIT system has two important consequences. New applications
can be developed by designing a new application module, without changing the basic system,
and in addition, extensions to the basic linguistic coverage which are motivated by the need to
deal with problems in one application will also be available in the other applications. In addi-
tion, several applications can be combined in a single multipurpose system.

2.1. Maintenance Report Domain

In this application, Navy CASREP messages (CASualty REPorts), PUNDIT was applied to
a Navy battle management domain focused on force readiness. In the CASREPS application,
the system processes the remarks field of messages about failures in starting air compressors
(,acs). The system creates a set of logical forms to represent the message content, and from
this set it then generates a brief tabular summary of the major problems and findings (see Fig-
ure 2).

2.2. Naval Ship Database Domain

We have also built an interface for processing English queries to a database. For this
application, the system accepts English queries and produces a logic form which is passed to a
logic/database interface. The interface translates the query into QUEL and sends it to an
INGMES database residing on a different machine; the interface then returns the results from

failure of sac. loss of air pressure resulted in slow gas turbine start. troubleshooting re-
vealed normal sac lube oil pressure. erosion of impellor blade tip evident, received new sac.

Status of Sac:
Part: sac 'State: inoperative

Finding:
Part: air pressure State: lowered

Damage:
Part: blade tip State: eroded

Finding:
Agent: ship's force State: has new sac

Figure 2 - Sample CASREP and Automatically Generated Summary

S



* the query for display to the user. Only the back-end production of the logical form is unique to
this application. The changes to the rest of the system consist of the modifications required for
any new domain application, namely the domain-specific information in the lexicon and the
domai model

S. The Syntactic Component

In Pundit, syntactic analysis yields two syntactic descriptions of the sentence. One is a
very detailed surface parse tree, and the other is a more regularized parse tree called the Inter-
mediate Syntaetie Repreestati . The surface structure parse tree is produced while per-
forming a careful syntactic analysis and is used to construct the less detailed ISR, which is a
more appropriate input to semantics and selection.

3.1. The Grammar
The grammar is written in the Restriction Grammar framework

(Hirschman1982,Hirschman19851, which is a logic grammar with facilities for writing and main-
taining large grammars. Restriction Grammar is a descendent of Sager's string grammar
[Sager198t]. The grammar consists of a set of context-free BNF definitions (currently number-
ing approximately 80), augmented by restrictions (approximately 35). The restrictions enforce
context-sensitive wel-formedness constraints and, in some cases, apply optimization strategies
to prevent unnecessary structure-building. The grammar can either be interpreted or
traualated, or a mixture of both. It uses a top-down left-to-right parsing strategy, augmented
by dynamic rule pruning for efficient parsing (Dowdingt986]. In addition, it uses a meta-
grammatical approach to generate definitions for a full range of co-ordinate conjunction struc-
tures RHirschman1986]. The current grammar covers declarative sentences, questions, sentence*0 fragment*', sentence adjuncts, conjunction, relative clauses, complex complement structures, and
a wide variety of nominal structures, including compound nouns, nominalized verbs and embed-

ded clauses.

3.2. Intermedate Syntactic Representation

The syntax processor uses the rules of the grammar to produce a detailed surface structure
parse for each sentence. This surface structure is converted into an "intermediate syntactic
representation" (ISR) which regularises the syntactic parse. That is, it eliminates surface struc-
ture detail not required for semantic analysis. This regularization is done by annotating each
rule in the grammar with an expression in the translatios rule language. These expressions
tell the interpreter how to combine the ISR from the children of a node into the ISR of their
parent.

An important part of regularisation involves mapping fragment structures onto canonical
verb-subject-object patterns, with missing elements flagged. For example, the tvo fragment
consists of a tensed verb + object as in Replaced spindle motor. Regularization of this
fragment, for example, maps the tvo syntactic structure into a verb+subject+object structure.
The semantic and pragmatic components provide a semantic filler for the missing subject using
general pragmatic principles and specific domain knowledge Palmerl986].

4. Clause analysis

In order to produce a semantic representation of a clause, the verb is first decomposed into
a semantic predicate representation appropriate for the domain. The arguments of the predi-
cates constitute the SEMANTIC ROLES of the verb, which are similar to casesfPalmer1985]. For

ITho rule for nagmeats enable the grammar to pare the "telegraphic* style characteristic of meage traffic,
such as disk e vo des, ad has *e*eft eelk



eample, f.M decomposes into become Inoperative, with patient as its only semantic role.$
In this domain the semantic roles include: actor, agent, experleneer, goal, Instigator,
Instrument, location, patient, referenceept, souree and theme. A dramatically
different domain such as children's birthday parties would require much more redefinition of
semantic roles and decomposition rules. However, the algorihtm that fills the roles in the verb
decompositions stays the same across different domains. The algorithm for the processing of
nominalisations, which is described below, is equally domain independent.

Semantic roles can be filled either by a syntactic constituent or by reference resolution
from defaults or contextual information. We have categorized the semantic roles into three
cla se, based on how they are filled fPalmer1988J. Semantic roles such as theme, actor and
patient are syntactically OBLIGATORY, and must be filled by surface constituents. Semantic
roles are categorized as semantically ESSENTIAL when they must be filled even if there is no syn-
tactic constituent available. 4 In this case they are filled pragmatically, making use of reference
resolution, as explained below. The default categorization is NON-ESSENTIAL, which does not
require that the role be filled.

The algorithm makes use of syntactic mapping rules that associate types of syntactic con-
stituents with semantic roles. For example, the ruh instigator(l) <- subj(I) indicates that
the subject is a likely filler for the instigator role. These rules can be tailored to account for
particular verb idiosyncracies, but for the most part they are fairly general, and port readily
from one domain to similar ones. There are also selection restriction rules associated with the
semantic roles. These are more domain specific, since they are heavily dependent on the exact
sense of the verb that is relevant.

Nominalisations are processed very similarly to clauses, but with a few crucial differences,
both in linguistic Information accessed and in the control of the algorithm. With respect to the
linguistic information, the decomposition of a nominalisation is the same as its corresponding
verb, but the mapping rules differ, since syntactically a nominalization is a noun phrase. For
example, where a likely Slier for the patient of fail, is the syntactic subject, a likely filler for
the patient of failure is an of prepositional phrase. The processing of nominalisations is dis-
cussed in detail in(Dah19871.

S. Pragmatics Components

5.1. Reference Resolution

Reference resolution is called by the clause semantics interpreter when clause semantics is
ready to instantiate a role with a specific referent. Reference resolution finds the referent of a
noun phrase, and also finds other semantic relationships among the entities mentioned in texts.
Some features of the reference resolu ion component include treatments of: pronouns (including
zeroes) and ose-anaphora using a syntax-based focusing algorithm(Dahl1988,Dahl1984], definite
and indefinite noun phrases, as well as noun phrases without determiners, implicit associate
fDahll986,Dahl1987 ....... ], conjoined noun phrases, nominal references to events and situations
first mentioned in clauses[ahl1987], non-specific noun phrasesPalmer1986], and referents not
mentioned explicitly(Palmer1986].

Processing for pronominals; that is, pronouns, one-anaphora, and seroes, selects the
referent from a lst of entities in focus. The referents for full noun phrases and implicit referents
are selected from all of the entities that have been mentioned in the discourse. If there is no
previously mentioned referent for a definite noun phrase, or for one without a determiner, the

'here are domain specific criteria for selecting a range of semantic roles. The criteria which we have used are
deecribed in[schifrman1988I.

4 We are in the process of defning criteria for categorizing a role as ssSMTUr It is clearly very domain depen-
dent, and relies heavily on what can be assumed from the context.



system .aectes the entity with one in focus. This processing is described in more detail
in[DahllO6]. Indefnite noun phrases are assumed to introduce new referents. While this is is
not strictly correctlDah9S7....], it seems to be sufficient for this domain. After a referent is
found, control returns to the clause semantics interpreter.

5.2. Time Amalyals

PUNDIT's temporal analyzer determines the temporal properties of all the situations men-
tioned in each input sentence. It recognizes three types of situations: states, processes and
events, and derives distinct types of representations of their temporal structures indicating
what time intervals the situations hold over. It also identifies the temporal location of a
situation with respect to the time at which the text was produced and any other explicit times
mentioned in the sentence associated either with other situations (The pump failed when the
eagine seized) or with clock/calendar times (The pump failed at 0800 hours).

To determine the temporal structure of a predication, PUNDIT needs two kinds of seman-
tic input: the decomposition produced by the semantic analyzer and the surface tense and

aspect markings (tense, taxis' and grammatical aspect.)* Specific components of the decomposi-
tion represent the inherent temporal properties (aspect) of the predicate. The way in which
these aspectual components interact with surface tense and aspect markings is semantically reg-
ular. The aspectual class of a predicate depends on the domain specific semantics. The time of
the text production, used in interpreting the temporal location of a situation, is contextual or
pragmatic information. Thus the temporal analyzer uses semantic and domain specific input in
a semantically regular way to derive information relative to the current context. The modular-
ity of the PUNDIT system is a great advantage to the temporal analyzer as the following sam-
pIe analysis illustrates.

G. Por ability

6.1. Automatic Generation of Seleetional Restrictions

Since the ISR regularizes syntactic patterns into a canonical form, we were able to write a
program to analyse the ISR and examine the syntactic patterns as they are -being generated.
This program is called after the BNF grammar has assembled an NP or a complete sentence
and constructed its ISR.

The program presents to the user a syntactic pattern from the ISR and asks about the
validity of that pattern. The user can then accept that pattern, allowing parsing to proceed, or
reject it (if the parse being constructed is wrong), causing the parser to backtrack.

For example, the correct parse for "Retained oil sample for future analysis" has an elided
subject, "retained" as the verb, and "oil sample" as its direct object: "[Somebody] retained [the]
oil sample for future analysis". An incorrect parse, however, might analyze the sentence as a
serocopuln fragment, with "retained oil sample" as subject: ("[The] retained oil sample [wasj for
future analysis"). In this case, when the program asks the user about the adjective/noun pat-
tern "retained sample", the user would reject that pattern and fail the parse being constructed.

This interactive program greatly reduces the number of incorrect parses generated as well
as the number of BNF grammar rules tried, because the user can immediately fail any (partial)
parse containing an invalid syntactic pattern. More importantly, however, the information
about good and bad syntactic patterns can be stored and classified as good or bad, so that no
pattern is ever presented more than once. The system can thus interactively acquire domain-
specific semantic information, and effectively bootstrap into a completely new domain.

5T7s"k (Jakobson, 1957) refers to the semantic effect of the presence or absence of the perfect auxiliary.

lGrammatical aspect is signalled by the presence or absence of the progressive suffix -is#.



The mechanism as currently implemented deals only with patterns containing lexical
Items. However, we are currently investigating methods to generalise the program by using
information in the domain isa hierarchy to construct semantic class patterns: In our domain
model, OIL is a type of FLUID. If the user accepts the noun/noun pattern "oil sample", he/she
would then be asked for which X such that X isa FLUID is "X sample" a good noun/noun pat.
tern.

6.1.1. The Development Environment

We have developed a set of tools that makes writing, modifying and testing code easier
and more efficient, as well as making it easier to port Pundit to a new domain. These include:
switches (to tailor the operation of PUNDIT differently depending on what one is working on),
the Prolog Structure Editor (a general structure editor that makes it easy to traverse and edit
Prolog terms), a lexical entry procedure (that assists in the arduous task of creating new lexical
entries), and a semantic rule editor (that assists in the creation and consistency of semantic
rules).

6.2. Conclusion

PUNDIT is an extremely modular natural language processing system. This modularity
allows clean coordination of a large number of components performing separate tasks, such as
the handling of implicit information, including syntactically elided and semantically inferred.
This modularity also contributes to the entensiblity and flexibility of the system both in terms
of new applications and new domains of discourse.
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Recovering Implicit Information

This paper by Martha S. Palmer, Deborah A. Dahl, Rebecca J. [Passon-
neau} Schiffman, Lynette Hirschman, Marcia Linebarger, and John Dowding,
was presented at the 24th Annual Meeting of the Association for Computational
Linguistics, New York, June, 1986. It describes the communication between the
syntactic, semantic, and pragmatic modules that is necessary for making impli-
cit information explicit.
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Recovering Impliclt Information

RECOVERING IMPLICIT INFORMATION

Martha S. Palmer, Deborah A. Dahl, Rebecca J. Schiffman, Lynette Hirschman,
Marcia Linebarger, and John Dowding

Research and Development Division
* SDC - A Burroughs Company

P.O Box 517
Paoli, PA 19301 USA

ABSTRACT

This paper describes the SDC PUNDIT, (Prolog UNDerstands Integrated Text),
system for processing natural language messages.1 PUNDIT, written in Prolog,
is a highly modular system consisting of distinct syntactic, semantic and prag-
matics components. Each component draws on one or more sets of data, includ-
ing a lexicon, a broad-coverage grammar of English, semantic verb decomposi-
tions, rules mapping between syntactic and semantic constituents, and a
domain model.

This paper discusses the communication between the syntactic, semantic
and pragmatic modules that is necessary, for making implicit linguistic informa-
tion explicit. The key is letting syntax and semantics recognize missing linguis-
tic entities as implicit entities, so that they can be labelled as such, and refer-
ence resolution can be directed to find specific referents for the entities. In this
way the task of making implicit linguistic information explicit becomes a subset
of the tasks performed by reference resolution. The success of this approach is
dependent on marking missing syntactic constituents as elided and missing
semantic roles as ESSENTIAL so that reference resolution can know when to look
for referents.

This work is supported in part by DARPA under contract N00014-86-C-0012, administered by the OfMce bf Na-
val Rmeare. APPROVED FOR PUBLIC RELEASE, DISTRIBUTION UNLIMITED.

February 12, 13S7 *I-

*SDC is now Unisys Corporation



Recovernlg Implielt Informaton

.1. Introduction

This paper describes the SDC PUNDIT S system for processing natural
language mesages. PUNDIT, written in Prolog, is a highly modular system
consisting of distinct syntactic, semantic and pragmatics components. Each
component draws on one or more sets of data, including a lexicon, a broad-
coverage grammar of English, semantic verb decompositions, rules mapping
between syntactic and semantic constituents, and a domain model. PUNDIT
has been developed cooperatively with the NYU PROTEUS system (Prototype
Text Understanding System), These systems are funded by DARPA as part of
the work in natural language understanding for the Strategic Computing Bat-
tle Management Program. The PROTEUS/PUNDIT system will map Navy
CASREP's (equipment casualty reports) into a database, which is accessed by
an expert system to determine overall fleet readiness. PUNDIT has also been
applied to the domain of computer maintenance reports, which is discussed
here.

The paper focuses on the interaction between the syntactic, semantic and
pragmatic modules that is required for the task of making implicit information
explicit. We have isolated two types of implicit entities: syntactic entities which
are missing syntactic constituents, and semantic entities which are unfilled
semantic roles. Some missing entities are optional, and can be ignored. Syntax
and semantics have to recognize the OBLIGATORY missing entities and then
mark them so that reference resolution knows to find specific referents for those
entities, thus making the implicit information explicit. Reference resolution uses
two different methods for filling the different types of entities which are also
used for general noun phrase reference problems. Implicit syntactic entities,
ELIDED CONSTITUENTS, are treated like pronouns, and implicit semantic enti-
ties, ESSENTIAL ROLES are treated like definite noun phrases. The pragmatic
module as currently implemented consists mainly of a reference resolution com-
ponent, which is sufficient for the pragmatic issues described in this paper. We
are in the process of adding a time module to handle time issues that have
arisen during the analysis of the Navy CASREPS.

2. The Syntactic Component

The syntactic component has three parts: the grammar, a parsing mechan-
ism to execute the grammar, and a lexicon. The grammar consists of context-
free BNF definitions (currently numbering approximately 80) and associated res-
trictions (approximately 35). The restrictions enforce context-sensitive well-
formedness constraints and, in some cases, apply optimization strategies to
prevent unnecessary structure-building. Each of these three parts is described
further below.

I Prolog UNDderstands Inte*pat*d Text

February 12, 197 -2-



aeovering Implielt Informatlon

2.1. Grammar Coverage

The grammar covers declarative sentences, questions, and sentence frag-
ments. The rules for fragments enable the grammar to parse the "telegraphic"
style characteristic of message traffic, such as disk drive dews, and h" select
leek. The present grammar parses sentence adjuncts, conjunction, relative
clauses, complex complement structures, and a wide variety of nominal struc-
tures, including compound nouns, nominalized verbs and embedded clauses.

The syntax produces a detailed surface structure parse of each sentence
(where "sentence" is understood to mean the string of words occurring between
two periods, whether a full sentence or a fragment). This surface structure is
converted into an "intermediate representation" which regularizes the syntactic
parse. That is, it eliminates surface structure detail not required for the seman-
tic tasks of enforcing selectional restrictions and developing the final representa-
tion of the Information content of the sentence. An important part of regulari-
zation involves mapping fragment structures onto canonical verb-subject-object
patterns, with missing elements flagged. For example, the tvo fragment con-
sists of a tensed verb + object as in Replaced spindle meter. Regulariza-
tion of this fragment, for example, maps the tvo syntactic structure into a
verb+subject+object structure:

verb(replace),aubiect(X),ebject(Y)

As shown here, verb becomes instantiated with the surface verb, e.g., replace
while the arguments of the subject and object terms are varisbles. The
semantic information derived from the noun phrase object spindle motor
becomes associated with Y. The absence of a surface subject constituent
results in a lack of semantic information pertaining to X. This lack causes the
semantic and pragmatic components to provide a semantic filler for the missing
subject using general pragmatic principles and specific domain knowledge.

2.2. Parsing

The grammar uses the Restriction Grammar parsing framework
[Hirschman1982, Hirschman1985], which is a logic grammar with facilities for
writing and maintaining large grammars. Restriction Grammar is a descendent
of Sager's string grammar [Sager1981]. It uses a top-down left-to-right parsing
strategy, augmented by dynamic rule pruning for efficient parsing [Dowd-
ing1986]. In addition, it uses a meta-grammatical approach to generate
definitions for a full range of co-ordinate conjunction structures [Hirsch-
man1986].

2.3. Lexical Processing

The lexicon contains several thousand entries related to the particular sub-
domain of equipment maintenance. It is a modified version of the LSP lexicon
with words classified as to part of speech and subcategorised in limited ways
(e.g., verbs are subcategorized for their complement types). It also handles
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* multi-word idioms, dates, times and part numbers. The lexicon can be
expanded by means of an Interactive lexical entry program.

The lexical processor reduces morphological variants to a single root form
which is stored with each entry. For example, the form has is transformed to
the root form hae in Ha. select lock. In addition, this facility is useful in
handling abbreviations: the term amp is regularized to the multi-word expres-
sion waitiu#'for 'part. This expression in turn is regularized to the root form
wait'for'part which takes as a direct object a particular part or part number,
as in is sGp 1155-6147.

Multi-word expressiqns, which are typical of jargon in specialized domains,
are handled as single lexical items. This includes expressions such as disk drive
or select leck, whose meaning within a particular domain is often not readily
computed from its component parts. Handling such frozen expressions as
"idioms" reduces parse times and number of ambiguities.

Another feature of the lexical processing is the ease with which special
forms (such as part numbers or dates) can be handled. A special "forms gram-
mar", written as a definite clause grammar[Pereira19801 can parse part
numbers, as in awaiting part 2155-6147, or complex date and time expres-
sions, as in disk drive up at 11/17-1256. During parsing, the forms grammar
performs a well-formedness check on these expressions and assigns them their
appropriate lexical category.

3. Semantics
There are two separate components that perform semantic analysis, NOUN

PHRASE SEMANTICS and CLAUSE SEMANTICS. They are each called after parsing
the relevant syntactic structure to test semantic well-formednesa while produc-
ing partial semantic representations. Clause semantics is based on Inference
Driven Semantic Analysis [Palmer1985 which decomposes verbs into component
meanings and fills their semantic roles with syntactic constituents. A
KNOWLEDGE BASE, the formalization of each domain into logical terms, SEMAN-
TIC PREDICATES, is essential for the effective application of Inference Driven
Semantic Analysis, and for the final production of a text representation. The
result of the semantic analysis is a set of PARTIALLY instantiated semantic
predicates which is similar to a frame representation. To produce this represen-
tation, the semantic components share access to a knowledge base, the DOMAIN
MODEL, that contains generic descriptions of the domain elements corresponding
to the lexical entries. The model includes a detailed representation of the types
of assemblies that these elements can occur in. The semantic components are
designed to work independently of the particular model, and rely on an inter-
face to ensure a well-defined interaction with the domain model. The domain

W model, noun phrase semantics and clause semantics are all explained in more
detail in the following three subsections.
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. 8.1. Demali Model
The domain currently being modelled by SDC is the Maintenance Report

domain. The texts being analysed are actual maintenance reports as they are
called into the Burroughs Telephone Tracking System by the field engineers and
typed n by the telephone operator. Then reports give information about the
customer who has the problem, specific symptoms of the problem, any actions
take by the field engineer to try and correct the problem, and success or failure
of such actions. The goal of the text analysis is to automatically generate a
data base of maintenance information that can be used to correlate customers
to problems, problem types to machines, and so on.

The first step in building a domain model for maintenance reports is to
build a semantic net-like representation of the type of machine involved. The
machine in the example text given below is the B4700. The possible parts of a
B4700 and the associated properties of these parts can be represented by an isa
hierarchy and a hampart hierarchy. These hierarchies are built using four
basic predicates: system,lsa,hasprop, haspart. For example the system
itself is indicated by system(b4700). The Isa predicate associates TYPES
with componenis, such as lsa(splndle'motor,motor). Properties are associ-
ated with components- using the hasprop relationship, are are inherited by
anything of the same type. The main components of the system: epu,. power.supply, disk, printer, peripherals, etc., are indicated by
haspart relations, such as haspart(b4700,cpu),
haspa t(b4opower.supply), haspart(b4700,dsk),,etc. These parts
are themselves divided into subparts which are also indicated by haspart rela-
tions, such as haspart(powor.supply, converter).

This method of representation results in a general description of a com-
puter system. Specific machines represent INSTANCES of this general represen-
tation. When a particular report is being processed, Id relations are created by
noun phrase semantics to associate the specific computer parts being mentioned
with the part descriptions from the general machine representation. So a par-
ticular B4700 would be indicated by predicates such as these:
id(b4700,systeml), id(epu,epul), id(powersupply,power-supplyl),
etc.

3.2. Noun phrase semantics

Noun phrase semantics is called by the parser during the parse of a
sentence, after each noun phrase has been parsed. It relies heavily on the
domain model for both determining semantic well-formedness and building par-
tial semantic representations of the noun phrases. For example, in the sen-
tence, field engineer replaced disk drive at 11/2/0800, the phrase disk drive
at 11/2/0800 is a syntactically acceptable noun phrase, (as in partici-
pant at the meetin#). However, it is not semantically acceptable in that at
11/10/500 Is intended to designate the time of the replacement, not a
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* property of the disk drive. Noun phrase semantics will inform the parser
that the noun phrase is not semantically acceptable, and the parser can
then look for another parse. In order for this capability to be fully utilized,
however, an extensive set of domain-specific rules about semantic acceptability
is required. At present we have only the minimal set used for the development
of the basic mechanism. For example, in the case described here, at 11/s/0800
is excluded as a modifier for disk drive by a rule that permits only the name of
a location as the object of at in a prepositional phrase modifying a noun
phrase.

The second function of noun phrase semantics is to create a semantic
representation of the noun phrase, which will later be operated on by refer-
ence resolution. For example, the semantics for the bad dik drive would be
represented by the following Prolog clauses.

[id(diskdriveX),
bad(X),
def(X), that is, X was referred to with a full, definite noun phrase,
fulLnpe(X)] rather than a pronoun or indefinite noun phrase.

3.3. Clause semantics

In order to produce the correct predicates and the correct instantiations,
the verb Is first decomposed into a semantic predicate representation appropri-
ate for the domain. The arguments to the predicates constitute the SEMANTIC
ROLES of the verb, which are similar to cases. There are domain specific cri-
teria for selecting a range of semantic roles. In this domain the semantic roles
include: agent,intrument,theme, objeetl,object2, symptom and
mod. Semantic roles can be filled either by a syntactic constituent supplied by
a mapping rule or by reference resolution, requiring close cooperation between
semantics and reference resolution. Certain semantic roles are categorized as
ESSENTIAL, so that pragmatics knows that they need to be filled if there is no
syntactic constituent available. The default categorization is NON-ESSENTIAL,
which does not require that the role be filled. Other semantic roles are categor-
ized as NON-SPECIFIC or SPECIFIC depending on whether or not the verb requires
a specific referent for that semantic role (see Section 4). The example given in
Section 5 illustrates the use of both a non-specific semantic role and an essen-
tial semantic role. This section explains the decompositions of the verbs
relevant to the example, and identifies the important semantic roles.

The decomposition of have is very domain specific.

have(time(Per)) <-
symptom(objeqtl(01),symptom(S),time(Per))

It indicates that a particular symptom is associated with a particular
object, as in "the disk drive has select lock." The object1 semantic role
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* would be filled by the disk drive, the subject of the clause, and the symptom
semantic role would be filled by select lock, the object of the clause. The
tim.(Per) is always passed around, and is occasionally filled by a time
adjunct, as In the disk drive had select leek t 0800.

In addition to the mapping rules that are used to associate syntactic con-
stituents with semantic roles, there are selection restrictions associated with
each semantic role. The selection restrictions for have test whether or not the
filler of the objecti role is allowed to have the type of symptom that fills the
symptom role. For example, only disk drives have select locks.

Mapping Rules
The decomposition of replace is also a very domain specific decomposition

that indicates that an agent can use an instrument to exchange two
objects.

replace(time(Per)) <-
cause(agent(A),

use(instrument(I),
exchange(objectl(O1),object2(02),time(Per))))

The following mapping rule specifies that the agent can be indicated by the
subject of the clause.

agent(A) <- subject(A) / X

The mapping rules make use of intuitions about syntactic cues for indi-
cating semantic roles first embodied in the notion of case
[Fillmore1968,Palmer1981]. Some of these cues are quite general, while other
cues are very verb-specific. The mapping rules can take advantage of generali-
ties like "SUBJECT to AGENT" syntactic cues while still preserving context
sensitivities. This is accomplished by making the application of the mapping
rules "situation-specific" through the use of PREDICATE ENVIRONMENTS. The
previous rule is quite general and can be applied to every agent semantic role
in this domain. This is indicated by the X on the right hand side of the "/'
which refers to the predicate environment of the agent, i.e., anything. Other
rules, such as 'WITH-PP to OBJECT2," are much less general, and can only
apply under a set of specific circumstances. The predicate environments for
an objeetl and object2 are specified more explicitly. An objectl can
be the object of the sentence if it is contained in the semantic decomposition
of a verb that includes an agent and belongs to the repair class of verbs. An
object2 can be indicated by a with prepositional phrase if it is contained in
the semantic decomposition of a replace verb:

objectl(Partl) <- obj(Partl)/ cause(agent(A),Repair-event)

0object2(Part2) <-
pp(withPart2) /
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cause(agent(A),use(I,exchange(objectl(O 1),object2(Part2),T)))

Seleetion Restrictions

The selection restriction on an agent is that it must be a field engineer,
and an Istrument must be a tool. The selection restrictions on the two
objects are more complicated, since they must be machine parts, have the same
type, and yet also be distinct objects. In addition, the first object must already
be associated with something else in a haspart relationship, in other words it
must already be included in an existing assembly. The opposite must be true of
the second object: it must not already be included in an assembly, so it must
not be associated with anything else in a haspart relationship.

There is also a pragmatic restriction associated with both objects that has
not been associated with any of the semantic roles mentioned previously. Both
objectl and objeet2 are essential semantic roles. Whether or not they are
mentioned explicitly in the sentence, they must be filled, preferably by an an
entity that has already been mentioned, but if not that, then entities will be
created to fill them [Palmer19831. This is accomplished by making an explicit
call to reference resolution to find referents for essential semantic roles, in the
same way that reference resolution is called to find the referent of a noun
phrase. This is not done for non-essential roles, such as the agent and the
Instrument in the same verb decomposition. If they are not mentioned they
are simply left unfilled. The Instrument is rarely mentioned, and the agent
could easily be left out, as in The disk drive was replaced at 0800.3 In other
domains, the agent might be classified as obligatory, and then it wold have to
be filled in.

There is another semantic role that has an important pragmatic restriction
on it in this example, the objects semantic role in wait or part (awp).

idiomVerb(wait for^ part,time(Per)) <-
ordered(objectl(Ol),object2(02),time(Per))

The semantics of wait'fer'part indicates that a particular type of part has
been ordered, and is expected to arrive. But it is not a specific entity that
might have already been mentioned. It is a more abstract object, which is indi-
cated by restricting it to being non-specific. This tells reference resolution that
although a syntactic constituent, preferably the object, can and should fill this
semantic role, and must be of type machine-part, that reference resolution
should not try to find a specific referent for it (see Section 4).

The last verb representation that is needed for the example is the represen-
tation of be.

be(tme(Per)) <-

ONate that an elided subject is handled quite differently, as in repleeed disk drie. Then the missing subject is
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attribute(theme(T),mod(M),time(Per))

In this domain be is used to associate predicate adjectives or nominals with an
object, as In disk drive i up or spindle meter it bad. The representation
merely indicates that a modifier is associated with an theme in an attribute
relationship. Noun phrase semantics will eventually produce the same represen-
tation for the bad spindle motor, although it does not yet.

4. Reference Resolution

Reference resolution is the component which keeps track of references to
entities in the discourse. It creates labels for entities when they are first
directly referred to, or when their existence is implied by the text, and recog-
nizes subsequent references to them. Reference resolution is called from clause
semantics when clause semantics is ready to instantiate a semantic role. It is
also called from pragmatic restrictions when they specify a referent whose
existence is entailed by the meaning of a verb.

The system currently covers many cases of singular and plural noun
phrases, pronouns, one- anaphora, nominalizations, and non-specific noun
phrases; reference resolution also handles adjectives, prepositional phrases
and possessive pronouns modifying noun phrases. Noun phrases with and
without determiners are accepted. Dates, part numbers, and proper names
are handled as special cases. Not yet handled are compound nouns,
quantified noun phrases, conjoined noun phrases, relative clauses, and pos-
sessive nouns.

The general reference resolution mechanism is described in detail in [Dahl1986].
In this paper the focus will be on the interaction between reference resolution
and clause semantics. The next two sections will discuss how reference resolu-
tion is affected by the different types of semantic roles.

4.1. Obligatory Constituents and Essential Semantic Roles

A slot for a syntactically obligatory constituent such as the subject appears
in the intermediate representation whether or not a subject is overtly present in
the sentence. It is possible to have such a slot because the absence of a subject
is a syntactic fact, and is recognized by the parser. Clause semantics calls
reference resolution for such an implicit constituent in the same way that it
calls reference resolution for explicit constituents. Reference resolution treats
elided noun phrases exactly as it treats pronouns, that is by instantiating them
to the first member of a list of potential pronominal referents, the FocusList.

mued to AD the agest oloe, sad as appropriate referent is found by reference resolution.
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* The general treatment of pronouns resembles that ofgSidnerl79], although
there are some important differences, which are discussed in detail in
[Dahl1986]. The hypothesis that elided noun phrases can be treated In much
the same way as pronouns is consistent with previous claims by [GundellO80],
and [Kameyama1985], that in languages which regularly allow zero-np's, the
zero corresponds to the focus, If these claims are correct, it is not surprising
that in a sublanguage that allows zero-np's, the zero should also correspond to
the focus.

After control returns to clause semantics from reference resolution, seman-
tics checks the selectional restrictions for that referent in that semantic role of
that verb. If the selectional restrictions fail, backtracking into reference resolu-
tion occurs, and the next candidate on the FocusList is instantiated as the
referent. This procedure continues until a referent satisfying the selectional res-
trictions is found. For example, in Disk drive is dem. He. select leeko the
system instantiates the disk drive, which at this point is the first member of the
FocusList, as the objectl of have:

(eventOJ
have(time(timel))

symptom(objectl([drivelO]),
symptom([ocklT]),
time(timel))

Essential roles might also not be expressed in the sentence, but their
absence cannot be recognized by the parser, since they can be expressed by syn-
tactically optional constituents. For example, in the field engineer replaced
the meter., the new replacement motor is not mentioned, although in this
domain it is classified as semantically essential. With verbs like replace, the
type of the replacement, meter, in this case, is known because it has to be the
same type as the replaced object. Reference resolution for these roles is called
by pragmatic rules which apply when there is no overt syntactic constituent to
fill a semantic role. Reference resolution treats these referents as if they were
full noun phrases without determiners. That is, it searches through the context
for a previously mentioned entity of the appropriate type, and if it doesn't find
one, it creates a new discourse entity. The motivation for treating these as full
noun phrases is simply that there is no reason to expect them to be in focus, as
there is for elided noun phrases.

4.2. Noun Phrases In Non-Specific Contexts

Indefinite noun phrases in contexts like the field engineer erdered a disk
drive are generally associated with two readings. In the specific reading the
disk drive ordered is a particular disk drive, say, the one sitting on a certain
shelf in the warehouse. In the non-specific reading, which is more likely in this
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,sentence, no particular disk drive is meant; any disk drive of the appropriate
type will do. Handling noun phrases in these contexts requires careful integra-
tion of the interaction between semantics and reference resolution, because
semantics knows about the verbs that create non-specific contexts, and refer-
ence resolution knows what to do with noun phrases in these contexts. For these
verbs a constraint is associated with the semantics rule for the semantic role

object2 which states that the filler for the objeet2 must be non-specific. 4

This constraint is passed to reference resolution, which represents a non-specific
noun phrase as having a variable in the place of the pointer, for example,
id(motorMX).

Non-specific semantic roles can be illustrated using the object2 semantic
role in wait 'or'part (sop). The part that is being awaited is non-specific,
i.e., can be any part of the appropriate type. This tells reference resolution not
to find a specific referent, so the referent argument of the id relationship is left
as an uninstantiated variable. The analysis of fe is awp spindle motor would
fill the objectl semantic role with fel from ld(re,fel), and the object2
semantic role with X from id(spindle "motor,X), as in
ordered(objectl(fel),objeet2(X)). If the spindle motor is referred to later
on in a relationship where it must become specific, then reference resolution can
instantiate the variable with an appropriate referent such as spindle~motor3C(See Section 5.6).

5. Sample Text: A sentence-by-sentence analysis

The sample text given below is a slightly emended version of a mainte-
nance report. The parenthetical phrases have been inserted. The following
summary of an interactive session with PUNDIT illustrates the mechanisms by
which the syntactic, semantic and pragmatic components interact to produce a
representation of the text.

1. disk drive (was) down (at) 11/16-2305.
2. (has) select lock.
3. spindle motor is bad.
4. (is) awp spindle motor.
5. (disk drive was) up (at) 11/17-1236.
8. replaced spindle motor.

5.1. Sentence 1: Disk drive was down at 11/16-2306.

As explained in Section 3.2 above, the noun phrase disk drive leads to the
creation of an ld of the ferm: Id(dlsk^drive,[drlvel]) Because dates and
names generally refer to unique entities rather than to exemplars of a general
type, their Ids do not contain a type argument: date([11/16-

4 The specile reading is not available at present, since it is considered to be unlikely to occur in this domain.
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xlOol),name([paolil).
The interpretation of the first sentence of the report depends on the

semantic rules for the predicate be. The rules for this predicate specify three
semantic roles, an theme to whom or which is attributed a modifler, and the
time. After a mapping rule in the semantic component of the system instan-
tiates the theme semantic role with the sentence subject, disk drive, the refer-
ence resolution component attempts to identify this referent. Because disk drive
is in the first sentence of the discourse, no prior references to this entity can be
found. Further, this entity is not presupposed by any prior linguistic expres-
sions. However, in the maintenance domain, when a disk drive is referred to it
can be assumed to be part of a B3700 computer system. As the system tries to
resolve the reference of the noun phrase disk drive by looking for previously
mentioned disk drives, it finds that the mention of a disk drive presupposes the
existence of a system. Since no system has been referred to, a pointer to a sys-
tem is created at the same time that a pointer to the disk drive is created.

Both entities are now available for future reference. In like fashion, the
propositional content of a complete sentence is also made available for future
reference. The entities corresponding to propositions are given event labels;
thus eventl is the pointer to the first proposition. The newly created disk
drive, system and event entities now appear in the discourse information in the
form of a list along with the date.

ld(event, [eventI)
id(disk drive, [drivel])
date([ll/l6-2305J)
Id(system, [systeml])

Note however, that only those entities which have been explicitly mentioned
appear in the FocusLlst:

FocusLists [[event1l,[drivel],[ll/18-2305]]

The propositional entity appears at the head of the focus list followed by the

entities mentioned in full noun phrases 5

In addition to the representation of the new event, the pragmatic informa-
tion about the developing discourse now includes information about part-whole
relationships, namely that drivel is a part which is contained in systemi.

Part-Whole Relationships:
haspart([systeml],[drivel])

The complete representation of eventl, appearing in the event list in the form
shown below, indicates that at the time given in the prepositional phrase at
11/16-2305 there is a state of affairs denoted as eventi in which a particular

The order is which full moun phrase mentions are added to the FoeseLsLt depends on their syntactic function
and linear order. For full surn phrases, direct object mentions precede subject mentions followed by all other men-
ties gives in the order in which they occur in the sentence. See (Dahi9S86, for details.
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. disk drive, i.e., drivel, can be described as down.

[eventl
be(tlzn.([I/ls-3-305))
attribute(theme([drivel]),
mnod(down),tlme([1l/l -230J))

5.2. Sentence 2: Has select lock.

The second sentence of the input text is a sentence fragment and is recog-
nized as such by the parser. Currently, the only type of fragment which can be
parsed can have a missing subject but must have a complete verb phrase.
Before semantic analysis, the output of the parse contains, among other things,
the following constituent list: [subj([XJ),obJ([YJ)J. That is, the syntactic
component represents the arguments of the verb as variables. The fact that
there was no overt subject can be recognized by the absence of semantic infor-
mation associated with 3, as discussed in Section 3.2. The semantics for the
maintenance domain sublanguage specifies that the thematic role instantiated
by the direct object of the verb te have must be a symptom of the entity
referred to by the subject. Reference resolution treats an empty subject much
like a pronominal reference, that is, it proposes the first element in the, FocusList as a possible referent. The first proposed referent, eventi is
rejected by the semantic selectional constraints associated with the verb Love,
which, for this domain, require the role mapped onto the subject to be classified
as a machine part and the role mapped onto the direct object to be classified as
a symptom. Since the next item in the FocusList, drivel, is a machine part,
it passes the selectional constraint and becomes matched with the empty sub-
ject of h.. select leek. Since no select lock has been mentioned previously, the
system creates one. For the sentence as a whole then, two entities are newly
created: the select lock ([lockl]) and the new propositional event ([eventl]):
Id(event,[eventi]), Id(select^lock, lockl]). The fcllowing representation
is added to the event list, and the FoeusList and Ids are updated apprmpri-

ately.6

[event21
have(time(timel))
symptom(objectl([drivell),
symptom([ocklI),time(timnel))

5.3. Sentence 3s Motor Is bad.
In the third sentence of the sample text, a new entity is mentioned, meter.

Like disk drive from sentence 1, metor is a dependent entity. However, the
entity it presupposes is not a computer system, but rather, a disk drive. The

0 This versio osly deals with explieit 1mesic0s of time, o for this semtesce the tm t a1seet i Sd1 is with a
gesam that aseds for &a vaknows time period. The curreat vrerion of PUNDIT use vwb tee &ad verb emsatis
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newly mentioned motor becomes associated with the previously mentioned disk
drive.

After processing this sentence, the new entity motors is added to the
FoecusList along with the new proposition eventS. Now the discourse infor-
mation about part-whole relationships contains information about both depen-
dent entities, namely that motorl is a part of drivel and that drivel is a
part of systeml.

haipart([drivel], [motorl])
haspat([systeml,[drivel])

5.4. Sentence 4: is &wp spindle motor.
Awp is an abbreviation for an idiom specific to this domain, awaiting part.

It has two semantic roles, one of which maps to the sentence subject. The
second maps to the direct object, which in this case is the non-specific spindle
motor as explained in Section 4.2. The selectional restriction that the first
semantic role of awp be an engineer causes the reference resolution component
to create a new engineer entity because no engineer has been mentioned previ-
ously. After processing this sentence, the list of available entities has been
incremented by three:

id(event,[event4])
id(part,..23171)
id(field ^engineer, [engineerl])

The new event is represented as follows:

[event4]
idlomVerb(walt'forApart,time(time2))
walt(objectl([engineerl]),

object2([..i3l]),time(tme2))

5.5. Sentence 5: disk drive was up at 11/17-0800 In the emended
version of sentence 5 the dik drive is presumed to be the same drive referred
to previously, that is, drivel. The semantic analysis of sentence 5 is very
similar to that of sentence 1. As shown in the following event representation,
the predicate expressed by the modifier up is attributed to the theme drivel
at the specified time.

[eventS]
be(time([11/17-12361))
attribute(theme( [drivel]),
mod(up),tmne([11/17-1236]))

todei w impii time tapmeate.
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le.6. Sentence St Replaced motor.

The sixth sentence is another fragment consisting of a verb phrase with no
subject. As before, reference resolution tries to find a referent in the current
FocusLlst which is a semantically acceptable subject given the thematic
structure of the verb and the domain-specific selectional restrictions associated
with them. The thematic structure of the verb replace includes an agent role
to be mapped onto the sentence subject. The only agent in the maintenance
domain is a field engineer. Reference resolution finds the previously mentioned
engineer created for sop spindle motor, [engineerl]. It does not find an
Instrument, and since this is not an essential role, this is not a problem. It
simply fills it in with another gensym that stands for an unknown filler, unk-
nownl.

When looking for the referent of a spindle motor to fill the objectIL role, it
first finds the non-specific spindle motor also mentioned in the acp spindle
motor sentence, and a specific referent is found for it. However, this fails the
selection restrictions, since although it is a machine part, it is not already asso-
ciated with an assembly, so backtracking occurs and the referent instantiation
is undone. The next spindle motor on the FocusList is the one from spindle
motor is bad, ([motorl]). This does pass the selection restrictions since it par-
ticipates in a haspart relationship.

0The last semantic role to be filled is the object2 role. Now there is a res-
triction saying this role must be filled by a machine part of the same type as
objectl, which is not already included in an assembly, viz., the non-specific
spindle motor. Reference resolution finds a new referent for it, which automati-
cally instantiates the variable in the ld term as well. The representation can
be decomposed further into the two semantic predicates missing and
Included, which indicate the current status of the parts with respect to any
existing assemblies. The haspart relationships are updated, with the old
haspart relationship for [motorl] being removed, and a new haspart rela-
tionship for [motors) being added. The final representation of the text will be
passed through a filter so that it can be suitably modified for inclusion in a
database.
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[erventS]

replace(time(time3))
caus.(agent([engiueerlj),

use(instrument(unknowni),
exchange(objectl([motorl]),

object2([motor2]),
time(tlme3))))

lncluded(object2([motor2]),time(time3))
mlsslng(objectl([motorl]),tlme(time3))

Part-Whole Relationships:

haspart([drivel], [motor3J)
haspart([systeml], [drivel])

S. Conclusion

This paper has discussed the communication between syntactic, semantic and
pragmatic modules that is necessary for making implicit linguistic information
explicit. The key is letting syntax and semantics recognize missing linguistic

*entitie, as Implicit entities, so that they can be marked as such, and reference
* resolution can be directed to find specific referents for the entities. Implicit enti-
ties may be either empty syntactic constituents in sentence fragments or
unfilled semantic roles associated with domain-specific verb decompositions. In
this way the task of making implicit information explicit becomes a subset of
the tasks performed by reference resolution. The success of this approach is
dependent on the use of syntactic and semantic categorizations such as ELLDED
and ELSENTIAL which are meaningful to reference resolution, and which can
guide reference resolution's decision making process.
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Focusing and Reference Resolution In PUNDIT

This paper by Deborah Dahl was presented at AAAI-86 in Philadelphia,
August, 1g8s. It describes the syntactic focusing algorithm used in PUNDIT,
and its uses in reference resolution for pronouns, elided noun phrases one-
anaphora, and implicit associates.
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ABSTRACT

This paper describes the use of focusing in the PUNDIT text processing sys-
tem.* Focusing, as discussed by [Sidner1979] (as well as the closely related con-
cept of centering, as discussed by [Grosz1983] ), provides a powerful tool for
pronoun resolution. However, its range of application is actually much more
general, in that it can be used for several problems in reference resolution.
Specifically, in the PUNDIT system, focusing is used for one-anaphora, elided
noun phrases, and certain types of definite and indefinite noun phrases, in addi-
tion to its use for pronouns. Another important feature in the PUNDIT refer-
ence resolution system is that the focusing algorithm is based on syntactic con-
stituents, rather than on thematic roles, as in Sidner's system. This feature is
based on considerations arising from the extension of focusing to cover one-
anaphora. These considerations make syntactic focusing a more accurate pred-
ictor of the interpretation of one-anaphoric noun phrases without decreasing
the accuracy for definite pronouns.

0

*This work supvorted in part by DARPA under contract N00014-85-C-
0012 adiinstered by the Office of Naval Research. APPROVED FOR PUBLIC
RELBASE, DISTRIBUTION UNLIMITED.
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I BACKGROUND
A. FOCUSING

Linguistically reduced forms, such as pronouns, are used to refer to the
entity or entities with which a discourse is most centrally concerned. Thus,
keeping track of this entity, (the topic of [Gundel1974], the focus of
[Sidner1979], and the backward-looking center of [Grosz1Q83, Kameyama1985] )
is clearly of value in the interpretation of pronouns. However, while 'pronoun
resolution' is generally presented as a problem in computational linguistics to
which focusing can provide an answer (See for example, the discussion in
[Hirst1981]), it is useful to consider focusing as a problem in its own right. By
looking at focusing from this perspective, it can be seen that its applications are
more general than in simply finding referents for pronouns. Focusing can in fact
play a role in the interpretation of several types of noun phrases. In support of
this position, I will show how focus is used in the PUNDIT (Prolog UNDer-
stander of Integrated Text) text processing system to interpret a variety of
forms of anaphoric reference; in particular, pronouns, elided noun phrases,
one-anaphora, and context-dependent full noun phrase references.

A second position advocated in this paper is that surface syntactic form
can provide an accurate guide to determining what entities are in focus. Unlike) previous focusing algorithms, such as that of [Sidner1979], which used thematic
roles (for example, theme, agent, instrument as described in [Gruber1976] ),
the algorithm used in this system relies on surface syntactic structure to deter-
mine which entities are expected to be in focus. The extension of the focusing
mechanism to handle one-anaphora has provided the major motivation for the
choice of syntactic focusing.

The focusing mechanism in this system consists of two parts-a
FocusList, which is a list of entities in the order in which they are to be con-
sidered as foci, and a focusing algorithm, which orders the FocusList. The
implementation is discussed in detail in Section 5.

B. OVERVIEW OF THE PUNDIT SYSTEM

I will begin with a brief overview of the PUNDIT system, currently under
development at SDC. PUNDIT is written in Quintus Prolog 1.5. It is designed
to integrate syntax, semantics, and discourse knowledge in text processing for
limited domains. The system is implemented as a set of distinct interacting
components which communicate with each other in clearly specified and res-
tricted ways.

The syntactic component, Restriction
Grammar,[Hirschman1982,Hirschmanl985], performs a top-down parse by inter-
preting a set of context-free BNF definitions and enforcing context-sensitive res-
trictions associated with the BNF definitions. The grammar is modelled after
that developed by the NYU Linguistic String Project [Sager1981].
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After parsing, the semantic interpreter is called. This interpreter is based
on Palmer's Inference Driven Semantic Analysis system, [Palmer1985], which
decomposes verbs into their component meanings and fills their thematic roles.
In the process of filling a thematic role the semantic analyzer calls noun phrase
analysis on a specific syntactic constituent in order to find a referent to fill the
role. Reference resolution instantiates the referent.

Domain-specific information is available in the knowledge base. The
knowledge base is implemented as a semantic net containing a part-whole
hierarchy and an isa hierarchy of the components and entities in the applica-
tion domain. The current domain is that of reports of computer equipment
failures. The system is being ported to reports of air compressor failures.

Following the semantic analysis, a discourse component is called which
updates the discourse representation to include the information from the
current sentence and which runs the focusing algorithm.

II USES OF FOCUSING

Focusing is used in four places in PUNDIT - for definite pronouns, elided
noun phrases, one-anaphora, and implicit associates.

As stated above, reference resolution is called by the semantic interpreter
when it is filling a thematic role. Reference resolution proposes a referent for
the constituent associated with that role. For example, if the verb is replace
and the semantic interpreter is filling the role of agent, reference resolution
would be called for the surface syntactic subject. After a proposed referent is
chosen for the subject, any specific selectional restrictions on the agent of
replace (such as the constraint that the agent has to be a human being) are
checked. If the proposed referent fails selection, backtracking into reference
resolution occurs and another referent is selected. Cooperation between refer-
ence resolution and the semantic interpreter is discussed in detail in [Pal-
mer19861. The semantic interpreter itself is discussed in [Palmer1985].

A. PRONOUNS AND ELIDED NOUN PHRASES

Pronoun resolution is done by instantiating the referent of the pronoun to
the first member of the FocusList unless the instantiation would violate syn-
tactic constraints on coreferentiality.* (As noted above, if the proposed referent
fails selection, backtracking occurs, and another referent is chosen.)

The reference resolution situation in the maintenance texts however, is
complicated by the fact that there are very few overt pronouns. Rather, in

* The syntactic constraints on coreferentiality currently used by the system
are very simple. If the direct object is reflexive it must be instantiated to the
same referent as the subject. Otlerwise it must be a different referent. Obvious-
ly, as the system is extended to cover sentences with more complex structures, a
%pre sophisticated treatment of synt ctic constrai ts on coindexing using some
oi the isights of [Reinhart19761, and [Chomsky1981 will be required.
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* contexts where a noun phrase would be expected, there is often elision, or a
zero-np as in Won't power up and Has not failed since Hill's arrival. Zeroes
are handled as if they were pronouns. That is, they are assumed to refer to the
focus. The hypothesis that elided noun phrases can be treated in the same way
as pronouns is consistent with previous claims in [Gundel1980] and
[Kameyama1985] that in languages such as Russian and Japanese, which regu-
larly allow zero-np's, the zero corresponds to the focus. If these claims are
correct, it is not surprising that in a sublanguage like that found in the mainte-
nance texts, which also allows zero-np's, the zero should correspond to the
focus.*

B. IMPLICIT ASSOCIATES

Focusing is also used in the processing of certain full noun phrases, both
definite and indefinite, which involve implicit associates. The term implicit
associates refers to the relationship between a disk drive and the motor in
examples like The field engineer installed a disk drive. The motor failed. It
is natural for a human reader to infer that the motor is part of the disk drive.
In order to capture this intuition, it is necessary for the system to relate the
motor to the disk drive of which it is part. Relationships of this kind have been
extensively discussed in the literature on definite reference. For example, impli-
cit associates correspond to inferrable entities described by [Prince1981], the
associated use definites of [Hawkins19781, and the associated type of implicit
backwards specification dicussed by [Sidner1979. Sidner suggests that implicit
associates should be found among the entities in focus. Thus, when the system
encounters a definite noun phrase mentioned for the first time, it examines the
members of the FocusList to determine if one of them is a possible associate
of the current noun phrase. The specific association relationships (such as
part-whole, object-property, and so on) are defined in the knowledge base.

This approach is also used in the processing of certain indefinite noun
phrases. In every domain, there are certain types of entities which can be
classified as dependent. By this is meant an entity which is not typically men-
tioned on its own, but which is referred to in connection with another entity, on
which it is dependent. In the maintenance domain, for example, parts such as
keyboards, and printed circuit boards are dependent, since they are normally
mentioned with reference to something else, such as a disk drive, or printer.* In

* Another kind of ronoun (or zero) also occurs in the maintenance texts,
which is not associaed wit the local focus, but is concerned with glooal as-

pects of the text. For example, the field engineer is a default agent in the
maintenance domain, as in Thi n s problem is in head select area. This is
handled by defining defqult elided referents for the domain. The referent is in-
stantiated to one of these if no suitable candidate can be found in the
FocusList.

* There are exceptions to this generalization. For example, in a sentence
like fel4 engineer ordered motor, the motor on order is not part of anything
else Idet. PUNDIT, these cases are assumed to depend on the verb meaning.
In this eample, the obj1ct of ordered is cat gorized as non-specific, and refer-
ence resolution is not ca led. See tPalmerl98611 for details.
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an example like The system is down. The field engineer replaced a bad
printed circuit board, it seems clear that a relationship between the printed
circuit board and the system should be represented. These are treated in the
same way as the definites discussed above.

C. ONE-ANAPHORA
PUNDIT extends focusing to the analysis of one-anaphora following

[Dahl1984], which claims that focus is central to the interpretation of one-
anaphora. Specifically, the referent of a one-anaphoric noun phrase (e.g., the
blue one, some large ones) is claimed to be a member or members of a set
which is the focus of the current clause. For example, in Installed two disk
drives. One failed, the set of two disk drives is assumed to be the focus of One
failed, and the disk drive that failed is a member of that set. This analysis can
be contrasted with that of [Halliday1976j, which treats one-anaphora as a sur-
face syntactic phenomenon, completely distinct from reference. It is more con-
sistent with the theoretical discussions of [Hankamerl976], and [Webberl983l.
These analyses advocate a discourse-pragmatic treatment for both one-
anaphora and definite pronouns.* The main computational advantage of treat-.
ing one-anaphora as a discourse problem is that the basic anaphora mechanism
then requires little modification in order to handle one-anaphora. In contrast,

San implementation following the account of Halliday and Hasan would be much
more complex and specific to one-anaphora.

The process of reference resolution for one-anaphora occurs in two stages.
The first stage is resolution of the anaphor, one, and this is the stage that
involves focusing. When the system analyzes the head noun one, it instantiates
it with the category of the first set in the FocusList (disk drive in this exam-
ple).** In other words, the referent of the noun phrase must be a member of the
previously mentioned set of disk drives. The second stage of reference resolu-
tion for one-anaphora assigns a specific disk drive as the referent of the entire
noun phrase, usi-'g the same procedures that would be used for a full noun
phrase, a disk drive.

The extension of the system to one-anaphora provides the clearest motiva-
tion for the choice of a syntactic focus in PUNDIT. Before I discuss the kinds of
examples which support this approach, I will briefly describe the relevant part
of the focusing algorithm based on thematic roles which is proposed
by[Sidnerlg79]. After each sentence, the focusing algorithm orders the elements
in the sentence in the order in which they are to be considered as potential foci
in the next sentence. Sidner's ordering and that of PUNDIT are compared in

" ?Webbr's analysis in [Webberl978], is more syntactically based than
Webberi g ,
proposing an approach similar to Halliday and Hasan's.

# .Currently the only sets in the FocusList are those which were e plictly
et dn the tqxI. However, as pointed out by [Dahl1Q82.j, and

1 ebl'er 1983,Dahllg84j, other sets besides those explictl mentioned are avail-
able for anaphoric reference. These have not yet been added to the system.
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,Figure 1.

The feature of one-anaphora which motivates the syntactic algorithm is
that the availability of certain noun phrases as antecedents for one-anaphora is
affected by surface word order variations which change syntactic relations, but
which do not affect thematic roles. If thematic roles are crucial for focusing,
then this pattern would not be observed.

Consider the following examples:

(1) A: I'd like to plug in this lamp, but the bookcases are blocking the electri-
cal outlets.

B: Well, can we move one?

(2) A: I'd like to plug in this lamp, but the electrical outlets are blocked by
the bookcases.

B: Well, can we move one?

In both (1) and (2) the electrical outlets are the theme, which means that
in a thematic-role based approach, the outlets represent the expected focus in
both sentences. However, only in (1), do informants report an impression that

G B is talking about moving the electrical outlets. This indicates that the
expected focus following (1) A is the outlets, while it is the bookcases in (1) B.*

Sidner PUNDIT

Theme Sentence
Other thematic roles Direct Object
Agent Subject
Verb Phrase Objects of

Prepositional
Phrases

Figure 1: Comparison of Potential Focus
Ordering in Sidner's System and PUNDIT

* In the case of (1), the expected focus is eventually rejected on the basis of
world knowledge about what is likely to be movable, but focusing is only in-
tended to determine the order in which discourse entities are considered as re-
ferents, not to determine which referent is actually correct. The referent pro-
posed by focusing must always be confirmed by world knowledge.

May 2, LgS9 -7-



Similar examples using definite pronouns do not seem to exhibit the same
effect. In (3) and (4), thei seems to be ambiguous, until world knowledge is
brought in. Thus, in order to handle definite pronouns alone, either algorithm
would be adequate.

(3) A. I'd like to plug in this lamp, but the bookcases are blocking the electri-
cal outlets.

B: Well, can we move them?

(4) A. I'd like to plug in this lamp, but the electrical outlets are blocked by
the bookcases.

B: Well, can we move them?

Another example with one-anaphora can be seen in (5) and (6). In (5) but
not in (6), the initial impression seems to be that a bug has lost its leaves. As
in (1) and (2), however, the thematic roles are the same, so a thematic-role-
based algorithm would predict no difference between the sentences.

(5) The plants are swarming with* the bugs. One's already lost all its leaves.

(6) The bugs are swarming over the plants. One's already lost all its leaves.

In addition to theoretical considerations, there are a number of practical
O advantages to defining focus on constituents rather than on thematic roles. For

example, constituents can often be found more reliably than thematic roles. In
addition, thematic roles have to be defined individually for each verb.* Further-
more, since thematic roles for verbs can vary across domains, defining focus on
syntax makes it less domain dependent, and hence more portable.

HI IMPLEMENTATION

A. THE FOCUSLIST AND CURRENTCONTEXT

The data structures that retain information from sentence to sentence in
the PUNDIT system are the FocusList and the CurrentContext. The
FoeusLlat is a list of all the discourse entities which are eligible to be con-
sidered as foci, listed in the order in which they are to be considered. For exam-
ple, after a sentence like The field engineer replaced the disk drive, the fol-
lowing FocusList would be created.

[[eventll, [drivell, [engineerl]]

The members of the FocusList are unique identifiers that have been assigned
to the three discourse entities - the disk drive, the field engineer, and the state
of affairs of the field engineer's replacement of the disk drive. The
CurrentContext contains the information that has been conveyed by the
discourse so far. After the example above, the CurrentContext would con-
tain three types of information:

* Of course, soioe generalizations can be made about how arguents map
to thematic roles. However, they are no more than guidelines fdr finding the
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Dkou Id's, which represent classifications of entities. For example,
Id(1ied'iengIneer,[enginc erl]) means that [engineerL] is a a field

engineer. *

(2) Facts about part-whole relationships (hasparts).

(3) Representations of the events in the discourse. For example, if the event is
that of a disk drive having been replaced, the representation consists of a
unique identifier ([eventi]), the surface verb (replace(time(_))), and
the decomposition of the verb with its (known) arguments instantiated.
The thematic roles involved are objectl, the replaced disk drive,
object2, the replacement disk drive, time and instrument which are
uninstantiated, and agent, the field engineer. (See [Palmer1986I, for
details of this representation). Figure 2 illustrates how the CurrentCon-
text looks after the discourse-initial sentence, The field engineer
replaced the disk drive.

B. THE FOCUSING ALGORITHM

The focusing algorithm used in this system resembles that of [Sidner1979],
although it does not use the actor focus and uses surface syntax rather than, thematic roles, as discussed above. It is illustrated in Figure 3.

lV SUMMARY

This paper has described the reference resolution component of PUNDIT, a
large text understanding system in Prolog. A focusing algorithm based on sur-
face syntactic constituents is used in the processing of several different types of
reduced reference: definite pronouns, one-anaphora, elided noun phrases, and
implicit associates. This generality points out the usefulness of treating focusing
as a problem in itself rather than simply as a tool for pronoun resolution.
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ld(field ^engineer, [engineeri]),
ld(disk ̂ drive, [drivel]),
ld(.ystem, [syitemlJ),
ld(dlsk drive, (drive2j)
ld(event, [eventl),

haspazst([systeml], [drivel]),
haspart( [systemi], [drive2])j

event( [event 1],
replace(tlme(4)),
[included(object2( [drive2J),time(4)),
missing(objectl( [drive]L]),time(4)),
use(instrument(.8405),

exchange(objectl ([drivel]),
objeet2( [drive2] ),time(4))),

cause(agent([engineerl]),
use(instrument(..8405),

ezchwange(objectl( [drivel]),
object2( [drive2i )time(..))))])

Figure 2: CurrentContext after
The field engineer replaced the disk drive.
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(1) First Sentence of a Discourse:

Establish expected foci for the next sentence (order
FocusList): the order reflects how likely that constituent is to
become the focus of the following sentence.

Sentence
Direct Object
Subject
Objects of (Sentence-Level)

Prepositional Phrases

(2) Subsequent Sentences (update FocusList):

If there is a pronoun in the current sentence, move the focus
to the referent of the pronoun. If there is no pronoun, retain
the focus from the previous sentence. Order the other ele-
ments in the sentence as in (1).

Figure 3: The Focusing Algorithm
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ABSTRACT

This paper describes a Dynamic Translator for Restriction Grammar, a logic (Prolog) environ-
ment for syntactic processing of natural language text. The dynamic translator supports
Dynamic Ruls Prsning, a method of focusing search for a parse. Rule pruning permits elimination
of options from BNF definitions, based on information from the partially constructed parse tree
and the word input stream. It is particularly effective for pruning verb complement options based
on the particular verb in the input stream. The dynamic translator combines the flexibility of an
interpreter (needed for grammar development and for dynamic pruning) with the runtime perfor-
mance efficiency of a translator. This combination has produced an execution mechanism that is
more efficient than either an interpreter or a translator alone. The paper presents results
demonstrating a 20-fold speed-up in parse times obtained via rule-pruning supported by the
dynamic translator.

1 This work is supported Ia part by DARPA under contract N00014-8-C0012, administered by the Office of Nav.
Reewch; and in part by National Sence Foundation contracts DCR-4202397 and DCR-86-02205.
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1. Intaodueton
This paper describes execution strategies used by the Restriction Grammar to implement efficient

syntactic prossing for natural language text. These include a mechanism for dynamic rule pruning
and a dynamic translator. Dynamic rule pruning uses information from the input word stream to
focus the search for a correct parse. This facility is supported efficiently by the Dynamic Transla-
tor, which allows the use of an inherently interpretive mechanism within a translated system.

The Restriction Grammar Hlirschman,192a, Hhschn1985aj is the syntactic component of PUN-
DIT, the Unisys natural language understanding system [Palmerl986a], which includes modules for
semantics (PalmerlO9Sa] and discourse analysis [Dah1198a], in addition to the syntactic component
described here. Because the other components of PUNDIT rely on the parser, efficient parsing is a
prerequisite for productive development of the entire natural language understanding system.

The Restriction Grammar belongs to the rapidly expanding class of logic grammars, including
Metamorphosis Grammar [Colmerauer1978a], Definite Clause Grammar [Pereira1980a], Extraposition
Grammar [Pereir&1981a, Definite Clause Translation Grammar[ Abramsonl984a], Modifier Structure
GrammarDah11983a], and Gapping Grammar [Dahl1984a]. It shares with other logic grammars a set
of production rules (BNF definitions) interspersed with Prolog constraints. It extends the DCG notion of
*implicit parameters to include not only the word stream, but also an automatically constructed
parse tree. The Restriction Gramma differs from other logic grammars in that the constraints are res-
trictions on the well-formedness of the parse tree; this requires a more complex execution mechanism to
support the grammar, as will be explained in the following sections. The Restriction Grammar is
implemented in Prolog, which provides a highly interactive environment required for developing
natural language systems. Prolog also provides great flexibility for writing alternative control struc-
tures and interpreters, and we have made extensive use of this capability in our research.

Traditionally, the execution mechanisms for logic grammars have either been interpreters or
translators. A (top-down) interpreter parses a string as a phrase of a given category by choosing a
grammar rule of that category, dividing the phrase into sub-phrases, and parsing those sub-phrases into
the categories required by the grammar rule. Thus, at runtime the interpreter requires not only the
string that is to be -parsed, but also the set of grammar rules. Alternatively, the process can be
broken down into two phases, the translation phase and the runtime phase. The translator takes the
complete set of grammar rules and produces a set of Prolog procedures which, when called at run
time, will parse the phrase in exactly the same way that the original grammar would have. The trans-
lation phase converts the information explicit in the grammar rules into information implicit in the
Prolog procedures. The translation phase requires the set of grammar rules but does not have the
input string available to it, while the runtime phase after translation has access to the input string, but
does not have explicit access to the original grammar rules. Due to this loss of explicit information
when moving from interpretation to translation, the translated Prolog code will be more efficient than
the interpreter, but the interpreter will be more flexible.

In contrast to these traditional approaches, the Restriction Grammar uses a single mechanism,
the Dyhamic Translator, that takes advantage of the strengths of translation and interpretation without
the corresponding disadvantages. The Dynamic Translator has available to it both the input string
and the grammar rules (like an interpreter), but also makes use of both a translation and a run time
phase (like a translator). In the Dynamic Translator, the translated code runs in cooperation
with an interpreter to parse a sentence. Although one might thus expect that the speed of the Dynamic
Translator to be intermediate between an interpreter and a translator, the Dynamic Translator is sub-
stantially faster than either. This added efficiency is gained by the use of the Dynamic Rule Prun-
ing mechanism, an inherently interpretive device that dynamically prunes the search space.

The Dynamic Rule Pruning mechanism uses information available at run-time to reduce the
number of options that must be considered for certain grammar rules. This information includes
both the input word stream and the partially constructed parse tree. Reducing the number of
options eliminates extraneous paths from the search space and greatly increases the efficiency of the
parsing process.
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2. 3.stlction Grammar Framework

Restriction Grammar draws its grammatical approach from earlier work of Sager, Grishman and
Friedman in connection with the New York University Linguistic String
Project[SagerlSla, Sager197a, Grlshman1973a]. The grammar is written in terms of context-free
rules, augmented with context-sensitive restrictions stated as constraints on the shape of the partially
constructed parse tree. The parsing mechanism is a standard top-down, left-to-right parser. The parse
tree is constructed incrementally after the successful application of each BNF definition, using a data
structure that supports free tree traversal by the restrictions[Hlrschman1982a, Hirschman1985a].

Restriction Grammar differs from other logic grammar frameworks in several respects. One is that
the restrictions are constraints on the well-formedness of the (surface) parse trees produced by the appli-
cation of the BNF definitions. This differs from other logic grammars where contextual information is
made available through parameters to the BNF definitions. Restriction Grammar isolates all context-
sensitivity in the constraints, leaving the BNF definitions uncluttered by extra parameters. The restric-
tions are written using a special set of tree-description primitives, which can be combined into general
purpose syntactically motivated routines, such as 'head", 'left/right adjunct", "main verb", etc.

Restrictions are written using a layered approach that makes the syntactic constructs independent
of the particular implementation of tree structure. This approach has proved extremely useful in insu-
lating the grammar from changes in the underlying execution mechanism. The lowest layer of operators
consist of primitive tree relation operators (such as parent, child, left and right sibling) and operators to
extract the label of a node and the lexical item associated with a node (also the lexical subclasses associ-
ated with a word). On top of this layer are a set of restrictioa operator& that support various con-
straints on the make-up of trees. The restriction operators also include a few operators to examine the
word input stream for optimization purposes. This enables a restriction to reject certain options before
the parser makes any attempt to construct them. The next layer of rostines captures syntactic rela-
tions such as Aead of a construction, the maim verb, or the left/right adjset of a construction. Finally,
restrictions are built out of the routines and the restriction operators. There are currently about 15 res-
triction operators, 20 routines, 30 restrictions, and 102 BNF definitions in the stable grammar without
conjunction. Conjunction (treated as a meta-rule) adds another 50% to the number of grammar rules.

". Dynamic Rule Pruning

Over the course of the past year, the coverage of our grammar has been considerably extended.
These extensions include the addition of a wide range of verb complement types, conjunction (e.g., Unit
has eseessive weer on inlet impelor assembly and shows high usage of oil.), and fragmentary input
(e.g., Believe the couplirg f r o m diesel to *at lube oil pump to be sheared.). As the size of the gram-
mar has increased it has been critical to maintain an efficient system to support development and debug-
ging, thus motivating the development of ynamic Rule PrunningFR and the dynamie translator.

Dynamic rule pruning uses information from the partially parsed sentence and from the word input
stream to focus the search for a correct parse. This capability has been particularly useful in pruning
possible verb complements, but is also being applied to limit pre- and post-verbal sentence adjunct
types, as well as complement types for nouns and adjectives. The idea of dynamic rule pruning has
been adapted from its implementation in Sager's Linguistic String Parser(Sagerlg8la]. Our current
English grammar allows for a rich verb complement structure - there are presently 34 options in the
verb complement rule. In the lexicon, each verb is subcategorised for the particular type(s) of comple-
ment it can accept: e.g., noun string object (nstge), direct + prepositional object (nps), predicate
object (objeetbe), various reduced sentential complement types (to + verb + object = towo), sentential
complement (assertion), etc.

As soon as a verb is found during parsing, the list of possible complement options can be drasti-
cally pruned to match the set of options given by the subcategorisation of that particular verb. How-
ever, this requires a dynamic interaction between the input word stream, the syntactic constructs
(namely the verb), and the grammar rules. This capability has been implemented via a special dynamic
prune constraint. The operator prune occurs within the BNF definition and replaces the normal
definition, which has the form shown in Table 1 (only 19 of the 34 verb compldment options are shown.
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object :. (nstgo; %Noun STRing Object (direct object: 'eat fish')
pn; %Preposition + Noun (prep phrase: 'attend to their advice')

npn; %Noun string + Prep + Noun ('put it on the table')
objectbe; %Object of BE ('be late/on time/& fool')
veno; %VEN (past participle) + Object ('have seen it')
tovo; %TO + Verb + Object ('seems to do it')
ntovo; %Noun + TO + Verb + Object ('want them to see it")
eqtovo; %Equi TO + Verb + Object ('want to see it')
objtovo; %Object + TO + Verb + Object ('helped him to fix it')
vo; %tenseless Verb + Object ('will do it')
thats; %THAT + Sentence ('hope that they come')
assertion; %ASSERTION ('hope they hear')
pnthats; %Preposition + Noun + THAT + Sentence

('proved to her that she was right')
pnthatsvo, %Prep + Noun + THAT + Subject + Verb + Object

('suggested to her that she write it up')
thatsvo; %THAT+ Subject + Verb + Object

('suggested that she write it up")
nthats; %Noun + THAT + Sentence ("said that they were herel
nullobj; %D-JLL Object (for intransitive verbs: "I left')
sven; %3ubject + VEN (past participle: 'want it finished')
dpl), %DP (particle, as in 'show off')
(w.preobj,}a). %{...) inicates a costra.it, as. is DC',

Table 1. Object Options for Verb Complement

The prune rule in the BNF has the form:

object as- prune(PrunlngProcedure,Def).

It takes two arguments: the name of a procedure to control pruning (prune-object in the example
below), and the full set of options for the definition (the right-hand side of the BNF definition):

object :.- prune(pruneobject,
((ntgo;pn;npn;bjetbeveno;tovo;ntovo;

eqtovo;objtovovo;thats;assertion;pnthats;
pnthatsvo;thatsvo;nthats;nullobj;sven;dpl),

{w.preobLsa})).

The interpreter executes a call to prune/2 by calling exec-prune/5, which returns the pruned
definition. The parameters for ezeeprune are the pruning procedure name, the original definition, the
pruned definition, the starting point in the parse tree, and the remaining word stream:

execprune(PruningProedure,OriginaiDef,PrunedDef,StartingNode,WordStream).
Once ezeeprune returns the pruned definition, the main interpreter loop is re-invoked with the new
pruned definition. (The code for this is shown with the code for the interpreter as a whole, in Fig. 2 of
the Appendix.)

The rule for object tatr prune(pruneobject,Def), shown above, is the the rule for verb
complements. It prunes the object options by locating the verb in the partial parse tree, examining the
verb's subcategorisation, and using the subcategorisation to filter out inapplicable options from the full
object definition. For example, the verb replace is subcategorised for direct object (nstgo replace
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sstetking), and direct + prepositional object (np replace sometking witk something). As a result

of dynamk rule-pruning, the parser tries only these two options of object, instead of all 19! The

speed-up in parsing is substantial (approximately 8 fold), even for short sentences, and is particularly

striking if the system retrieves ali parses for a given input sentence.

Pruning is implemented via one basic routine, Interset_opt which controls the pruning of the

original definition:

lnterseet.opt(OptlonLlst,OriglnaiDefPrunedDefIncludeExeludeSwltch).

The list of options in argument I are included or excluded (depending on the switch setting in argument

4) from the original definition (argument 2), to produce the new definition in argument 3. This mechan-

ism guarantees that pruning produces a subEet of the original definition; it cannot introduce arbitrary

new definitions.

Our main application for pruning has been to verb complemens (object) options. We plan to

apply pruning to restrict adjectival and noun complements as well. We are also currently implementing
pruning constraints on the construction of sentence adjuncts (generally E-dverbial phrases aud subordi-

nate clauses), particularly in pre- and post-verb positions. Pru- and post-verb adverbi.&] modifiers are

highly constrained in the Pbsence of cormas (e.g., the disk ,hile bei.'g removed broke seems iuestion-

able, but the disk, "shile ling removed, broke seems better and While being removed, the di4a broke
seems goad). By recognizing these pre- and post-verb positios ,rnd checking for prese.e tg, absence of
a comma, it is possible to prune drastica~ly the sentence adjunct options. Anothe irteresting apithCj-
tion of pruning is dynamic rule-reordering based on context. Thif way ! -orv to bz aa extremely valu-
able capability in tunirs grx-mars to particular applicationt.

Thu ,' n,.ePic rvie-prun/sg facility has ) een a motiiating facl 'uehire, &he development of the

dynamic t'anslator. The rule-pruning can obviously only be done at run-time, sinco it depends on the
particular words (e.g., verbs) in the input entermix. Hoverer, the S-fold speed-up provded by rule prun-
ing is too dramatic to discard in favor of a purely traslated system. Our solution was to deveicp the

dynamic translator, to allow a dynamic interaction where it provides greater leverage (e.g., rule prun-
ing), but aherwise to use the translated/compiled environxuent for maximal efficiency. This h'.5 enabled
us to speed up the system by a factor of 20.

4. The Dynamic Translator

The Dynamic Translator provides a sing! .ecution .eLanism that ccmbines thd 'i.ex. Iz and
Jynamic nature of a: "-tpret- with the eilicieu-:y of traislated code. 'jiu.e . transat,r
makes it possible to ru, translated code and niterpretad granunar riles interleaved. TI.-k a done by

etcrmining at translation time thcse points in the grwmai requiring the flexibility )f the iUterpreter,
and building into the translate4 code calls to the interpreter at those points. At present, te points

in the grammar where the fexibility of the interpreter is required are those places where the dynamic
rule pruning mechanism is used.

As a control mechanism, interpretation has its disadvantages. For instance, in our system,

besides just interpreting the grammar rules, the control mechanism must allo build a parse tree that
will allow free tree traversal. E rilding this parse tree is costly, and this makes running our system

slow compared to other styles of logic grammars. Additionally, interpreters support features to aid

in grammar debugging. While these features are very helpful to the grammar writer, they typically

reduce the speed of the interpreter even if the features are not being used.

The approach taken in translation is to forsake all of the debugging features introduced in the

interpreter and to translate the grammar into Prolog code which can be subsequently compiled. The

translated grammar rules are faster than the interpreted grammar rules for several reasons:

. As much of the tree building as possible is done at translation time, thus the translated grammar
rules have to do far less work.: The costs of the extra debugging functions introduced in the interpreter are eliminated.

The translation produces a file of Prolog clauses which can be given to the Prolog compiler, to pro-

due* compiled Prolog running several times faster.
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The dynamic translator is implemented with a conventional translator and interpreter, each
modified to know when calls to the other should be made. The interpreter knows to call a translated
version of a grammar rule when the appropriate translated procedure is resident in Prolog and the user
has set a switch that indicates that the translated mode of execution is desired (this is the default).
There are situations in which a grammar writer may want to execute the grammar strictly inter-
preted, to take advantage of certain grammar debugging aids. At present, when the grammar
rules are being translated, the translator inserts into the object code a call to the interpreter to
execute a particular grammar rule only at those points where the dynamic rule pruning mechanism is
called. This possibility for mutual recursion between the interpreter and the translated grammar rules
results in a more flexible and efficient system.

We have also avoided a problem that might arise from using the dynamic translator, namely
maintaining both interpreted and translated versions of the grammar. If the grammar writer is dynami-
cally editing and testing grammar rules, there is the possibility that the translated code and some of the
explicit grammar rules will become inconsistent. We solve this problem by providing a grammar rule
editor [Rlley1986a] that maintains consistency between the explict grammar rules and their translated
counterparts. After a grammar rule has been edited, the grammar rule editor will automatically
retranslate and compile the revised rule.

5. Implementation

The parsing mechanisms described here, together with a broad-coverage grammar of English, con-
stitute the syntactic component of the Unisys natural language understanding system. The system is
currently implemented in Quintus Prolog 1.5 on a VAX 11/785 and on a Sun Workstation, in Xerox
Quintus Prolog on Xerox Lisp Machines, in TI Prolog 1.0 on a TI Explorer, and in Symbolics Prolog 6.1
on a Symbolics 3640 Lisp Machine.

We have tested the dynamic translator on a large corpus of sentences (about 100 sentences) from
the domain of equipment failure reports for starting air compressors (SACs), and compared those results
with the same sentences parsed by the translated grammar without rule pruning, the interpreter with
rule pruning, and the interpreter without rule pruning. In Figure 2 we have chosen a few representative
sentences from this corpus, and indicate their parse times under the four different execution schemes
(parse times given are the time to compute all of the parses of the sentences).

The resulting parsing statistics shown here are heavily influenced by the time taken executing res-
trictions. This time is constant whether running interpreted or translated code, since restrictions are
Prolog code and can be compiled by the Prolog compiler without any intermediate translation. The
difference between the parse times for an interpreted versus translated grammar would be much more
dramatic if the time executing restrictions were ignored.

Fror the large corpus of sentences we have computed normalized parse times across the entire
corpus. These results are given in Figure 3.2 These results indicate that the translation process accounts
for about a 2-3 fold speed up, and that rule pruning accounts for about an 8-9 fold speed up. The
efficiency increase due to rule pruning is highly dependent on the particular grammar that we are using.
A smaller grammar (or one which had fewer object options) would not show as dramatic an increase in
efficiency. On the other hand, the efficiency increase due to translation is more constant across gram-
mars.

'Normalized parse times were computing by taking the translated system with rule pruning as the base case, and comparing
that pane time with the parse times for the other variations. The ratio was computed for etch parse of each sentence, then aver-
aged over each sentence. The average for the entire corpus was then computed from these sentence average. This was done to
eliminate a bias in the avage towards sentences that Iad more parses than others.
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S

REPRESENTITZVE SENTENCES:
1. Nr 4 sac oil pressure dropped below alarm point of 65 psig during monitoring of ia gth.
2. Start air pressure dropped below 30 psig during monitoring of la gth.

3. Oil is discolored and contaminated with metal.
4. Loss of lube oil pressure during operation.
5. Investigation revealed adequate lube oil saturated with both metallic and non-metallic particles.
6. Request replacement of sac.

Sentence No Prune/Interp No Prune/Trans W. Prune/InterD W. Prune/Trans
1. 2170.83 938.018 333.7 160.4
2. 462.183 193.883 129.2 60.9
3. 77.033 27.666 9.46599 4.31699
4. 214.25 90.3858 54.283 24.417
5. 670.733 230.683 120.817 41.8669
6. 43.4839 18.083 12.586 5.2

Table 2s Timings (in epu seconds) for all parses on sample sentences

0

Interpreter 2.35 20.43
Translator 1 8.77

Table S. Normalsed Average Parse Times:
Pruning vs. No Pruning Interpretation vs. Translation

6. Research Directions
The overall goal of the Unisys Natural Language Processing group is to create a robust, portable

system for processing natural language text. The Unisys system is currently being applied to the pro-
cessing of texts from several domains: a set of internal maintenance reports about trouble-shooting vari-
ous Unisys-upported computer systems and a set of Navy equipment casualty reports (CASREP's) for
starting air compressors, as well as question-answering for a navy ships database. The natural language
sysgem accepts the text, processes the natural language information, and produces a set of database
entries, knowledge base entries, or database queries capturing the information contained in the text.
The database or knowledge base can then be processed for information concerning mxpected down-time,
associations between symptoms and cause of failure, partu and/or expertise needec to repair, etc. The
work on the CASREP domain is being performed jointly with a group at New York University under
Ralph Grishman. The NYU group is developing a Lisp-based system.
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The work on maintenance reports is driving the development of a comprehensive grammar, includ-
ing a comprehensive treatment of conjunction using met ules uchman198aj and a syntactic and

s ntic treatment of sentence fragments. Elimination of spurious ambiguty is a well-known problem
in parsing sentences. Sentence fragments compound the problem due to their highly degenerate struc-
tame and their analysis relies heavily on semantic constraints to reject semantically ill-formed analyses.

We aft now in the process of implementing a mechanism to support doman-specilic selectional con-
straints, in order to filter out these semantically ill-formed parses. This mechanism will be tightly cou-
pled to the parser, so that an incoherent parse is rejected as early as possible.

We are also actively involved in developing various support tools. One of these is a more sophisti-
cated debugging environment, based on the notion of restriction relaxation. The idea is that if no
analysis is obtained, we can pinpoint the cause of failure by allowing relaxation of restrictions that fail
in the initial attempt to obtain a parse. A preliminary implementation is complete and is in the process
of being tested.

A second area of research is in the area of interactive tools, including tools to build lexicons, to
identify domain-specihic selectional patterns, and to examine and compare syntactic analyses. Our goal
is to build up a development environment rich enough to support the complex and time-consuming
activities required to develop large-scale natural language understanding systems.
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B. Appendix 1. Dynamic Transnlator Code

Included below is the Prolog code that makes up the Dynamic Translator. Figure 1 contains
the code for the translator, followed by the code for the interpreter in Figure 2. The top level pro-
cedure for the translator is translates_rule/I, which takes a grammar rule and produces a Pro-
log procedure; translatejyule/2 calls the main recursive procedure trans/7, to translate the rule
body; trans/I' contains a case for each type of rule body, namely:

Conjunction
Disjunction
Rule Pruning
Restrictions
Terminals
Empty Strings
Nonterminals

Note that the clause that handles rule prunning results in a call to the procedure prune..exee/O, which
in turn calls the interpreter to execute the pruned grammar rule.
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A Dynamic Translator for Rule Pruning In Restriction Grammar

Figure 1. Prolog Code for the Translator

Similar1 to trans/7 in the translator is exec/8 in the interpreter, with clauses that match those
of the translator. The clause for execPred/6 expand nonterminals. If a translated version of the
grammar rule exists, and the switch translated~rmmarIn_use is set, then the translated version
of the rule is called, rather than expanding the nonterminal via the interpreter.
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APPENDIX E

Determiners, Entities, and Contexts

This paper by Deborah Dahl was presented at TINLAP-3, Las Cruces, New
Mexico, January, 1987. It describes problems with certain indefinite noun
phrases and argues that a procedure analogous to reference resolution for
clauses is required to handle them.
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Determiners, Entities, and Contexts

Deborah A. Dahl

Paoli Research Center
SDC/A Burroughs Company (now Unisys)

P.O. Box 517
Paoli, PA 19301

1. Introduction
I am concerned with the relationship between the forms of linguistic expressions, noun

phrases in particular, and the discourse entities to which they refer.1 That is, when does a noun
phrase introduce a new referent into the discourse? My concern in particular is to specify the role
that the discourse context plays in answering this question. A simple first approach to the rela-
tionship between noun phrases and discourse entities might suggest that definite noun phrases
refer th entities which are assumed to be mutually known to the speaker and hearer, and
indefinite noun phrases refer to entities which are not mutually known, and thus, that discourse
context plays no role at all. This discussion will point out problems with this approach for both
definite and indefinite noun phrases. I will describe examples where definite noun phrases are
used to introduce new referents, and, conversely, where indefinite noun phrases do not introduce
new referents. In the first case, the local focus structure provides a guide to recognising that a
new entity is involved, and in the second case, the recognition that no new entity is introduced is
based on the given/new status of propositions in the discourse.I ilbegins by describing crandefinite descriptions that introduce now entities. I will then

describe some examples where indefinite descriptions do not introduce new entities. In each case, I
will discuss some related processing issues.

I will restrict the current discussion to deal with cases where the mutual knowledge is based
on the discourse context, rather than on knowledge that the speaker and hearer bring to an
interaction. In the cases of indefinites, I will also restrict my discussion to sentential contexts
where an indefinite eould introduce a new entity; in other words, to apeeiJe contexts, as dis-
tinguished from non-specific contexts as discussed in [Prince1981].

2. Impnelt Asoclates

The case of definits noun phrases that are intended to introduce new discourse entities has
been relatively well-researched, in particular by(Hawkinsl978, Hawkins1984] Hawkins points out
that entities that have a slot/frame relationship with previously introduced entities often have a
definite determiner. For example, in
(1) There were loud noises coming from a starting air compressor. The drive shaft was sheared.
it is possible to refer to the drive shaft with a definite noun phrase because of its relationship with
the previously mentioned starting air compressor, even though the drive shaft has not been men-
tioned. This same relationship is described by [Prince1981] as inferrable, and is also discussed in
Helml982J. Because we understand the drive shaft mentioned in (1) to be not just any drive

shaft but the drive shaft that is part of the air compressor mentioned in the previous sentence, a
full understanding of this noun phrase must capture this relationship. The new noun phrase is
implieitly sesoiated with the loeea foes, as described in [ahU198SJ, and[Sidnerl979]. In (2d),

IThe research described in this paper was supported in part by DARPA under contract N00001445-C-0012, admin-
stered by The Ofte of Naval Research, sad by a poet-doctoral fellowship in Cognitive Science from the Sloan Founda-

tion. I have received helpful commente on this pape from John Dowding, Lynette Hlrschmnn, Ma ia Linebarger, Martha
Palm, Rbeeca Schifrna, sad Bosaie Webber.
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for mampe, the referent for te paper seems to be the paper associated with the new package
even though there is a previously mentioned entity which matches the noun phrase; that is, the
pap in (2b
(2) a. A package arrived yesterday.

b. The wrapping paper was beautiful.
c. While I was admiring it, another package arrived.
d. I removed the paper.

After the focus change to my package, the associates of the new package seem to be pre-
ferred as referents over previously mentioned items, even if the old items had been in focus at one
time. This is consistent with Sidner's algorithm.'

3. Specific Attributlve

The second main point to be dealt with in this paper is that of indefinite noun phrases in specific
contexts, which nevertheless fail to introduce new discourse entities. Most of those who have dis-
cussed indefinites seem to have assumed that an indefinite reference in a specific context invari-
ably introduces a new discourse entity. This includes the discussions in [R.Clarkl977] and
('eim1982]. However, there is a class of indefinites, which I have called specific attributive&
(Dah1984], which I claim do not have this function.

Consider the example,

(3) a. Dr. Smith told me that exercise helps.
b. Since I heard it from a doctor, I'm inclined to believe it.

An entity, Dr. Smith, is introduced in (3a), and an indefinite noun phrase, a doctor, is used in
(3b). It is clear that this noun phrase is not intended to introduce a second doctor into the discus-
sion. This is an example of a specific attributive. I use the term specific in the sense that a
specific reference means that the speaker has a particular individual in mind when s/he uses the
indefinite description. It is clear in (3), for example, that the speaker did not hear that exercise
helps from some unspecified doctor, but from Dr. Smith.

The term attributive, as used by Ponnellan1971], can also be applied to these indefinites,
although it was originally suggested only for definites, because the specific identity of Dr. Smith is
not relevant to the predication, only Dr. Smith's attribute of being a doctor. (Seefahl1984 .1 for
detailed arguments about the applicability of this term.)

There are two important issues that must be dealt with in a treatment of specific attribu-
tives. First, there is the issue of recognising that the noun phrase in fact is not being used to
introduce a new entity. Second, it is necessary to recognise the speaker's purpose in using an
indefinite noun phrase, when a definite noun phrase would have been possible. Both of these issues
have implications for language generation as well as understanding. For example, in the first case
a language generator will have to decide when it is possible to use a specific attributive, and in
the second case, it will have to decide whether a specific attributive would be useful in accom-
plishing its communicative goals.

I have previously suggested Dahl1154 that a specific attributive can be recognised by its
occurrence in a proposition that is given as in (3), is related to a given proposition by simple
entailment as in (4), or is related to a given proposition by a plausible inference, as in (5).

(4) Mary and Bill both volunteered to walk the dog. Since at least one person is willing to walk
the dog, we don't have a problem.

2A discussion by IleimnlI suggests that introduction of I new entity with a datnits noun phrase is a violation of
a felicity conditios, and is therefore to be handled by a repair at accomodation mechanism. Since accommodation mechan-
ism are typically triggered by the failure of normal procsing, Heims approach suggests that a failure of normal process-

I g would have to occur before a system could recogise that a new referent was being introduced. It sermel precesvisg
meas searching through the discourse context for a referent matching the new description, then the example in (2) pro-
vides evidence against this position, since the correct procmsing cannot have been invoked by the failure to find a match-
lag referent in the previous discourse.
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(5) A. Pm afraid I miscalculated Jones's insulin dosage.
B: What happened?
A. He died.
B: So, i patient has finally died due to your carelessness. (inference 'Jones is a patient')
Thus, in order to determine when an indefinite introduces a new entity, it is necessary to

know whether the proposition in which it occurs is givea or sew. For this, we need a representa-
tion of the events and situations described in the discourse, which can then be examined in order
to determine when a proposition is given or new. Such a representation, of course, will be needed
in any case for pronouns or full noun phrases that refer to events and situations. For example, in
the PUNDIT text processing system, (described in [Palmerl986] ), a representation is built for
each event or situation mentioned. A noun phrase like the faiure in (6) or it in (7) can then be
recognised as a reference to something previously mentioned.

(6) The starting air compressor failed when the oil pressure dropped below 60 psig. Te failure
occulred during the engine start.

(7) The starting air compressor failed when the oil pressure dropped below 60 psig. It occurred
during the engine start.

The difference in processing between (6) and (7) on the one hand and specific attributives on the
other is that for the specific attributives we are saying that something analogous to reference reso-
lution should be performed on clauses, as well as on noun phrases. That is, we want to ask
whether this event has been mentioned before, or can be inferred from something that has been
mentioned. If so, we can match corresponding participants so that it is possible to recognise that
no new entity is being introduced.'

The second issue raised by specific attributives is the speaker's purpose in selecting an
indefinite when a definite would have been possible. This seems to be related to the use of
indefinites in general to serve to deemphasise the particular individual referred to while emphasis-
lg its general class. In (3), for example, it is not the fact that tis doctor told me that exercise

would help that is relevant, but rather that the person has the property of being a doctor. Notice
the contrast between (3) and (8).
(8) a. Dr. Smith told me that exereise helps.

b. Since I did hear it from tie doctor I'm inclined to believe it.
(8) suggests that there is something special about Dr. Smith in particular that makes this advice
reliable, while (3) does not.

To sum up, I have discussed two categories of noun phrases which demonstrate the effects of
discourse context on determining whether a new entity is introduced. Implicit associate definites
introduce new entities which ae related to the local focus. Specific attributives refer to previously
introduced entities in given propositions. 1finimally, specific attributes have to be recognized, in
order to prevent the creation of an extra discourse entity, and this requires a representation of
given propositions. In addition, a complete understanding of specific attributes requires a recogni-
tion of the speaker's reason for choosing an indefinite when a definite would have been possible.

Referenem

1984..........
Deborah A. Dahl, The Rise of Shared Knowledge. Penn Review of Linguistics 8, 1984,
pp. 1-14.

'This raise the issue of what discourse goals would be served by repeating something that is already given. There
are probably a number of reasons to do this. Investigating them would be an interesting topic for future research.
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APPENDIX F

Verb Taxonomy

This appendix by Martha Palmer gives the complete verb taxonomy for the
verbs in the CASREP corpus. It then lists each verb's decomposition(s) along
with the associated mapping rules and semantic class restriction rules for the
semantic roles in the decompositions.
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VERB TAXONOMY

ASPECTUAL

aspectuah run...outsatartbe pn~c curcontinue, remain;

COMPLEX.

relational: be,has(symptom),received(uaage);
perceptual:(requires propositional agent) dictate dindicates, show,

revealed, notedjfind;
propositional:

(dee of certainty): believe,sua pee t, guarantee;
(requires animate agent): conducting, discovered, expe rienc ed,

report~reeeiveds(report,alarm);
causal: activate,cause, resultdue;

(partial causality): impact, contribute
not-.causal: undetermined
status: required, request, receive, report,

BASIC:

contact: disconnected-
Afhdamaged: she aredceorrodedcerackederroded, broken, worn, damazge,seized;C in-clude: eksngere pair, mestal, reinstalled,,re place;

location: comesjromretainedreeeivedf(part),loeation;
removed: canniblizsedreplace, remove;
primitive: engage,disengage, open, use,pak, manufactured;
symptom: aurgingcloggingsaturatedcontaminated, discoLoured, overheating,

wiped(bearing);
investigative: inspect, testing, monitoringinvestsgttion,

troubleshooting;
maintenance: cleaning, flushingwashing(water);
operating: start(motor)jaks..over, rotate, turn, operatefunctional;
inoperative: inoperativefailed, de gradation, reatrictaeloss(part),

aborted(engine...start);
change-measure: adjust, maintain;
lowered: deerea~e,dropLos#2(scalar);
raised: increase;
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The verbs that appear in bold;.face in the verb hierarchy tree are listed below in the order in
which they appear in the taxonomy. Each verb in followed by its decomposition and the syntac-
tic mapping rules and semantic class restrictions for the semantic roles in the decomposition. If
the decomposition can be further decomposed, that is included as well, with the mapping rules.
For example, the last verb is reveal,

VERB: decrease

followed by its decomposition,

DECOMPOSITION:

decrease

becomeP(loweredP(patient(p)))

and the associated rules for filling in the semantic roles. The patient role can be filled by the
subject or the object of the sentence, and the semantic class restriction is that it should be a
scalar such as pressure or temperature.

MAPPING AND SEMANTIC CLASS RULES:

syntax: patient <- obj

syntax: patient <- subj

semantics: patient(p) <-
find-type(pscalarcontext)

In addition, decreae can be decomposed further. The becomeP, a time operator is removed,
and then loweredP is decomposed into two below? predicates.

DECOMPOSITION:

becomeP(loweredP(patient(p)))

loweredP(patient(p))

loweredP(patient(p))

belowP(goal(f),ref-pt(r)) & belowP(goal(g),source(s2))

The new semantic roles introduced by the below? predicates have their own mapping rules and
semantic claw restriction rules.

MAPPING AND SEMANTIC CLASS RULES:

syntax: goal <- pp

semantics: goal(g) <-
checknumeric(g,amount,context)

-.



syntax: ref.pt <- pp

semantics: reLpt(r) <-

check....umric(r,amount,contet)

vnyat=. goal <- pp

semantics: goal(g) <-

check-.numeric(g,amount,cofltext)

syntax: source <- PP

semantics: source(s2) <-

check..umeric(s2,amount,contet)
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VERB.-be

DBC0OMPOSMTON:

be

be..ropetyP(md(omepredlcateexpreumloa))

MAPPING AND SEMANTIC CLASS RULES:

Synt mod <-. adj

semantics: miod(some'prodicatlngexpressioa) <-

true

VERB: believe

DECOMPOSITION:

believe

MAPPING AND SEMANTIC CLASS RULES:

myatah exqperlamer <- suhi

semantics: expeuiencer(el) <-

£and..tmp(el malmateocoatext)

syata= them <- subj

syata theme <- ONi

semantics: tkeme(t) <-

IAd-smyp(t,prop,contezt)
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DECOMPOSITION:

cauueP(iastigator(I1),boeomeP(kaowP(.xpuiencu(el),them())))

MAPPING AND SEMANTIC CLASS RULES:

mystax: instigator <- pp

syntax: instigator <- subj

smaaatlcs lnstlgatoril) <-
a&.ov~at-typ.QlAvmstigptiv.,coatext)

smantlern Aitgator(11) <-
£ t. WasckaaleaLdevicecoutext)

syntax: emedper <- pp

syntax: exp.,Isac <- mbi

nasnatims .xperiencer(e1) <

Syntax: thmm <- subj

uyutam them. <.Obj

semaatlw thme(t) <



*VERUL.mms

DECOMPOSITION:

becommP(seisedP(patient(p)))

MAPPING AND SEMANTIC CLASS RULES:

syntax: patient <- subj

syntax: patient <- obj

semantics: patient(p) <-

fkn&..subp&At.tp(p,spin...element,context)

VERB: erode

DECOMPOSITION:

0 erode

erodedP(patlent(p))

MAPPING AND SEMANTIC CLASS RULES:

syntax: patient <- subj

syntax: patient <- obj

semantics: patient(p) <-

findtype(pomehanicaLdevice,context);findLtype(p,component,context)



VERB: replace

DECOMPOSITION:

replace

causeP(agent(al),becomeP(exchangedP(objecti(ol),object2(o2))))

MAPPING AND SEMANTIC CLASS RULES:

syntax: agent <- pp

syntax: agent <- snbj

semantics: agent(sa) <-

Sindtype(al,amimate,context)

syntax: objecti <- obj

semantics: objectl(ol) <-

fin&.type(ol,mechanicaLdevice,context)

0 syntax: object2 <- pp

semantics: object2(o2) <-
Sindtype(o2,mmchanicaLdevice,context) &
iu...part...of(X,o2,context)

DECOMPOSITION:

causeP(agent(al),becomeP(exchangedP(objectl (ol),object2(o2))))

becomeP(exchangedP(objectl(ol),object2(o2)))

becomeP(exchangedP(objectl(ol),object2(o2)))

ezchangedP(objectl(ol),object2(o2))

exchangedP(objectl(ol),object2(o2))

mlseingP(theme(t),source(s2)) & includedP(theme(t),goal(g))

MAPPING AND SEMANTIC CLASS RULES:

syntax: theme <- subj



synta&: them <- obj

semaltlcs tkeme(ol) <

true.

Vant&= source <- pp

semantics: oource(s2) <-

rn..part-.ofgs2,ol,context)

syntax: theme <- subj

syntax: theme <- obj

semantics: theme(o2) <-

true

syntax.. goal <- pp

semantics: goalgs2) <-

ks.pat..of92,o2,context)



DECOMPOSITION:

cauueP(agent(al),becomeP(operateP(actor(a2))))

MAPPING AND SEMANTIC CLASS RULES:

syntax: agent <- pp

syntax: agent <- subj

semantics: agent(al) <-

hndtyp(al,animate,context)

syntax: actor <- subj

syntax: actor <- obj

semantic.: actor(&2) <-

*Lndtyp(2,mechaucaLdevicecontoxt)

VERB: rotate

DECOMPOSITION:

rotate

rotateP(actor(&2))

MAPPING AND SEMANTIC CLASS RULES:

syntax: actor <- subj

syntax: actor <- obj

semantics: actor(a2) <.
Aatp(a2spin..ement,cont-ext)
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S VERB: operate

DECOMPOSITION:

operate

cauaeP(ag~at(al),becomeP(operateP(actor(a2))))

MAPPIN~G AND SEMANTIC CLASS RULES:

uyatax a&put <- p

syntaz agent <- subj

emnantles: agent(al) <-

find-typ.(a 1,aaimate,context)

myntaui actor <- uubj

Vyata= actor <- obj

.smantim actor(al) <.0 £Andtype(a2,mhaalcLdevicecoatext)

VZRB: tanl

DECOM6POSITION:

fail

boumiP(IaopmatlraP(patient(p)))

MAPPING AND SEMANTIC CLASS RULES:

syntax: patient <- subi

syntax: patient <- obj

eatiew patiest(p) <-

Sad-type(p~mekaaka&Ldovlce,contezt)



VERB: ipt

DECOMPOSITION:

inpc
inspectP(&ctor(a2),tlkeme(t))

MAPPING AND SEMANTIC CLASS RULES:

syntax: actor <- subj

syntax-. actor <- obj

semantics: actor(&2) <-

hndtye(2,&mmate.context)

syntax theme <- subj

synax: theme <- oh]

semantics: theme(t) <.

true

.12.



VERB: decrease

DECOMPOSITION:

decrease

bocom.P(loweredP(patient(p)))

MAPPING AND SEMANTIC CLASS RULES:

syntax: patient <- uubj

syntax: patient <- obj

semantics: patient(p) <-

find...type(p,scalar,context)

DECOMPOSITION:

b~comeP(lowewedP(patient(p)))

0 loweredp(pationt(p))

loweredP(patient(p))

belowP(goal(f),reLpt(r)) & belowPfgoal(g),source(u2))

MAPPING AND SEMANTIC CLASS RULES:

synta= goal <- pp

semantics: goal(g) <-

chockAunmeric(g,amount,context)

syntax: r.L-pt <- pp

semantics: nefptfr) <-

check aumerie(r,amount,context)

syntax: goal <- pp

semantics: goal(g) <-

ch~ck...umulc(g,amountcontext)

sn~tax source <- pp



sumatlems oumc(s2) <-
ck-k.amaic(82,mmiout,cotext)



APPENDIX G

Conjunction In Meta-Retriction Grammar

This paper, by Lynette Hjrschman, appeared in the Journal of Logic
Programming, Vol. 4 (299-328). It describes the handling of conjunction in
Restriction Grammar, based on the use of meta-rules. The paper describes how
a number of complex conjunction problems are handled, including the scoping
problems for conjoined nouns, the "comma" conjunction problem, and paired
conjunctions such as both... and.
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J. LOGIC PROGRAMMING 1986:4:299-328 29

CONJUNCTON IN
META-RESTRJiCFIN GRAMMAR

LYNETT EMHRSCHMAN

T7his paper describes Meta-Restriction Granma for parsing coordinate
conjunction in 'English. Meu-aestniction Grammar consists of Restriction
Grammar, a logic grammar implemen~tation of Sager's String Grammar.
plus a meaamtcal component that automatically rewntes "base"
grammar mkls Into more complex ruks to handle coordinate conjunction.
The approach resembles, Sedogbo's approach of -empty elements" or
"holles." This avoids the combinatxorileplosion due to backtradcig In the
treatment of Woods. Sager, and Dahl and M~cCord. Restiction Grammar is
well suited to metapammnar extesions, because the asence o( parameters
in Srammar rules facilitates the saement of metarules. The meUamai
cal, component generates grammar rules specifying allowabl coujoininps at
limited types o( nodes. to reduce redundancy. MetaRisaucton Grammar
represents both the sufac structure and a regauai structure (via
pointers to elided elements) for effcient computation of selectional restnic-
dorns. This iaph is suffciently powerful to handle a number of complex

pb nmena, such as conjunction with comma (as distinguished from the
appositive construction). paired cjunctions such as bwh ... and.

er .. or. and scoping of left noun modiler under conjunction. Oue of
the preat attractions of the metapramwa approach is that the grammar can
be translated and ee.,piu resulting In as ecient treatment of conjunc-
tiorn (parse times of 1 to 3 seconds per parse). This contrasts ith the
interrupt-driven approaich where an iterpreter genertes rules for conjoin-
ing structures on demand, making it impossible to compile the couuspete
grammar.

AAm sorpc to Lyamus Hkocom Symam Dewiapam Campcoe. P 0 &O I 51
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3W0 LYNETTE HIRSCHMAN

1. IN'MODUCTioN

Conjunction has long been a major problem for natural-language processing sys-
team. Conjunction introduces scopmng problems of adjuncts relative to the conjoined
elements, problems with null (elided) elements, and generally a potential combina-
torial explosion of parses. Because of these difficulties, there have been few attempts
to treat the problem in its full generality.

Among the earliest (and most linguistically complete) efforts was the conjunction
mechanism of the Linguistic String Parser (LSP) 110, 91. Another early treatment
was the s CONj approach of Woods (141. In both of these systems. the goal was a
general treatment of conjunction that did not require an enormous proliferation or
duplcation of rules in the grammar. This was done by a general interrupt mecha-
nism activated by recognition of conjunction words, such as and. but, or the
conjunction comma, as in apples, oranges and bananas. Once such a word was
recognized, normal parsing was suspended; a portion of the definition under
construction was dynamically copied to accommodate the conjoined structure, at
which point normal parsing was resumed. The resulting structure (parse tree)
refiected the scoping of the conjunction with respect to other elements in the
sentence, in particular. left and right adjuncts.

The advantage of these treatments was that one general "metarule" was sufficient
to generate definitions for all conjoined structures. Also, in the LSP system. the
handlin of cnjunction was made largely transparent to the grammar writer by
invoking a special set of routines that automatically detected conjoined elements
and them iterated resrictions over all conjoined elements.

The internopt-drivea approach has dificulty in controlling redundancy. as well as
in controlling backtracking. Due to the geerality of the conjunction mechanism.
many redundant parses can be gerated unless types of conjoining are severely
restricted. The LSP solution to controlling redundancy has been to restrict conjoin-
ing to several types of nodes and to insert various restrictions to remove other
redundancies. The top-down, backtracking strategy also results in ineflicient par.-
ing. especially when parsing multiple conjunctions and conjunctions within prepomi
uoeal phrse.

More reetdy, there have been several treatments of conjunction within the
framework of logic programming [2. 131. Both of these works are based to some
degree on the earlier approaches of Sager. Raze, and Woods. The work of Sedogbo
requires the grammar writer to modify each relevant grammar rule in two ways:
first, a predicate CONJ is added to generate a conjunction option for each rule
where conjunction can occur; second, each element that may be omitted under
oojunction has an empty option. hole. added to it. The Dahl-McCord approach
ues an interrupt-dnven interpreter. triggered by recognition of conjunction words,

Sog-ea te appropriate conjunction options.
Th present paper describes a metalogic grammar influenced by the metagram-

matical approach of Generalized Phrase Structure Grammar (GPSG) [41. Meta-
Restriction Grammar provides an explicit metagrammatical component that auto-
matically generates BNF definitions to parse conjunction. It is based on the
Restriction Grammar framework 16. 7]. which, in turn, is a logic implementation of
Sager's String Grammar [5, 12). Meta-Restriction Grammar uses a compact
metagrammatical component to rewrite certain " base" rules of the grammar into
more complex rules for handling conjunction. Because Restriction Grammar does

7 I~
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not allow parameters within BNF definitions, it is extremely well suited to a
metagrammar approach. In this respect, it extends the treatment of conjunction
proposed by Sedogbo [131: it builds conjunctions only at certain types of nodes. and
it uses "null elements" ("holes") to avoid the combinatorially explosive backtrack-
ing approach of Woods, Sager, and Dahl and McCord.

An important feature of Meta-Restriction Grammar is its ability to represent
both the surface structure and a regularized structure. It does this by using
unification to set a pointer from a gap to the filler of the gap; this preserves the
scoping relationships, but also provides fast access to the filler. so that syntactic and
selectional restrictions can be computed easily. Another important advantage of the
metagrammar approach is that the grammar can be translated and compiled [3].
This contrasts with the interrupt-driven approach, where an interpreter generates
rules for conjoining structures on demand, making it impossible to compile the
complete grammar.

The remaining sections of the paper will describe the implementation of Meta-
Restriction Grammar and its solution to the problem of coordinate conjunction.
Section 2 presents a brief overview of the Restriction Grammar implementation.
followed by an introduction to the String Grammar formalism. Section 3 outlines a
wide range of conjunction problems and how they are treated in Meta-Restriction
Grammar, including paired conjunction such as both... and, comma conjunction,
elision of elements under conjunction, and distribution of left and right modifiers.
This is followed by a brief section on implementation and a conclusion. Four
appendices show various facets of the Meta-Restriction Grammar system: Appendix
A contains a listing of the BNF definitions for a medium-coverage grammar of
English; Appendix B contains a description of some of the basic data structures.
restriction operators, and routines underlying Restriction Grammar; Appendix C
contains the metagrammar for generating conjunctions, including all of the conjunc-
tio restrictions; finally Appendix D shows some sample sentences with conjunction
which were pained with the grammar in Appendices A-C.

2. NOIRECflON GRAMMAR
Restriction Grammar is a grammar-writing framework in PROLOG. It is derived
fror SW's Suing Grammar (5, 121. which uses context-free BNF definitions,
a~mssted by reascion or constraints on the shape of the parse tree. Aside from
my theoretcal consideration about logic grammars, Restriction Grammar is useful
mpnly beoua a very comprehepsive English grammar exists in this framework [121.

As a imbur o the claiss of logic grammars. Restriction Grammar has several
eauuuag_ .as that distinguish it from definite-clause grammars (DCGs) [8]. First,

lb p mue is automatically constructed by the interpreter, to reflect the context-
bs ds&Wm sucosafully applied during sentence analysis. This ontrasts with
DCG& woboe gammar writer is responsible for specifying a parse tree by use of
p -- esvis ther logic grammar formalisms, such as Modifier Structure Grammar
( *a pnwwld asmmic g..wabon of analysis trees.) As in DCGs, the non-

n-Ifnm pu mc- of tM grammar is provided by retrictions or constraints.
Hwa, m. thes iw Re mictioa Grammar obtain the contextual information
bv soon" th pwud bwlt pwne tree or by inspecting the input word stream.
P w Owe No airo ml pwamew to the BNF definitions, as in DCGs.
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Ther a*e severl Wnpanhl mivemmeg to dim imphis parm r from
the DEF dwhui . 0.. advantap is the mcre om peedw*M a d reI bt of
the BNF dolmdtio ad their ssociaued resumnos. te S NF ddmuoe do
mot become chimed with mars.iw pirmeters (m Appmdli A for the ON4 F
paron~ of a romn paomar camq a majr I - olo of gnhihj Although

rurFtiM~ whem low in Ahe SNF dofisom hm no mphau parameters. #A
reukdetoms doMi act have puaumes a Raeneto Ornmar. namely their
stawun point tn the tre and thoentm word hat. but the aimrrese hides those
from the poimar writer during the formulisom of the BNF ddmtioms. TM@ sncood
advantap of hiin purmues is tha it omphMe the minainin eiormousl%
The motarammar wich purai the mew rule for cooquacs is extremeih

cm act ssn of two nales: ame for sump. and the othe for hwd-plus~wodiAlr
structure (see Appendix 3).

One drawbeck of Restriction irisnor is that it requrtextra mochiuer for its
ezetin . whereas DC~s require only a mwauia interprete sopponed durecl% in
the PlOLOG iupeinutauos. Howver, ths etra -16-ar 5 ned mno Wead to a
los of performance. We have rnmy completed thOw lmeito of a fieable
tranlator for Restriction Granar (3). The raslator conwitaseadh pamar Mie
into a PROLOG cdune vey suida to a DCG daue: the head consts of a

paraeteIas INF deiniti. whil the body warns.~ of woqunction and or
;dquoiction of furher parameterind deima amd comiuu The resuting
translated code is then compid by the PROLOG copiler Ow BAwble trusamaor
provides addiional ecioucy by supportng dyastic rile p n based on the
input word stmm Tis is done via mous no- beie the traslated code
(where so dynmc interaction is rquired) and inupresd co& (fo dynamcs nile
pruning) The Bible eramlaor coupled with dymamc: rule p m - produce a ma
fold speedup over the iterprtd vwuio; parse town for most serntoomu mae wm the
range of 1-3 seconds. includin smuico with coqctoa (sea Appendix D)

A bestation on lartom Ormeor a tha the parve trw relects omly the
surace structure -oJ~ . Howemer the Rinwm Contaira mcuso mochisius
keep a pai of parameters for the constuction of a epore semanti opusen
tabsoo during parsng. leuctiom Oroiir itself akes mo constrat a the type
of eupuenatioa constructed by the antac component. Our present santic
representation (no discussed here) is mumabled by a special sot o( raestwmtin.
however, we are in the process ofimenuinig a compositional santancs baued on
lambda converson.

Itis. actually an advantage to deouple the semnticw repreenaio from the
syutacMi repmmwtaaon of the input. Fmrt the syntactc stracture is available for
thou phemomona that we iluenced by surace structure (eg.. anelym of focus. or
the interaction of caucamand wb- comitwutans. Socoud. separation of senuantic
represetatmo from syntactic analyst: provides a morm modular system and (acob-
wee" Ip.umena with alternave styles of wsematic eprematmo te.g. preda.
cate-ogic expruos. or lambda notation).

The Resritcuo Lawroffe
An cctio. mechanism controls the application of BNF dedostsons and associated
resutncons. Restnction are applied at the point at which they appear an a BNF
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parent (up) or left sib (left) node is found from the Paub of the current node: in the

case o( parent. it may be necessary to move through all siblings until the parent is
mecbse F

These relations have a procedural flavor. inherited from the implementation of
Restriction Languag in the Linguistic String Pro~ject system [111. They have been
imsplemented in their present form in order to permit easy reuse of LSP restrictions
by preserving the functionality of Restriction Language. The higher levels of
Restriction ILangue are more syntactic in motivation and correspondingly less
procedural As our "ysem diverges from the LSP system we plan to replace these
low-level procedural operators with their nonprocedural counterparts (e.g..
child/paret, dblng).

In adtion to the tree-ezaminationt primitives, there are the IabelKNodeNaane)
relation between a node and its name (given by the label field in the tree term), and
the wu'd(Ned&. Wrd) relation between a node and the word(s) it subsumes (given
by the word aidd of the tree term). Layered on top of the basic tree relations are the
swstiohi. operwams (111. Some of these operators are described in Figure 2. Routines
are built up from the elementary restrictioni operators and other routines, a few are
described in Figure 3. The elementary restriction operators and the routines provide
a modular framework and allow the grammar writer to capture important linguistic
gerlzations within the string grammar framework.

F GM 2Z Primitive restriction operators.

AssAse: semdw ward sums for a particular word;
0"uj: chs a nod* to nos if it is empty;
&%v: MOM& 10 the noe (type) given in Uargumnt 1.

pef discughi nodes (or node type) lised in argumnent 2.
MpeoWg though soda (or node types) listed iW agument 3.

moo t e mande a gumnt4,
i I -I at the node in argument 5;

dsead: don a boeadthi-A dome throug the parse tree.
With the sinw be mOIneMts as 4crad:

avow: owne *ar- at word an the word stream;
inez: eammes the met word. the word stream.

PIGUMS 3, Syuaceic eas

6ads tho baesuc Head of the conrction
dswiftee by the node S88"

Gods thM h/vk adjunct of the censtnacton in whacb Start occurs

dth Swi ws inti an adjunct.
the Hrmd wbwchte adjunct scodales

IffOWe*SIWr. Vff6/
MMn brm &theri suod Iocaesw tom verb under assertion

seem' hrae uameflce end locates the object of the - verb
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String Grammar Concepts
String Grammar distinguishes two classes of structures: exocentnc ("headless")
ostrctions, and endocentmc constructions (constructions with a head or center).

The distinti between endocentric and exocentic constructions is taken from
Harris's early work on string analysis 151, but has its root in classical structural
linguistics, eg. in Bloomfield [Il.

The constituents of an endocentric construction form a phrase of the same
category as the head of the wnstruction; for example, the old disks is a noun
phrase, whose head is the noun disks. The constituents of an exocentric construction
form a phrase of a different category than the categories of its constituents. An
assertion, for example, consists of a noun phrase plus a verb phrase. but is not of
the same category as either. Similarly, a prepositional phrase is made up of
a preposition and a noun phrase; it is considered to be neither a noun phrase
nor a preposition but rather a distinct entity whose distribution differs from nouns
and prepositions.

In string analysis, exocentric constructions are called strings (it is this notion of
string that gives its name to the Linguistic String Project). A string consists of two or
more obligatory elements plus optional string adjunct (sa) elements. For example.
an assertion can be defined as having obligatory elements -subject + verb + object,
with interspersed sa's; a prepositional phrase (pn) is also a string, with obligatory
preposition p plus noun string object (nstgo):

mwnertlm: - s&,=bct,verbunAectsa.0pm -- Op. o. ( indicates a terminal symbol)
In Restriction Granmar, the endocentric constructions are called lxr construc-

tions, derived from LSP terminology for left-adjunct + x (head) + right-adjunct. An
UP construction consists of a (possibly empty) left adjunct, a head, and a (possibly
empty) right adjunct. This is used to define noun phrases, adjective phrases. and
various forms of verb plus associated modifiers (tensed verb w in the lwr construc-
tion, present participle ueng in the Iingr, past participle yen in ho, and infinitive
v in /or). Thiese endocentric constructions are shown in Figure 4.

esmriction Grammar. following the LSP implementation, provides a mechanism
for grouping nodes together into syntactically motivated types. Some of the major
types are shown in Figure 5. These are atomic (terminal) elements strings. lxr
cadjuncts (ao e), and left/right adjuncts (ast/ramose).

Using the type definitions and the related notions of lxr and sinng structures. we
can define a number of additional routines which capture basic linguistic relauon-
ships. For example, the routine core And the head of an Lxr construction: get_tvrb
finds the man verb under an assertion; and geteob finds the complement of the
man verb under an assertion. These last two operations are nontrvial because the

VIGJR 4. /x camsacosw.

mr : Is, avar, M. (weve ovar bhtvs a n o proM /
In:: . .adj, - I"ra. Uoiwes a emunal SYR")
ivr -: -Iv, °tv. rv.lviw ::- IV. OVW&r-
vm:: v Iv, , rv

h1w:: .I. v. ,rv
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N
y ,e ,j",slar ,l ,D.

typ 6a4ftjhIvmaD.

VIGVR S Seectedtype lists,

gammar handles ai vebs, including auxiliaries, uniformly in terms of strict
subcazegoriatiom for possible complement types. Thus a verb such as ho u has as
its complement types the pam-participle constructim (ceo-po puanct +

jec), as well as the direct-object (nsrg) construction. Similarly, the verb be has
the progpmve construction (wmig -prewt perflcpk + okject) as a complement
type, and also passive (W eU - past participle + passive object, as well as objecibe.
which contains predicate adjectives, preod te nominals and predicate adverbials.
The aubcategorizatimo is applied to ano, Jy appropriate objects for each verb.
The result is a very uniform handling ot -erb complonents. but also a "nested"
complemnt sucture, where an ob t node may wel contain a participial form of a
verb (the main verb of the sentence) and its complement. Appendix A shows the
BNF deinitioms for such objects containing participial forms of the verb.

The distinctio between adgoentric and e=cmtm constractioas is central to0 .Suing Grammar and is redacted in dw speciAs of the pa ar described here.
However, out Vs approach to cojuncdo is larly independent o Sring
Grammar theory: if a particular theory cers certain coustituent differently
(e., prepositional phraes as esdoentric, with the preposti onsen as a type of
case marke), dis culd be accmiodad with minor changs in BNF d6initon
and qpecdc ostants; it would not affect the eral coujunctiou mechanism.

3. T114ATMENT OF CONJUNCTION

The goal of our treatment of coordinate conjunction is to provide a compact.
dkient. inguiscally motivatad treatment of conjunction. Ideally. this treatment
should be transparent to the prammar writer, so that treatment of conjunction can
be separated frm a statement of gneral anug rules.

The overall apprach of Meta-Restction Grammas rsembles closely that taken
by Sedogbo 1131. In Sedogho's treatment, a conjoined st wture is accommodated by
duplicating te entire pecoaunction structure following the cojunction. To account
for the dision or reducti that may take place under conjunction. certan elements
are demipaed as null dements ("boles" i Sedogbo's terminoogy). This eiminates
the problem for example, of separately generating three distinct rule to account for
reduced subject. reduced verb. or reduced object. in the cases shown in Figure 6.
(Parsee for these enteces are shown in Appendix D.)

Mets-Restrictm Grammar uses a variant on this approach. Rather than copying
the conjoied mawem. the intagrammar cope the hArwe,. Ths means that all
option and restrictons of the original deiation are available for the conjunct. A
"gap" created by reductm under conunction appears as a special null element.
um&, in theparse. Each p keep& a rcord of the corresponding explict element b%
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of uote t he mid Mme a ca is smew'. for pepm nof agrement. udeection.
eec However. it is Wqxonmn tha Owee be anly am copy of eueyae. wnth loaca
soape over the omWe asertam: *fr&r apm.. X. X ua Ate heor X dwes a
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and pinmed thm em a - smo; m whomee had -- bee om ami. the
mas sa popped to yul the not asqesee. mod the mminmom wes @epp"ud. The
mewamoeutiaow Goomer approudh dm. m previde wmmic mmasas for
cmpoloom at ts tims. Hkowver by sen4 pumae m t Uw pt aformati. it

by miI~ a. rostine ewe to leek. the word Gld of a muil made for impicit
inlouhs. an uetisa iWA n volvig the head of a comsutwm seek eqali% *el
as empit or ampfi amua This iluus the modularit of the appwh
and the udvaep of @W psmi reumes (uch m cw) to soci.i mlommto in
apprm

As danesmed W the previou nets. Raaemam Oomer &saapushi two
doen of striium esoemmc comssuam or Map. mandoceittric construc-
am or Lar coeaim Nuas thait rus so -Mea tik it probluaii we %il

Cewpinn of SOMng
A mnig cammasus of two or more obbgatoN ilmns and ciptimal %inn# adjun..a
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(wsi.(wcoq). (wuadcOb;)):

iuuin N7. w I*u a. COrst. COIDN is suilg.

hikmus bye aew Swriss ail soe addomal constraints specific to conjunction:

Tbe, nkl geu aeq v shown in Figmr 7 is called by a rule which instanti.
son doe mviiab SIRINiG for each dellnitio. of type zanng; Isiretu omiJ sw
fonm the oranal vmm.. of mam~ and replaces, it by the two rules. for two
difams am u of aconcton. The metarule also adds the cotijunctioni-speific
IOU Itam (WuaP). (wses@4). and (wedleOb). wiich mre explained ini Figure 9.

In addifiia to repilacing aacmuncsim rules with ruls containing conjunction.
Oner isrw a imal sot of deieitiona ruquired for handling cosaunctios. These am
aha -- i A re 1; the redsos in these defiitions mr explained in Figure 9.
Then Adisilds a defin it the conjuncton itself (coy wd). which can be eithe a

uqinulomor a cami. lulowed by a coquacon. 'Tb term swoe'd (-special
word") v -a a the ueqtmcam vwd clue is tierminology inhuuitad from the LS~s
woriia inem 'pt-4hiv eamism which recopaxzed "special words" to trigger
the iirup i The qtswi's imcli m. or, Wu. ar wU t, eMc The remaining

de~tlme in Figre S provide for Aii. of elements under Swins conjunction via
te a*e *owum AhM deflabtons as contain restictons to control elision.

Thaw ' several seam peclar to the conjuncio of Strisg structures. One is
that the reqIr- dsvieaits of a (moncomqoined) string atrsfonempty However, under
ocmon ~ - of theset rquiredeemiests (=aet vpb. objet) may be reduced.
u Ikehsuasd by tnhe us. of Fgur 6. This general approach Mapies equally to
-~co ieer the omplex objets accounting for sentences Such as:

7he Pdd eurfuir hia. so th di Ae and (o rViw th bowd.

7Thek avpwdd pi to a mO but xs to awt the head.
Yhe *pv m her "" dad te )I" engtuRW Wdl aQW the dAsk.

UW1 SAd~tseul UK? fteitim to beadl oqicuo.

inq d o r iv. WodkIWW*

inqud. a *eq).ord
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it pmerit wad is comma. alows co tio only i
thA is a "rd" coqmnotim ahead. skipping over the
am wad (to avaid taking Muma as conunction in ". &ad').

WCeJ:I
dmks that if cq wd is comm - den there is a noncomma

if verb is nulc. then both subject is not nulic. and obJect is not empty.
sod it is within a cajunctio

checks to make mue subject is under a conjuoctio

ets painter to suject tree from prevs conjunct.

cheks to maMe sure verb is under a conjunction

allw verb to be nullc if in a conjunction:
also ma pointer to verb tree from previous conjunct

checks to make sure that the next word is a conjunction
wsuudObj:

if object is nilc.
then locaes the main verb & checks that it is compatible with the object:
ats pointer to explicit object tree in following conjunct

FIGUE 9. Sting coqunction restrictions.

Restrictions are perally divided into two classes: disqualif restrictions (whose
names begin with a d); and w, -fow&ds restrictions (whose names begin with a
w). Disqmaly restrictions apply before a node is built. to determine whether the
appropriate envionment exists for applying a particular rule. Well-formedness
restrictions apply after a node and all its children have been completed. These
restrictions check consistenc, for example, between a verb and its object. or subject
verb aemnet. In the case of conjunctions, they have another important function.
namely setting the pointer of the nulk (gap) node to the corresponding explicit
(filler) information. The set of restrictions for string conjunction is shown in
FReM 9.

Conjoining Lxr Structnwes

Conjunction of Lxr nodes presents a different set of problems. The Ixr nodes are
characterized by having one essential element (the head) and left and right adjuncts
which may be empty or filled. The principal problem in handling conjoined Ixr
elements is to indicate the proper distribution of the adjuncts over the conjoined
dements. The phrases in Figure 10 iliustrate this problem.

Because adjuncts may be empty in the normal course of parsing, we chose not to
geerate special muc elements for them. but simply to let them take on null values
when reduced under conjunction. Thus mnlk is an option reserved for essential
elements in a string. Adjuncts take on the value null which can be updated later to
include a pointer to the eided information, if it turns out that they are reduced
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the IAm reploanewns.d adjuow
-w the e rqlw and Mhe last adjuritramm

distibutio of adjuncts over both conjuncts

seh had the nuada and munp
- she hos had the neatles and she has had muarps
no dustributio of article over second conjunct

they quick4) replaced and adjurted the conrroller.
-they quickly replaced the controller and
they qickly adjawed she cmntroller

distrbutio of adverb over both conjoined verbs

due to a bad circid board or ware in t disk drive
- Ame to a bad circuit board or due to a bad wire ??i the drive
ambiguous: in the drive may distribute over one or both conjuncts.

FIGUR 10. Eamples of conjoined lx, structures.

under conjunction. This avoids having to decide prematurely whether an element is
empty because it is really empty, or empty because it has been reduced under
conjunction.

The examples of Figure 10 illustrate that conjunction over Ixr constructions can
often be ambiguous from a strictly syntactic point of view. The constructions can
only be disambiguated by the use of semantic information. Therefore the job of the
syntactic component is to generate all possible readings, so that the seatic
componet can select the correct one. Ideally, of course, the syatactic and seatic
components are intrleaved, so that the choice can be made as soon as possible, to
avoid a combinatorial exploson of parses. However, the currnt treatment of lxr
conjunctions avoids some of the combinatoria exploson of the LSP or syscoNs
treatments. The LSP and syscomi treatments produced distinct surface structure

corrsponingto sach distinct distribution of adjuncts. This led to inefficienicie due
to large amounts of backtracking when parin conjunctions. The Meta-Restrion
Grammar approach is to confin the problem of adjunct distributio to seveal Mial
restrictions within the lxr node. Fgure I I illustraes the metaprammar rules used to
generate Lxr construction. Note in particular that the rules governng adjunct
distribution wcmij l and wcmy ix (demebd in Figur 12, are applied only when
the final cojunc has beow readied; at this point. they are applied once. to the
antie conjoined structure Thus if it turn out latier that it is incorrect backtracking
ocur -el into ame of dism etrictions. nito die UPi structur itsel

As indicated by she mssguara rules there are three restrictions involved in
parsing the Up, cosucao one of them. wcuusji. a&Bows comma as a conjunction
word only if there is also a "real- conjunction word connecting the final conjunct

MGUJh 11. Mwtainwa rides for hr, owetmam

piwweeqlu(LXRi -
rewc(UlXR - Rltmkl

mw (XI-wd.. X.WO.1) _M11.
((aq %AA.LXR.j'a3)),
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computes distributed e s of Ix u conjunction;
This procedure should compute only distinct reading , via backtracking:

initial reading is distributed reading: backs up into local reading.
Algorithm climbs to top of conjoined LXR pile,

and computes distribution pawise. traversing down the chain.

WCOqj_?X

computes the distribution of the right adjunct under conjunction:
it starts from the lowest (last) pair of conjuncts.

assigns the higher of the two either a distributed reading.
or a local readin;

then finds the next right-adjunct above the current pair,
and calls itself recursively.

FIGURE 12. Restrictions for parsing Ixr constructions.

This rule is general to both the Lxr and string constructions and has been discussed
above. The other two have to do specifically with the distribution of left and right
adjuncts.

Both wconjx and wconj_rx operate from the final element in a series of
conjoined elements. Both operate recursively, computing distribution of adjuncts
pairwise, before propeusing to the next higher lx/rx. However, they traverse the
tree in opposite directions. Since the first (higher) Ix is explicit and the second may
be implicit, the algorithm for Lx climbs to the top of the xr nest, and then traverses
the structure recursively downwards. For the rx, it is reversed: the lower rx is
explicit, and the preceding one may be omitted. Therefore, traversal is done from
the bottom up.

Both constructions draw on the same routines: if the explicit element is empty.
then there is no difference between a distributed reading ano a local reading. since
there is nothing to distribute, as in cats and dogp. In this case. nothing happens and
the restriction moves on to the next pair. If the explicit element is not empty. then it
looks at the other adjunct. If it is filled, then again, there is no distribution of
adjuncts possib, as in the coneoiler and the head. If. however, the other adjunct is
empty, as in the comroiler and had, then the is a possibility of distributing the
adjunct; this is done by setting a pointer from the word field of the reduced adjunct
s to the explicidy lled adjunct, as 4escribed for string cosjounpm . The distrib-
ued reading is the Arst reading generated. On failure, there is a backtrack point.
allowng a wel readin to be generated; this local reading is explicidty marked b%
iuw in a fa eel into the word field of the empty adjunct. The local reading.
bowever may not aways be alowed, for example if the lower cojoned noun must
share the desuminer of the firt noun.

The above desimption apipies to the #aeral case of left and right adjuncts. but
mo to a very important excepIo, namely the left noun adjunct or In This is

be.m . the in is itself a suing. consisting of a senes of slots for vanous tpes of

Inh . *. qp" ,"es. ines.

Thes dots are for pomnous for artwJes (Up.). numecal quantmier qpos ).
adectves (pe). sind compoud noun modifiers (apas), as to the doz-eo cnip

A h . Daisbuton of adjuncts witun the h, must preserve prope. bracket.

i ~ ~ ~ ~ ~ ~ -IA Mr I W " '"'.
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ing& That is, in the phrase the dozen crisp doughnut holes and six oateal cookies. the
adjective crisp cannot be construed to modify cookies, because there is a quantifier
six "blokiJng this reading. Without the second quantifier, crisp could modify
oantea cookies: ithe dozen crisp doughnut holes and oatmel cookies. To capture this
"proper bracketing" effect, the code for distribution of In elements is substantially
more conm as is described below: The general restriction wconjLx determines
whether it is dealing with a left noun modifier. in which case it invokes the

speialzedcode in Figure 13; otherwise. it uses the general algorithm described
abv.Figures 14 and 15 trace the assignment of adjuncts for the phrase the last

FIGUIE 13. Algorithmn for computing distribution of left noun modifiers.

compuites distributed elemnts of In under conjunction. based
on the following observation:

if an element of In, (e.&. apos) is "local", then to pmresrv
proper scoping. everything to its right must be local.

Algorthmn to compute whether parts of lower In at~ in scope of upper IR:
gvn nupper covjoied In andalIowar In.

1. move throu* lower In and if an element is filed.
mark everything to its rogt as" 'bear;

2. locate last element of sapper ht and of Iower In;
3. if lower elemt neither filed a"r local.

then d sapper element is Abed.
then either iet pointer to it in lower element

nd mink it and all elements to its left as diuted
or iskit a local and- letin r upper Isd eatsup 3

7buprcedresholdcompw aly ditntredft i backtracking

KIUR 14 hal wema t of dmusbssed 84micts

Tre Amewq Awmuoa of .. McU - b. /or Pinw

the : At A m a wAk amnd lo the 4. MOtIW
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replacemet am adjustment of the disk. Figure 14 shows the initial distributed
ag t; Figure 15 shows the parser backtracking into the In and assigning a
local reading to the adjective slot.

The distinction between conjunction at the string level and conjunction at the xr
level allows the grammar to avoid the generation of spurious ambiguities. For
example, Sedogbo comments that his grammar, unless constrained by restrictions.
generates two readings for the sentence John and Peter sleep, one with conjunction
at the noun-noun level, and one with conjunction at the level of conjoined subjects:

subject (lor and bar) verb nuobj.

=*bject (mdc verb + nulobj) and mbject verb mulobi.

We avoid this in Meta-Restriction Grammar by limiting string-level conjunction to
a single "hole," which may be the object in the upper conjunct or the subject or
verb in the lower conjunct. Thus we get a single parse for this, with no additional
restrictions.

Coverage
The grammar described here covers a wide range of conjuncuon phenomena a
listed below.

e Paired conjuncts such as both... and and either... or are handled b% the
appropriate alternative in the metarules.

* Comma conjunction, such as Ie apples, oranges. ad prm is handled b%
the same mechanism as other conjunction types, except that the comma is
allowed as a conjunct only if it occurs in a sequence of coejuncuon ending
with a "real" conjunction, such as and.

* Distribution of left and right modifiers over conjomd hd-plu-modtw
(Lxr) constructions is accounted for in full genuraht-

* Conjunction of lr constructions is accounted for b% a agl meta rue e a

black and white
ca and smd'
heart and kjdnvs
nmalkd and au-ed

are all instances of conjoimnan of /x, cMnarwtxn,

* Colyunctson at the sums level tiched.., pe aiuls r.,

and complex objects. is handled b-- a sat* mirwun t -

land. and the,'& wO m'ud/ eWpr .i and P' 'a * .- '.-

* Spumaua ammbegwaaei at avotided h%. oairatnn o-,
OWN a ane hol per Urm6

At the p : mntam. Uata. LuepM" , 'L ',w it%
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1. Coe.oingd mm with reduced object in relative clause:
TIe dsk which he ioled and she repaired has failed.

2 Coqjined uowim s with reduced subject in relative clause:
Te cAk ,ikh was tld proper bt

was o repared reaprly has been removed.
3. Cocjoiaed kw in relative clause:

The dAsk %*ich he repaired and rnstailed has failed.
4. Conjoined vems in relative dau:

The disk she has repaired but mom installed is old.
5. CAnuoimd u qnmeds, with reduced subject:

Wi ha ben insaeda hW na bm reaured?
6. Coajined whusm with reduced subject:

Who has umsald or will soon istall the disk?
7. Conjoined 3umsq with reduced object:

Has ke intalled or does lw intend to insialf the dk"

FIGURE 16. Covera of conjunction interacting with relative clauses and questions.

There are two limitations to the current coverage of conjunction: first, we have
not yet investigated distribution of sentence adjuncts at the string level; and second.
conjunction of subparts of certain complex objects is not yet handled (e.g.. the car
drove through and coupletely demolished the window). Implementations for both of
these have been sketched out and do not appear to impose any major problems.

4L IMPLEMENTATION
The current system is implemented in Quintus PROLOG running on a VAX 11/785
under Berkeley 4.2 Unix. The system also runs in PROLOG on a Symbolics 3640.
The paning times shown in Appendix D are for the translated, compiled grammar
plus metagrammar listed in Appendices A and C, running in Quintus PROLOG on
a moderately loaded VAX 11/785. This grammar includes some 60 BNF definitions
and some 30 restrictions.

5. CONCLUSION

The previous sections have described a broad-coverage treatment of coordinate
conjunction within a metaranmmtical framework. The emphasis has been on
parsing strategies to generate all possible readings. Clearly. the parsing strategy
must be coupled with semantic strategies to choose the correct reading. in case of
ambiguities. However, the parsing strategy has been carefully designed to eliminate
spurious redundancies, as well as to handle some difficult constructions rarely
mentioned in the literature (comma as a conjunction. scoping of left noun modifiers.
parsing of appositives, treatment of paired conjunctions such as both ... and.
either... or). The metapammar treatment offers an unusually compact and efficient
method of capturing a wide range of conjunction phenomena.
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APPEDI A. USMiG OW DNF DEFIITONS AND TYPES

/0 root node 0/
rootnodesnence).

/0 buf debiliods */
sentance: - center, (r.1;rwi)-
center:: - assertion.
tens:: - (W',w,rv);null.
assertion:: - sasubject.(wsefll).saverb.(wagree) ,sobject-sa.
sa:: M *d;int;pn;nulI.
nun:: "
pn:: - Opinstoo~cOmhla~pt.
coinmaopt:: - (','J;nuli.
subjc: mnstg;((dquest4)nullwh)([thereJ.
nuflwh::
natg:: - (Inr,(wcount))*.lrep
lnr:: - nwln).nvaf.(flounflt).Tfl.
nvar:: - n;*pro;((dn2)lu~n.(wlil)).
null::-
in:: - tposqposaposnpos.(np..agree),
tpos:: - st;whln;nulI.
wblz:: - ([wbosej;(whichlwhtlhowqastg)
howqastg:: - [howlamuchi;nml),((If,t);nU).

apos:: - Oadj;Oven;null.
npos:: - nnn;null.
nnn: - (dnl)4(n;(n nnnf)).
rn:: - pn;vingo;venpass.nul;appos.
appos:: - ra1nstsj','1
nrep:: - [whatJ~subjcctsaverb. (wwhl ),sa.
verb:: - htvr;Iw.
ltvw:: -Iv,tv,rv.
Ivingr:: - v.*vingrv.
Iveiir:: - v,*veflv.
1wr:: -ljv,vrv.
lv:: - ld;nuil
.rv:: - pn,*d~null.
object:: - (dverbobj ) (nstgo;pn;npn;((dsel6} ,objectbe);velO.nl~uobj ;tovo).

{wverbobj).
nstgo:: - nstg;((dwhl),nulwh).
npn:: - ustgopf.
objectbe:: - astg;nstg,,ps;vingo,.velpass;( (dwh2) ,nullwh).
astg:: - lar.
Jar:: -Iaadj,ra.
la:: - *d;nuII.
ra:: - pn;nulI.
vingo:- (dsel5).Iving,sacobectsa.
venpass:: - (dsel),Ivenr,(wpaSbjl }.sapassobj,sa.
veno:: -(desl4),Ivenrmsaobjectsa.
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awfl*b:: -.
thats:: - thatjtassertion.
towo: - tojjvr-sakobjcuia-
pmob:: - (nullobjpn),(wpassobj2).

/* lists0/
yp.(acmjd,njnt,nul,adjve,pro,tv,nilobj.vving.q.nulnnulc.nulwh~w)

M suinjsenpdpnnep atstovoveno.vingo.venpass).
rype(stpq4assrtioitovo,vinoj).
type(&djsftsanJvjzn.rvJaD.
Wpe(IdSetJln~vJaD.

qysradjsftJMrvRa-
r h~ Anr tvrvrvins,lvenrlarD.

typevaellvinrvnjvrltvrveib]).
typ.conjwodjcoqj-wd,4and', 'oe).

APPENDiX &. ELEMENTrARY DATA STRUCTURES. OPERATORS,
AND ROUTIN

S DATA STRUCTURES

tt(Lab" Child, RightSib, Word).
link(FrfeTeraup(Tree~ermPath)).
link(TreeTrmleft(TreeTerin.Path)).

%MOVEMENT OPERATORS
down(link(TrueTerm,Path),link(NewTreeTermup(TreeTermPath))):-

TreeTerm - tt(,NwTreeTemL,,),nonvar(NewTreTerm).

righ~lik(TeTerm,Path)link(NewTreeTennJeft(TreeTermPath))):-
TreeTerm - t(_,NewTeeTem,)nonvar(NewTreeTerm).

un(,upTreeTem,NewPt)).kNewTreeTerm.NewPath)):.
noovar(NewTreeTerm),!.

up(link(Iet(NewTreeTerm,NewPath)).Parent):-
nonvarNewTreTerm),up(inkNewTreeTem,NewPath),Parent).

left(Ink( ,Idt(NcwTraeTemNewPath))link(NewTreeTermNew Path)): -
nonvar(NewTreeTerm).

S RESTRICTION OPERATORS
iooicahead : scans the word stream for a particular word;
empty: checks anode to test if it isempty;
ascend: ascends to the node (type) given in argument 1.

passing through nodes (or node types) listed in argument 2.
not passing through nodes (or node types) listed in argument 3.
starting at the node in argument 4,
terminating at the node in argument 5;

M201
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descend: does a breadth-first descent through the paws tree.
with the same five arguments as ascend;

Word: exaines the currnt word iii the word struam;
fuexs: eamines the next word in the word stream.

S ELEMETARY ROUTINES
elenset(NedeNamn,sStart, End):

searches for a node of type NodeNames
(a list of node names or the name of a type of node)

among the children of Start, storing the node in End:
If NdeNamesStart, Esd)/r('Nodeftani.Start. End):

searches for a node of type NodeNames to the left/right of Start;
last elenwm(Stanr, End):

searches for last child under Start and stores it in End;
last(Stant, End):

searches for last sibling (or coelement) under Start. storing it in End.

S SYNTACTIC ROUTINES
coWeStarr, Head):

finds the linguistic Head of the construction
dominated by the node Stant.

Lift aaWnxStan, L*jkA mt/ldunc t(SgWad an, RighlAdjuncti:
finds the left/right adjunct of the construction in which Start occurs.

head4Sart,Head):
given that Starn is within an adjunct,
finds the Head which the adjunct modifies.

get verStart, Verb):
starts from the assertion and locates the main verb under assertion.

get b(San,Object):
starts from the assertion and locates the objec of the main verb.

S CONJUNCTION ROUTINES
checkNoeEinpty(Node):

checks that a node contains neither an actual word.
nor a copy of a word implicit under conjunction,

copyffilc(EmpyNode, Filled ode)
1. if FsliedNode has an entry in its word field that is atree term

(it has already been restored under conjunction-see 2).
then it is stored in the word field of EmptyNode;

2. If the word field of FilledNode is a word (the normal case).
then the tree term associated with FilledNode is copied into

the word field of EmptyNode.

APPENDIX C. METAGRAMMAR FOR CONJUNCTION
% META-RULES FOR GENERATING CONJUNCTION STRINGS

:-op(1200,xfx,:: i)

:-op(950,xfx,:).
:.op(500,fx,).
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pncaq-of type~ftrLXR), naecoMbr(LXR)faiL
genoa. -of type(string.STRING), generate cotijtu(STRIN0)fail.

poneateconi lxLXR):
rurt((LXR:: - Rule)),
asssn((LXR:: - [bothlftulejandlisaLXR,(wconj bc) .(wconj rx))).
aas(g(LXR:: - Rule

((comjwdxsaLXR.wconj3));
(wconJx),(wconj-r*))),!.

geneate .cauj stu(STRING):
felrmc(STRNG:: - Rule)),
aaaert(STRINO:: - [eitherl,Rulejor]~A.STRING)),
auaen((STRNG:: - Rule,((conjwd saSTRING,

(wconj3),(wconj4),(wnullc~bj));
null))),!.

of-type(Type.Member)
peType,List),!,isin(MemberLst).

S CONJUNCTION DEFINITIONS

subjet:': -(dnullsubJ),nulc,(wnuIlsubJ).
verb:: - (dnullverb).nullcwnullverb).
o*ect:: - (dnulobj),nulc-
nuflc:: -
conj-wd:: -' 'I. spword.
conjwd:: -(dconj2), *spword.

S CONJUNCTION RESTRICTIONS
/* dnulu~bj

cbecks if in scope of conjunction by looking for conjunction
to the left of the parent (assertion) node

dnuilsubj(SW) :- up(SAsser).conj-wordAssen.CW)
/0 dnuflobj

checks if in scope of conjunction by checking that neut word
is conjunction word (has attribute "spword")

dnuUobj(SA W):
wordl(W. _X:jftoot,spword: -YJ).

/.dnuflverb
checks that verb is within conjunction scope by ascending to nearest
assertion and checking that it is preceded by a conjunction

daullverb(s, W):0 ~ ~and(asserton,_adjsetSAsse)j(conj-wrdAssertCW)
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aMows subjec to be null if in a conjunction;
also fi in word field with subject tfme

S tast that immdiate node is conj. woad
up(SAsuer),(coqJwordAssert,Coj).

S locate value of subect.
ksubjectCoqj,Subj). down(Subj.Subj Value).

S locate nuflc And se Pointer from Aullc to subject into word field
down(SNulUmbj).copyNulIcNulUmbj,Subj Value).

/6wmuliverb

allows verb to be znull if in a conjunction..
als sets pointer in word field to verb tree.

wnuflverbS. ):.
I test that immediate node is conj word

*pSAssert),l(conjwordAssertConJ).
Icheck that subject is not nullsubj

((deamn(subjectAssert.Subj),!,not(element(nullc.Subj._Nulc))). true).
S locate cou= of verb. to set pointer fromn nullverb

get verb(CoqjV)own( V,VValue).
S locate milkc and set pointer to verb

down(S Nullvb),copyNuilc(uiverb,V alue).

/6 wnlcObj
if object is nuflc, then locate the mai verb.
make sre that it is compatible with the object;
set pointer to explicit objec in word field of nullc object.

wnuJlcObj(S,_W):
I it object is nullc

elment((objectpassobjl.'S.Obj).down(Obj.Nulc).
test~nulcNulc.Nulk),!.

S then locate the verb
get Varbs. V).

S find the conjoined explicit object
last ceIement(Obj,LowS).
get obj(LowSLowObj),down(LowObj.ObjType).

S make sure that the explicit object goes with the verb
checkVerbObj(ObjTypeV),

S set pointer to it from the word field of the nuilk object
oopyNufl(NullcObjType).

wnuflcObX_, )

/0 dcou2
if present word is comma, allows conkjunction only if, skipping

AMOK next word (to avoid takting comma as conjunction in ", and"),
there is a "ieal" conjunction ahead.
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dC*~2(_S~j',:_XM=cWohDs):-!.
nntl(orWordsNet
loa asaWwordjandstg.orstg jNext, Out).

dcopj2( SW).

/* weonj3
checkrs that if conjstg is comma. then there is a real conjunction ahead.

S/

wcoaj(S W):
(elemmnett(coqJword.S,C),Iast elemet(CCWD).not(word(CWD.A')).!):

(elmen(bLrSLXR),!.wcoaj3(LXRWD);
(e -et(string.S.String).wconj34String.W)).

/* wconj4
if verb is nulic, then both subject is not Aulic, and object not empty
and it is within a conjunction

wconj4S. ):.
lkconjword.S._C),!,
element(verb,S.V).((element(nullc. V._N ulic). !.element(subject.S.Subj .
not(empty(Subj)). element(object.S.Obj), not(empty(ObJ))):true).

wconj*.)J.

/* wconjlx
computes distributed elements of Ix under conjunction:
this procedure should compute only distinct readings, via backtracking:

initial reading is distributed reading. backs up into -local reading.
Algorithm climbs to top of conjoined LXR pile.

and computes distribution pairwise. traversing down the chain.

wconjlx(LXR._):-
topLX(LXR.Top LX).
last coelement(TopLX.NextLXR).
((test(lxr.NextLXR..NextLX R).!.

nI~print(s found next lxr').
element(ladjset.NextLXR.LowLX).conjlx(TopLX.LowLX)):

true).
topLX(LXR.TopLX):

lkladjset.LXR.UpLX).!.up(UpLX.NewLXR).topLX(NeWLXR.TopLX i.
topLX(LXR,TopLX):

element(ladjset.LXR.TopLX).
conjbc(UpLXLowLX):

test(ln.UpLX.UpLX).!.
conjln(UpLXLowLX).

conjl(UpLX.LowLX).-
((checkNuilValue(UpLX).!)-.distribadj(UpLX.LowLX)).
((next puir(LowLX.NewLowLX)2!.conj lx(LowLX.NewLowLX)): true).
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S comptes distributed elements of In under conjunction, based
S on thn following observation:
S ifmane1i1Pt of In(eg.. apos) is "ocal". then to preserve
S proper soping. everything to its right must be local.
S Algoridthm to compute whether pauts of lower In are in scope of upper In:

I given an upper conjoined In and a lower In,
1. lmove through lowerIn and itan eementis filed.

I mkrk everything to its right as "ocal";
% 2. locte lastelemet of upperIn and of lowerlIn.

1 3. if lower element neither filled nor local.
I then if upper element is filled,
I then either set pointer to it in lower element

I and mark it and all elements to its left as distributed
Ior mark it aslocal and
IgoeWt in lower &upper Ins and repeat step 3
I until can't go left (have assigned scope to all

I elements).
% This procedure should compute only distiuict readings. via backtracking.

cooujn(UpLN,LN):
down(LN,LNelPmPet),mark-ln(LNelement),

% get last elemnents of upper and lower bis
last element(UpLNULast),
last IePement(LN.Last).
mark distnib(Last,ULast),
do-next conj(LN).

do next conj(LN):
nextyaizLNLowLN)J!,cnjln(LN,LowLN).

do next conj(LN).
nxt-parLNLowLN) :-1,

r(I=XrN,LowLXR),
elementqlajset,LowLXRLowLN).

/0 if copy filed then don't do anything 0/
/* otherwise get next elements of Main and Copy and repeat. .
/0 orsuceed if can't go left/
mark diseibCopy.Main):

not(empty(Copy)).!.
((left(Copy.NewCopy),!.let(Main.NewMain).

mark -distuib(N ewCopy,NewMain))

% if Copy is empty and unmarked, try to get from upper In..
mark distrib(Copy,Main):

not fild(Copy).down(Copy.lV).
not(cbeckNuflVaiueMain)),
down(Main.UV),

AMLoopyNuflcLV,UV),
mark left distr(Copy,Main).
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S else mark loca.
mark distrib(Copy.Main):

mark locai(Copy),
(QIefg(Copy,NextCopy),'Jeft(MainNextMain).

mark distrib(NextCopy,NextMain));
true).

mark left disr( Copy,Main):
lef Copy.Next).!.down(Next.LV).left(Main.UNext),down(UNext.UV).
copyNullc(LV.UV),
mark left distr(Next,UNext).

mark lef t dis'r( Copy._Main).

not flhld(E):
empty(E), not(checkWdField(E~local)).

mark ln(E):
no(empty(E)),!,marknrght(E).

mark-ln(E):
rigbt(ENext),!,markln(Next).

mark ln(_E).

mark right(E):.
rightENext,!marklocal(Next)markright(Next).

mark-right(-E).

mark local(E): down(EVaiue), getWdField(Vahaeclocal).!.
marklocal(). % if there is already a word, no need to mark local

copyNuilc(Node,Tree):
makeNullc(Node,Tree).

/* wconjrx
computes the distribution of- the right adjunct under conjunction;
it starts from the lowest (last) pair of conjuncts,
assigns the highier of the two either a local reading. or a
distributed reading; then finds the next right-adjunct above
the current pair, and calls itself recursively.

wconj rx(LX,_):
% get upper and lower R.X

lXradjset,LXR,.UpPRX),! , element(radjset,LXR.RX).
%~ either value is null, or choose distrib or local reading (distribadj)

Sin tsther case, go to next LXR and reexecute
((cbeckNullValue(RX),!); distuibadj(RXUpRX)).
up(UpRXUpLXR), wconjrx(UpLXR.

wconjrx(_LXRJ_.

% 1. succeed in case Copy is not empty
% 2. mark distributed-will fail if Copy is not empty
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% 3. otherwise, mark local-this will fail if Copy not empty
distribadj(_MainCopy):-

not(checkNullValue(Copy)),!.
distrib adj(MainCopy):.

markdistrib adj(Main,Copy).
distribadj(_Main,Copy):-

mark ocal(Copy),!.
mark distrib adj(Main,Copy):-

down(Copy.Null).
down(MainValue),copyNullc(Null,Value).

APPENDIX D. COVERAGE OF SENTENCES WITH CONJUNCTION

Parse times are for the translated, compiled grammar in Quintus PROLOG on a
VAX 11/785 running first (second) parse and to termination.

Sentence: The field engineer replaced the board and adjusted the disk drive.

Lexicon lookup completed

(The resulting diagram is shown in Figure 17.)

remaining words: I
runtime: 2.266 sec.
more? y

no more parses

runtime: 4.91599 sec.

Sentence: The last replacement and adjustment of the drive took an hour.

Parse I
Left adjunct fully distributed; right adjunct distributed:
Paraphrase: The last replacement of the drive and the last adjustment of the drive

took an hour.
Runtime: 1.9 sec.

(The resulting diagram is shown in Figure 18.)

Parse 2
Right adjunct is local, left adjunct is fully distributed:
Paraphrase: The last adjustment of the drive and the

last replacement took an hour.
Cumulative runtime: 3.314 sec.

Parse 3
Right adjunct distributed, the distributed, but apos - last local:
Paraphrase: The last replacement of the drive and the

adjustment of the drive took an hour.
Cumulative runtime: 5.666 sec.
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Pane 4
Rigst aujun local, the distributed, but apos - last local:
Paraphrase: The adjustmmnt of the drive and the last

replacement took an hour.
Cumulative runtime: 6.64 sec.

The remaining two parses are not shown; they place the prepositional phrase of the
drive at the sentence level (with last distributed or local).

Sentences Hanaled by the Conjunction Mechanism

(1) Conjunction in assertion with reduced verb (2.0/4.4 sec):
The field engineer installed a board and the supervisor a drwe.

(2) Conjunction in assertion with reduced object (2.3/4.8 sec):

The field engineer has installed and the supervisor has adjusted the drive.

(3) Comma conjunction in the noun phrase (1.6/6.9 sec):
The field engineer installed a disk, the board and a controller.

(4) Comma conjunction or appositive in noun phrase (2 parses: 2.1/6.5/10.8 sec):
The field engineer replaced the disk, an old model, and a board.

(5) Both/and conjunction in the noun phrase (1.5/3.4 sac):4) Both he field engineer and the supervisor adjusted the drves.

(6) Either/or conjunction in asserion (2.0/4.2 sec):
Either the board was replaced or they have adjusted the head.

(7) Comma conjunction in asserton with reduced subject (2.7/6.3 sec):
The field engineer replaced the board, adjusted the controller, and installed a new
drive.

(8) Both/and conjunction in noun phrase, and conjunction in assertion (2.3/4.5
sec):
Both the disk and the head were replaced and a new motor was installed.

(9) Conjunction of participles in prenomina adjective position (1.5/4.2 sec):
The repaired and adjusted drive is working.

(10) Conjoined prepositional phrase (1.9/6.9 sec):

The boards of the controller and of the cpu were replaced.

(11) Conjoined noun pnrase under preposition (2 parses: 1.5/3.6/7.6 sec):
The boards of the controller and the cpu were installed.

(12) Conjoined adjecive in predicate position (0.9/2.0 sec):
The drive is old and worn.

(13) Conjoined quantifier (1.3/3.0 sec):
The field engineer repaired two or three disks.

(14) Conjoined complex object (2.0/4.3 sec):
She attempted to adjust the disk and to replace the motor.
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(15) Coacined participle or tensed verb (2 pames: 1.9/3.9/55 sac):
The fled eqnw Am rep.~md and a4~wted the Mu..

71hi paper ho prao 1d seady from mnwms by Deborah Dahl. Johe Dowdiag Marcia Lanebarger
Doauld Mday. Mortha Palnor. Naeno Sawe. and Rebacc Shafian. as well a Michael McCord and
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APPENDIX H

A Prolog Structure Editor

This paper, by Leslie Riley and John Dowding, appeared as Paoli Research
Center Technical Report No. 29, January, 1986. It describes a structure editor
designed to facilitate the editing of specialized constructs, such as grammar
rules and lexical entries.

0
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*Prolog Structure Editor

Leslie Riley
John Dowding

LBS Technical Memo 29
January 1986

The Prolog Structure Editor is a general structure editor written in Prolog.
It is intended to make it easy to edit Prolog terms by allowing the user to
edit a term by traversing its internal structure. As used in the
Natural Language group, the Prolog Structure Editor allows you to edit
grammar rules, word definitions in the lexicon, and arbitrary Prolog clauses.
You may invoke the editor on one of these three types of structures by using
one of the following top-level procedures:

edit-rule(Key)
edit-word(Word)
edltclause(Funetor)

The edit-rule procedure takes as its argument the name of a non-terminal.
It then allows you to edit all of the grammar rules that define that non-
terminal. In order to maintain consistency between the grammar rules and
their translated versions, when you have completed editing the set of rules the
editor will ask if you want to re-translate them.

The edit-word procedure takes as its argument a word from the lexicon.
It then allows you to edit the definitions of that word and all of its morphologi-
cal variants.

The edit-clause procedure takes as its argument the name of some Pro-
log procedure. The editor finds all clauses with that head and returns them as
a set of clauses to be edited. While this option is only of limited use in Quintus
Prolog (because the procedure being edited must be declared dynamic), in Sym-
bolics Prolog it will allow you to edit any Prolog procedure.

Once you have called one of the three procedures that invoke the editor,
you will enter the top level. This level is distinguished from lower levels in
that you are not actually editing a Prolog term, but editing a set of terms. At
this level you can perform operations on the set of clauses in the procedure

like retracting an old clause, or asserting a new clause. 1

s These changes to the database are not actually recorded until the editing session is inished.



The editor will report at every level what kind of structure you are editing.
The kinds of structures that the editor knows about are:

A Set of clauses (top level only)
A List of terms
A Conjunction of terms (actually any infix right-associative operator)
A Complex Term (A functor followed by some number of arguments)
An Atom

It will then display the functor of the term (if appropriate) and the members of
the term. Following are some examples:

Editing a Set of Rules
Rulel: objectbe::u(astg;nstg;pn), {semrep(append))
Rule2: objectbe::-(vingo;venpass), {sem.rep(copy)); dwh2),nullwh

Editing a term
Functor: ::-
Argument 1: objectbe, Argument 2: (vingo;venpass),sem-rep(copy));{dwh2},nullwh

Editing conjoined terms
Functor: ,
Term 1: (dwh2}
Term 2: nullwh

There are two types of commands that you can give to the structure edi-
tor: Movement commands and Editing commands. At every level in the edi-
tor, you are stationed at some Prolog term (except at the top level, when you
are stationed at a set of terms). There are then two kinds of movement com-
mands: downward movement and upward movement. A downward move-
ment command is simply an integer that specifies which of the arguments of the
current term you wish to move down to, from 1 to N (You can sometimes move
to the 0th item, if the term has a functor then it is considered the 0th argu-
ment). At any term, only one direction is up, so the command 'u' will move you
up one level in the structure. For convenience, the command 't' (for 'top') will

* move you to the top level.



An editing command is one which actually modifies the structure of the
term that you are stationed at. The editing commands that are currently sup-
ported are:

delete
Specified by 'd'nteger>'. This command deletes the named term.

Insert-after
Specified by 'i<integer>'. This command inserts a new term after the
mentioned term. '10' will make the new term the first argument. You will
be prompted for the term that is to be inserted. As this new term is a Pro-
log term, you will have to end your input with a period.

replace
Specified by 'r'mteger>'. This command replaces the specified term in
the place of the mentioned term. You can sometimes replace the 0th item,
if you want to change the functor of some complex term.

These commands are also available:

downward-movement
Specified by <integer>. Moves down to the Nth term of the current term.

move-up
Specified by 'u'. Moves up to the term that contains the current term.

0 go-to-top
Specified by 't'. Moves to the top level.

abort
Specified by 'a'. Ends the editing session and *does not save any of the
changes made!

print
Specified by 'p'. This command prints the structure of the current term.
This command should only be used at the end of a command line.

help
Specified by '?'. This command prints out a listing of the available com-
mands. It should only be used at the end of a command line.

If you command the editor to insert a whole rule, word, or clause, it will
print out an entry from the set you are editing (to serve as a "template" of the
type of entry you want to create) and ask you to edit that entry to form the
new entry that you want to insert. (As a warning, do not insert a structure and
then delete it. Instead, wait until the end of the editing session, and answer
"no" to the query, "do you want to add ...?) If you try to replace a rule or
clause, the editor moves to that rule or clause and asks you to replace each

mo part individually (this is supposed to save you keystrokes).



To end the editing session, you must be at the top-most structure (a set of
ules, a set of words, a set of clauses). At that level, type 'u' (or 't'), and the

editor will ask you if you want to save the changes that you have made.

AM



A SAMPLE EDITING SESSION:

?. .o dlt..ule(objectbe.

Editing a Set of Rula.
Rulel: objeetbou-( astastma),{m.ep(append)}
Rulet: objectbe-:-(vingofenpaa),{muiep(opy)) ;(dwh2),nuliwh
Command: 2

/* edit ta second rule

Editing a term
Functor. -
Argument 1: objectbe
Argument 2: (vingorenpaa),{emrep(copy)};{dwh2},nuulwh
Command: 2

/* move to the second argument

Editing conjoined ters
Functor: ;
Term 1: (vingo-venpa),{sem,rep(copy)}
Term 2: {dwh2}),ullwh
Command: 2 P2

/* replace the second argument of the second term

Replace the term nullwh
.with what Prolog term: stuff.

Editing conjoined terms
Functor:,
Term 1: (dwh2)
Term 2: stuff
Command: t

lego to the top level

Editing a Set of Rules
Rulel: objectbe::-(tg;nstg;pn),{sem.rep(append))
Rule2: objectbe::-(vngorenpas.),(semrep(copy)) ;{dwh2) ,tuff
Command: t

/* go to the top again, i.e., finish editing this rule
('t' and 'a' have the ame effect at this level)

Do you want to replace: objectbe::-(vingofvenpa),sem rep(copy)};(dwh2},null
wh
with: objectbe::-(vingorenps),(sem.rep(copy)} ;(dwh2} ,stuff
Enter 'y' or 'n': n

If you have changed any grammar rules, you will have to either:
1. Retranslate this rule.
2. Switch the grammar to run Interpreted only.
3. Do nothing (and risk nconsistencyl).



. Plese enter 1, 2, or 3.: L

1 ?- edit-word(replace).

Editing a set of words with the same root
Word 1: :(replaceroo)t~rplacev:12J,tv:,12,plural,,2:(objlist:[nstgo,pn:p
val:[withJ]npn:pval:[with]]]J)
Word 2: :(replacesrootreplace~ltv:[12,singularj)
Word 3: :(replacedrootreplace,[tv-.12,past],ven:(14],14:[12,pobjllst:[nulob
J,pR:Ipva~whJIII
Word 4: :(replacingroot-eplace,ving:[12]1)
Command: a

/*edit the third word

Editing a term
Functor: :
Argument 1: Lreplaced
Argument 2: root:replace
Argument 3: [tv:[12,past],ven:[14],14:[12,pobjlist:[nullobj,pn:[pval:[with]]]]

Command: a
move to the third argument (a list)

Editing a list
Element 1: tyv412,past]
Element 2: ven:[14J
Element 3: 14:[12,pobjlist:[nulobj,pn:pval:[with]1
Command: 11L

/* insert an element into the list after the first
element of the list

What Prolog term should be inserted: stuff.

Editing a list
Element 1: tv:[12,past]
Element 2: stuff
Element 3: ven:(141
Element 4: 14:[12,pobjlist:(nuliobj,pn:pval:[with]]]
Command: u

/go up one level

Editing a term
Functor: :
Argument 1: replaced
Argument 2: root-replace

* Argument 3: [tv:[12,past],stuffven:(14],14:(12,pobjlist:[nulob ,pn:[pval:[wi
thiIi]]
Command: t



. EBditing a set of words with the same root
Word 1: .replaceemotzeplace,[r:(12I,tv:(12,pluralI,12:[objlist:[nstgo,pn:[p
vaL-fwlthfl,npa:[pvaL-[withjjJ])
Word 2: :(replacesrotmreplace,tv:[12,singular])
Word 3: :(replacedrootreplac,[tv:12,paststuffven:141,14:[12,pobjist:[
nuIlobj,p:(pval:(wthfljjj)
Word 4: :(replacingrootwreplce,[ving:[121])
Command: u

Do you want to replace: :(replacedroot:replace,tv:[12,past,ven:[14,14:[12,
pobjlist:[nulobj,pn:pval: with]]]I).
with: :(replacedroot:replace,[tv:[12,pastlatuffven:[l4J,14:[12,pobjlist:[nu
liobj,pn:[pval:with]]fl).
Enter 'y' or 'n': n

yes

I- edit-word(control).

Editing a set of words with the same root
Word 1: :(controlroot:control,[n:[lingular],v:12],tv:[12,plurall,1 1:[nonh

* ~umnh-chanphnorml,12:[oblist:1Ilnotnsubj:[2l,rmannerh-changeh-norml,:
fnstgo~nhringovingofn],2:fntime 1]])
Word 2: :(controiledroot:control,[tv:[12,pastl,ven:[14J,l4:objlist:[1J,notns
ubj:[2],vmanner,pobJlist:431,h-change,h-norm,3:nulobj])
Word 3: :(controilingroot-control,[ving:[12]l)
Word 4: :(controlseroot:control,[n:(11,plurall,tv:[12,singular]])
Command: 14

ins uert a word after the fourth word

Here is a word of the type that you want to create.
Edit it to make the new word.
Editing a term
Functor. :
Argument 1: control
Argument 2: root:control
Argument 3: [n41 1,singularjlv:(12J,tv:f 12,plural],1 1:(nonhuman,h-change,h-nor
mJ,12:[objllst:[l],notnsubj:[2J,vmanner,h-change,h-norml,1 :(nstgo,nsvingo,ving
ofnJ,2:[ntimelj
Command: riL

/*replace the first argument, in this case,
the word to be defined

Replace the term: control
with what Prolog term: controller.

Editing a term
Functor: :
Argument 1: controller
Argument 2: rootmontrol



* Argument 3: jn:(11,ungularJ,:[121,tv:[12,plura1l,l1nonhumanhchangeh-nor
mj,12:[objlkt:[1],notnsuhJ:2],rmnner,h-chane,h-norm],14[nstgoAnhvingo,ving
ofaj,M~atimelfl
Command: ra

/ * repiee the third argument, in t~A4 cae, the
definition list

Replace the term: [n:[11,singulatjlv:121,tv:(12,plurall,ll:[nonhumanh-change
,h-norml,12:[objlist:(11,notnsubj:2l,vmanner,hchange,h-norm,:[lstgo,svilg
o,vingofn),2:[ntimeI]]
with what Prolog term: [n: [11,singulearl 11[humanfl.

Editing a term
Punctor: :
Argument 1: controller
Argument 2: rootcontrol
Argument 3: (n411,singulai],11: [humanf]
Command: t

Editing a set of words with the same root
Word 1: :(controlrootcontrol,[n:11 ,ingular],v:[12],tv:[12,plural] ,1 1:[nonh
uman,h-change,h-normj,12:[objlnt:[J 1 notnsubj:[2],vmanner,h-change,h-norm] ,1:
[nstgo,nsvingo,vingofnl,2:4ntimel]])
Word 2: :(controiedrootcontrol,[tv:12,pastlen:[14],14:[objlist~fl]notnaO ubj:[2l,vmaaner,pobjUst:31,h-change,h-norm,3:4nullobjfl)
Word 3: :(contro~ilngirootcontro,ring:1211)
Word 4: :(controlusrootcontrol,[n:[l,plural,tv:12,snngular]l)
Word 5: :(eontrollerroot-control,[n411,]slngular,lls humanfl)
Command: t

Do you want to add the word: :(controilerroot:control,[n:[11,singularj,ll:[hu
manfi).
Enter 'y' or 'ni': y

yes



APPENDIX I

Designing Lexical Entries for a Limited Domain

Technical Memo No. 42, by Rebecca I. Passonneau, documents the general
methods used in designing the verb decompositions and mapping rules for new
domains.
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. DESIGNING LEXICAL ENTRIES FOR A LIMITED DOMAIN

April, 1986

Rebecca J. Pasonneau
SDC-A Burroughs Company

Paoli, PA
Technical Memo No. 42

1. Introduction
This report outlines procedures for building domain specific lexical entries for the PUNDIT

natural language system at SDC. The lexical entries are designed for utilisation in inference-
driven semantic analysis (Palmer, 1984). The procedures for constructing the lexical entries
take advantage of recent works in linguistic semantics (cf. References Cited, esp. Dowty,
1979; Foley and Van Valin, 1984; Levin, 1985; Levin and Rappaport, 1985; Rappaport and
Levin, 1985; and Talmy, 197Sa, 1978b, 1985) without being constrained by any particular
linguistic theory. Of particular utility is a section in Foley and Van Valin (1984) entitled "The
Semantic Structure of the Clause" in which they draw on the work of Gruber (1965), Jackendoff
(1976) and Dowty (1979). Their aim is to provide a set of general tools for the semantic
aalysis of the verb system of any language. The generality of their approach makes it
appropriate not only for different languages but also for domain-specific sub-languages.

This is the first report in a series of two on designing lexical entries. It gives an overview
of the general methods for constructing lexical entries regardless of the domain. A subsequent
report will focus on specific semantic issues pertaining to the current domain application ofO PUNDIT. This domain consists of Navy casualty reports (casreps) describing failures in ship-
board Starting air compressors (sacs).

2. General

The lexical entries consist of predicate logic clauses which represent word meaning and
thematic structure in a single decomposition. Currently, two clams of words are given lexical
entries: 1) those that serve as predicates (excluding predicate nominals' ) ie., verbs, adjectives
and prepositions, and 2) deverbal nouns and other nouns which take arguments.2 Predicating
expressions can be classified on the basis of similarities of meaning and thematic structure, and
the similarities can then be captured by assigning similar predicate structures to classes of
expressions. The predicate structures comprising the lexical entries for the casreps contain three
types of abstract elements: basic semantic predicates (primitives), thematic roles, and aspectual
operators.

The three elements of a lexical decomposition are all represented as predicate-argument
terms embedded in a semantic tree structure, but they have distinct functions. The thematic
role predicates, e.g., agent and patient, are the leaves of the semantic tree whose arguments
are constituents of surface structure (e.g., subject, direct object). Thus each role type has an
associated set of possible mappings to surface structure (e.g., an agent can be realised as a sub-
ject or as the object of a by phrase). Thematic roles are in turn the arguments of superordinate

1Mossilt, occur in a variety of predicatiosal um, e.g., equational seatences (e.g., Scott it t e auther of Wseolrt)
sd seastsce epressing type relatios (e.g., A peru6amss ite ( tpe o) fre). One way to represent such sentences
would be to Ill in a variable of a predlned predicate provided ia the knowledge domain: e.g.,
authee(S cexlWaveuly), and hs(perslsmom,frtult).

lChoasky (1070) give a short list of nouns with various complements, many but not all of which would fall into
the category of nouns with thematic structure. Levi (1978) relates the complements of such nouns to 'Semantically
based case reations' (p. 27). Noss* in the current domain wkich take arguments include those claeified as 'percepts',
e.g., elor ., as in eor of a% also, those ciailled as 'scalas', e.g., pIrecers w in teae ed proeure of 5 Pe
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semantic predicates, the semantic primitives in terms of which the lexical content of a predicate
is represented. The aspectual operators represent the temporal structure of a predicating
expression and are necessarily superordinate to one or more semantic primitives.

Decomposition Structure of BREAK:

a) Semantic roles appear in italics
b) Semantic predicates are capitalized
c) Aspectual operator appears in boldface

CAUSE(agen4._),become(BROKEN(patient(_))))

While lexical entries are necessarily domain specific, there are general principles which can guide
the determination of all three components.

Lexical content, thematic structure and inherent aspect can be distinguished conceptually,
but have complex (lattice-like) interdependencies. Regardless of which type of semantic com-
ponent motivates the preliminary classification of expressions in a domain, the sub-classes will
cut across categories. For example, agents are associated with two distinct aspectual classes,
activity and event predications. Thus, arriving at a semantic classification of a set of predicat-
ing expressions is a cyclic rather than linear task.

S. Basic Semantic Predicates

Given an existing knowledge base, the domain specific semantic primitives could be
selected to accord with relations specified in the knowledge base. In the absence *of an a priori
set of semantic relations, semantic clams can be chosen by grouping .predicating expressions on
the basis of general meaning classes, e.g., verbs indicating change of location (move), manner of
motion (slide), change of physical state (melt), cognition (suspect), and so on. The actual decom-
positions within a class of expressions would depend on how accurately the meaning of the
expressions must be represented. Thus selecting the semantic primitives for a domain depends
largely on the application.

4. Aspect

Talmy provides a concise definition of aspect as 'the pattern of distribution of action
through time' and observes that a particular aspectual content is generally part of the inherent
meaning of a verb, though this inherent meaning can be modified by grammatical elements with
aspectual meaning. Representing aspect in lexical entries makes it possible to appropriately
interpret tense, grammatical aspect (i.e., progressive) and temporal phrases. The number of
aspectual distinctions proposed in analyses of lexical aspect varies, depending on the language
being investigated and the predilections of the investigator, but the minimal set consists of the
distinction between stative and non-stative predications, and for the latter, between activities
and events (change-of-state or change-of-location predications). Stative predications denote
states of affairs which persist throughout some period of time during which there is no change or
activity, i.e., the truth of the predication can be determined by sampling the state of affairs at
a single point in time. Activity predications also denote states of affairs which persist for some
period of time but differ from statives in that some activity or process is ensuing such that there
is change from moment to moment. Event predications denote a transition to a new state of
affairs, e.g., into a new physical state (The ice melted) or to a new location (The ship arrived in

S port).

. . . .
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S4.1. Diagnostics and defining criteria

A variety of semantic criteria and sentence frames have been proposed to distinguish
between aspectual classes (cf. Dowty, 1979). Since only three aspectual clams are implemented
in PUNDIT, identifying two of them-statives and events-is sufficient. Activity predications are
then predications which are neither states nor events.

Statives
a) cannot be referenced with do it (not applicable with passive voice)

Event: The oil sometimes ignites;
it does it when the oil pressure is too high.

State: * The oil is sometimes dark in color;
it does it when the oil pressure is too high.

b) cannot occur in pseudo-clefts: what X did was Y

Event: What the oil did was ignite.
State: * What the oil did was be dark.

c) nominalisation of whole VP cannot be subject of occur, take place

Event: The oil's igniting occurs too frequently.
State: * The oil's being dark takes place twice a day.

Events
a) the past participle of change of state (event) predicates can be used

adjectivally; e.g., the surface sentence "NP is V-ed"is more likely
to be interpreted as a stative predication than as an event expressed
in the passive voice

NP Is [activity verb]-ed tends to be interpreted as
a recurrent event: The engine is [usually] operated

NP is [event verb]-ed tends to.be interpreted as
a current state: The engine is [now] corroded

b) a sentence in the past tense entails that the patient or theme is
in a new state or new location

New location: The ship arrived in port at 1300 hours.
Entails: The ship Is In port as of 1300 hours

c) past progressive predication does not entail the simple past

Activity predication:
The engineer was operating the machinery.
Entails:
The machinery operated.

Event predication:
T/h crew was installing a new engine
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Doe not entail:
The crew instaUed a new eogine.

4.2. Representation

Following Dowty (1979) and Foley and Van Valin (1984), the aspectual meaning of predi-
cating expressions is represented in part in their decompositional structure. Event decomposi-
tions contain a become predicate. The resulting state or location of an event verb is embedded
directly beneath the become predicate, e.g., fail is represented as become(faled(_)).
Currently, distinguishing states from activities is not done via an aspectual operator. In the
current domain, stative predications (excluding those treated as "transparent" predicates, e.g.,
cognition verbs) are those whose main verb is be or hue (e.g., be inoperative; have wear). All
other non-event verbs are activities. For domains with a more heterogeneous class of stative
predications, an aspectual operator (e.g., Dowty's do) could be added to activity decompositions
to distinguish them from statives in future implementations.

More fine grained treatments of lexical aspect distinguish between types of activities and
types of events. For example, Talmy (1985) classifies activities into full-cycle (strike), multiplex
(breathe), and steady-state (sLeep). His distinction between full-cycle and steady-state
corresponds roughly to the more familiar terminological distinction between punctual and non-
punctual verbs. A full-cycle predication can be transformed into a multiplex when a duration is
associated with the activity. The duration adverbial forces an interpretation of repeated
instances throughout the duration (e.g., someone struck the gong-one strike-gong event; versus
someone struck the gong for three hours-repeated strike-gong events). Because such distinc-
tions can affect the interpretation of adverbial expressions, future domain applications might( benefit from a fine-grained typology of activities. In the current application, activities are not
subcategorized.

Causation is generally treated in discussions of aspect because causal predications are
necessarily temporally complex: an activity of one participant causes a resulting state or
activity in another participant. In other words, the logical structure of a causative verb can be
represented as cause(predcatel(agent(_)),predlate(roe(_)). Predleatel generally, if not
always, falls into the aspectual class of activities, whereas predlcate2 may be either an activity
or a simple event. The crucial component of the first term in a cause predicate is the agent
semantic role. For notational simplicity, agent(-) can be substituted for predlcatel(agent(-))
without obscuring the distinction between the two aspectually distinct types of causatives. The
general decompositional structure for causatives resulting in an activity is thus:
cause(agent(_),Pred(actor(_))) (e.g., someone operated the sec <-
cause(agent(_),operate(actor(sac)))). Causatives resulting in a new state or location are
represented as: cause(agent(_),become(Pred(patent(_)))) or
cause(agent(_),beeome(Pred(theme(_),locatlon(_)))) (e.g., the drive sha,'t sheared the driven
gear <- cause(ator(drive shaft),become(sheared(patlent(drlven gear)))) where become is
embedded in the decomposition). Aspectual operators also have relevance to thematic structure
as will be shown in the following section.

5. Thematic structure

There is no a priori set of thematic roles with fixed criteria for assigning the arguments of
a predication to one or another role type. However, there are gross regularities in the lexicon
pertaining to 1) the number of arguments a verb takes in various uses (e.g.,
transitive/intransitive uses of the same morphological form), 2) the syntactic relations between
the verb and its arguments, 3) and the interpretation of how an argument participates in the

'Sil' DA&F r
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e st ate, activity or event expressed in the predication. All three factors contribute to the analysis
of thematic structure. The following discussion outlines a procedure for assigning thematic
structure.

The distinction between stative and event predications and the discussion of causation
provide a starting point for determining thematic structure in the following ways. First, all
event predications, by deflnition, contain stative predications within them, i.e., all event predi-
cations are either of the form become(stative), if intransitive (e.g., the sac failed), or
eauseM(X,beeome(stative)) if transitive (e.g., the operator disengaged the sac). The aspectual
operator become doesn't change the thematic structure of a predicate. In contrast, the cause
predicate is both an indication of causative meaning and of the presence of an agent thematic
role. There is thus a regular relationship between the thematic structure and valency of a Sta-
tive predication (NPI be X), a simple-event whose result is the stative predication (NP1
become X), and the related causative-event (NP2 cause NP1 become X). For any stative,
there may or may not be a corresponding intransitive predication: cf. the cup is broken/the cup
broke versus the drive shaft is lubricated/*the drive shaft lubricated. Further, the event and sta-
tive predications may or may not make use of morphologically related forms. A first pass at
determining the set of thematic roles associated with the predications used in a particular
domain can be accomplished by examining triplets of stative/simple-event/causative-event
predicates on the one hand, and pairs of simple activity/causative-activity predicates on the
other.

5.1. Predications with Patient/Theme Arguments

A large number of event predications fall into one of two classes: state-change or
location-change. The argument said to undergo a change of state is conventionally a patient
while one said to undergo a change of location is conventionally a theme. The state-change

state predicates typically have only the patient role while location-change predicates typically
involve at least one location role (e.g., source and/or goal). Further, both patients and
themes tend to be subjects of simple event predication and direct objects of causative events.
Corresponding to these two types of event predications are two types of stative predications
specifying the current state or current location of an entity. The two types of stative predica-
tions, which tend to be of the form NP is Ad or NP is locative-PP, have the same semantic roles
as their corresponding event predications. The following chart schematically represents the
three aspectual types-stative, simple-event and causative-event-of the two semantic classes-
location and physical state:

1 11
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Stative predication:
Physical state: "the shaft is dry"

<- dry(patient(shaft))
Location: "metal particles are in the oil"

<- in(theme(partcles),location(ol))
Simple event:

Physical state: "the pump seised"
<- become(seised(patient(pump)))

Location: "the ship arrived at the port"
<- become(at(theme(ship),location(port)))

Causative event:
Physical state: "the operator disengaged the sac"

<- cause(agent(operator), become(disengaged(patient(sac))))
Location: "the operator disconnected the shaft from the hub"

<- cause(agent(operator),
become(disconnected(theme(shaft),location(hub))))

Fig 1. Six abstract semantic types

Other roles in addition to agent, patient, theme and location are sometimes associated with
stative and event predications. For example, a causative event verb may have an instrument
role, depending in part on whether an inanimate entity can be the subject of the causative tran-
sitive, as in the hammer broke the cup. As mentioned above, change of location verbs may have
source or goal roles. Whether to incorporate an Instrument role, or to substitute source or
goal for location, depends in part on what arguments can appear in surface structure and on
the set of semantic primitives appropriate for the domain. For example, the location argument
of dicscet is more precisely a source as evidenced by the possibility of a from prepositional
phrase alongside the impossibility of a to phrase:

the operator disconnected the shaft from/ *to the hub

Other change of location verbs may take both goal and source, or only goal:

the ship weat from the harbor to the open sea
the operator attached the shaft tof *from the hub

Both soures and goals are types of locations. Their contribution to lexical meaning
can be captured by the choice of thematic roles or by the choice of semantic primitives. Thus
the location argument of disconnect could be represented as a source:
dlconneet(themesource). Alternatively, the meaning captured by the source role, viz. that
the theme is no longer at some source location, could be represented by embedding a location
role in the negation of an at predicate:

disconect <- become(not(at(theme(_)ocation(_)))).

Similarly, the logical structure of the ship went from the harbor to the open sea could be
represented in a relatively fat, or inferentially shallow structure, as in:

movoe(theme(ship),soure(harbor),goal(sea)).

Alternatively, the lexical decomposition process could be carried a step further to incorporate
the logical Inferences represented below (cf. Foley and Van Valin, pp. 51ff):

at(theme(shlp),Iocation(sea)),
not(at(theme(shlp)ocation(harbor))).

This is a very simple illustration of how the set of thematic roles for a domain interacts with
the set of primitive semantic predicates, which in turn depends on the desired output structures.
The choice between implementing only a location role for a domain, or all three location,
source and goal roles, also affects the set of surface structure mappings for locative arguments.
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5.2. Actor predications

An activity predication minimally requires an argument which is the entity performing an
act or engaged in some process, here called the actor. Thus actors are generally animate enti-
ties, or inanimate entities which have a source of energy or motive force. Examples of activity
predications taking only an actor argument are:

the woman anseed <- sneese(actor(woman))
the wind blew <- blow(actor(wlnd))
the wheel turned <- turn(actor(wheal))

Some activity predications of this form also have transitive/causative uses and in effect have
two actor roles, a causing actor and an experiencing actor. The former is designated an
agent, as in:

some one turned the wheel <- cause(agent(someone) ,turn(actor (wheel))).

The verb turn illustrates a relationship between a univalent activity predicate and its
corresponding bivalent causative. Not all bivalent activity predicates are causatives in this
sense. There are some transitive activity verbs whose direct object argument is not an actor,
but rather, a passive participant, e.g., a theme us in:

someone kicked the wall <- klck(actor(uomeone),theme(wall)).

In sum, most activity predicates can be classified as one of the three following types:

Activity predication:
Univalent: Pred(actor(..))
Bivalent causative: Cause(agent(.),Pred(actor(.)))
Bivalent non-causative: Pred(actor(.),theme(..))

or: Pred(actor(..),loeation(4)).

Fig. 2. Four abstract semantic types

S. Sumnmar~y of simple predicate types

The following chart, which amalgamates Figs. 1 and 2 above, schematises classes of predi-
cates by valency, general thematic type and aspectual class.

Stative predication:
state Pred(patient(.))
location Pred(theme(4location(.))

Simple-event predication:
change of state become(Pred(patient()
change of location become(Pred(theme(..),location(4)))

Causative-event predication:
Physical state: cause(agent(-4,become(Pred(patient(4))))
Location: cause(agent(become(Pred(theme(4,location(4)))))

Activity predication:
univalent Pred(actor(.))
bivalent,

non-causative Pred(actor(..),theme(4))
or Pred(actor(4,location(..))

causative cause(agent(-4Pred(actor(-)))

Fig. 3. Ten abstract semantic typesS Patients and themes are both associated with stative and simple event predications: patients
are associated with predicates characterizing the physical state of some entity (or state-change)
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, while Themes, together with locations, are associated with predicates describing the location
of some entity (or locatlom-change). Patients and themes are also alike in having similar sur-
face structure realisations; both are subjects of stative or intransitive predications or direct
objects of transitive-causatives. The presence of a become operator in a decomposition changes
the aspect of a predicate from stative to simple-event without changing the valency. Actors are
associated with activity predicates, which may be inherently intransitive or transitive. For
transitive activity predications, the second argument is likely to be a location or a theme. The
agent role invariably indicates a causative predication, of which there are two aspectual types:
causative-events and causative-activities. In a causative-event, the agent causes some entity to
enter a new state or location; in a causative-activity, the agent causes some entity to engage in
a new activity. Often a causative predication and the corresponding simple-event or activity
are expressed by the same morphological form (cL turn).

As shown above, the thematic ioles built into a decomposition reflect in part the aspectual
properties and valency of a surface predicate as well as the distinction between state-change
and location-change meaning. It has been briefly observed that in addition, each thematic role
has certain prototypical surface realisations. These are reviewed in greater detail in the next
section.

7. Mappings from thematic structure to surface structure

The most salient arguments of a predicating expression are those appearing as clausal sub-
jects and direct objects. Predicating expressions can also occur in noun phrases, e.g., adjectives
and prepositional phrases. The following chart summarizes the typical surface realisations in
both noun phrases and basic clauses of the thematic roles reviewed above, except for location.
As the earlier discussion of the verb disconnect suggests, some change of location verbs are
inherently directional (disconnect from/ to; compare put on versus take off). Others are not, and
thus take a wide variety of locative complements (e.g., move to/from/by; poss in/out/by).
Motion verbs (in English, cf. Talmy) tend to incorporate manner and cause as well as simple
motion (e.g., stand, bounce, hang, tist, pull and so on). For these and other-reasons, the surface
realizations of location arguments are more idiosyncratic than the other arguments reviewed
above. Discussion of location arguments will be postponed.

'I
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CHART OF THEMATIC ROLE TO SURFACE STRUCTURE MAPPINGS

AGENT IS REALIZED AS:
1) Posessive determiner of geruad/nominalisation:

'the engineer's replacement of the sac'
'the engimeer's replacing the sac'

2) Subject of finite or non-fSalte clause:
'the engineer replaced/replacing the sac'

3) PP obj of 'by' in a passive:
'the sac was replaced by the engineer'

PATIENT IS REALIZED AS:
1) Noun modi;ying a nominalisation:

'sac disengagement'
'Impeller blade tip erosion'

2) PP obj of 'of, where head is gerund, nominalisation or related noun:
'disengaging of sac'
'disengagement of sac'
'erosion of imellor blade tip'

3) Possessive determiner of gerund/nominalisation:
"sac's disengagement"

4) Head of NP where left modifier is adj or pple
requiring patient role:
'broken tooth'
'burnt odor'

5) Subject of copula/pssive S:
'gear teeth are broken'
'oil is discolored'

6) Direct object of transitive: 'the operator broke the sac'

7) Subject of intransitive, if it exists: : 'the gear tooth broke'

THEME IS REALIZED AS:
1) PP obj of 'of' for nominalisation/gerund:

'disconnection of coupling'
'color of oil'

2) Head of NP whose left modifier is a pred requiring a theme:
'packed drive shaft'
'disconnected shaft'

3) Subject of copula/passive S:
'drive shaft was packed'
'shaft was disconnected'

4) Dobj of causative tr.:
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' @meo packed the drive shaft'
'somese disconnected the diesel hub'

ACTOR IS REALIZED AS:
1) PP obh of 'of for gerund or nominalisation:

'sounding of alarm'
'rotation of drive shaft'

2) Possessive determiner of prund/nominalisation:
'the alarm's sounding'

3) Noun modifying a nominalisation:
'engine operation'

4) Subject of intransitive:
'the alarm sounded'
'the drive shaft rotated'

5) Subject of passive S:
'drive shaft was rotating'
'engine was operated'

6) Dobj of causative:
'someone sounded the alarm'

0.
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A COMPUTATIONAL MODEL OF THE SEMANTICS OF TENSE AND ASPECT1

Rebecca J. Passonneau
December 17, 1988

SDC/A Burroughs Company
Technical Memo No. 43

1. Introduction

This paper describes the temporal analysis component of the Pundit text-processing sys-
tem.s Pundit's temporal component is designed to extract temporal information about real-
world situations from short message texts. This involves three complementary analyses. First,
Pundit identifies references to states-of-affairs with real time reference. Secondly, it determines
the temporal structure of the predicated situation, or the manner in which it evolves through
time. Lastly, Pundit analyses the temporal ordering of the real-time states-of-affairs with
respect to the time of text production or to the times of other states-of-affairs. These three
kinds of information are derived from the lexical head of a predication (verbal, adjectival or
nominal), the surface verbal categories of tense, progressive and perfect, and finally, temporal
connectives such as before, after and when. Each of these components of temporal meaning is
assigned an informal context-dependent compositional semantics. A fundamental premise of the
approach to temporal semantics taken here is that the several sentence elements contributing
temporal information can and should be analyzed in tandem in order to determine the times for
which predications are asserted to hold. This is accomplished by means of a model of the
semantics of time which incorporates both aspect and tense logic.

The short texts processed by the current version of Pundit are CASREPS (CASualty
REPorts), messages which describe equipment failures aboard navy ships. The CASREPS
domain has turned out to be an appropriate one for implementing a temporal component to
analyse the time information given explicitly in each sentence of a text. Much of the important

temporal information in the CASREPS can be extracted through semantic analysis of the indivi-
dual sentences. CSREPS are diagnostic reports consisting of simple declarative sentences
presenting a cumulative analysis of the current status of a particular piece of equipment.
Within one sentence, several different states-of-affairs may be mentioned, linked together by
explicit temporal connectives such as before and after. Because the texts under investigation
contain only one sentence type and have a simple rhetorical structure, a lot of temporal infor-
mation can be extracted even though the pragmatic dimensions of speech act type and inter-
sentential temporal relations are ignored. Pundit's temporal component analyses the interac-
tions among the several types of temporal information contained within the declarative sen-
tence. This is accomplished through a general rule-driven computation of the various input
values of tense, progressive and perfect along with a well-motivated aspectual decomposition of
lexical items.

2. Temporal Information

One premise of the present work is that accurate computation of the temporal semantics
of the verb and its categories will provide the necessary foundation for interpreting a wide
range of temporal adverbials. However, the task of modelling the semantic contribution of the
verb and its categories is a complex one. One source of complexity is that temporal information
is distributed in a variety of lexical and grammatical elements. Further, the distinct lexical and
grammatical elements are not univocal. As the extensive linguistic literature on tense and

IThis work was supported by DARPA under contract N000144-.C-0012, administered by the Office of Naval
Research.

*Pundit is an acronym for Prolog Understanding of Integrated Text. It is a modular system, implemented in
Quintus Prolog with distinct syntactic, semantic and pragmatic components. For descriptions of thes components, cf.
Dowdiag Hirschma, Palmer, Dahl.
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aspect demonstrates, the precise temporal contribution of any one surface category of the verb
is contingent upon the co-occurring categories and upon the inherent meaning of the verb (cf.
Mourelatos, Dowty, Vlach). Hence, even a preliminary solution to the computational problems
of interpreting temporal information in natural language requires a broadly based analysis of
the relevant semantic interdepencies. This paper proposes a solution to the computational task
of extracting temporal information from simple declarative sentences based on separating tem-
poral analysis into three tasks, each of which requires access to a selected portion of the tem-
poral input.

Section § 2 of the paper explains in detail the computational goal addressed here. This
goal is pursued in two phases. Phase 1 is to interpret the temporal information contributed by
a predication (e.g., the verb and its grammatical categories). Phase 2 is to interpret temporal
adverbials. The predication itself contains three distinct kinds of temporal information which
are analysed separately. The first step of phase 1 is to determine whether the predication refers
to a specific situation that takes place in actual time (cf. § 2.1); the second is to analyze how a
specific situation evolves through time (cf. § 2.2); finally, the third is to find where a situation is
ordered with respect to other known times (cf. § 2.3). Deriving these three pieces of information
makes it possible to represent times and situations in a manner which could facilitate the
interpretation of several kinds of temporal adverbials. Section § 2.4 illustrates a few types of
temporal adverbials, including adverbial clauses and phrases introduced by temporal connec-
tives (e.g., when, before, after). At present, connectives are the only class of temporal adverbials
which Pundit processes.

The third section (§ 3) describes the input to the temporal component which is required for
computing the temporal information derived from the verb and its grammatical categories on
the one hand, and from temporal adverbials on the other. Then section § 4 demonstrates algo-
rithmically how the temporal output is computed on the basis of the input it receives. One of
these outputs, the reference time of a predication, pertains to the interpretation of relational
temporal adverbials, i.e., adverbials which relate the time of a situation to another time (e.g.
The ship twae refuelled yesterday). Temporal connectives, for example, relate the time of a syn-
tactically superordinate predication to a subordinate predication. The latter may consist of a
clause (e.g., after the sac had failed) or a nominalisation (e.g., after the failure of the sac). Sec-
tion § 5 illustrates how the reference time participates in the temporal interpretation of tem-
poral adverbial clauses introduced by connectives such as before, after and when. For the sake
of brevity, the treatment of temporal adverbs with noun phrase complements is not described in
this paper.

2.1. The Predication

As mentioned above, three cinds of temporal information are associated with the predica-

tion. For tensed clause predications,3 the verb and its tense and aspect markings contribute
information regarding the temporal specificity of the predication, its temporal structure and its
temporal ordering relations. The following three subsections describe these three kinds of infor-
mation in turn.

2.1.1. Specific temporal reference

Pundit's temporal component is designed to represent temporal information about specific
situations. Specific situations are those which are asserted to have already occurred, or to be
occurring at the time when a text is produced. This excludes, e.g., situations mentioned in

*Various types of tenseless predications are processed by Pundit's temporal component, including nominalisations
and certain clausal modifiers or noun phrases (e.g., Pressttrs belo Of V* caused the pump to fail. How-
ever, this paper focuses on the simpler case of tensed clauses.
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. modal, intensiona negated or frequentative contexts.' The Ant task performed by the tenwporal
analymr Is thus to determine whether a predication denotes an actual state-of-affairs. Sentence
1) for example, reports that a particular pump participated in a particular event at a specific
time.

1) The lube oil pump seined.

Sentences 2) and 3), on the other hand, report types of recurrent events.

2) The lube oil pump seized whenever the engine jacked over.

3) The lube oil pump seizes.

In example 2), it is the adverb whenever which indicates that the main clause refers to a
recurrent type of event rather than to a specific event situated at a particular time. In example
3), it is the inherent aspect of the verb asize in combination with the present tense which pro-
vides that information. Aspect is the inherent semantic content of a lexical item pertaining to
the temporal structure of the situation it refers to, and thus plays a major role in computing
temporal information. Before looking for temporal adverbials, Pundit's temporal component
inspects the verb for its inherent lexical aspect and its grammatical tense and aspect markings
in order to exclude sentences like 3). This check to determine whether a particular predication
denotes a specific situation is carried out by Module 1 of the Predication Algorithm as described
in section § 4.1.

2.1.2. Temporal structure of specific situations

If a sentence is presumed to denote an actual state-of-affairs on the basis of a quick check
of the verb and its surface marking, then the temporal structure of the denoted situation isO computed. Accurate representation of the temporal structure of a situation is a prerequisite for
Interpreting the relative temporal location of a situation and for interpreting temporal adverbi-
als. Situations are classified on the basin of their temporal structure into three types: states,
processes and transition events. Each situation type has a distinct temporal structure
comprised from a set of basic temporal components and features. The basic components of tem-
poral structure are intervals while the features associated with them are stativity versus
activity, and boundedness.

Very briefly, a state is a situation which holds over some stative interval of time. State
predications evoke inherently unbounded stative intervals, although a temporal bound could be
provided by an appropriate temporal adverbial (e.g., The pressure was normal ,af the pump
aised). In general, temporal adverbials can modify an existing component of temporal structure
or add components of temporal structure. A process is a situation which holds over an active
interval of time. Active intervals can be unbounded or unspecified for boundedne., depending
on the grammatical aspect of the predication. A transition event is a complex situation consist-
ing of a process leading up to a new state or process. Its temporal structure is thus an active
interval followed by-and bounded by-a new active or stative interval. As will be pointed out
in this section, the boundary between the two intervals, referred to here as a transition bound,
is a feature associated with the temporal structure of transition events, rather than a real com-
ponent of time. This section briefly reviews how the three types of situation and their temporal
structures are represented. Later, in sections §§ 3.3 and 4.2, we will see how the type st situa-
tion associated with a predication is determined from the inherent lexical aspect of the verb and
Its grammatical aspect.

'The latter ae not currently handled in the Pundit system. Predications embedded in any one of these contexts
do net directly denote spe fic situatioas but rather denote type of situations which, e.g., might occur, have not oc-
urred, or Mad to occur. Treatment of these contexts awaits the development of a representation which distinguishes

between spae situaties which hold for some real time and type of situations which hold for some potential time.
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2.1.2.1. Situation Types and Time Arguments

A state is a situation holding for some interval of time in which there is no change from
moment to moment. The interval associated with a state is referred to as a stative interval.
Sentence 4) is an example of a typical stative predication. Note that the lexical head of the
verb phrase is the adjective low.

4) The pressure is low.
Situation type: state
Temporal uuit: stative Interval

When a stative predication is recognized as such, the time component associates a stative inter-
val with the predication to indicate that the predication holds over a homogeneous interval of
time.

A process also has duration. The interval associated with a process, referred to as an
active interval, contrasts with a stative interval in that there is change from moment to
moment, but without an abiding change of state. Sentence 5) illustrates a typical predication
denoting a process.

5) The gear is turning.
Situation type: process
Temporal unit: active Interval

The distinction between stative and active intervals, or between states and processes, will prove
useful in interpreting manner adverbials indicating rate of change, e.g., slowly and rapidly. Since
stative predications denote the absence of change over time, they cannot be modified by rate
adverbials.

AThe third type of unit, the transition bound, is associated with events which denote a
transition to a new state-of-affairs, as in 6) and 7). A transition bound must, by definition, be a
transition between an initial active interval and an ensuing active or stative interval associated

with a new state-of-affairs. Examples 6) and 7) illustrate two types of transition events, one
resulting in a new state, and one resulting in a new process.

6) The lube oil pump has seized.
Situation type: transItion event
Temporal units: active interval + transition bound + statlve interval

7) The engine started.
Situation type: transition event
Temporal units: i.ative interval + transition bound + active interval

A transition bound is a convenient abstraction for representing how transition events
are perceived and talked about. Since a transition event is one which results in a new state-
of-affairs, there is in theory a point in time before which the new situation does not exist, and
subsequent to which the new situation does exist. A transition bound, however, is a theoretical
construct not intended to correspond to an empirically determined time. The components of
temporal structure proposed here are intended to provide a basis for deriving what is said about
the relative ordering of situations and their durations, rather than to correspond to physical
reality.

2.1.2.2. Representing states-of-affairs

A specific state-of-affairs is represented in Pundit as a predicate structure identifying the
type of situation. Each state, process or event representation has three arguments: a unique
identifier of the state-of-affairs, the semantic decomposition, and the time argument. The sen-
tence in 5) is repeated here along with its state-of-affairs representation.

5) The gear is turning.
Situation type: process

L 111111._ ...
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Temporal unit: active interval

State-of-affais: proces([tf t]unj, turnPacto([gear1J)), period([turnl]))

Label process(
Unique identifier: (turni],
Semantic decomposition: turnPactor([gear1])),
Tim Argument: period([tuzrnlf))

The same pointer is used to identify both the event and its time argument because it is the
actual time for which a situation holds which uniquely identifies it as a specific situation. The
situation mentioned in sentence 5) is represented as a process whose name is [turnl]. The
[turni] process occurs for a specific time, i.e., for the duration of period([turnl]). The semantic

decomposition represents the process predicate along with its participant(s).'

The three types of situations are distinguished both on the basis of the state-of-affairs
predicate, or label, and the time argument. States receive a state label and processes receive a
process label. Both are assigned period time arguments, but a period in the context of a state
representation corresponds to a' stative interval while a period in the context of a process
representation corresponds to an active interval. Transition events have a more complex tem-
poral structure which requires multiple states-of-affairs representations.

There are three components of the temporal structure of a transition event: an initial pro-
cess interval leading up to a transition, the moment of transition, and the interval associated
with the new, resulting state-of-affairs. That there are these three distinct temporal com-
ponents of transition events can be illustrated by the following sentences in which different
types of time adverbials pertain to the three temporally distinct parts of the predicated event.

O8) It took 5 minutes for the pump to seize.

9) The pump seized precisely at 1404.01.

10) The pump was seized for 2 hours.

The temporal measure phrase 5 minutes in 8) above applies to the interval of time during which
the pump was in the process of seizing. The clock time in 9) corresonds to the moment when
the pump is said to have made a transition to the new state of being aeized. Finally, the meas-
ure phrase in 10) corresponds to the interval associated with the new state. In theory, then, one
could represent the full temporal structure of a transition event as three contiguous states of
affairs: an initial process (e.g., seizing) leading up to a transitional event (e.g., becoming eized)
followed by a new state of affairs (e.g., sized) (cf. Dowty, 1986, p. 43). In practice, Pundit
explicitly represents only the latter two components of transition event predications: the
moment (transition bound) associated with an event of becoming, and a period associated with
a resulting situation. The event of becoming is represented as an event predicate with a
moment time argument. The new situations resulting from transition events receive a period
time argument and either a process or state label, depending on the temporal structure of the
resulting situation. This representation has been found to be adequate for the current applica-
tion.

$Note that semantic predicates like turaP are distinguished from English words by the final P.
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Type of State-of-aftars Time
Predication Label Arnument Example

State state period The pressure is low
Process process period The gear is turning
Transition event event moment The pump has seized.
result state pump is seized

or process period

Representing the full temporal structure of transition event predications would eventually
make it possible to Interpret all the types of temporal adverbials found in examples 8) through
10) above. In general, the temporal structure of situations not only constrains the interpretation
of temporal adverbials, but also of tense and the perfect, as will be shown in the next section.
The function of tense and the perfect is to locate something in time, or to provide ordering
information. The next section will show that tense and the perfect pertain to a specific abstract
component of temporal structure referred to as the event time.

2.1.2.3. Relational Component of Temporal Structure (Event Time)

Pundit's temporal component employs a Reichenbachian analysis of tense but provides a
more complete and more accurate representation of situations. It shares with Reichenbach's
framework the notion that a situation can be located in time in terms of three abstract times:
the time of the situation (event time), the time of speech/text production (speech time), and
the time with respect to which relational adverbials are interpreted (reference time).

Pundit's system diverges from Reichenbach's in the relation of the event time to the tem-
poral structure of a situation. Reichenbach did not distinguish between the two. For example,
Reichenbach characterised a past event as one which preceded the speech time in its entirety.
For Pundit, the event time is only a single component of the full temporal structure of a situa-
tion. Consequently, after determining the type of a situation along with its time arguments,
Pundit identifies a component of the temporal structure which can serve as the event time.
The choice of the event time depends on a property of intervals referred to here as boundedness.

The temporal structures associated with stative, process and transition event predications
all have different inherent values of boundedness, depending on the inherent aspect of the predi-
cate, its grammatical aspect (ie., the presence or absence of the progressive suffix -ing7), and the
interaction between the two. The boundednes of the different situation types can be illus-
trated by comparing how tense is interpreted in each case.

Predications denoting states and process have duration, as evidenced by the interpretation
of durational adverbial phrases of the form for X, where X is a time measure (e.g., 10 minutes)
(cf. Vendler).

11) The pressure was low for 10 minutes.
state sitution

12) The gear was turning for 10 minutes.
process situation

The past tense in examples 11) and 12) above locates part of the respective situations in the
past. However, both the state mentioned in 11) and the process mentioned in 12) are
unbounded, meaning that the tense does not necessarily locate the whole interval associated
with the situation. Examples 13) and 14) illustrate that there is no contradiction in asserting
that a past state or process extends up to the present.

13) The pressure was low and is still low.

14) The gear was turning and is still turning.
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.Similarly, a present tems state or proem assertion may be followed without contradiction by
an assertion that the situation extends back into the past (cf. 15 and 16).

15) The pressure is low and has been low for three hours.

16) The gear is turning and has been turning for 5 minutes.

In the context of predications referring to states or processes, tense cannot be interpreted as
pertaining to the location of the full temporal extent of the situation. The sentence in 17), for
example, asserts that there is at least one moment within the stative interval coiniciding with
the present for which lowP(patlent([pressurel])) is true.

17) The pressure is low.

Since the assertion would be true both in case that the pressure was low only at an instant coin-
cident with the present or over an interval containing such an instant, the interval is said to be
inherently unbounded. The moment of time within an unbounded interval to which tense
applies is referred to as the event time. The representation of the event time assigned to situa-
tions holding over unbounded intervals is discussed in section § 4.2.2.

Predications denoting states always have the same temporal structure: unbounded stative
intervals. A predication denotes a state if the predicate is inherently stative, regardless of the
presence or absence of the progressive. Inability to occur with the progressive suffix is often
cited as a test for stative verbs (cf. Vendler), but Dowty (1979) notes a set of examples of loca-
tive predications in the progressive which denote locative states (e.g., The socks are lying under
the bed). Such statives occur in Pundit's current application domain (cf. example 46 in § 4.2.1).
Predicates denoting cognitive states or behavioral states have often been classified as statives
but occur in the progressive with reference to a cognitive or behavioral process (cf. I am thinki g
good thoughts, My daughter is being very naughty). Although such verbs do not appear in the
current domain, they would be treated differently from verbs which are unequivocally stative.

The progressive in combination with verbs whose inherent aspect is eventive, i.e., in the
procem or transition event class, always denotes a process and the associated active interval is
unbounded. However, non-progressive process verbs denote processes over an active interval
which is unspecified for boundedness. It is characterized as unspecified because the event time,
the time located by the non-perfect tenses, may be within the interval or may be at the incep-
tion or the cloas of the interval. A comparison of simple past process predications with past
progressive process predications in the context of two types of temporal adverbials exemplifies
the relative indeterminacy of the former. The at phrase in 18) and 19) specifies a clock time. In
the context of the progressive process verb in 18), that clock time is interpreted as falling within
the active interval of tusing but in 19), where the verb is not progressive, 12.04 can be inter-
preted as falling at the inception of the process or as roughly locating the entire process.

18) The gear was turning at 12.04.

19) The gear turned at 12:04.

The durational adverbial phrase appearing in 20) and 21) not only specifies a duration, but also
implies an endpoint (cf. Vendler). Since progressive process predications are unbounded, 20)
cannot be interpreted as denoting a specific situation with an actual time; rather, it seems to
refer to an activity that was supposed to take place 5 minutes from some previously specified
time. In contrast, 21) does denote a specific situation and the endpoint of the five minute dura-
tion is interpreted as coincident with the end of the turn process. Example 22) is a reasonable
paraphrase of 21).

20) The gear was turning in 5 minutes.

21) The gear turned in 5 minutes.

22) It took 5 minutes for the gear to turn.
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. Noa-progpnve forms of procma verbs exhibit a wide variation in the interpretation of what
part of the temporal structure is located by tense. The influencing factors seem to be pragmatic
in nature, rather than semantic. The solution taken here is to characterise the event time of
such predications as having an unspecified relation to the active interval associated with the
denoted proces.

Non-propressive transition event verbs denote transition event situations, i.e., temporally
complex situations in which there is a transition to a new state-of-affairs. The simple past
places the moment of transition in the past. Transitional moments are dimensionless, hence a
simple past transitional event predication followed by an assertion of its continuation into the
present is contradictory, as illustrated in 23).

23) The lights went off and they're still going off.

The second clause in 23) cannot refer to the same event mentioned in the first clause; rather,
the sentence is interpreted as referring to more than one event. In sum, the event time of a
transition event situation is equated with the moment of transition.

2.1.2. Reference time

The final component of time associated with a predication is the time with respect to
which relational adverbials like now, yesterday and so on are interpreted. In the absence of the
perfect, the reference time is identical with the event time, as in 24) and 25).

24) Tho pressure is normal now.

25) The pressure was low yesterday.
In the perfect tenses, the reference time and event time are distinct. The event time of both theO present and past perfect predications in 26) and 27) is past, ie., the moment of failure s in the
past.

26) The pump has now failed.
27) The pump had failed when the ear began to turn.
With the present perfect, it is the reference time which is in the present, as shown in 26) by the
admissibility of the adverb now, which also refers to the present. As 27) illustrates, with the
past perfect the event time, or moment of failure, precedes the reference time, i.e., the time
specified by the wAsie clause.

2.2. Adverbha Modification

Temporal adverbials occur in many of the sample sentences cited above. While the pri-
mary function of the examples is to show how adverbial modification can provide evidence for
properties of the temporal structure and temporal ordering associated with various types of
predications, they also illustrate different types of temporal adverbials. It is assumed that tem-
poral adverbials can be analysed in terms of the same temporal components and ordering rela-
tions that apply to the analysis of situations. However, computation of the modification rela-
tions between temporal adverbials and predications is too complex to provide a full discussion
here. Instead, three types of modification will be briefly mentioned. It has already been pointed
out that there is a class of adverbs modifyisag the manner in which situations evolve through
time, e.g., rate adverbials like slowly and repidly. Temporal adverbs can also specify durations,
e.g., for I, where X is a temporal measure phrase. Or, they can specify relations between times.
Relational adverbs like sow and yesterday relate the reference time of a predication to an impli-
cit time, which in the case of now is the present. Relational adverbs like before and after relate
the time of the predication they modify to an explicitly mentioned time, i.e., the event time'associated with their syntactic complements, as in 28) and 29).
28) The pump failed after the decrease in pressure.
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. 29) The engine seized before the alarm sounded.

FinMly, It should be pointed out that many adverbials combine relational and durational ele-
ments. The durational adverbial in X where Xis a temporal measure phrase not only specifies a
duration, but relates the endpoint of this duration to some other time, e.g., the time at which
the utterance is produced, as in 30).

80) The lights will go off in 10 minutes (ie., from iow).

Temporal connectives like before and after can combine with temporal measure phrases to yield
complex adverbials specifying both a duration and a relation, as in 31).

31) The engine seised five minutes before the alarm sounded.

One of the goals addressed here is to provide temporal models of situations in such a way as to
represent the intervals and relational elements of time which can be modified by temporal
adverbials. As a first step towards this goal, the interpretation of simple temporal connectives
has been implemented in Pundit's time component. The algorithm for interpreting sentences
with temporal connectives is presented in section § 5.

3. Input to the Temporal Component

Pundit's time component performs its analysis after each sentence has been parsed and the
semantic analysis of each predicational structure in the sentence has been completed. In other
words, time analysis is performed not only on clauses, but also on nominalisations (failure of sac)
and certain noun modifiers. For ease of presentation, we will focus here only on the temporal
analysis of tensed clauses.

The input to the time component for each tensed clause includes not only the surface verb,and its tense and aspect markings, but also the decomposition structure produced by analysing
the verb and its arguments. In effect, the time component receives a list of the following form:

[(Tense, Perfect, Progressive],VerbDecomposition,{Context}]

Before explaining how this input participates in the algorithmic interpretation of a sentence's
temporal semantics, each element of the list will be described in turn.

3.1. Verbal Categories

As indicated in boldface, the first element in the input list to the time component is itself
a list of the verb's surface categories.

[[Tense, Perfectq Progrslive],VerbDecomposition,(Context}]

This list contains three pieces of binary information. The tense parameter is either past or
present.s If the progressive suffix (-ing) or perfect auxiliary (have) is present in the original sen-
tence, there is a corresponding element in the list of verbal categories. Absence of the progres-
sive or perfect markers is indicated by omission from the list. The presence versus the absence of
the progressive contributes information about the temporal structure of a predication. The
presence versus the absence of the perfect indicates whether the reference time must be dis-
tinguished from the event time. The way in which these pieces of information are used will be
described after reviewing the remainder of the input.

3.2. Three Orders of Verbs

The second element in the input list to the time component is the surface verb.

[[Tense, Perfect, Progressive],VerbDecomposition,(Context)]

I Sentence fragments such a semsi of bi lip eviden are processed as tenseless variants of fuil sentences. The
time component uses special rules to assign a default tense interpretation to different types of fragments. These de-
fault rules are not described here.
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. For the sake of completeness, the computational function of including the surface verb will be
briefly described. However, this information pertains to the treatment of more complex cases of
the model Since the focus of this paper is on explicating the basic model, the following descrip-
tion is intended only to indicate that the model has been extended to cover verbs whose seman-
tic structure contains temporal information of a different order than the inherent temporal
structure of a situation. After a brief description of three orders of temporal verbs, the discus-
sion will return to explication of the input required for implementing the basic model.

Many verbs can be classified on the basis of what type of real-world situation they denote
(cf. Vendler, Dowty). In section § 2.3 above, three types of situations were introduced. However,
there is another set of pertinent distinctions of an entirely different order from the classification
of situations into states, processes and events. For example, the semantic content of some
verbs is almost entirely temporal in nature. Such verbs do not directly denote possible situa-
tions in the world, but rather contribute temporal information about a situation or situations
mentioned as arguments to the verb. In 32), the subject of the sentence, the failure, denotes an
event, but the verb occur does not denote a new situation. It provides tense and aspect infor-
mation for the interpretation of the nominalisation failure.

32) The failure occurred during the decrease in pressure.

In other words, the temporal information contained in 32) is very similar to that contained in
33):

33) Something failed during the decrease in pressure.

A pragmatic difference between the two sentences is that in 32) it's not necessary to mention
what failed whereas in 33), fail must have a subject, which in this case is an indefinite pronoun.
Other verbs in this class are follow, precede, continue, happen and so on. Because these verbs
contribute primarily temporal information, they are given the descriptive label of aspectual
verbs.

It is easy to see that the analysis of aspectual verbs must be implemented somewhat
differently from verbs like fail which directly denote situations. In a sentence like 33), the
relevant temporal information is contained in the verb and its tense and aspect marking alone.
In contrast, the temporal information in 32) pertaining to the fail event is distributed not only
in the verb and its tense and aspect markers, but also in its subject. Temporal analysis of sen-
tences like 33) must be performed not only at the main clause level, but also at the level of
embedded propositions. In essence, analysis of aspectual verbs is of a different order. Verbs like
fail are classified as first-order verbs while the so-called aspectual verbs are classified as
second-order verbs.

Pundit's temporal component also handles a third class of verbs, classified as third-order.
A third-order verb denotes a real-world situation, but its arguments are other situations. Con-
sequently, the verb may contribute temporal information about the arguments as well as about
the situation it denotes. The verb result illustrates this type. Sentence 34) asserts the existence
of a result state-of-affairs; the result relationship holds between an instigating situation men-
tioned in the noun phrase lose of air pressure, and a resulting situation mentioned in the noun
phrase failure.

34) Los of air pressure resulted in failure.

Additionally, the meaning of result includes the temporal information that the instigating situa-
tion (the loss) precedes the resulting situation (the failure). A full temporal analysis of sentences
like 34) requires two steps. The first is to analyze the temporal structure of the situation
denoted by the verb. The second is to draw the correct temporal inferences about the verb's
propositional arguments. Such verbs combine some of the properties of both first and second-
order verbs and thus constitute a third order of analysis. Classifying a verb as a third-order
verb drives the search for temporal inferences associated with its arguments.
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In sum, there ae three orders of verbs:
First order verbs: e., 'fail', 'operate', 'stll'
verbs wAigk denote sitstios and whos earguments are not propositional

Second order verbs: e., 'occur', 'follow', 'continue'
verbe which provide temporal information about their propositional arguments

Third order verbs: e.g., 'result'
verb. wkik denote situatios but which al.o provide temporal information about their propouitional
arguments

This information is provided by a lookup procedure where first-order is a default value. That
is, all second and third-order verbs must be explicitly classified as such in the temporal com-
ponent. Although the Pundit system recognizes the distinction between first, second and third
order verbs and processes the relevant temporal information in each case, the remainder of the
paper will deal only with the temporal analysis of first-order verbs.

8.. Decomposltional Structure and Lexical Aspect

The fourth element in the input list is the decomposition structure produced by the seman-
tic analysis of the verb and its arguments (cf. Palmer, Palmer et al.).
f[Tense, Perfect, Progressive], Verb, Decomposition, {Context}]

The lexical decompositions employed by Pundit represent the predicate/argument structure of
verbs (or other predicating words, e.g., adjectives). In addition, following the example of Dowty
(1979), the decompositions represent a verb's inherent temporal properties, or lexical aspect,
which is one of the components used in computing the temporal structure of a predication. The

O literature on the aspectual classes provides a variety of diagnostics for determining the inherent
aspect of verbs (cf. Vendler, Dowty). In Pundit's lexical entries, there are three values of lexical
aspect corresponding to the three types of situations described in section § 2.1.2, viz., stative,
process and transition event. This section describes how the temporal component determines
the value of the lexical aspect from the decomposition.

Example 35) illustrates a typical decomposition of a stative predication.

35) The pressure is low.
Decomposition: lowP(patient([pressurel]))

The semantic analyzer generates this output by finding the predicate lowP associated with the
predication be low, and then predicating it over the entity ([pressurel]) referred to by the sub-
ject noun phrase, the pressure. The time component recognizes this structure as a stative predi-
cation through a process of elimination. That is, this decomposition contains no information
associated with processes or transition events; stative is the default value.

Example 36) illustrates the decomposition for a simple process verb. Like the stative lexi-
cal decomposition, it consists of a basic predicate, turnP, with a single thematic role, actor.

36) The gear is turning.
Decomposition: turnP(actor([gearl]))

Pundit recognizes process verbs by the presence of the actor role in the decomposition struc-
ture; Le., the actor role designates the active participant of process verbs.

The decompositions of transition event verbs are distinguished by the presence of a spe-
cial predicate structure containing the aspectual operator becomeP. For example, a transi-
tion event verb such as fail is represented as in 37) below:

37) The engine failed.
dM Decomposition: becomeP(inoperativeP(patient([enginel]))

As described in the preceding section, a transition event predication is by definition one in
which a process engaged in by some actor or agent leads to a new state or process. With
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* inehoative verbs (eg., fd, as in 37), the actor of the initial process is also the patient or
them of the resulting state-of-affaln. That is, the new sate (Inoperative(patent([enginel]))) is
asserted to come about without the intervention of some other actor. If the intervention of
another actor Is Involved, the verb falls into the clas of causatives and the actor of the initial
procem is conventionally called an aent (cf. 38)):

8) The ship's force operated the engine.
Decomposition: causeP(agent(f[hip's forcel]),

beomeP(opertlP(actor(enegin]))))

Other decompositional analyses (cf. Dowty; Foley & Van Valin) conventionally represent the ini-
tial process of transition event verbs by associating an activity predicate (e.g., do) with the
actor or agent of the initial process (e.g., causeP(doP(agent(_)),
becomeP(LnoperatlveP(patlent(_))))). The decompositions in 37) and 38) can be considered
abbreviated versions of these predicate/argument structures.

The decompositions of transition event verbs illustrated in examples 37) and 38) provide
a crucial piece of information used during the temporal analysis. Given a reference to a specific
transition event which has already taken place, the temporal component deduces the existence
of the new state-of-affairs that has come into being as a result of the event. It carries out this
deduction by looking at the predicate embedded beneath the becomeP operator. This will be
described in more detail later.

The important aspectual features of the decompositions can be summarized as follows. If
the decomposition of a frst-order verb contains an actor role, the verb is in the process aspec-
tual class; if the decomposition contains a beconieP operator, the verb is in the transition. event class; ese, the verb is inherently stative.

8.4. Discourse Context

The final element in the input to the temporal component is a data structure representing
the current discourse context.

[[Tense, Perfect, Progressive], Verb, Decomposition, {Context)]

The first element of this data structure is a list of unanalysed syntactic constituents. Recall
that at this stage of processing, Pundit has produced a full syntactic analysis of a surface sen-
tence (or sentence fragment; cf. fn. 6 above), and a semantic decomposition of some predication
within the sentence. After the semantic analysis of a clause, the constituent list contains all
those syntactic constituents which do not serve as arguments of the verb, e.g., adverbial
modifiers of the verb phrase and eputence adjuncts. After the analysis of the main clause of sen-
tence 39) for example, the constituent list would contain two unanalyzed constituents, the

prepositional phrase introduced by during, and the subordinate clause introduced by when.7

39) The sac failed during engine start, when oil pressure dropped below 60 psig.

This list of constituents is processed after the temporal content of a predication is analysed in
the search for temporal adverbials which modify the predication (cf. § 5 below).

The data structure representing the current discourse context contains another piece of
temporal information: the tense of the main clause. This information is necessary for the
analysis of states-of-affairs mentioned in nominalisations and embedded tenseless clauses.

8.5. Summary of Input

The canonical cas for temporal analysis consists of first-order verbs, i.e., verbs which
*denote real-world situations and which do not take propositional arguments. In this case, the

IS", a word eomater d frequetly in the CASREPS, is an acronym for etartig sir comprseeor.
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.input to the temporal component consists of a list of the surface tense and aspect marking, the
verb, the decomposition and the discourse context containing the list of unanalysed constituents.

[Tense, Perfect, Progressive], Verb, Decomposition, (Context)]

Before performing the computation of the temporal information distributed in these elements,
the temporal component determines Arst that the verb is first-order by performing a lexical
lookup. Then it determines the aspectual class of the verb by looking at the decomposition
structure. A data structure is created which carries the four pieces of information about the
verb's inherent aspect, its tense (past or present) and whether it occurred in the perfect or the
progressive.

Temporal Data Structure: [Tense, Perfect, Progressive, Aspect]

The decomposition and the temporal data structure include all the necessary elements for
extracting the types of temporal information described in section § 2.

Aspectual information pertains to the temporal structure of a situation. It is distributed
in two components of the temporal data structure: the lexical aspect of the predication (Aspect)
and its grammatical aspect (Progressive), indicated by the presence or absence of the progres-
sive suffix -ing. Relational temporal information includes the temporal location of a state-of-
affairs with respect to the speech time and with respect to the temporal vantage point taken by
the speaker. This vantage point is the reference time for interpreting relational adverbials,
like now and yesterday, and temporal connectives, like when and after. Relational information is
distributed in the Tense and Perfect components of the temporal data structure. The aspectual
information ([Progressive, Aspect]) is passed to Module 2 as described in section § 4.2. The rela-
tional information ([Tense, Perfect]). is passed to Module 3 as described in section § 4.3.

O 4. Computing the Information In the Predication

Punditis temporal component analyses the temporal semantics of a verb and its surface
categories in three phases designed to answer the following questions:

1) Does the predication denote a specific state-of-affairs with actual time reference?

2) If so, what is the temporal structure of the state-of-affairs, i.e., how does it evolve through
time and how does it get situated in time?

3) Also, what is the temporal ordering of the state-of-affairs with respect to other times and
what is the temporal vantage point from which the state-of-affairs is described?

Each question is answered by a different module which has selective access to the appropriate
temporal input. The first module, corresponding to question 1), requires the full temporal data
structure containing the inherent aspect of the verb, its tense, and whether it occurred in the
perfect and the progressive (Tense, Perfect, Progressive, Aspect). The information in the tem-
poral data structure can be distinguished into aspectual and relational information. The second
module, which computes the temporal structure, requires the aspectual information contained in
the Aspect and Progressive parameters of the temporal data structure. The third module
requires the relational information contained in the Tense and Perfect parameters.

The following sections describe each module in turn, indicating both the input information
to which it has access and the output which it produces. Figure 1 schematically represents the
modular design of the portion of the temporal analyser devoted to the analysis of the predica-
tion. The chart illustrates that the modules are sequential, and that the output of one module
may provide input for another. Notice also that the output of this first step provides input for
the analysis of temporal adverbials, as described in section § 5.

4.1. Module I Filter Out Non-specific Situations

The present implementation of the temporal component of Pundit is designed to identify
references to specific situations. Screening out predications which denote types of situations is
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ALGOrITHM FOR COMPUTATION OF TEMPORAL INFORMATION IN A SENTENCE

STEP 1:
COMPUTATION OF TEMPORAL INFORMATION CONTAINED IN THE VERB AND ITS
GRAMMATICAL CATEGORIES

INPUT:

a) Temporal Data Structure: [Tense, Perfect, Progressive, Aspect]

b) Decomposition

OUTPUT:

a) Full temporal structure of a situation with specific temporal reference

b) Temporal ordering relations

MODULE 1: Filter input to screen out predications lacking specific temporal reference

INPUT: Temporal Data Structure, i.e., [Tense, Perfect, Progressive, Aspect]

MODULE 2: Compute the full temporal structure associated with a predication

INPUT: Aspectual Temporal Data, i.e., [Progressive, Aspect]

OUTPUT: State-of-Affairs Label; Time Arguments; Event Time

MODULE 3: Compute the temporal ordering relations associated with a predication

INPUT: Relational Temporal Data: [Tense, Perfect]

OUTPUT: Reference Time; Relations among Event Time, Reference Time and Speech Time

END STEP 1

STEP 2: COMPUTATION OF TEMPORAL INFORMATION CONTAINED IN TEMPORAL
ADVERBIALS

INPUT: Temporal Structure, Event Time, Reference Time

Figure 1: Overview of temporal algorithm

the first task performed by the time component so that further temporal analysis will be per-
formed only for predications which are presumed to denote specific situations. A predication
denotes a specific situation when two criteria are satisfied. First, at lealst one of the verb's
arguments must be interpreted as specific (cf. Mourelatos, Dowty, Vlach). Second, the situation
must be asserted to hold in the real world for some specific time. Regarding the first criterion,
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S for example, the simple past of fly denotes a specific situation in 40) below, but not in 41),
because the subject of the verb in 41) is generic.

40) John flew TWA to Boston.

41) Tourists flew TWA to Boston.

However, this paper does not address the interaction of the nature of a verb's arguments with
the specificity of references to situations. Regarding the second criterion, predications in modal
contexts (including the future; cf. 42) are excluded because their truth evaluation does not
involve specific real-world times, but instead involves hypothetical or potential times.

42) The oil pressure should/may/will decrease.

Frequency adverbials like atays may also force a temporally non-specific reading, as in 43).

43) John always flew his own plane to Boston.

The first module of the time component currently does not identify modal contexts, frequency
adverbials, or generic arguments. However, it does identify predications denoting types of situa-
tions on the basis of their surface tense and aspect markings, as indicated in the temporal data
structure.

If we consider only the four elements in the temporal data structure (Tense, Perfect, Pro-
gressive, and Aspect) then most predications can be assumed to denote specific situations.
There are two exceptions. Both process verbs and transition event verbs when used in the

simple present tense (i.e., non-progressive and non-perfect) generally denote types of situations,s

as exemplified in 44) and 45).

44) Number 2 sac operates at reduced capacity.
operate is a process verb

45) Oil pressure decreases below alarm.point whenever sac is engaged.
decrease is a transition event verb

All four elements in the temporal data structure must be inspected to identify the two cases
exemplified in 44) and 45). The sentences which can be identified as potentially denoting types
of situations on the basis of the information in the temporal data structure are those which are
in the present tense and which are neither perfect or progressive, and where the lexical head of
the predication is not inherently stative. The following conditional statement expresses these
dependencies.

IF Tense-present and Perfect-no and Progressive-no and Aspectostative
THEN the predicate probably denotes a type of situation;

- stop processing temporal information
ELSE assume the predicate denotes a specific situation;

- continue processing temporal information

In the current implementation of Pundit, predications which meet the first condition do not
receive further temporal analysis. Thus the screening divides predications into two classes:
those which can be assumed to denote specific situations barring disconfirming information else-
where in the sentence (e.g., arguments of the verb, modality, frequency adverbials), and those
which can be assumed to denote types of situations barring disconfirming pragmatic features of
the discourse context. The time component could be developed to provide broader and more
accurate coverage by adding modules to check for both types of disconfirming information.

I They may denote specific situations if they can be interpreted as performatives (cf. Austin), as in this sentence,
I wars yeu to 1. .re me, or, if they can be interpreted as a report of a presently unfolding situation, as in a sports-
cst. These types of discourse, which do not come up in Pundit's domain, could be fully processed only by representing
praglmatic features such as the speaker/addressee relationship. Module 1 could be effectively used to identify a set of
sentences for which thus pragmatic features would be relevant.
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*4.2. Module 2s Compute Temporal Structure

A predication passes through Module 1 of Pundit's temporal component for further tem-
poral processing if it is presumed to denote a specific situation. Module 2 computes the first
type of specific temporal information: the temporal structure evoked by a predication. Part of
the temporal structure, that which Talmy described as the pattern of dstribution of action
througA time (Talmy, p. 77), is represented in the situation labels and the time arguments.
Another part of the temporal structure is the event time, i.e., the component of the full tem-
poral structure which is located in time by tense and the perfect.

Temporal structure is computed at this point because it constrains the interpretation of
the other two elements in the temporal data structure (Tense, Perfect). The situation labels,
time arguments and event time associated with a predication can be computed entirely on the
basis of the values of the two aspectual *elements in the temporal data structure, the verb's
inherent aspect and its grammatical aspect (Aspect, Progressive). However, in order to derive
the correct representations of the situations resulting from transition events, Module 2 also
needs the semantic decomposition. From this input information, i.e., the verb's inherent aspect,
it's grammatical aspect, and-in the case of transition events-the decomposition, Module 2
determines the temporal structure. Section § 4.2.1 describes the computation of the situation
labels and time arguments. Section § 4.2.2 explains the computation of the event time.

4.2.1. Situation Labels and Time Arguments

Pundit distinguishes between three types of situatik s: states, processes and transition
events. It determines the type of situation evoked by a predication on the basis of one or more
values of the aspectual parameters. If the lexical aspect of the predicate is stative

S (Aspect-stative), then the Progressive parameter is irrelevant; such a predication always
denotes a state. Similarly, if the lexical aspect of the predicate is process (Aspect-process),
then the denoted situation is always a process. In the case of a process predication, however,
the Progressive parameter affects the computation of the event time (cf. § 4.2.2). Finally, if the
lexical aspect of the predicate is in the transition event class, then the type of situation depends
on the progressive paramater. Progressive transition event verbs denote process situations;
non-progressive transition event verbs denote transition event situations.

A predicate that is inherently stative is assumed to denote a state, regardless of whether
the progressive suffix is present or not. In this case, the decomposition is not relevant. In other
words, two types of input lead to state representations: stative predicates in the non-progressive
aspect and stative predications in the progressive aspect. A state is represented with a state
label and a period time argument. The following conditional statement summarizes the
relevant input and output:

IF Aspect-statire
THEN --* Label-state and Time Argument-period

In the discussion of the semantics of progressive aspect with lexical statives (section § 2.1.2.3),
the clas of progressive statives denoting location was mentioned. An example of this
phenomenon occurs in the current domain in the sentence fragment appearing in 46).

46) Material clogging strainer.

RELEVANT INPUT

a) Aspect-stative

OUTPUT
a) Label-state

b) Time Argument-period (i.e., astive interval)

The preceding sentence fragment is parsed with clog as the main verb in the progressive, with
an elided be verb (Le., as a tenseless version of material i clogging strainer). Clog is classified in

:~t
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. this domain as a stative verb, and In this context, the progressive sufx has no temporal seman-
tic vTaue.

If a predicate belongs to the process aspectual class (eg., operate), then it denotes a pro-
cess regardless of the value of the Progressive parameter. In this case, Pundit assigns a process
label and a period time argument.

IF Aspect-process
THEN -- Label-proess and Time Argument-period

Examples 47a) and 47b) illustrate the two types of predications with process verbs that denote
process situations.

47a) The diesel operated.

47b) The diesel was operating.

RELEVANT INPUT

a) Aspect-process

OUTPUT

a) Label-process

b) Time Argument-period (i.e, active interval)

As described abqve (in § 2), a process is a type of event that happens over a period of time (an
active interval). There is a third case where a predication denotes a process: where the verb
falls in the transition event class (e.g., fail) and occurs in the progressive, as illustrated in 48).
In other words, in this case, both aspectual parameters are relevant input.

O 48) The pump is failing.

RELEVANT INPUT

a) Aspect-transition event

b) Progressive-yes

OUTPUT

a) Label-process

b) Time Argument-period (ie., active interva

Here Pundit would also asign a process label and a period argument. Recall that a period
argument within a state representation represents a stative interval while a period argument
within i process representation represents an active interval In sum, there are three surface
forms which denote process situations: the non-progresive form of a process verb, the progres-
sive of a process verb, and the progressive of a transition event verb.

The last type of situation, the transition event, is denoted by a predicate which is
inherently in the transition event class and does not occur in the progressive. As pointed out in
the preceding paragraph, both aspectual parameters are relevant when the inherent aspect is a
transition event. A transition event verb which is not in the progressive denotes a transition
event situation. In this case, the decomposition i put is also relevant for deriving the full tem-
poral structure. As illustrated in 49), tranition event situations are assigned two state-of-
affairs representations: an event situation with a moment time argument, represented with the
Input decomposition, and a resulting state or process situation with a period time argument, for
which a new decomposition is derived by removing the becomeP aspectual operator.

49) The pump failed.

S RELEVANT INPUT

a) Aspect-transition event
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. b) Progressive-no
c) Decouput-btl=comeP(inoperativeP(patent([pumplj)))
OUTPUT

a) Label-event

b) Time Argument-moment

c) Result Decoinpouition-inoperative(patient([pump i]))

d) Result Label-state

e) Result Time Argument-period (i.e., stative interval)

The role of the decomposition in representing transition events is explained more fully in the fol-
lowing paragraphs.

The moment argument of a transition event is a transition bound, meaning that it is
necessarily the onset of a new state-of-affairs. When Module 2 creates an event with a moment
argument, it also creates a related representation for the new state-of-affairs. It is necessary to
find an appropriate situation label, time argument, and semantic decomposition for the new
state-of-affairs. It is also necessary to create a predicate specifying the temporal relationship
between the transitional event moment and the following period associated with the new state.

All transition event verbs contain a state or process predicate embedded beneath the
aspectual operator becomeP. The full decomposition represents the type of situation associ-
ated with the moment of transition. The portion embedded beneath becomeP is the situation
type associated with the new situation. For example, the decomposition passed to the time
component for sentence 49)- Tke pump failed-would be:

O becomeP(Inoperatlve(patlent([pumpl]))).

This decomposition appears in the representation of the transitional event, as follows:

event([falli], beeomeP(inopewatlve(patlent([pumpl]))), moment([falll]))

The argument to becomeP is extracted to be used as the decomposition in the new state-of-
affairs representation:

lnoper&atlve(patlent([pumpll))

The set of semantic roles contained in the extracted decomposition is then inspected to deter-
mine if the actor role is a member. Since in this case, it is not, the new situation is assumed to
be a state and represented as shown below:

state([fall2], lnoperatlve(patlent([pumplj)), perlod([faLl2]))

If actor had been one of the roles in the embedded predicate structure, the new situation would
have been assumed to be a process. In this manner, the decomposition guides the selection of
the label for the state-of-affairs inferred to result from the transition event.

The final piece of information to be represented here is the temporal relation between the
moment associated with the transition event (e.g., moment([faill])) and the period associated
with the resulting situation (e.g., period([fail2j)). The moment associated with a transition
event serves as a lower bound to the period. Following Allen (1983), this is called a 8tart rela-
tionship. Thus, every moment starts some period. In the case of example 49), the moment of#failure starts a ?erioa in which the pump is in an inoperative state.
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'start(monent(fail1j), period([fail2]))

The two pieces of information associated with a transition event, namely the representation of
the new situation and the start predicate, are both part of the final output of the temporal
component.

4.2.2. Event time
The ordering relations specified by tense and the presence or absence of the perfect involve

an abstract component of the temporal structure called the event time, following Reichenbach.
The present treatment differs from Reichenbach's in two ways. First, his framework does not
incorporate a treatment of inherent lexical aspect and its interaction with the surface categories
of the verb. Secondly, his event time was either a period or a moment, and represented the
entire event. By retaining the notion of event time but redefining it to be a component of the
full temporal structure of a situation, it is possible to provide a simple semantics for tense and
perfect while at the same time providing a more complete representation of the full temporal
structure evoked by a predication.

Selecting some component of temporal structure to serve as the event time simplifies the
computation of the ordering relations given by the perfect and non-perfect tenses. To under-
stand the motivation in detail requires an examination of the semantics of tense and the per-
fect, which is postponed to section § 4.3. Briefly, one type of semantic information provided by
the perfect and non-perfect tenses concerns the relative ordering among three semantically dis-
tinct times which Reichenbach referred to as the event time, the speech time and the reference
time. An appropriate characterization of event time makes it possible to give a simple formula-
tion of the ordering relations specified by tense and the presence or absence of the perfect.

The three elements of temporal structure mentioned so far are stative intervals (cf. 46),
repeated below), active intervals (cf. 47), and transition bounds (cf. 49).
46) Material clogging strainer.

state([clogi],
clog(theme([materiall]), location(fstrainers2])),
period(clogil]))

47) The diesel operated/was operating.
process([operatel],

operate(actor([diesel])),
period([operatel]))

49) The pump failed.
event([faill],

become(inoperative(patient([pumpl]))),
moment([fal1])

state([fail2I,
inoperative(patient(lpumpl])),
period(Efail2j))

starts(moment([fall]), period([fail2])

The relationship of event time to the temporal structure depends on a single property of the
structure referred to as its boundedness (cf. § 2.1.2.3). Stative intervals are always unbounded;
active irtervals may be unbounded or unspecified for boundedness; the transition bound of an
event constitutes a bound between some active interval (not represented here) and a following
active or stative interval.

If an interval is unbounded, the event time is some moment included within the interval.
It is represented as a binary predicate of the following form:
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cincudes(peulodW, moment()

A astve verb always gives rise to a period time argument which is, by definition, unbounded.
Therefore, for a stdative predication such as 48), the mat time is always some arbitrary
moment included within its period time argument.

48) Material clogging strainer.
includues(perlodflclogij), momet(I))
Event Tlmemment(M1])

In this case, the relevant input information contained in the list of aspectual parameters
(Aspect, Progressive) is that the inherent aspect of the verb is stative.

IF Aspect-stative
TEEN --+ Label-state and Time Argument-period
AND --. ncludes(period, event time)

The time component generates a unique name to point to the arbitrary moment which will serve
as the event time (e.g., moment(M[1]), and represents its relationship to the period associated
with the predication as shown above. That is, there is a type of state identified by the predi-
cate clog which holds over some unbounded interval of time identified as period([clogl]). This
period includes a moment arbitrarily identified as moment([M1]) which serves as the event
time for the situation denoted by the predication in 46).

Period time arguments are not only associated with stative predications, but also with
progressive or non-progressive process verbs (the pump operated/is operating), and with progres-
sive transition event verbs (the pump is failing). The progressive always implies unboundedness,
and in this respect resembles inherently stative predicates. Thus, the relationship of the event

* .time to the time argument is the came for stative verbs (progressive or non-progressive), for pro-
Sressive process verbs, and for progressive transition event verbs. The Includes relation is gen-
erated for the event time of a progressive transition event verb, as in 48) repeated below.

47b) The pump is falling.
ncludes(period([fail1]), moment( M ))

Event Time-moment(m])
In other words, two types of predications evoke unbounded active intervals, progressive proem
verbs, and progresve transition event verbs. This can be expressed in a single conditional state-
ment as follows:

IF Aspectostative and Progressive-yes
THEN --s Label-procese and Time Argument-period
AND --* includes(period, event time)

This condition indicates that the progressive has the semantic value of specifying an unbounded
active interval except in the context of an inherently stative predicate.

If the process verb is not progressive, then the period associated with the predication is
unspecified for boundednes. This gives rise to a different relationship between the event time
and the period time argument. An interval which is unspecified for boundedness is one where
the event time has an indeterminate relationship to the period time argument; ie., it may start,
end, or be included within the interval. This unspecified relationship is represented by means of
the predicate has, as shown below.

47a) The diesel operated.
has(period([operatel]), moment(tMl]))
Event Tlme-moment( M11), The third conditional statement for computing temporal structure from the aspectual parame-

ters is thus:
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. UEr Aspectmproceuu and Progressive-no
TEN - Label-proem and Time Argument-period
AND --* has(period, event time)

The event time of a transitional event is always identified with the transition bound. For
sentences like 49) where the verb is a transition event verb and the surface aspect is non-
progressive, a moment time argument winl have been created. This time argument serves as the
event time of the transition event.

49) The pump failed.
Event Timemmoment([fail]l)

The last conditional statement pertaining to the computation of temporal structure and the
event time is as follows:

IF Aspectantransition event and Progressive=no
THEN --# Label-event and Time Argument=moment
AND --4 Event Time-moment

The next section summarizes the four conditional statements reveiwed above.

4.2.3. Summary of Module 2

Four sets of conditions, as illustrated in table 1 below, summarizes the relationship
between the two aspectual parameters and the temporal structure of a predication. As shown
in the table, there are four types of temporal structure: states holding over an unbounded sta-
tive interval, processes holding over an unbounded active interval, processes holding over an
unspecified active interval, and transition bounds implying a preceding active interval and fol-

* lowing active or stative interval.

46) Material clogging strainers. Time Argument: period([C]))

48) Pump is failing. Time Argument: period([F1])

47b) The diesel operated. Time Argument: period((021)

49) The pump failed. Time Argument: period([F2])

TABLE 1
SUMMiARY OF MODULE 2: COMPUTATION OF TEMPORAL STRUCTURE

EG. Input _ __output

No. Aspect Prog Time Type Event
Arx Time

46 stative - period([C1]) unbounded M1 such that
stative interval includes(periodffCll'),Mi')

47b not stative yes period([FlI) unbounded M1 such that
__________ ___________active interval includes(period(IF1),M1)

47a process {no period([021) unspecified M1 such that
___________________active interval has(period([02fl,Ml)

49 event no moment([F2J) transition moment([F2])
_ I _ _ _ bound__
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4.8. Module 8t Compute Ordering Reiatlons

Reichenbach proposed that tense be interpreted in terms of three semantically distinct
times associated with a predication: the speech time, the event time and the reference time.
The speech time is the time at which the predication is produced (i.e., spoken or written). The
event time, as used here, is a component of the situation referred to by a predication. The
reference time is the time with respect to which one interprets relational temporal adverbials,
e.g., yesterday, now, tee, before and so on.

The four verb forms that Module 4 interprets are the simple present, the simple past, the
present perfect and the past perfect. These are represented by means of two parameters in the
temporal data structure: Tense (past or present) and Perfect (yes or no). The four permutations
of thes values of Tense and Perfect have different meanings, depending on the temporal struc-
ture of the predication. Given that there are four types of temporal structure which combine
with these four tense forms, there are potentially 16 distinct semantic outputs. Instead of pro-
viding a separate formulation for each of the temporal relations among event time, reference
time and speech time, event time has been chosen in such a way that its relation to the tem-
poral structure of the predication captures most of the semantic differences pertaining to aspec-
tual structure. This makes it possible to provide a more concise formulation of the semantics of
tense and perfect.

4.3.1. Non-perfect tenses

In interpreting the perfect and non-perfect tenses, the only inputs needed are the previ-
ously computed event time and the relational parameters of the temporal data structure, Tense
and Perfect. In the cas of the non-perfect tenses, where Perfect-no, Tense pertains to the rela-
tion of the event time to the speech time. Speech time is assumed a priori to be identical with
the time at which the report was generated. The negative value of the Perfect parameter also
indicates that the reference time and the event time are identical. Because of the manner in
which event time has been characterized, the ordering relations among the speech time, the
reference time and the event time can be computed on the basis of two conditional statements,
one for each non-perfect tense.

Very simply, the (non-perfect) present tense indicates that the event time and the speech
time coincide. This in represented in the following conditional statment, showing the coincides
relationship as a binary predicate.

IF Tense-present and Perfect-no,
THEN --o reference time - event time
AND --* coincide(event time, speech time)

The non-perfect past tense indicates that the event time precedes the speech time, that is:

IF Tens-past and Perfect-no,
THEN -- reference time - event time
AND --* precedes(event time, speee.) time)

The event time can only precede or coincide with the speech time since we are not dealing with
potential or hypothetical times.

A brief review of the non-perfect tenses in the context of the different types of temporal
structure will demonstrate the utility of the characterization of event time offered here. Let us
look at the present tense in the context of three types of temporal structure: unbounded inter-
vals, unspecifed intervals, and transition bounds. If the temporal structure associated with a
predication is an unbounded interval, the present (non-perfect) tense locates some time within
the interval coincident with the speech time. Examples 50)-53) illustrate the four types of predi-
cations with associated unbounded intervals.

50) The pressure is low.
non-progressive, stative
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51) Metal particles an clogging the strainer.
proressive, stative

52) The pump Is operating
progressive, process

53) The pump is failing.
progresive, transition event

In all four sentences, the type of situation denoted by the predicate is asserted to hold for some
interval of unknown duration which includes the speech time. Predications involving process or
transition event verbs in the simple (non-perfect, non-progressive) present tense have already
been eliminated by Module 1.

Considering now the simple (non-perfect) past, if the temporal structure is an unbounded
interval, then the event time is some moment within the interval and the non-perfect past tense
locates it prior to the speech time, as Illustrated in 54).

.54) The pump was failing

Time Argument: period([fail1])
Temporal structure: unbounded
Event time: Mi such that includes(period(fail], Mi)
Temporal ordering: precedes(Ml,apeech time)

The situation is asserted to hold at some point Mi preceding the speech time, and over some
interval which includes Mi. The temporal structure associated with 55) is an unspecified inter-
val.

55) The pump operated.

0 Time Argument: period([operatell)
Temporal structure: unspecified ,
Event time: M1 such that has(period([operatel],Ml)
Temporal ordering: precedes(Mi,apeeek time)

Here the situation is asserted to hold over some interval period([operatell) which has an
unspecified ccmponent M1 preceding the speech time. Ml may be the onset of the period of
operation, termination of this period, or some time included within the period.

The last case involves the non-perfect past in the context of a predication denoting a tran-
sition event. The event time is the transition bound, ie., the theoretical point at which a tran-
sition to a new state-of-affairs (a becoming) is said to occur.

56) The pump failed.

Time Arguments: moment(Vfai])
period([fail2j) such that starts(moment([fail]),period([fail2]))

Temporal structure: transition bound
Event time: moment(ffaihl)
Temporal ordering: precedes(Ml,8peech time)

Sentence 58) is represented by Pundit to assert the following temporal information: there was a
moment of transition at which the pump failed (moment([fail])); this started a period in which
the pump was inoperative (start(moment([failj, period([fail2])); the moment of transition
(moment([famill)) preceded the speech time.

The examples presented above illustrate how the semantics of non-perfect present and
past tense sentences can vary, depending on the temporal structure associated with the aspec-
tual elements of the sentence. However, the interdependency among tense and aspect can be
accounted for by separating the computation of the ordering relations specified by tense from
the computation of the temporal structure of a predication. The rules for interpreting tense are

tp,
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,formulated in terms of the speech time and the event time. By Ant selecting an appropriate
event time, and then computing the semantics of the simple tenses, a single rule for each non-
perfect tense suffices to capture the semantic differences among the different present and past
ten sentences illustrated above.

4.3.2. Perfect Tenses

In contrast with the non-perfect tenses, for the perfect tenses the reference time is distinct
from the event time. Each of the perfect tenses specifies two ordering relations: the relation of
the event time to the speech time, and of the reference time to the speech time. The possible
orderings associated with the past and present perfects are highly constrained. First, the event
time always precedes both the speech time and the reference time, regardless of the tense.
Secondly, the reference time always follows the event time, but it may precede or coincide with
the speech time. In the. present perfect, it coincides with the speech time. In the past perfect, it
precedes the speech time.

The ordering information provided by the perfect tenses can be formulated as a set of con-
ditional statements. The first condition pertains to both perfect tenses; as shown below, if the
predication is perfect, then the event time precedes the reference time.

IF Perfect-yes then precedes(event time, reference time)

The event time has already been instantiated in Module 3, but the reference time remains to be
computed. The relation of the reference time to the speech time depends on the tense as fol-
lows; if the tense is present, the reference time is the speech time; if the tense is past, the refer-
ence time precedes the speech time.

IF Perfect-yes and Tense-present
THEN -* precedes(eent time, reference time)
AND --* reference time-speech time

IF Perfect-yes and Tense-past
THEN --* precedes(event time, reference time)
AND --* precedes(reference timespeeck time)

Once the reference time is instantiated, it can be passed to the module which interprets tem-
poral connectives like when, before and after. In the case of the present perfect, the reference
time is instantiated as the speech time. In the case of the past perfect, where the reference time
is distinct from both the event time and the speech time, the time component generates a
unique name to point to the arbitrary moment which will serve as the reference time of the
predication. Since the function of the reference time is particularly obvious in the context of
sentences with temporal adverbials, examples illustrating the computation of the reference time
in perfect and non-perfect sentences is postponed to the discussion of temporal connectives.

5. Computing the Information in Temporal Connectives

5.1. Overview of Algorithm

The temporal adverbials encountered in the current domain handled by Pundit consist
predominantly of phrases introduced by temporal connectives. The majority of these are
instances of when, before and after. This section will focus on the temporal analysis of sentences
containing when clauses. The general problem in analysing temporal connectives is to associate
some time evoked by the matrix clause with some time evoked by the complement phrase. In
general, connectives are represented as associating the reference time of the matrix clause with
the reference time of the complement. The procedure involved in analysing a sentence the tem-
poral relations specified by a when adverb (or other temporal connective) has the six steps illus-
trated in 57) below.
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57) The sac failed when the pump seized.

Step 1: Analyse semantis of the main clause TTe sac failed
Step 2: Find reference time of main clause (RT1) moment(Ifaill])
Step 3: Recognise temporal connective when
Step 4: Analyse semantics of subordinate clause the pump seized
Step 5: Find reference time of subord. clause (RT2) moment([seisell)
Step 6: Look up semantic structure of connective coincide(RT1, RT2)

Result: colncide(moment([faill]), moment([seise1]))

First, the temporal semantics of the main clause is anal.sed. One of the outputs of this
analysis is the reference time of the main clause, which in this case would be represented as
moment([faill). Then the time component finds the adverbial phrase when the pump seized in
the constituent list which it recognizes as consisting of a temporal connective (when) and a com-
plement. The complement clause is sent to the semantic analyser and is returned to the time
component for temporal analysis. The fourth step, the temporal analysis of the subordinate
clause, yields the information that the reference time of the subordinate clause is
moment([sisell). Finally, the time component looks up the predicate structure representing the
semantics of the temporal connective. When is represented as a binary predicate-colnclde-
whose first argument is the reference time of the main clause and whose second argument is the
reference time of the complement clause.

The procedure illustrated above is recursive. For each predication which is analysed, the
time component examines each remaining element in the constituent list. If the constituent list
is empty, temporal analysis has been completed. If the next constituent is a temporal adverbial
which can be analysed by the time component, it does so. If the next constituent cannot be
analysed by the time component, it prints out a message indicating as such and looks for
another consituent. This process continues until every constituent has been examined.
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1. Introduction
In this paper we will discuss the analysis of nominalizations in the PUNDIT

text processing system. 1

Syntactically, nominalizations are noun phrases, as in examples (1)-(7).
(1) An inspection of lube oil filter revealed metal particles.

(2) Los of lube oil pressure occurred during operation.
(3) SAC received high uage.
(4) Investigation revealed adequate lube oil.

(5) Request replacement of SAC.
(6) Erosion of impellor blade tip is evident.

(7) Unit has low output air pressure, resulting in slow gas turbine starts.
Semantically, however, nominalizations resemble clauses, with a
predicate/argument structure like that of the related verb. Our treatment
attempts to capture these resemblances in such a way that very little
machinery is needed to analyze nominalizations other than that already in
place for other noun phrases and clauses.

There are two types of differences between the treatment of nominaliza-
tions and that of clauses. There are those based on linguistic differences,
related to (1) the mapping between syntactic arguments and semantic roles,
which is different in nominalizations and clauses, and (2) tense, which nominali-
zations lack. There are also differences in control; in particular, control of the
filling of semantic roles and control of reference resolution. All of these issues
will be discussed in detail below.

Nominalizations are often addressed in treatments of noun noun com-
pounds, because some nominalizations, as in (7) above, are noun noun com-
pounds, and because some noun noun compounds are nominalizations. However,
we have found it more useful to provide a general treatment of nominalizations,
whether they are noun noun compounds or not. While we do not claim to have

I The rmerc dseibed in this paper wa supported in put by DARPA under contract N000014-80-C.0012, ad-
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provided an answer to the general problem of noun noun compounds, we do
claim to have isolated one easily recognizable class which is amenable to the
very general treatment which is described in this paper.

2. PUNDIT

The semantic processing to be described in this paper is part of the SDC

PUNDIT -system for processing natural language messages. The PUNDIT sys-
tem is a highly modular system, written in Prolog, consisting of distinct syntac-
tic, semantic and discourse components, each drawing on one or more sets of
data, including a lexicon, a broad-coverage grammar of English
[Hirschman1985,Hirschman1986], semantic verb decompositions, rules mapping
between syntactic and semantic constituents, a domain model, and general
information about time[Passonneau186].

The next sections describe the algorithms for the semantic processing of
clauses and nominalizations in detail, pointing out similarities and differences.

The semantic domain from which these examples are taken is that of
reports of failures of the air compressors used in starting Navy ships, or sac '&.

3. Clause analysis

In order to produce a semantic representation of a clause, its verb is firstO decomposed into a semantic predicate representation appropriate for the
domain.' The arguments of the predicates constitute the SEMANTIC ROLES of
the verb, which are similar to cases[Palmer1985 ]. For example, fail decomposes

into become Inoperative, with patient as its only semantic role.3 In this
domain the semantic roles include: agent, instigator, experlencer, instru-
ment, theme, location, actor, patient, source, referenceept and
goal. Semantic roles can be filled either by a syntactic constituent or by refer-
ence resolution from default or contextual information. We have categorized
the semantic roles into three classes, based on how they are filled [Palmer1986].
Semantic roles such as theme, actor and patient are syntactically OBLIGA-
TORY, and must be filled by surface constituents. Semantic roles are categor-
ized as semantically ESSENTIAL when they must be filled even if there is no syn-

tactic constituent available.4 In this case they are filled pragmatically, making
use of reference resolution, as explained below. The default categorization is
NON-ESSENTIAL, which does not require that the role be filled. The algorithm in
Figure 1 produces a semantic representation using this information. Each step
in the algorithm will be illustrated at least once in the next section using the

ministered by the Olce of Naval Reearch. APPROVED FOR PUBLIC RELEASE, DISTRIBUTION UNLIMITED.

I PUNDIT UNDderstands and Integrates Tet

"]beme an. domain specilc criteria for selecting a rasge of semantic roles. The criteria which we have used are
described inlAbramsoal.4j.

' We awe in the process of delaing criteria for categorising a role as 1s853rAL It is clearly very domain depen-
det, and relies heavily on what can be assumed from the context.
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following (typical) CASREPS text.

Sc failed.
Pump aieared.
Investigation revealed metal contamination in filter.

3.1. A Simple Example DECOMPOSE VERB - The first example uses the
fail decomposition for Sac failed: fail <o
becomeP(inoperativeP(patient(P))). It indicates that the entity filling
the OBLIGATORY patient role has or will become inoperative.

FOR patient ROLE -

PROPOSE SYNTACTIC CONSTITUENT FILLER - The following mapping
rule indicates that the syntactic subject is a likely filler for any patient role,
including this one, as indicated by the variable to the right of the slash indicat-
ing no specific constraints.

patient(P) <- subject(P) / X

6
DECOMPOSE VERB;

FOR EACH SEMANTIC ROLE

CASE 1: IF THERE ARE SYNTACTIC CONSTITUENTS -
PROPOSE SYNTACTIC CONSTITUENT FILLER
& CALL REFERENCE RESOLUTION
" TEST SELECTIONAL RESTRICTIONS

CASE 2: IF ROLE IS OBLIGATORY AND SYNTACTICALLY UNFILLED -

FAIL

CASE 3: IF ROLE IS ESSENTIAL AND UNFILLED -
CALL REFERENCE RESOLUTION TO HYPOTHESIZE A FILLER
& TEST SELECTIONAL RESTRICTIONS

CASE 4: IF ROLE IS NON-ESSENTIAL AND UNFILLED -

LEAVE UNFILLED

CALL TEMPORAL ANALYSIS ON DECOMPOSITION

FIgure 1. Clam Analysis Algorithm

May 4, 1361 9-
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The mapping rules make use of intuitions about syntactic cues for indicating
semantic roles first embodied in the notion of case
[Flilmore1968,Palmer1981]. The mapping rules can take advantage of general
syntactic cues like "SUBJECT goes to PATIENT" while still indicating particu-
lar context sensitivities. This is accomplished by making the application of the
mapping rules "situation-specific" through the use of PREDICATE ENVIRONMENTS
which are indicated on the right-hand side of the rule, after the "f'. The predi-
cate environment can consist of specific predicates in which the role is an argu-
ment, the other arguments to that predicate, and constraints on the fillers of
those arguments. The subject <- patient rule is quite general and can be
applied to every patient semantic role in this domain. A variable to the right
of the slash will match any predicate environment, and so will always be true.
A mapping rule that only applied to the patient role of fail could be made
application specific by indicating the predicate environment,
/inoperatlveP(patlent(P))). Then the rule would only apply when the
patient being filled had the same predicate environment.

CALL REFERENCE RESOLUTION - Clearly, sac is the subject of sac failed,
and is the likely filler of the patient role. At this point the semantic inter-
preter asks noun phrase analysis to provide a unique referent for the noun
phrase subject. Since no sacs have been mentioned previously, a new name is0 created: sac1.

TEST SELECTION RESTRICTIONS - In addition to the mapping rules that
are used to associate syntactic constituents with semantic roles, there are selec-
tion restrictions associated with each semantic role. The selection restrictions
for fail test whether or not the filler of the patient role is a mechanical device.
A sac is a mechanical device so the subject of the sentence sac failed maps
straightforwardly onto the patient role,
e.g.,becomeP(inoperativeP(patlent(sael))).

Since there are no other roles to be filled the algorithm terminates success-
fully at this point and the remaining steps are not applied. The next example
illustrates further steps in the algorithm.

3.2. Unfilled Obligatory Roles

The next utterance in the example, Pump sheared, illustrates the effect of
an unfilled obligatory role.

DECOMPOSE VERB -

shear <- causeP(inutigator(I),becomeP(shearedP(patlent(P))))

Shear is an example of a verb that can be used either transitively or intransi-
tively. In both cases the patient role is filled by a mechanical device that
becomes sheared. If the verb is used transitively, the Instigator of the
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shearing, also a mechanical device, is mentioned explicitly, as in, The rotating
drive shaft saheared the pump. If the verb is used intransitively, as in the
current example, the Instigator is not made explicit.

FOR Instigator ROLE - Working from left to right in the verb decomposition,
the first role to be filled is the Instigator role. The subject of the sentence,
pump, is a likely filler for this role, as indicated by the following mapping rule.

instigator(I) <- subject(I) / X

Reference resolution returns pumpl as the referent of the noun phrase. Since
pump is a mechanical device, the selection restriction test passes.

FOR patient ROLE - There are no syntactic constituents left, so a syntactic
constituent cannot be proposed and tested.

UNFILLED OBLIGATORY ROLES - The patient role, a member of the se-, of
obligatory roles, is still unfilled. This causes failure, and the binding of pumpi
to the instigator role is undone. The algorithm starts over again, trying to
fill the instigator role.

FOR Instigator ROLE- There are no other mapping rules for Instigator,
and it is non-essential, so Case 4 applies and it is left unfilled.5

FOR patient ROLE - The following mapping rules apply to patient, where
the first one suggests the subject, in this case, the pump, as a filler.

patient(P) <- subject(P)
patient(P) <- object(P)

Reference resolution returns pump1 again, which passes the selection restric-
tion of being a mechanical device. The final representation is:

causeP(instigator(I),becomeP (shearedP (patient(pump 1 )))).

3.3. Nominalisations as Role Fillers

The third sentence of our example, Investigation revealed metal contami-
nation in filter, illustrates the filling of an semantic roles by nominalizations.

DECOMPOSE VERB - The decomposition of the verb reveal indicates that a
NON-ESSENTIAL Instigating event causes an OBLIGATORY theme to be
revealed to an NON-ESSENTIAL experlencer.

reveal <-
eauseP(instigator(I),

becomeP(known-toP(theme(T),experlencer(E))))

1in other domains, the batigatr might be an susmL*AL role and would get iled by pragmatics.
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The subject, investigation, and the object, ceotaminztion, both nominaliza-
tions, are likely fillers for the Instigator and the theme role, respectively.
Section 4 describes the algorithm for nominalization analysis in detail, using
investigation and metal contamination in filter as examples. Investiga-
tionl and contamlnationl are returned as the referents of the two nominal-
izations, allowing the following representation for reveal to be produced.

eauseP(instigator(tnvestigatlonl),
becomeP(known-toP(theme(contaminationl),experiencer(E))))

3.4. Temporal Analysis of Tensed Clauses
After the semantic decomposition of the verb and its arguments has been

completed, the resulting predicate structure is passed to the temporal analysis
component along with the tense and an indication of whether the verb was in
the perfect or progressive. Certain kinds of temporal adverbials are also
analyzed. The temporal component determines what time the predication is
asserted to hold for by analyzing the inherent temporal meaning, or aspect of
the verb, in the context of its surface tense and aspect markings. Temporal
analysis results in three kinds of output: an assignment of a real time to the
predication, if appropriate; a representation of the temporal type of the situa-
tion denoted by the predication as either a state, a process or an event; and

O finally, a set of predicates about the ordering of the time of the situation with
respect to other times explicitly or implicitly mentioned in the same
sentence[Passonneaul986]. The input and output to the temporal component
can be illustrated with the simple example sentence, sac failed. The input
would consist of the predicate structure resulting from semantic analysis along
with the information that the sentence was in the simple past:
Decomposition: become(inoperative(patient([sac 1])))
Verb form: Past

The output would be a representation of a transitional event, corresponding to
the moment of beceoming inoperative, and a resulting state in which the sac is
inoperative.
event( [faill], become(inoperative(patient([sacl]))), moment([faill]))
state( [fail2|, inoperative(patient([sacd])), period([fail2|))

As shown above, situations are represented as predicates indicating the type of
situation whose arguments are the pointer to the situation, the semantic decom-
position, and the time argument. The temporal output also represents the
information that the [faill] event precedes the time at which the report was
filed, and that the [fail2] state starts immediately after the momentn of the
[faill] event.
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. 4. Nomlnalisatlons

Nominalisations are processed very similarly to clauses, but with a few cru-
cial differences, both in linguistic information accessed and in the control of the
algorithm. With respect to the linguistic information, the decomposition of a
nominalization is the same as its corresponding clause, but the mapping rules
differ since syntactically a nominaliUation is a noun phrase. For example, where
a likely filler for the patient of Ja is the syntactic subject, a likely filler for
the patient of failure is an of pp. In addition, no noun phrase modifiers are
syntactically obligatory. This suggests the hypothesis that syntactically obliga-
tory roles for clause decompositions automatically become pragmatically essen-
tial roles for nominalization decompositions. This hypothesis seems to hold in
the current domain; however, it will have to be tested on other domains.
Secondly, because nominalizations may themselves be anaphoric, there are two
separate role-filling stages in the algorithm instead of just one. The first pass is
for filling roles which are explicitly given syntactically; essential roles are left
unfilled. If a nominalisation is being used anaphorically some of its roles may
have been specified or otherwise filled when the event was first described. The
anaphoric reference to the event, the nominalization, would automatically
inherit all of these role fillers, as a by-product of reference resolution. After the
first pass, the interpreter looks for a referent, which, If found, will unify withOthe nominalisation representation, sharing variable bindings. This is a method
of Olling unfilled roles pragmatically that is not currently available to claupe.
analysis s. However, It is important to fill roles with any explicit syntactic
arguments of the nominalixation before attempting to resolve its reference, since
there may be more than one event in the context which nominalization could be
specifying. For example, failure of pump and failure ef ac can only be dis-
tinguished by the filler of the patient role. After reference resolution a second
role-filling pass is made, where still unfilled roles may be filled pragmatically
with default values in the same way that unfilled verb roles can be filled.

As with clauses, the temporal analysis of nominalizatons takes place after
the semantic analysis of the nominalization and its arguments. Also as with
clauses, one of the inputs to the temporal analysis of nominalizations is the
semantic decomposition. This input is used is in determining the inherent
aspectual properties of the denoted situation, i.e., whether the nominalization
inherently denotes a state, a process or an event situation. The critical
difference between the two cases is that a nominalisation does not occur with
tense. Since this is one of the necessary inputs for the temporal analysis of
situations, the tense used in analyzing the temporal semantics of a nommialisa-
tion must come from elsewhere in the sentence. The general principle followed
in the temporal analysis of nominalizations is to look for relevant temporal

I Cam ca deube ptoed meatlosed owmIG, a diumed in [DabhlUI . In o da I. bWdle cam like
ibe^ seaedhiog m&Wg0 o nhes N f~ ruatiea fm dam may be r ind. Neo a tmbt ofthi has ne6

yet be lernpk ted is PUNDIT.
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* Information in the superordinate constituents in which the nominalization is
embedded. In its current implementation, the temporal component can only
handle a restricted set of contexts.

One of the functions of the temporal component is to identify predications
which denote situations with actual temporal reference, i.e., situations which
are said to have occurred or to be occurring at the time of the report. Whether
or not a nominaliation is presumed to denote an actual situation depends on
the context in which it occurs. Currently, Pundit processes nominalizations in
two types of contexts.

The first type of context where Pundit assumes a nominalization to denote
an actual situation is where a nominalization occurs as the prepositional object
of a temporal connective (e.g., before, during, after) and the matrix clause
denotes an actual situation. For example, in the sentence sac lube oil pressure
decreased belew 60 psig after engagement, the temporal component processes
the main clause as referring to an actual event which happened in the past and
which resulted In a new situation. After processing the temporal information
associated with the main clause, the temporal component finds the temporal
adverbial phrase after engagemenL Because lafter is a temporal connective
(i.e., it relates the times of two situations), and because the main clause has
actual temporal reference, the nominalization engagement is assumed to have
actual temporal reference. For this set of cases, the nominalization is processed
using the nmaning of the prepositional adverb and the tense of the main clause.

The second type of context in which a nominalization undergoes temporal
analysis is where It occurs as the argument to a verb whose arguments can be
Inferred to denote actual situations. The verb may provide only temporal infor-
mation used in the analysis of the nominalization, in which case the verb is
claseifed as an aspectual one. For example, in the sentence failure eceurred
during engine start, the matrix verb eccur is an aspectual verb whose argu-
ment must be a reference to a process or an event (but not a state). The tense
and aspect of the matrix verb are used in analyzing the temporal semantics of
its argument. Hence, the clause failure occurred would be processed very simi-
larly to a clause containing the simple past tense of the related verb, i.e., some-
thing failed.

Another type of verb whose nominalization arguments are presumed to
denote actual situations is a verb which itself denotes an actual situation that
is semantically distinct from Its arguments. For example, the sentence investi-
gation revealed metal contamination in oil jilter mentions three situations:
the situation denoted by the matrix verb reveal, and the two situations denoted
by its nominalsation arguments, investigation and contamination. In this
respect, reveal differs from occur; in contexts where the verb occur refers to an
actual occurrence, the argument to occur (e.g., failure) constitutes the
occurrence rather than denoting a semantically distinct situation.
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If the situation denoted by reveal has actual temporal reference, then its
arguments are presumed to as well. Thus, if reveal were to occur in a modal
context, e.g., a full investigation migAt reveal the cause ef contaminatie,
then neither the reveal state, nor its propositional arguments-the inuestiga-
ties process and the contamiation state-would be assigned real temporal
reference. However, in the sample sentence given here, all three situations
would be processed as having actual temporal reference. The algorithm for
clause analysis specifies that the referents for the nominalizations must be
found during the semantic analysis of reveal The temporal analysis of the nom-
inalisation investigation, e.g., is part of the process of finding the referent.
That is, the temporal analysis of the nominalizations investigation and con-
taminatien precedes the temporal analysis of the verb reveaL Very briefly, the
input to the temporal component for the analysis of the nominalization consists
of the semantic decomposition and the tense of the matrix verb. This will be
illustrated in more detail in the next section.

4.1. Nomlnailsatlon Mapping Rules

We will use the two nominalizations from the previous example, investiga-
tion revealed metal contamination in filter, to illustrate the nominalization
analysis algorithm. We will describe the entamination example first, since all
of its roles are filled by syntactic constituents. The dotted line divides the algo-
rithm in Figure 2. into the parts that are the (above the line), and the parts
that differ (below the line.)

DECOMPSE VERB - Contaminate decomposes into a NON-ESSENTIAL instru-
ment that contaminates an OBLIGATORY location, contaminate <-

contamlnatedP(instrument(1),Iocaton(L))

FOR intrument role - In the example, metal is a noun modifier of centami-
nation, and metall is selected as the filler of the instrument role.

FOR theme ROLE - The mapping rules for a theme that could apply are:

theme(T) <- of-pp(T)
theme(T) <- In..pp(T)

The role is filled with filter, the referent of in filter.

At this point the temporal component is called for the nominalization metal
contamination in oil filter with two inputs. The first is the decomposition
structure resulting from the semantic analysis:
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DECOMPOSE NOMINALIZATION

FOR EACH SEMANTIC ROLE:

7 THERE ARE SYNTACTIC CONSTITUENTS -
PROPOSE SYNTACTIC CONSTITUENT FILLER
& CALL REFERENCE RESOLUTION
& TEST SELECTIONAL RESTRICTIONS

CALL TEMPORAL ANALYSIS ON DECOMPOSITION

CALL REFERENCE RESOLUTION FOR NOMINALIZATION NOUN PHRASE

FOR EACH SEMANTIC ROLE:

IF ESSENTIAL ROLE AND UNFILLED
CALL REFERENCE RESOLUTION TO HYPOTHESIZE A FILLER
& TEST SELECTIONAL RESTRICTIONS
ELSE LEAVE UNFILLED

FIgure 2. Nominalmtion Aalysls Algorihm

contaminatmdP(instrument([meta1L]),locatlon([illterl]))

The second is the tense of the matrix verb, which in this case is in the simple
past. Inspection of the decomposition indicates that this predicate falls in the
clas, of statives. States are situations which persist over a period of time
without change. The representation of the contamination situation is thus a
state predicate with a period time argument included along with the unique
identifier (which will be eventually be instantiated by reference resolution as
[contamin 11tel, see the next paragraph) and the decomposition:

state([SJ,
eontaminatedP(instrument([metaJ]),loeation([filteri])),

perlod( [Sl))
In this context, the past tense provides the information that at least one
moment within the period of contamination (period([S])) precedes the time at
which the report was filed.

CALL REFERENCE RESOLUTION FOR NOMINALIZATION - There are no
previously mentioned eentamiation events, so a new referent, contamin&-
tionl is created. There are no unfilled roles, so the analysis is completed. The
final representation Is the same as above.
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. 4.2. Filling semutial Roles
The analysis of the other nominalluation, investigation, illustrates how

essential roles are filled. The decomposition of investigation has two semantic
roles, a NON-ESSENTIAL agent doing the investigation and an OBLIGATORY
theme being investigated.7

Investigate <- lnveatlgateP(agent(A),theme(T))
There are no syntactic constituents, so the mapping stage is skipped, and refer-
ence resolution is called for the nominalization. There are no previously men-
tioned investigative events in this example', so a new referent, investigatloni
is created. At this point, a second pass is made to attempt to fill any unfilled
roles.

FOR agent ROLE - Case 4 applies, and it is left unfilled.

FOR theme ROLE - The selection restriction on the theme of an investiga-
tion is that it must be a damaged component or a damage causing event.
All of the events and entities mentioned so far, the sac and the pump, the
failure.of the see and the shearing of the pump satisfy this criteria. In this
case, the Item in focus, the shearing of the pump, would be selected

0 The final representation is:
lnvestlgateP(agent(A),theme(shearl))

S. Other Compounds
In addition to nominalizations, PUNDIT deals with three other types of

noun-noun compounds. One is the category of nouns with arguments. These
include pressure and temperature, for example. They are decomposed and
have semantic roles like nominalizations; however, their treatment is different
from that of nominalizations in that they do not undergo time analysis, since
they do not describe temporal situations. As an example, the definition of pres-
sure,
pressureP(theme(T),locatlon(L)),
specifies theme and location as roles. In the CASREPS domain, the location
must be a mechanical device, and the theme must be a fluid, such as oil or air.
The analysis of a noun phrase like see oil pressure would fill in the location
role with the sac and the theme role with the oil, resulting in the final represen-
tation, pressureP(theme(oill),loeatlon(sael)). The syntactic mapping
rules for the roles permit the theme to be filled in by either a noun modifier,

'IaI other domains, the theine cas be emestial, am in %"ts iavemlgste.*S It the ample had bee, A a sos., invoe~eed ik. pump. no. dstme es.e rnd jst be/we.
LAs ##mookd b,..bdows., a previousl mestiosed eet wouid have bees found, a=6 the agent sad thbeim rol
would have Inheited the liters enlaoseal sad pumpl from the reference to the pfeums 6est.
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Wsuch an eil in this case, or the object of an of prepositional phrase, as in pres-
sreeo eoli Similarly, the mapping rules for the location &low it to be filled in

by either a noun modifier or by the object of an in prepositional phrase.
Because of this flexibility, the noun phrases, see oil pressure, oil pressure in
see, and pressure of oil in se, all receive the same analysis.

The second class of compounds, is that of nouns which do not have seman-
tic roles. For these, a set of domain-specific semantic relationships between
head nouns and noun modifiers has been developed. These include: area of
object, for example, blade tip, material-form, such as metal particles; and
material-object, such as metal cylinder. These relationships are assigned by
examining the semantic properties of the nouns. The corresponding preposi-
tional phrases, as in tip of blade, particles of metal, and cylinder of metal,
have a similar analysis.

Finally, many noun-noun compounds are handled as idioms, in cases where
there is no reason to analyze the semantics of their internal structure. Idioms in
the CASREPS domain include ships force, gear shaft, and connecting pin.
Our decision to treat these as idioms does not imply that we consider them
unanalyzable, or noncompositional, but rather that, in this domain, there is no
need to analyze them any further.

AS. Previous Computational Treatments

Previous computational treatments of nominalizations differ in two ways
from the current approach. In the first place, they have often treated nominali-
zations as one type of noun-noun compound. This viewpoint is adopted by
[Finin1980,Leonard1984, Brachman 1978 Certainly many nominalizations con-
tain nominal premodifliers and hence, syntactically, are noun-noun compounds;
however, this approach obscures the generalization that prepositional phrase
modifiers in non-compound noun phrases often have the same semantic roles
with respect to the head noun as noun modifiers. Repair of engine, for exam-
ple, should receive the same semantic analysis as engine repair. In PUNDIT,
once a noun phrase is recognized as a nominalization, the treatment of noun
pre-modifiers is very similar to the treatment of prepositional phrase post-
modifiers. In essence, PUNDIT's analysis is aimed at a uniform treatment of the
semantic similarity among expressions like repair of engine, engine repair,
and (sincome) repaired engine rather than the syntactic similarity of engine
repair, air pressure, and metal particles. Of the analyses mentioned above,
Brachman's analysis seems to be most similar to ours in that it provides an
explicit link from the nominalization to the related verb to relate the roles of
the noun to those of the verb. The second way in which our approach differs
from previous approaches is that PUNDIT's analysis is driven by taking the
semantic roles of the nominalization and try to fill them in any way it can.
Other approaches, have tended to start by fitting the explicitly mentioned argu-
ments into the role slots. This means that PUNDIT knows when a role is not

May 4, 1907 -12-



Nominalisatonu

explicitly present, and consequently can call on the other mechanisms which we
have described above to fill it in.

7. Llmitations

The current system has two main limitations. First, there is no
attempt to build internal structure within a compound. Each nominal modifier
is assumed to modify the head noun unless it is part of an idiom. For this
reason, noun phrases like impellor blade tip erosion cannot be handled by
our system in its current state because impellor blade tip forms a semantic
unit and should be analyzed as a a single argument of erosion. The second
problem is related to the first. The system does not now keep track of the rela-
tive order of nominal modifiers. In this domain, this does not present serious
problems, since there are no examples where a different order of modifiers
would result in a different analysis. Generally, only one order is acceptable, as
in sac oil ceontamination, *oil sac eontamination.

S. Future Directions
There are a number of open research issues which are not addressed in thisQ version of the system. So far, all nominalizations have been treated referen-

tially, i.e., as specifying a particular event. Many nominalizations, however,
refer to other types of situations, including non-specific, generic, modal, itera-
tive, and opaque contexts. For example, in Unit has low output pressure,
resulting in slow gas turbine atarts, no particular gas turbine start is referred
to; rather, the noun phrase describes a typical behavior of the gas turbine.
Another example can be seen in Request replacement of sac, where no
specific event of replacement is referred to. This is a general problem for
descriptions of events, of course, and applies to clauses as well, such as unable
to start gas turbine, and Pump will net turn when engine jacks ever. These
contexts raise many interesting issues for reference resolution and temporal
analysis. Although we have not dealt with these problems, we believe that our
approach to nominalizations will allow whatever treatments we develop for
clauses of these kinds to be naturally extended to nominalizations.

g. Conclusion

In this paper we have described a treatment of nominalizations in which
the goal is to maximize the similarities between the processing of nominaliza-
tions and that of the clauses to which they are related. The semantic similari-
ties between nominalizations and clauses are captured by making the semantic
roles, semantic decompositions, and selectional restrictions on the roles the same
for nominalizations and their related verbs. As a result, the same semantic
representation is constructed for both structures. This similarity in representa-
tion in turn allows reference resolution to find referents for nominalizations
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* which refer to events previously described in clauses. In addition, it allows the
time component to integrate temporal relationships among events and situa-
tions described in clauses with those referred to by nominalisations.

On the other hand, where differences between nominalisations and clauses
have a clear linguistic motivation, our treatment provides for differences in pro-
cessing. PUNDIT recognises that the semantic roles of nominalized verbs are
expressed syntactically as modifiers of nouns rather than arguments of clauses
by having a different set of syntactic mapping rules. It is also true in nominali-
sations that there are no syntactically obligatory arguments, so the analysis of
a nominalisation does not fail when there is an unfilled obligatory role, as is the
case with clauses. Finally, the temporal analysis component is able to take into
account the fact that nominalizations are untensed.

While there are many cases not yet covered by our system, in general, we
believe this to be an approach to processing nominalizations which is both
powerful and extensible, and which will provide a natural basis for further
development.

May 4, 1987 -14-
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APPENDIX L

Situations and Intervals

This paper, by Rebecca J. Passonneau, will be delivered at the July 1987
meeting of the ACL. It explains the temporal structures of the three situation
types- states, processes and events-and shows how they are computed.
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Summary

The PUNDIT system processes descriptions of situations and the intervals over which they
hold using an algorithm that integrates tense logic and aspecL It analyzes the main verb and its
tense, taxis and grammatical aspect to generate representations of three types of situations:
states, processes and events. Each type has a distinct temporal structure, represented in terms of
intervals having two features: stativity vs. activity, and boundedness.
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1 Situations and Intervals

. 1. Introduction

This paper describes a semantics of situations and the intervals over which they hold that

is neither situation semantics (Barwise and Perry, 1983) nor interval semantics (Dowty, 1979,

1982, 1986; Taylor, 1977). It is unfortunately difficult to avoid the overlap in terminology

because what will be described here shares with situation semantics the starting point that predi-

cations refer to situations. It shares with interval semantics the assumption that the times

involved in references to situations are intervals. The concerns addressed here, however, arise

from the computational task of processing descriptions of situations in natural language

text in order to represent what predicates are asserted to hold over what entities and when.

The PUNDIT text-processing system3 processes references to situations using an algorithm

that integrates tense logic (Reichenbach, 1947) with aspect, or what Talmy (1985) calls the "pat-

tern of distribution of action through time." The algorithm (Passonneau, 1986) first

analyzes the temporal semantics of the main verb of a sentence (i.e., its lexical aspect) and

its concommitant categories of tense, taxis4 and grammatical aspect.5 This analysis provides a

foundation for the subsequent interpretation of temporal adverbials by explicitly representing

the components of time which can be modified. This paper describes how PUNDIT represents

the temporal structure of three types of situations, namely states, processes and events,

how these situations are located in time, and what the computational advantages of these

representations are for interpreting temporal adverbials.

Three specific goals for processing references to situations were identified. The first

was to distinguish references to actual time, i.e., to specific situations that are said to have

'PUNDIT is an acronym for Prolog UNderstanding of Integrated Text. It is a modular system, implemented in Quintus Pro-
log, with distinct syntactic, semantic and pragmatic components (cf. Dahi, 1986; Palmer at al., 1986).

IT&"# (Jakobson, 1967) refers to the semantic effect of the presence or absence of the perfect auxiliary.

Aspect Is both part of the inherent meaning of a verb (lexical aspect) and also signalled by the presence or absence of the pro-
gressive sUffix -in# (grammatical aspect).
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* occurred or to be occurring, as in 1), 6

1) Oil pressure has been slowly decreasing.

from references to types of situations which have not occurred, might occur, or tend to occur,

as in 2).

2) The lube oil pump seizes.

This distinction helps determine, among other things, what proposition tense applies to. In 2),

the present tense does not pertain to a specific event of the pump seizing, but rather to the

tendency for this type of situation to recur. Currently, PUNDIT only processes references

to specific situations associated with actual time.

The second processing goal was to closely link the times at which situations hold with

the lexical decompositions of the predicates used in referring to situations. This allows PUN-

DIT to represent precisely what kinds of situations entities participate in and when. The basic

components of time are intervals while the two features associated with them are stativity

versus activity, and boundedness. The former feature pertains to the internal structure of an

interval while boundedness pertains to the way in which the temporal structure associated with a

situation is located in time by tense and taxis (cf. § 3.2 below).

The final goal was to represent the times for which situations hold in a sufficiently rich

manner to process temporal adverbials modifying different temporal components. For example,

both 3) and 4) contain an at phrase locating a situation with respect to a clock time.

3) Pressure was low at 08:00.

4) The pump seized at 08:00.

But, the relation of the clock time to the two situations differs. In 3), 08:00 occurs within an

* interval over which the state of preasre being low holds. In 4), it coincides with a transition

4UNDIT's current application is to process short mess"ae texts called CASREPS (CASualty REPorts) which describe
Navy equipent failures. As the examples illustrate, the texts often contain sentence fragments.
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. from a pronto. of the pump becoming seized to a state of the pump being seized.

2. Problems In Computing Appropriate Representations

The critical problems in the semantic analysis of references to situations and their

associated times are: 1) language encodes several different kinds of temporal information, 2)

this information is distributed in many distinct linguistic elements, and finally, 3) the seman-

tic contribution of many of these elements is context-dependent and cannot be computed

without looking at co-occurring elements.

These problems have been addressed as follows. A decision was made to focus on the kinds

of temporal information pertaining to the goals outlined in the previous section and to tem-

porarily ignore other kinds of temporal information. 7Computation of this information was then

, divided into relatively independent tasks, with appropriate information passed between tasks to

accommodate context-sensitivities. First, the linguistic input which is both syntactically obliga-

tory and semantically critical is computed, i.e., the verb and its categories. This happens in two

stages with the aspectual information (lexical and grammatical aspect) computed first and the

relational information (tense and taxis) computed second. Since adverbial modification is

optional, temporal adverbs are processed not only separately from but also subsequent to

the interpretation of the verb and its categories.

8. Solutions Intervals and their Features

8.1. Temporal Structure

The input used to compute the temporal structure of a situation consists of the lexical

aspect of the verb and its grammatical aspect. Situations are represented as predicates identify-

I ing the type of situation as a state, process or event; they take three arguments: a unique

'.. rate (Sives by advabe Uke rpidly), "patterrs of frequeacy or habituation" (ct. Mourelatoe, 1981), &ad to ob.
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* identifier of the situation, the semantic decomposition, and the time argument. Example 6) shows

a simple stative sentence, the type of temporal structure it evokes, its semantic decomposition,

and a representation of the situation it denotes. The same pointer ([lowl]) identifies both the

situation and its time argument because it is the actual time for which a situation holds which

uniquely identifies it as a specific situation.

6) Sentence: The pressure is low.
Temporal structure: unbounded stative interval
Decomposition: lowP(patient([pressurel]))
Situation: state( flowIl, lowP(patient([pressurel])), period([lowl]) )

As shown, stative predications hold over unbounded stative intervals. Stative intervals are

represented as a period time argument to a state representation.

Interval semantics captures the distinct temporal properties of situations by specifying a sin-

* gle truth conditional relation between a predication and a unique interval. In contrast, PUNDIT

associates two types of features with the intervals over which the predications hold. The feature

of stativity is defined here just as stative predications are defined in interval semantics: A sen-

tence 0 is stative if it folout, from the truth of 0 at an interval I that 0 is true at al subintervals of

I (Dowty, 1986, p. 42). But stative predications are also defined in terms of the feature of bound-

ednes, which pertains to how stative intervals participate in temporal ordering relations, as

will be shown below (§§ 3.2,3.3).

A process is a situation which holds over an active interval of time. Active intervals are

represented as a period time argument to a process representation. Again, the criterion for

defining the internal structure of an active interval is borrowed from interval semantics: A sen-

tence 0 sean activty if it folow from the truth of 0 at an interval I that 0 is true at all subinter-

* al of I down to a certain limit in size (Dowty, 1986, p. 42). But in addition, it is proposed that

active intervals can be unbounded or unspecifed for boundedness, depending on the grammati-

cal aspect of the predication; both progressive and non-progressive process predications have the
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* same situational representation (cf. 7a, b).

7) Sentence: a) The pump is operating. b) The pump operated.
Grammatical Aspect: progreasive non-progpessive
Temporal structure: unbounded active interval unspecified active interval
Decomposition: operateP(actor([pumpl))
Situation: process( [operatel], operateP(actor([pumpl])), period([operatel]))

But the different values of boundedness lead to different relations between event time and tem-

poral structure, as will be shown below.

Transition event verbs denote a transition to a new situation. Following Dowty (1979), their

decompositions contain the aspectual operator becomeP. The aspectual operator's argument is

the predicate denoting the situation which results from a transition event. PUNDIT's representa-

tions of transition events differ from other proposals by linking distinct time arguments to dis-

tinct components of the semantic decomposition. A transition event consists of a p. ocess (of

O becoming) leading up to a new state or process. Its temporal structure is thus an active

interval followed by-and bounded by-a new active or stative interval (cf. 8).

8) Sentence: The engine seized.
Temporal structure: active interval + transition bound + stative interval
Decomposition: becomeP(seizedP(patient([engine 1])))
Situations: event( [seizel], becomeP(seizedP(patient([enginel]))), moment([seizel]) )

state( [seize2j, seizedP(patient([enginel])), period([seize2])
Temporal relation: starts(moment([seizel]), period([seize2]))

Currently, PUNDIT does not explicitly represent the initial process.9 The transition is represented

as an event with a moment time argunment (e.g., moment([seize1])), and the resulting state is

represented with a period time argument (e.g., period([seize2])) which starts at the moment of

transition. A transition bound (e.g., moment([seizel]) is an abstract feature rather than a real

component of time. It is represented because it participates in temporal ordering relations and

S can be directly modified by temporal adverbials. It can be thought of as the same kind of

$There are some simlrites between my iressition bound and the notion of sselene proposed by Steedman and Moons; Steed-
man, pesnal commnication.

Y ' 65 1 1 1111 1 -11 11
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* boundary between intervals implied by Allen's meets relation (Allen, 1983; 1984, esp. p. 128).

3.2. Event Time

PUNDIT employs a Reichenbachian analysis of tense which temporally locates situations in

terms of three abstract times: the time of the situation (event time), the time of speech/text pro-

duction (speech time), and the time with respect to which relational adverbials are interpreted

(referenc- time). Reichenbach (1947) did not distinguish between the temporal structure of a

situation and its event time. For PUNDIT, the event time is an abstract component of tem-

poral structure in terms of which ordering relations are specified. It is determined on the basis of

boundedness, and is always represented as a dimensionless moment.

The three values of boundedness outlined above correspond to three possible relations of

event time to a time argument. Examples 9) through 11) illustrate these relations. If an inter-

O val is unbounded (as in 6 and 7a above), its event time is represented as an arbitrary moment

included within the interval:

9) The pressure is low.
Event time: M1 such that ncludes(period(lowl),moment(M1))

For an interval unspecified for boundedness (as in 7b above) the event time has a non-committal

relation to the interval, i.e., it may be an endpoint of or included within the interval:

10) The pump operated.
Event time: M1 Such that has(period([operatel]),moment( [Ml]))

The moment time argument of a transition event is its event time:

11) The pump seized.
Event time: moment([seizel])

Defining these three different relations of event time to temporal structure simplifies the computa-

* tion of the ordering relations given by the perfect and non-perfect tenses.

This is simply a miattet of convenience given the needs of the present application domain.
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. 8.3. Temporal Ordering Relations

The event time and the verb's tense and taxis comprise the input used in computing tem-

poral ordering relations. The different relations of event time to the temporal structures of situa-

tions captures several important facts about the interaction of tense and aspect. For example,

only unbounded intervals allow present tense, thus present is computed for examples like 6) and 7)

above, but not for examples like 2).

Also, a predication denoting a past unbounded situation can be followed by a predication

asserting the continuation (or cessation) of the same situation:

12) The pump was operating at 08:00 but is no longer operating.

This is provided for by representing the event time for 12) as a moment included within an inter-

val of indeterminate duration. A similar assertion following a past transition event predication is

O contradictory:
1 0

13) ?The pump sheared the drive shaft and is still shearing it.

The event time for the first conjunct in 13) is a transition bound necessarily culminating in a new

situation (i.e., a state of being saeared). Since the transition itself is dimensionless, the second

conjunct cannot refer to its persistence. A predication evoking an unspecified interval in a similar

context can be interpreted analogously to either 12) or 13):

14) The pump operated at 08:00 and is still operating.

The non-committal relation of event time to temporal structure for such cases makes both

interpretations possible. Assigning a more specific interpretation is probably pragmatic rather

than semantic in nature. As we will see next, the utility of distinguishing between unbounded and

unspecified process predications is especially apparent in contexts containing temporal adverbials.

fThe contradiction wises because one naturally interprets eWt u indicating persistence of the same event. One could inter-
pret such a sence without contradiction as Indicating the iteration of the same type of event.

_A A
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O 8.4. Coneluslons Adverblal Modification

The representations described above were inspired by remarks found in the literature on

tense and aspect (cf. esp. Bull, Dowty, Mourelatos, Vendler) to the effect that "the time schemata"

(Vendler, p. 98) associated with different situations are crucial to the way we perceive and talk

about them. One of the crucial types of evidence used in deriving the representations was the

interpretation of temporal adverbials in different contexts. Consequently, one of the advantages to

the representations is that they make it possible to tailor the interpretation of a temporal adverb

to the temporal structure of the modified situation.

For example, specifying a different relation for the event time of an active interval, depend-

ing on grammatical aspect, yields different temporal relations between the situations described in

sentences like 14)-16).I1

Q 14) The pump failed when the engine was rotating.
transition of failure during period of rotation

15) The pump failed when the engine rotated.
transition of failure during OR at one endpoint of period of rotation

16) The engine rotated when the pump failed.
Same as 15)

Sentences like 16) are often, but not always, interpreted with the process (e.g., rotation) beginning

at or after the transition event moment (e.g., failure). PUNDIT's representations of the temporal

semantics of predications are explicit enough yet sufficiently non-committal to provide suitable

input to a pragmatic reasoner that could decide then cases.
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THE INTERPRETATION OF TENSE IN DISCOURSE

Bonnie Lynn Webber
Department of Computer & Information Science

University of Pennsylvania
Philadelphia PA 19104-6389

Abstract In this paper. I will relate the problem of building up an
e/* structure to what has been described as the

This paper gives an account of the role tense plays in anaphoric property of tense (7. 11. 6, 1, 121 and of relative
the listener's reconstruction of the events and situations a temporal adverbials (181. Anaphora are expressions
speaker has chosen to describe. Several new ideas are whose specification is context-dependent. Tense and
presented: (a) that tense is better viewed by analogy with relative temporal adverbials, I interpret as specifying
definite NPs than with pronouns; (b) that a narrative has a positions in an evolving e/s structure. My view of their
temporal focus that, grounds the context-dependency of anaphoric nature is that the particular positions they can
tense; and (c) that focus management heuristics can be specify depend on the current context. And the current
used to track the movement of temporal focus.1  context only makes a few positions accessible. (This I will

claim to be in contrast with the ability of temporal
subordinate clauses and noun phrases (NPs) to direct the
listener to any position in the evolving structure.)1. Introduction

My basic promise is that in processing a narrative text, The paper is organized as follows: In Section 2. I
a listener is building up a representation of the speaker's discuss tense as an anaphonc device. Previous work in
view of the events and situations being described and of this area has discussed how tense is anaphoric, claiming
their relationship to one another. This representation, as well that it is like a pronoun. While agreeing as to the
which I will call an event/sltuation structure or e/s source of the anaphoric character of tense, I do not think
structure, reflects the listeners best effort at interpreting the analogy with pronouns has been productive. In
the speakers ordering of those events and situations in contrast, I discuss what I believe to be a more productive
time and space. The listener's problem can therefore be analogy between tense and definite noun phrases.O viewed as that of establishing where in the evolving o/s Previous work has focussed on the interpretation of
structure to attach the event or situation described in the tensed clauses in simple linear narratives (i.e., narratives
next clause. My claim is that the discourse interpretation of in which the order of underlying events directly
tense contributes to the solution of this problem, corresponds to their order of presentation).3  Here the

This work on the discourse interpretation of tense is most perplexing question involves when the next clause in
being carried out in the context of a larger enterprise a sequence is interpreted as an event or sequence
whose goal is an account of explicit anaphoric reference to coincident with the previous one and when, as following
events and situations, as in Example 1. the previous one [4, 6, 121. In Section 3, I show that if one

moves beyond simple linear narratives, there are moreExample 1 options. In terms of the framework proposed here, there

Its always been presumed that when the glaciers may be more than one position in the evolving e/s
receded, the area got very hot. The Folsum mn structure which can provide a context for the
couldn't adapt, and they died out. Thars what's interpretation of tense. Hence there may be more than one
supposed to have happened. Irs the textbook dogma. position in e/s structure which tense can specify and
But irs wrong. They were human and smart. They which the new event or situation can attach to.
adapted their weapons and culture, and they suvived. To model the possible contexts, I introduce a

Example I shows that one may refer anaphorically to discourse-lovel focussing mechanism - temporal focus or
structured entities built up through multiple clauses. Thus TF - similar to that proposed for interpreting pronouns and
an account of how clauses arrange themselves into definite NPs (171. I give examples to show that change of
structures is necessary to an account of event reference.2  TF is intimately bound up with narrative structure. To keep

track of and predict its movement, I propose a set of focus
heuristics: one Focus Maintenance Heuristic, predicting
regular movement forward, twu Embedded Discourse
Heuristics for stacking the focus and embarking on an

'TWO werk w paddy lpp Nd by ARO grn 0AA20 444OV. embedded narrative, and one Focus Resumption
NSF gra MCs421911-cIR. ad DARPA grant N0001446,.-O018 a
te UnIuveity of Pinskvuia. mi by DARPA gram N000144-.C0012 ao
UNISYS.
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Hewiledc for retur'*ing and resumfng the current narrative, future pored ST<1ETCRT
The need for each of thus is shown by example. John will ham climbed Mt. Mckinley.

In Secion 4 1 show that relative temporiall adverbials Tht it is RT thti sItrrtdaahrcl n odslythe en uahorc proer1t si aim*l tense either ET or tenses as a whole can be seen by considering
That the Interpretation ot tense should be entwined Example 3.

with discourse structure in this way should not come as a Example 3
surprise, as a similar thing has been found true of other
discourse anaphora [51. John went to the hospital.

He had twisted his ankle on a patch of ice.
It is not the ET of John's twisting his ankle that is

2. Tense as Anaphor interpreted anaphoricaly with respect to his going to the
Tense does not seem prima fade anpoc. an hospital. Rather, it is the RT of the second clause: its ET is

isolated sentence Ike "John went to bed" or "1 met a man interpreted as prior to that because the clause is in the
who looked ike a basset hound" appears to make sense past perfect tense (see above).
without previously establishing when it happened. On the Having said that it is the RT of tense whose
other hand, If some time or event is established by the interpretation is anaphori, the next question to ask is what
context tenses Wilt Invariably be interpreted with respect to kind of anaphoric behavior it evinces. In previous Work.
it, as in: tense is claimed to behave like a pronoun. Partse
Example 2 [121 makes the strongest case, claiming that pronouns

After he finished his chores, John went to be. and tense display the same range of antecedent-anaphor
John paried until 3am. He came home and went linkages:

to bed. Deictic Antecedents
In each case. John's going to bed is linked to an explictly pro: She left mel (said by a man crying on the stoop)5
mentioned time or event. This linkage is the anaphoric tense: I left the oven onil (said by a man to his Wife
property of tense that previous authors have described, in the car)

Hinrichs [6] and Bauerle (11, following McCawley Indefinite Antecedents
M land Partee[1111. showed that itis not tons* per sothat pro:lIbought abanana. Itook it home with me.. is interpreted anaphorically, but that part of tens caled bytes:Ibuhabnn.Itokihmewhm.

Reichenbech [14 reference tie' According to -c bo i h mat I bought
Reich-nbadh, the Interpretation of tense requires three
notions: speech ime (ST). event time (ET), and Bound Variables
reference time (RT). RT is the time from which the pro: Every man thinks he is a genus.
event/ituation described in the sentence is viewed. It may tense: Whenever Mary phoned, Sam was asleep.
be the same as ST. as in .cMkty phoned at time t4 Sam was asleep at6
presnt erfct. ET-cRTrnST Donkey Sentences

John has climbed Aconcagua and ML Mclanley. pro: Every man who owns a donkey beats it.
synole! wa&- TRT-.ST tense: Whenever Mary phoned on a Friday, Sam was

JohnIs i th louge.asleep3.
John s inthe oung. a4y phoned at time t on a Fdday, Sam was

the same as ET, as in asleep rt t on that Friday>
siplpat ET..RTcST Because of this similarity, Partee and others have claimed

Johnclimed Aoncaua.that tense is Ike a pronoun. Their account Of how time isJohnclimed cqua ~then seen to advance in simple linear narratives is
sipl future: ST<ET-RT designed, in part, to get around the problem that while

John wil climb Acnau.pronouns co-specify with their antecedents, the RT of
Aconcgue.clause N cannot just co-specify the same time as the

in between ST and ST. as in previous clause [6. 12. 4J.
patW t ETcRT<cST There is another option though: one can draw an

John had climbed Aconcagua. analogy between tense and definite NPs, which are also
or following both ST and ST (looking back to them), as in anaphoric. Support for this analogy is that. like a definite

NI belowe Ow fte 1 1- use of prunmarw is oifsiwm. in "~s .zuinpie
_____________ow eo~ew is dematio w adnhg ne aummpt *s te mwopwm. it
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NP, tense con cause the listener to create something now. However, there are two more features of behavior to
With a deinite NP, that something new is a new discourse consider: On the one hand, an noted earlier, definite NPs
entity (11. With tense, I will say for now that it Is a now have a capability that pronouns lacks. That is, they can
time at which the event or situation is interpreted as introduce a now entity into the discourse that is 'strongly"
ocau ng.s I one loks at texts other than simple linear associated with the antecedent and is unique by virtue of
naraves, this abiliy becomes dear, as the following that association, as in the b. examples above. Example 4
simple example shows: shows that tense has a similar ability. Thus, a stronger

Exampe 4 analogy can be drawn between tense and definite NPs.

I was at Mary's house yesterday. On the other hand, definite NPs have the capability to
We talked about her brother. move the listener away from the current focus to a
He spent 5 weeks in Alaska with two friends. particular entity introduced earlier or a particular entity
Together, they made a successful assault on Denali. associated with it. This ability tense lacks. While tense
Mary was very proud of him. can set up a now node in a/s structure that is strongly

The went of Mary's brother spending five weeks in Alaska associated with its 'antecedent', it does not convey
sufficient information to position that node precisely - foris not interpreted as occurring either coincident with or example, precisely relative to some other event or

after the event of my conversation with Mary. Rather, the situation the listener has been told about. Thus its
events corresponding to the embedded narrative in the resemblance to definite NPs is only partial, although it is
third and fourth clause are interpreted at a different spatio- stronger than its resemblance to pronouns. To locate a
temporal location than the conversation. That it is before node precisely in e/s structure requires the full temporal
the conversation is a matter of world knowledge. In the a/e correlate of a definite NP - that is, a temporal subordinate
structure for the whole narrative, the tense of the third clause or a definite NP itself, as in Example 5.
clause would set up a now position for the events of the
embedded narrative, ordered prior to the current position, Example 5
to site these events. The bus reached the Stadium. terminal for the suburban

The claimed analogy of tense with pronouns is based bus services. Here Do Witt had to change to a streetcar.
on the similart in antecedent-anaphor linkages they The wind had abated but the rain kept falling, almost
display. But notice that definite NPs can display the same vertically now. He was travelling to a two o'clock
linkages in two different ways: (1) the definite NP can co- appointment at Amsterdam police headquarters in the
specify with its antecedent, as in the a. examples below, center of town, and he was sure to be late.
and (2) the definite NP can specify a new entity that is When Do Witt got to the porlce presidents office, he
'strongly' associated with the antecedent and is unique by telephoned his house.
virtue of that mocliaton, as in the b. examples below7

(adapted from Hans Konig. Do M'rs War]
Deictic Antecedenits Notice that without the "when" clause, the simple past

The car won't startl (said by a man crying on the stoop) tense of "he telephoned his house" would be anaphorically
Indefinite Antecedents interpreted with respect to the "reaching the Stadium"

event, as happening sometime after thaL A new node
a. I pioced up a banana. Up dose, I noticed the banana would be created in e/s structure ordered sometime after

was too green to a the "reaching the Stadium" event. On the other hand, with
b. I picked up a banana. The skin was all brown. the "when" clause, that new node can be ordered more

Bound Vaiables precisely after the "reaching the Stadium" event. By
a. Nod to each car. the owner of the cawas sleeping association with its "antecedent" (the traveEng to the

sou etly. appointmen' event). it can be ordered after the

b. In each car, di engine was idling quietly. achievement of that event

Donkey Saen There is another advantage to be gained by pushing
further the analogy between tense and definite NPs that

a. Everyone who wants a car must fix the carhimslf. relates to the problem tackled in [6. 4, 121 of how to
b. Everyone who owns a Ford tunes the engine himself. reconcile the anaphoric nature of tense with the fact that

Thus the range of antecedent-anaphor behavior that the event or situation described in the next clause varies
Patee cals attention to argues equally for an analogy as to whether it is taken to be coincident with, during,
between tense and pronouns as for an analgoy between before or after the event or situation described in the
tense and definite NPs. previous clause. This I will discuss in the next section.

after introducing the notion of temporal focus.
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3. Temporal Focus be gained by pushing the analogy between tense and
In this section. I give a more specific account of how definite NPs.

the discourse Interpretation of tense relates to a/s As I noted above, a definite NP can specify an entity
structure constructon. • 'strongly' associated with its antecedent. One might thus

At any point N in the discourse, there is one node of consider what is 'strongly' associated with an event One
We structure that provides a context for the interpretation answer to this question appears in two separate papers in
of the RT of the next clause. I will call it the temporal this volume [8, 13], each ascribing a tripartite structure to
focus or TF. There are three possibilities: (1) the RT of the way we view and talk about events. This structure
the next clause will be interpreted anaphorically against consists of a preparatory phase, a culmination, and a
the current TF, (2) the TF will shift to a different node of consequence phase, to use the terminology of [8]. (Such a
e/s structure - either one already in the structure or one structure is proposed, in part, to give a uniform account of
created in recognition of an embedded narrative - and the how the interpretation of temporal adverbials interacts with
RT interpreted with respect to that node, or (3) the TF will the interpretation of tense and aspect.)
return to the node previously labelled TF. after completing Nodes in *e/ structure correspond to events and
an embedded narrative, as in (2), and the RT interpreted situations, as the speaker conceives them. If one
there. These three behaviors are described by four focus associates such a structure with the node labelled the
management heuristics described in this section: a Focus current TF. then one can say that 'strongly' associated
Maintenance Heuristic, two Embedded Discourse with it are events and situations that could make up its

preparatory phase, culmination or consequence phase.
In £211. I presented a control structure in which these Like a definite NP. the RT of tense may either co-specify

heuristics were applied serially. The next heuristic would the current TF or set up a new node in e/s structure
only be applied when the prediction of the previous one 'strongly' associated with the TF. In the latter case, its
was rejected on grounds of "semantic or pragmatic corresponding event or situation will be interpreted as
inconsistency". I now believe this is an unworkable being part of one of these three phases, depending on the
hypothesis. Maintaining it requires (1) identifying grounds speaker and listener's assumed shared knowledge.
for such rejection and (2) arguing that one can reject Since, arguably, the most common way of perceiving the
proposals, independent of knowing the alternatives. world is as an ordered sequence of events, this will

increase the plausibility of interpreting the next event or
I now don't believe that either can be done. it is rarely situation as (1) still associated with the current TF and (2)

:.he case that one cannot come up with a story linking two part of the consequence phase of that event (Le., after it).
events and/or situations. Thus it would be impossible to On the other hand, this 'strong association' treatment no
reject a hypothesis on grounds of inconsistency. All one longer limits anaphoric interpretation to "co-specif" or
can say is that one of such stories might be more plasible "right after as in (4, 6, 12]. The event described can be
than the others by requiring, in some sense not explored anaphorically associated with the the whole event
here, fewer inferences.10  structure (Example 6a), the consequence phase (Example

Thus I would now describe these heuristics as running 6b - "right after'), or the preparatory phase (Example 6c -
in parallel, with the most plausible prediction being the one "before).
that ends up updating both e/a structure and the TF. For Example 6
clarity in presentation though, I will introduce each a. John walked across Iowa. He thought about Mary,
heuristic separately, at the point that the next example who had run off with a computational linguist
calls for it.

b. John walked across Iowa. He crossed the state line
at Council Bluffs and headed wes through Nebraska.

3.1. Interpreting RT against TF
Before presenting the temporal focus management c. John walked across iowa. He started in Sioux City

heuristics, I want to say a bit more about what it can mean and headed east to Fort Dodge.
to interpret the AT of the next clause against the current Deciding which of these three options holds in a given
TF. This discussion points out the additional advantage to case demands an appeal to world knowledge (e.g. whch

actions can be performed simultaneously by a single
agent). This is yet another area demanding further study
and is not treated in this paper."[P I fl 1 so ml Ntw rmy exit a se t of ossble truralnam
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3.F OCUS MaIntenanc and FOCUS Movement ut. ET3 (dams 3 being simple past), the laling event*
The following pair of extamples illustrate te simles is interpreted as immediately following the "going over to

movemtent of temnporall focus in a discoue and its Ink Mary's house' event. This is shown roughly in Figure 3-3.
with ofte structure- constnwctbi.t (TF is shown already moved forward by the FUH, ready

Exampe 7Afor the interpretation of the next clause. if any.)

1. John went over to Mary's house.
2. On the way, he had stopped by the flower shop forK1

some roses.&~~
3. Unfortunastelly the ross failed to cheer her up. SI

1. John went over to Mary's house.
2. On the way. he had sopdby the flower %hop for Fgr -:ESsrcueatrpoesn lue7-

3. He picked out 5 red ones, 3 white ones and oneC To get the most plausible interpretation of 7b - i.e..
pt"e pin~k. where the *rose picking* event is interpreted anaphorically

Since the firt two clauses' are the same in these with respect to the Mower shop" event - requires a second
examples I vAl explain them together. heuristic, which I will call an Embedded Discourse

Heuristic. This will be EDH-1. since I will introduce
With no previous temnporall focus (TF) established another Embedded Discourse Heuristic a bit later.

prior to clause 1.* the listener crestes a new node of slaI T sdfern/s T ratutrneNa
structure. ordered prior to now. to serve as TF. TV sites IfnE beisr fan fembeddednarate reassin ETthe anaphouic interpretation of RT,. which, because claus ft ,.F (san th prviu value of TF, for possible
1 is in the simple pod. also sitesi ET,. This is shown WMup~nIar and try I* i itrpret RT. against this
roughly in Figure 3-1. nw TF.

By this heuristic winning the plausibility- stakes against the
FMK. TF is reassigned to ET2 (stacking the previous TV.
which is site at RT2mRT1 -ET,), and RT3 is anaphorically
interprted as folowing this new TF. As before, ET3 is

AM&sited directly at RT3 (since simple past), so the "picking
out the'rose" event is viewed as immedlately following
the *stopping at t florts event. This is shown roughly in

Figure 3-1: EIIS structure after proesa n clause I Figure 3-4.

The first heuristic to be introdued is a Focus V
Ia~nau Neuri@M (FIA). e:%.L1 l

AftrI bpm6 g die N. fte now TF is the mt
mewt IF I ea. toe node qiaet of wasRT6

The most sacew TF is coliemporal with RT1. This new TV
now provides a ails fo inteepreting RT2. Since clais 2 is Fgr -:ESsrcueatrpoesn lue7-
pa perIecP ET2 is iinse-prele - a being prior to AT2. E/sFgr -:ESstutr fe rcesn lue7-
m~uave as now roughly as shown In Figure 3-2. Now consider the following extension to example 7b.

Example 7c
1. John went over to Mary's house.

VL ST 2. On the way, he had stopped by the flower shop for
4 some roses.

3. He picked out 5 red ones, 3 white ones and
one pale pink.

4. Unfortunately they failed to cheer her up.
F~im 3-2: E/S structure after processing clause 2 First notice that clauses 2-3 form an embedded narrative

Applingthe MH gain RT isthe ow F gong nto that interrupts the main narrative of John's visit to Mary's.
Applingthe UN gain AT isthe ew V gong nto The main sequence of events that begins with clause 1

cbaus 3. Examples ?a and 7b here diverge in what resumes at clause 4. Now consider the anaphoric
. "eue~l happens to the TV. interpretation of tense. Clauses 1-3 are interpreted as in

In 7a. AT3 ca be anaphoricaly tinterpreted as Example 7b (cf. Figure 3-4). The problem comes in the
ameiidlasl followin the TV. Since AT2 in turn directly interpretation of Clause 7c-4.
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Togioteat lama I tpraNOn reiquires athird U4.hemaaw ish ~ I wil od a P.61. R sfPH n IHeurletis 1. 1 was at Marys house yesterday.
(PRH) 2. We talked about her brother.

At the Swum. itesk bor M IMbd~ &uav,3 He spent 5 weeks in Alaska with two friends.
to I P pt ie f eh AM I (sfeid by w 4. Togethe, they made a successful asault on DensE.
endiM M~esg Hmwd5US) ca be 5eune. Mary wee very proud of him.

Lsin ft hesirlt the previously stedcad TI alida Notice toa the focus stacking specified in 5014-2 enables
R~gmT,= the- o lng to Merys house event) on cas. inepetto of clus 4-5 whc s

bemAe- -e n nw TF. and RT4 is pntruled as directly plauibl Interpreted via the FRH as following the "teling
lfloing L Since clem 76-4 i simple past, the lalingo about heir bohe eet
@wee Is again correctly Interreed is Immediately
following the- "going over to Mary's house' event. This Is E0144 is also relevant for the interpretation of NPs
shown roughly in Figure 3-5. headed by de-verbal nouns (such as Wtl. Installation".

ea.c). While such a NPD may describe an event or situation,
ther may not be enough information in the NP Itelf or in

K'T% Its demuse to locate the event or situation in oft structure
V& V5 f&"' 1%(di. emy trip to Alaska' verus *my recenambpeming trip to

___________________Alaska'). On the ot'..r hand, 5014-2 provides a way of
allowing that information I* come from the subseqent
discourse. That is. If the following claus or NP can be
interpreted as describing a particular eventfstuation. the

Flgur 3-5: EIS structure after processing clause 76-4 original NP and the subeequent NP or claue can be take
as co-specifying the same thing. Roughly that is how I

I have already noted that Ike a definite NP, tens can propose treating cases such as the following variation of
cause fth listener to crew@e a new node in s stnactuare to Example 4:
site its RT. What I went to consider here is the Exml8
circumstances under which a reader is likely to create a
new node of aWa sMucth" to interpre RT.,, rather than 1. 1 was talking with Mary yesterday.
using an existing node (Le., the current IF. one associated Z. She tol me about her trip to Alaska.
with the previous event (11 not the TF) or a prevous 3 & Sh e o f themewithdtwonhim

One ircmstace 1 mntioed arler ws a do The NP "hir trip to Alask doss not of itelf cause an
beginning of a discourse: a reader wll take an adito to oft ~ stukse1 Pjw aplctono

intrductry entece ke Soopys fmousfirt lie anew node of Wea struciture against which its RT Is sited&
It was a dak aid slormy nit. Ote reasoning results in demuse 3 and -har trip to Nlaska"

and steart buillin up a new ofa stritctuire with one node being taken as co-specifyinig the same event This is what
corresponding to ST and another node siting RT and ET. binds them together and associates 'her trip to Alaska'
Generalizing this situation to the beginning of embedded with a node of ot structure.
narratives as well, I propose a second Embedded Finally, notic that there wil be an ambiguity when
Discourse Heurstic (5014-2): more than heuristic makes a plausible prediction, as in the

If clase N+1 is hals pieled w Ieginninogan following example:embdd. nerradve, ciss a new nods of e/s
struas ind assign it io be T. Siek fte previou Example 9
vdue of T'. for possibl sapi Vft o. 1. 1 told Frank about my meeting with Ira.

EIDH2 differs from 5IDMI in being keyed by the new 2. We talked about ordering a butterfly.
clause itsetf ther Is no existing event node of */* it is plausible to take the second utterance as the
structure, different from the current TF, which the beginning of an embedded narrative, whereby EDH-2
embedded narrative Is taken to further describe. results in the 'taking about, event being interpreted

5014-2 explains what Is happening in interpreting the against a new node of ea structure, situated prior to the
third cause of Example 4. Even though ailthe clauses of "tellngFak" evet(n this came,we* sra adme.)it is
Example 4 are simple past with ET-RT, the third clause is also plausible to take the second utterance as continuing
most plausibly interpreted as describing an event which the current narrative, whereby FMH results in the "taking
has occu red prior to the Otailing about her brother event, abouto event being interpreted with respect to the 'telling
50344 provides the mean of interpreting the tense in an Frank! event. (in contras here, we" is Frank and me.)
embedded narrative whose events may occu r either

before or even after the current TF. __________

"It dmss of as.. rem In fti cou asin of a dsmurs .nuV (tqf. The
rssadpI W-1 we~s to tisun a We SWUMir nW h~WW

dhsmwn WA"s Is dacusued in (211.



4.-Tmpa Focus ad teMPOMa Advobiala
" So ar I have onl shwn #Wa clauses containing no

o~w dso- axwtnios then tensea can be interpreted
-- IeRphwtli agains more ione me asIn w~e etruotr
Now I wn to show, at least by example, that what I have IC
p , pocsed holds for cdouses containing relatlive temporal l1
adveis a well. Reativ temporal adverbla must be
ierpreted with respect to some other time l1e]. So

cosider the A 1,zkm fom in the following brief texts.
,Iohn beommethemcptain ofPenn's squah teemn.
He won peeoW oplain of the lHavedford twn. IFIgur 4-1: EIS structure after posingf clause I Oa-3
John left for London on Sunday. In I Ob-3. the interpretation due to PUH is less
Tuesday he went to CAmbridge. plauefte than that due to EON-I. EON-i re-assigns TF to

ET2. where the beginning of ADV is then sited. The end of
rmsdy Jhn wnt o Cabrige.AOV in turn provides an anaphoric interpretation point for

On Srmday he lef for Londont. RT3 Sic ET isstdaT 3. the leaving with the
Pmvks* Is interpreted with respedt to the previously bouquet" event is sited at the end of the twenty minutes of
mentioned "becoming captain" eftn it was before that waiting. This is shown roughly in Figure 4-2.
that he was captai at Haverford. In the second ase. the
adverbial On Sunday, given no previus fink in the
discourse is intrrtd with respedt to ST. However, T
Tuesday is then interpreted with respedt to the event of 6316 9T 4.1
John's leain for London: it Is interpreted as the Tuesday ______________

after that event. 'The Otr case Is the reverse. -- -

What I want to show Is that, as before, the same four
heuristics predict the sites In a/a structure that may Fgr 2 I tutr fe rcsigcas ~-
provide a context for a relative temporal adverbiaL FW -:ESsrcueatrpoesn lue1O-
Consaider the 10llo01n An interesting question to consider is whether a

Exam speaker would ever shift the TIC as modelled by the FMH
1. John~.; ~ ~or the E014. while simultaneously using a relativ

2. Jon hen way, he aspe thoue. temporal adverbial whose interrtation would have to be
some roses. BMWe to the new TF, as in example 11 (movement via

3. After five minutes of awkwardness, he gave her. FRH) and example 12 (movement via 1014.2).
th lwr Example I

Exarole10b1. John went over to Mary's house.
I1. John went over to Mary's house. 2. On thes way, he had stopped by the flower shop for
2. On the way, he had stopped by the flowier shop for sm a

sfte 2306 3.re f h it h oqe He picked out 5 red ones, 3 white ones and one
and fairly ran to Marys 4. After 5 minutes of awkwardness, he gave her the

Mawy's.flowers.
I wil use ADV to refer to the interpretation of the 'aftern Eape1

adverbial. In these came, what Is sited by TF is the
beinn of the interval. What In turn sites the AT of the 1. 1 was at Mary's house yesterday.

mandausis the and of the interval. 2. We talked about her brother.
3. After 6 months of planning, he went to Alaska with

The processing of the firs two clauses is just the same two friends.
as in examples 7a and b. From here, the two examples 4. Together, they made a successful assault on Denal.
diverge. &. Mary was very proud of him.

In 10s-3. the beginning of AOV is most plausibly I find both examples a bit awkward, but nevertheless
interpreted with respect to the TF. The endl of ADV in turn understandable. Accounting for TF movement in each of
provides an anaphoric interpretation point for RT.. Since them is straightforward. However, whether to attribute the
ET3 is interpreted as coincident with AT3 (clause 3 being awkwardness of these examples to exceeding people's
shiple past), the *rose gMng* event is interpreted as processing capabilities or to a problem with the theory is
Immediately following John's getting to Mary's house. This grist for further study.

s Slown roughl in figure 4-1.
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APPENDIX N

Report on an Interaction between the Syntactic and Semantic Components

This report by Marcia Linebarger describes the design of an interaction
between syntax and semantics to allow input from the semantic component to
the parser to guide the parser to a semantically acceptable parse.
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Repmrt on an Interaction between the Syntactic and Semantic Components
Marcia Linebarger

This report describes an attempt to develop a more flexible control strategy
In syntactic and semantic processing of text, by a mechanism which forces seman-
tics to evaluate the partial products of syntactic analysis.

Currently, Pundit's control mechanism flows from the syntactic module to
the semantic module; the parser operates without any reference to the semantic
properties of the structures it builds. The cost of this sequential operation is that
the parser frequently engages in pointless structure building, which could have
been prevented by allowing the semantic module to analyze the output of the
parser at some point earlier than the end of the clause.

Below we describe a restriction which calls the semantic analyzer dur-
ing the syntactic parse and uses semantic information to limit the search space of
the parser. Our initial efforts have been directed toward a restriction
(sveheckpoint) which is called at the point at which the subject and main verb
have both been parsed, but before the object has been analyzed. This is a partic-
ularly felicitous moment for such interaction because (1) the parser is able to pro-
vide semantics with considerable information, i.e., the identity of the verb and
one of its arguments; and (2) the parser is confronted at this point with a great
variety of syntactic options, so if it is possible to abort incorrect analyses at thisO point we may prevent needless structure building.

This report describes the design of sv..checkpoint. The motivation for
developing this mechanism has been primarily to test the ability of the semantic
component to process partially built syntactic structures, and to point up those
areas in which the communication b etween the two modules needs further
development. Following successful implementation of this restriction, additional
interactions between syntax and semantics will be explored, with particular con-
cern for the processing of noun phrases.

Sv_checkpoint is housed in the BNF object rule, and applies during the
dynamic editing of the object rule in accordance with the subcategorization
features of the verb (see [91, included as Appendix D.) 1 It passes the parsed sub-
ject and verb to the semantic analyzer. The semantic analyzer attempts to
assign the subject a thematic role in accordance with the verb decomposition and
syntax-semantics mapping rules. The information sent back to the parser is used
either to alter the parser's expectations about upcoming structure or to abort the
current analysis.

lAJsth.' p= in to ca the restlction mmedist.y ronlowiag the construction of the ltw or Iv node, i.e.,
ap emp*e of the vwb teit ,h" would prmvt comnetretioa of intervening sentence adjuncts prior to the c&U to m-
imstim e the Smeule rule pernte steaece adjuacte betwm verb and object.0



L.1. Pzedksthm .t upe st

One Important set of temporary ambiguities which the restriction will
sometimes be able to resolve in mid-parse involves TRANSIrVITY ALTERNATION
verbs which are subcatgorlsed as both Intransitive (Le., as taking nullobj, in the
string grammar formalism) and transitive (i.e., as taking nstgo ). There are
many such verbs; consider melt and decrease. (an asterisk indicates that the sen-
tence Is semantically or pragmatically anomalous, either generally or in the
CASREP domain; all sentences below are spvatacticealf well-formed.)

(1)(a) The flame melted the ice cube. (nstgo)
(b) The ice cube melted. (nullobj)
(c) *The flame melted. (nullobj)
(d) *The ice cube melted something. (nstgo)

(2)(a) The arsonists torched the building. (nuilobj)
(b) The building torched easily.
(c) *The arsonist torched easily.
(d) *The building torched something.

It is clear that in these sentences the choice between the intransitive and
the transitive uses of the verb can be made at any point after the subject and

*main verb have been analyzed. In the (a) sentences above, we know that the
verb cannot be intransitive (given the anomaly of the (c) sentences), and in the
(b) sentences we know at this point that the verb cannot be transitive (note the
anomaly of the (d) sentences).

Sy._checkpoint allows us to utilize this information in mid-parse by
analyzing the subject and verb as if they constituted a complete clause. If the
clause analyzer is able to assign a thematic role to the subject, and if no obliga-
tory roles remain unfilled, then the parser is directed to reorder the object list so
that nullobj is the first object option tried. That is, the parser is instructed to
PREFER the intransitive analysis. If, on the other hand, the clause analyzer is
able to assign a thematic role to the subject but obligatory roles remain unfilled,
then the parser is directed to delete nullobj from the list of object options; it is
prevented from considering the intransitive analysis. The effect of
svSheckpolnt in these two cases is to alter the BNF object rule itself before
the parser begins to apply it.

Note that the distinction made here between PREDICTING UPCOMING STRUC-
TURE and FAILING THE CURRFNT ANALYSIS is minimal for the cases considered
above. It may be that we will collapse the two cases by limiting sv_checkpoint
to either accepting or rejecting a given analysis. However, the distinction we are
making between prediction and failure has some motivation.

Consider first the cases in which the nullobj option is reordered to the head
~ of the object list. These could also be handled by having svcheckpoint trigger

failure out of the nstgo object option rather than by reordering nullobJ so that



*it Is the ALst option conldemd. However, the reordering mechanism is of interest
to s as an aperiment In the expression of WEIGHT PREFERENCES for (rather
than outright elimination of) particular prs.

And the cases in which nullobj is deleted from the object list could equally
be handled by constructing and then failing nullobj; since nuilobj has no inter-
nal structure, it clearly Is not expensive to build and therefore could just as well
be built and then dismantled a excised from the object list. Our interest in the
predictive approach arises out of the posibilIty that in other caem the subject-
verb combination may allow us to reject a more elaborated object option even
before it Is built, rather than building and then rejecting this option.

A hypothetical such case is a sentence beginning the tornado claimed....
This sentence may be completed by an notgo, as in The tornado claimed three
liver, but it may not be completed by a clause, as in The tornado claimed that
three lives were lost. This is because the two object options to correspond to
utterly distinct senses of the verb. Rather than allowing the parser to attempt to
build a clausal object, it may be that aycheckpoint could be strengthened in
the future so that when it is presented with the tornado claimed.., it removes
asetion and that. (both clausal object options) from the list of object options.
This would require that the semantic component examine the possible thematic
roles available to the object; and, on the basis of both general and verb-specific
mapping rules, send back to the parser a list of BNF object options that may, provide semantics with an acceptable argument. For example, let us say that
claim Is associated with two argument structures:

(3) claim(agent,proposition) - "He claims that this is true."

(4) claim(actor, patient) - "The disease claimed three victims."

In both cases, mapping rules will assign the first role to the syntactic sub-
ject. Ignoring, for the moment, the different roles assigned to the subject in the
two argument structures, note that (3) will have semantic clas restrictions
imposed upon its subject, i.e., that the subject be animate; on the other hand, (4)
will not impose such semantic restrictions upon its subject. Thus semantics can
eliminate the FIRST argument structure above because tornado will fail the
semantic clas restriction. Since a syntactic clause (such as that three lives were
lost) can never express a patient argument, the semantic analyzer could, at this
point, eliminate from the BNF options to be considered by the parser all those
options which cannot express a patient argument. This will result in the removal
of that. (the clause object option) from the object list. Thus the parser will be
prevented from even attempting to build a clause; and will be spared, for exam-
ple, the construction of a huge garden path in cases such as (5) which are initially
ambiguous between a noun phrase (with member as its head) and assertion (with
that well-known member as its subject) analysis. And it will be prevented from
generating any parse at all for the syntactically correct but semantically
anomalous (6).



(6) The tornado claimed among its victims that well-known member
of parliament who was decorated several times during the war.
(Acceptable atgo)

(6) The tornado claimed that well-known members of parliament
who were decorated several times during the war had in fact
been spying for the enemy.
(Anomalous that.)

Thus the distinction between prediction of upcoming structure and disman-
tling of a completed structure is maintained despite the fact that in a number of
cases the former approach holds no advantage over the latter. The usefulness of
the distinction remains an empirical issue.

We consider now a range of cases in which sv_checkpoint rejects a com-
pleted analysis on the basis of a call to semantics.

1.J. Abutmlng the euwmt anavy%

Another set of ambiguities which are sometimes resolvable during the parse
involves the identification of the main verb. Main verbs are sometimes indistin-
guishable from passive participles or nouns. Consider first the main verb/passive

O participle ambiguity, which holds of dropped, failed, and increased in the follow-
ing example.

(7) Oil pressure dropped to 72 psi then increased to 90 psi and then
failed while starting gas turbine. (Testb 13.1.1)

The entirety of (7) up to the period is analyzable syntactically as a single noun
phrase (the oil pressure which was dropped to 72 paig, woi increased to go psi,
and then wa failed while etarting the gas turbine...), since all three verbs are syn-
tactically transitive and have indistinguishable forms for tv (the inflected main
verb) and yen (the past participle). This ambiguity gives rise to considerable
pointless structure-building unless constrained semantically. If the yen analysis is
considered first, then the parser misanalyzes sentences like (7) as noun phrases
until the final punctuation mark is encountered. If the tv analysis is considered
first, then other sentences will be misanalyzed until the real tv is encountered.
And in some cases, this may not occur until a great deal of structure has been
built:

(8) Overheating expected to result in engine failure and subsequent
malfunctions of number 4 sac has not occurred.

A If ezpected is analyzed as the main verb with subject overheating, then a huge
garden path is created: until the parser encounters has, it has no indication that



* the material up to this point represents a large noun phrase (the overheating
which wu ezpected to result in engine failure and subsequent failure of number 4
see); rather, it has incorrectly posited a single word subject followed by an
Infinitival complement containing a transitive verb with compound object (The
overheating harbored the expectation that it would result in engine failure and sub-
squent failure of number 4 sac). All of this structure-building will have been in
vain.

Sv_checkpoint will help to constrain this ambiguity; it allows us to try the
tensed verb analysis first, and reject it immediately if it is patently anomalous.
Thus the BNF grammar orders the null option of rn (the right adjunct of the
noun phrase) before the venpass (passive participle phrase) option; this means
that dropped in (7) and expected in (8) will be analyzed first as tensed verbs.
This eliminates the massive garden path in (7), but leads the parser to misanalyze
(8) in the way described above. Sv checkpoint, however, will reject this
analysis because there is no thematic role available for an inanimate subject of
expect. Thus this analysis is aborted early on, and the parser backtracks into the
subject, trying the venpass option in rn, the noun phrase right adjunct position.

In some cases, both the yen and the tv analyses yield a syntactically viable
parse, with the result that semantics be sent a parse corresponding to a
semantically/pragmatically anomalous interpretation. To consider an example
from the CASREPs, the parser first misanalyzes (9) below as an assertion with, tensed verb believed.

(9) High lube oil temperature due to design of first flight oil
cooler believed contributor to unit failure.
(Testb 26.1.5)

The only parse of (9) as an assertion must analyze believed as a main verb, in
which the temperature is asserted to believe some proposition. However, the
correct parse is as a fragment in which believed.., is a venpass predicated of
temperature (paraphraseable as the high lube oil temperature was believed to be a
contributor to the unit failure). Sv checkpoint will prevent the generation of
this incorrect parse. Since the restriction is called at the point at which tempera-
ture has been analyzed as the subject of believe, it will elicit a rejection from
semantics (temperature cannot harbor beliefs) and the assertion parse is aborted
immediately.

And, in fact, sv._checkpoint should be able to abort misanalyses in a
wide range of structures where a lexical item may or may not be correctly
analyzed as the main verb. By sending the ambiguous item to semantics as a
main verb along with its putative subject, the parser may often get early warning
of an incorrect analysis.

For example, many verbs (e.g., request) are also analyzable as nouns. This
Sambiguity results in garden paths and also in syntactically correct but semanti-

cally inappropriate parses. Consider (10) and (11) below.



*(10) He had the unit repair request forms cancelled by the head
office. (sien)

(11) He had the secretary request some forms. (svo)

The semantically correct analysis of (10) below analyzes request as a noun in an
aven structure (oven is a small clause consisting of subject plus passive participle
phrase), paraphraseable as He had the the form. which ezpressed a request for
engine repairs cancelled by the head office. However, the parser will also produce
an anaysis in which request is the main verb of an svo clause (svo is a clause
with untensed verb). The anomalous interpretation of (10) is analogous to the
use of request in (11); on this reading (10) may be paraphrased He forced the unit
repair to make a request for forms which were cancelled by the head office.

Svcheckpoint will allow semantics to reject the misanalysis of request as a
v (untensed verb) in (10) immediately, since repairs do not make requests. And in
a corpus with many elaborate compound nouns, such ambiguities are legion; even
when they do not result in incorrect parses, they may create massive garden
paths.

Thus svcheckpoint guides the parser in several ways. It allows for the
dynamic reordering and pruning of the BNF object rule in accordance with the
thematic possibilities of the subject, and it allows us to abort a wide range of
syntactic misanalyses resulting from the ambiguity of English verb forms.

One obvious limitation of this restriction is that it is only as effective as
the semantic information which it exploits. Thus for PUNDIT to benefit
significantly from the implementation of sv checkpoint, the semantic con-
straints on fillers of thematic roles available to the subject will have to be
developed in greater detail.

1.1. Relationship to the seleetion mechanism

As noted above, our purpose in developing this mechanism has been to
develop greater flexibility in PUNDIT's control strategy, and to develop the inter-
face between the syntactic and semantic components. Ultimately, however, it
remains an empirical issue which method of interaction will prove the most
efficient: (a) no interaction between the syntactic and semantic components prior
to the completion of the parse; (b) interaction by means of selectional patterns of
the sort described in section 6 and Appendix 0; or (c), interaction by means of a
mechanism like sv_checkpoint which transfers control to semantics during the
parse. Our early experiments have suggested that (b) is more efficient than (c) as
well as than (a); thus it may be more efficient to replace sv_checkpoint with
selectional patterns. This will require an Intermediate Syntactic Representation
that can represent information in partially constructed constituents (i.e., subject
plus verb, or left adjunct plus head). An important research goal is therefore the
development of closer links between selectional and semantic information, so that



. uselectional pattern may be exploited for the development of the semantic data
base, and semantic information may be used to generate selectional. patterns and
to extend LMCAL aelectional. patterns in accordance with verb decompositions
and syntax mapping rules.

9W



APPENDIX 0

Improved Parsing Though Interactive Acquisition of Selectional Patterns

The report on "Improved Parsing", by Francois-Michel Lang and Lynette
Hirschman, will be issued as a Paoli Research Center Technical Report. It
describes a mechanism for collecting valid sublanguage co-occurrence patterns,
and their use in pruning the search focus during parsing. Through the use of
selectional patterns, the average number of parses dropped from 4.7
parses/sentence to 1.5 parses/sentence.
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Improved Parsing Through
Interactive Acquisition of Selectional Patterns'

Franpois-Michel Lang and Lynette Hirschman

Paoli Research Center
Unisys Defense Systems

P. 0. Box 517, Paoli, PA 19301

(215) 648-7490

AD ABSTRACT

This paper presents a module of the PUNDIT natural-language system designed to facilitate
porting the system to new domains, and to improve the accuracy and efficiency of the parser.
The module operates Interactively by querying the user about word patterns appearing in cer-
tain syntactic combinations (e.g., subject-verb-object) found in partially constructed parses.
When presented with a word pattern, the user has two choices: (1) if the pattern is semantically
consistent with the domain, the user accepts it, signalling a correct parse; (2) if it is semanti-
cally anomalous, the user rejects it, signalling an incorrect parse, and failing that parse. These
word patterns collected by the program are stored in a pattern database which can be automat-
ically consulted by the parser. Using this module in interactive parsing has reduced the number
of parses found for the sentences in one of our corpuses from an average of 4.7 to 1.5, and
decreased the time spent parsing by approximately one-third.

'This work has been supported in part by DARPA under contract N00014-85-C-0012, administered by the Office
of Naval Researic, and Is put by National Science Foundation contract DCR4S-02205, as well as by Independent
R&D funding from System Development Corporation, now part of Unisys Defense Systems.



. 1. INTRODUCTION

A frequent problem encountered in parsing with large, broad-coverage grammars is that such
grammars often produce a great number of panes. Our Prolog implementation of restriction
grammar [lrschman1982,Hischman1985], which includes about 100 grammar rules and 75 res-
trictions, produces over 15 parses for fve of the sentences in one of our corpuses. A majority of
these parses, however, are incorrect because they violate some domain-specific semantic con-
straint. For example, two of the parses for the sentence High tube oil temperature believed
eotributor to unit failure could be paraphrased as

(1) The high lube oil temperature believed the contributor to the unit failure.

(2) The high lube oil temperature was believed to be a contributor to the unit failure.

but our knowledge of the domain (and common sense) tells us that the first parse is wrong, since
temperatures cannot hold beliefs.

It is only because of this semantic information that we know that parse (2) is correct, and that
parse (1) is not, since we cannot rule out parse (1) on syntactic grounds alone. In fact, our
grammar generates the incorrect parse before the correct one, since it produces assertion parses
before fragment parses. If a grammar has access to domain knowledge of this kind, however,
many incorrect parses such as (1) will never be generated.

How then can we collect semantic information about a domain? One approach would involve
analysing the corpus of data by hand, or perhaps even simply relying on one's intuitive
knowledge of the domain in order to gather information about what relations can hold among
domain entities. Several obvious drawbacks to these approaches are that they are time-
consuming, error-prone, and incomplete. A more robust approach would be to develop some
(semi-) automated tools designed to collect such information by interacting with a user familiar
enough with the domain to distinguish good parses from bad ones.

We see now that our reasoning appears circular: Valid selectional information can only be
obtained from analyses of correctly parsed structures, but our goal is to restrict the parser to
then correct analyses precisely by using valid selectional information. In the example above, we
need selectional information to rule out the bad parse; but it is only by knowing which parse is
bad that we can obtain this information.

One way to avoid this circularity is bootstrapping into a state of increasingly complete domain
knowledge. We have implemented such a bootstrapping process by incrementally collecting and
storing selectional data gathered through interaction with the user Hirschman198]6. Data col-
lected from the user can then be used to help guide the parser to correct analyses and to
decrease the search space traversed during future parsing. As the the system's semantic
knowledge becomes increasingly rich, we can expect it to demonstrate some measure of learning,
since It will produce fewer incorrect analyses and present fewer queries to the user about the
validity of syntactic patterns.

2. A SUBLANGUAGE FOR EQUIPMENT FAILURE DIAGNOSIS

The sentence cited above, High tube oil temperature believed contributor to unit failure, is,
of course, a sentence (-fragment) of the English language. More importantly, however, It is a
sentence from a specific sublanguage of English. A sublanguage is a highly specialized and
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often idiosyncratic form of a natural language used by specialists in a given field for communi-
cation strictly within that field. Examples of sublanguages which have been studied previously
are the language of weather reports [Chevalier1978], aircraft maintenance manuals
[Lehrbergerl9831, medical reports -irschman1983], and equipment-failure reports inrshlg84].

According to Zel~lg Harris, who was one of the first linguists to study the use of language in res-

tricted domains [larrisl98], a sublanguage shares the syntax of the general language,' but is
distinguished from the general language by constraints on what words can co-occur in certain
syntactic patterns, such as a subject-verb-object structure. A well-formed sentence of a sub-
language must therefore not only meet the syntactic criteria of the general language (and what-
ever syntactic restrictions the sublanguage imposes), but also satisfy any co-occurrence restric-
tions specifc to that sublanguage. In a medical sublanguage, for example, the sentence Tie I-
ray revealed a tumor would be well-formed, but not the sentence Tie tumor revealed an I-
rely.

Our domain deals with mechanical failures of a component of a ship's engine called a starting
air compressor (SAC), The sentences in our corpuses are from a sublanguage dealing with
diagnosis of equipment failures, and consist of casualty reports (CASREPs) detailing the causes
and results of SAC failures.

3. METHODOLOGY

The essential feature of our parser which facilitates the collecting of syntactic patterns is the
INTMEDIATE SYNTACTIC REPRESENTATION (MSR) produced by the syntax processor. The ISR is
the result of regulariuing the surface syntactic structure into a canonical form of operators and
arguments. 'Since the TSR regularises syntactic patterns into a canonical form, there are only a
fairly limited number of patterns which can appear in an ISR. We have therefore been able to
write a program to analyse the ISR and examine the syntactic patterns as they are generated.

A brief note about the implementation: Since the ISR is represented as a Prolog list, the pro-
gram which analyses it was written as a definite-clause grammar and has the flavor of a small
parser. As a sample ISR, we present the regularised representation of the obvious parse for the
sentence T% field esineer repaired tAe broken as (pretty-printed for clarity):

[past,repair,
tpoe(the),

Envar( [field-engner,ingular, _ ] ) ]],
Ctpo(the),

Cnvar( [sao,singular,_])],
adj(Cbreak])]]

At the top level, the ISR consists of the main verb (preceded by its tense operators), followed by
its subject and object. The ISR of a noun phrase contains first the determiner, tpon (the),
then the head noun, nvar (C fiold-engineer, singular, J ) (the label NVAR stands for
"noun or variant"), and finally any nominal modifiers, such as adJ ( [break] ). Note that part
of the regularisation performed by the TSR is morphological, since the actual lexical items
appearing in the TSR are represented by their root forms. Hence broken in the input sentence is
regularised to break in the ISR, and repaired in the input sentence appears in the ISR simply
as repair.

ohe allowable @ntic constructions of a sublanguage may actually be a superset of thoe of the gestral
Isgpf%, for example, when the subianpaus allows a teleraphic style.
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The selectional pattern checker is Invoked by two restrictions which ae called after the BNF
grammar has assembled a complete NP (and constructed the ISR for that NP), and after it has
assembled a complete sentence (and constructed its ISR). The program operates by presenting
to the user a syntactic pattern (either a head-modifier pattern or a predicate-argument pattern)
found in the ISR, and querying him/her about the acceptability of that pattern. For each of
the eleven types of patterns which the program currently generates, the following chart shows
that pattern's components, an example of that pattern, and a sentence which would generate
the pattern (all these sentences are naturally occurring, in that they are taken from our corpus
of CASREPs, in certain cases in a somewhat simplified form):

PATTERN COMPONENTS EXAMPLE

(1) SVO subject, main verb, object inspection reveal particle

INSPECTION of lube oil filter REVEALED metal PARTICLES.

(2) SBeO subject, main be-verb, object erosion be evident

EROSION of impellor blade tip IS EVIDENT.

(3) ADJ adjective, head* normal pressure

-Troubleshooting revealed NORMAL sac lube oil PRESSURE.

(4) ADV head, adverb decrease rapid

Sac air pressure DECREASED RAPIDLY to 5.74 psi.

(5) CONJ conjunct,, conjunction, conjunct 2  pressure and temperature

Troubleshooting revealed normal PRESSURE AND TEMPERATURE.

(6) NOUN noun modifier, head valve part

VALVE PARTS excessively corroded.

(7) PREP head, prep, object disengage after alarm

DISENGAGED immediately AFTER ALARM.

(8) PREDN noun, predicate nominal capability necessity

alarm CAPABILITY is a NECESSITY.

(9) QPOS quantifier, head noun 65 paig

oil pressure dropped below 65 PSIG.

(10) QN quantifier, noun, head noun 0.25 inch chip

1/4 INCH CHIPS are visible on leading edge.

(11) NQ noun, quantifier, head noun number 4 sac

NUMBER 4 SAC oil pressure dropped below alarm point.

*We use "head" throughout the chart to denote the head of the construction in which
the modifier (in this case, an adjective) appears. The head can simply be thought of as
that word which the modifier modifies.

Recall that part of the regularisation performed by the ISR is morphological, since each word in
a pattern is represented by its root. Hence in example (4) above (the adverb pattern), we find
rapid and not rapidly.



When presented with & pattern, the user can respond to the query in one of two ways,* depend-
lng on the semantic compatibility of the predicate and arguments (e-g., in the cae of an SVO
pattern) or of the head and modifiers (eg, for an ADJ pattern) contained in the pattern. If the
pattern presented describes a relationship that can be said to hold among domain entities (ie.,
if the pattern occurs In the sublanguap), the user accepts the pattern, thereby classifying it as
good. The analysis of the ISR (and the parsing of the English sentence) is then allowed to con-
tinue. If, however, the pattern describes a relationship among domain entities that is not con-
sistent with the user's domain knowledge or with his/her pragmatic knowledge (ie., if the pat-
tern cannot or does not occur in the sublanguage) the user rejects it, classifying it as bad, and
signalling an incorrect parse. This response causes the restriction which called the program to
fail, and as a result, the parse under construction is immediately failed, and the parser back-
tracksO

As the user classifies patterns into "good patterns" and "bad patterns", they are stored in a
pattern database. This database is consulted before any query to the user is made, so that once
a pattern has been classified as good or bad, the user is not asked to classify it again. If a pat-
tern previously classified as bad by the user (and therefore in the DB) is encountered in the
course of analysing the ISR, the program consults the database, recognizes that the pattern is
bad, and automatically fails the parse being assembled. Similarly, if a pattern previously
recorded as good is encountered, the program will recognise that the pattern is good simply by
consulting the database (and not querying the user), and allow the parsing to proceed. The
algorithm is described in Figure 1 below.

4. SOME (SIMPLIFIED) EXAMPLES

4.1. SVO Patterns

Let us now consider in more detail the sentence mentioned above, Hilk lube oil temperature
believed eoatributor to uit failure. In the ISR of the correct parse for this sentence in which
the verb believe is a passive, the atom SOhMBODY/THING is used as the placeholdcr for the sub-
ject, and the atom CLAUSE represents the small clause oil [be] contributor, which is the object.
In an incorrect and somewhat amusing reading (in which the verb believe is active), tempera-
ture is the subject, and cosributor the direct object.

Possible paraphrases for the two parses of the sentence given above (the first incorrect, the
second correct) are:

(1) The high lube oil temperature believed the contributor to the unit failure.

(2) The high lube oil temperature was believed to be a contributor to the unit failure.

bThere are actually more than two options, as we explain below.

'This explanation is actually a bit oversimplified, because failing a NOUN pattern generated by a compound
nominal consisting of at least three nouns does not necessarily cause the entire parse under construction to tail, but
only indicates that the pairing in that specific pattern is infelicitous. Essentially, every noun appearing in this kind of
structure will form patterns in which It will be successively paired with every other noun appearing to its right until
either a pattern is generated which the user accepts, or no more patterns can be generated for that noun, in which case

A the entire pare will then fail. For example, the compound nomisal #" dive shop would generate the NOUN pat-
tern ee drie, which the user would fail, but the entire parse would not fal1 since the pattern se shop would also be
generated, and this pattern would be accepted.
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pattern (e4., tomsperature believe centributor). In our example, the message to the user reads

IVO : temperature believe ocntributor

In presenting this pattern to the user, the program is asking whether the noun temperature can
be the subject of the verb believe with contributor as the direct object.

The wet can then respond by typing either Ia or no, depending on whether or not the pattern
is a good one. In our example, the user would fail the pattern (by typing no), since in our
domain model (and in the larger world) one cannot speak of temperatures believing things.
Paun (1) would then fail. The parser then tries to generate another parse for the sentence, and
presents the pattern

ZVO : SONZDODY/TEZIIG believe CLAUSE

aking whether It is reasonable to speak of some unspecified subject believing a proposition
expressed by a clause. The user would accept this pattern, since in the domain (and, again, in
the real world as well) propositions expressed by clauses can be objects of belief. Since the pat-
tern was judged good, the parse would then proceed.

Multiple syntactic analyses of this sort, which can only be disambiguated by using semantic
information, abound in our corpus because of the telegraphic and fragmentary nature of the
equipment-failure reports. The ambiguity has two principal causes:

(1) As we have seen, a sentence whose correct parse is a fragment reading can 'often be parsed
as a full assertion as well.

(2) Determiners are often omitted from our sentences, thus mki-n it difficult to establish NP
boundaries.

Since such syntactialy degenerate sentences will generally contain fewer syntactic markers than
full, non-telegraphic English sentences, they are marked by correspondingly greater ambiguity.

An especially convoluted example is found in the sentence Esperiesecd loeof eoi pressure
and aelf-difaegatemeat immedi tely foUowin giuts esgae command. In the correct
reading, the subject is elided, the main verb is experincced, and the direct object is the con-
junction less and aelf-dicuefgment (in this parse, immediately foellowng clutch .enage
command functions as a sentence adjunct, with clutch engage eemmend as a compound nomi-
nal). However, in another reading generated by our grammar, the subject is the conjunction
esperiencd less of ei pressure AND self-dues geteeut immediately foe*ois clutch, the
main verb is outage, and eommand is the direct object. This reading fails selection because
eoumand is not an acceptable object of the verb #stage, which requires a machine part as an
object.

4.2. PP Patterns

A For an example of the use of prepositional-phrase patterns, consider the sentence Loud noises
were eoming from the drive shaft during ceet dow, which is syntactically ambiguous, since
the prepositional phrase during cost down could modify either the noun drie shaft or the
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*verb esme. (In the cOmc, reading, the prepositional phrase modlie the verb.) In parsing thin

setme, the user would be preented first with the PP pattern

"1 : drive shaft during coast down

which would be rejected, since it is not correct to give mechanical parts temporal attributes.
The incomct reading would thus be blocked. The pattern checker would then query the user
about the pattern

PP : ocoe during coast down

which wousd be accepted, since events can take temporal modifiers. The correct reading of the
sentence would therefore bIr allowed.

PP patterns ar also essential for obtaining the correct analysis of the sentence Less of seeoud
installed nes, for which there are two possible parses. In the correct analysis, the sentence Is
parsed is a noun string fragment; however, another reading is available in which the sentence is
analysed as an assertion, with to" of &send as the subject, installed as main verb, and see as
direct object. A paraphrase of this parse might be Te los o.f a second installed tka a..
But this analysis Is semantically completely anomalous for several reasons, most notably
because It makes no sense to speak of the los of a second installing a sac (or installing anything
else). As with the previous example, the incorrect reading is produced first, since the parser
tries assertion panes before fragment parses. In generating the assertion parse, the parser
encounter the "1 pattern es of esend, and queries the user as follows:

11 : loss of second

This pattern asks if a second can be lost in this domain, or if a domain expert *ould ever refer
to the loss of a second. Although this pattern certainly appears plausible (and in fact, in the
larger world one certainly can speak of losing precious seconds), the only entities in the SAC
domain that can be lost are machine parts (as in the correct analysis of this sentence), and
scalar quantities such as temperature and pressure (as in Lose oflue ei pressure during set
failure). Our domain does not deal with time-critical events, since repairing starting air
compresors does not require split-eecond timing, so a reference to losing a second would never
appear in an equipment-failure report. By contrast, if we were dealing with a medical sub-
language, and our reports described procedures followed in an operating room or in administer.-
ing emergency care, the time factor would be crucial, and losing a second could well be men-
tioned in a report.

The correct response to the program's query in this cae is therefore to reject this pattern, caus.
ing the assertion parse to fail. Note also that if we did not reject this PP pattern for the rea-
sons explained, the program would then present the user with the Svo pattern loss install sac:

9VO : loe install sac

This ITO pattern would certainly be rejected, since, as we mentioned, it is nonsensical to speak
of a loss installing a sac, and so the assertion parse would fail because of the svo pattern even if
It did not because of the PP pattern.

Multiply ambiguous sentences do, of course, generate more than just the few patterns associated
dwith the example. given above. Consider by contrast the sentence Cannot esgale see for

estesndd period of time due to decreae in lbe oil temperature, in which the multiple pos-
sible attachments of the four prepositional phrases generate no fewer than twenty-two readings,
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I. LOCAL JUDGUMUNTS

We said above that there were actually more than two possible responses that the user could
make to the system's queries. We have provided the user with two other choices, called locally
#"d and &eeditg hd, which differ from the good and bad patterns discussed above only in that
their efect is restricted to the sentence currently being parsed.

These options serve two principal functions:

(1) Allowing the user to postpone making a global decision about the goodness or badness of a
pattern (that is, not adding patterns to the (global) pattern database), while at the same
time guiding the parser to a correct parse of the sentence

(2) Dealing with a troublesome phenomenon which we call "phrasal attributes" (Hirsch.
manloSel in which the semantic class of a complex structure (e.g., a full NP) is different
from that of its syntactic head (see below). Consequently, the full phrase and its
(unmodifled) head will show different distribution.

"Locaily good" patterns are used to deal with phrasal attributes. An example of this
phenomenon taken from a medical domain is the noun phrase stiff see& The semantic class of
the head noun of this NP, meek, is something like BODY-PART, but the semantic clas of the
full NP stif eek is not BODY-PART, but rather SYMPTOM or AILMENT. This discrepancy
between the semantic classes of the full NP and of Its head noun presents a difficulty in making
a decision about the acceptability of patterns generated. For example, in parsing the sentence
Patient A". stiff see/, the system would present to the user the sVO pattern

Evo: patient have neck

Note that this is indeed the correct syntactic parse (in fact, probably the only one), but we do
not want to assert for posterity that the SVO pattern patient Aae sock is semantically accept-
able in a medical sublanguage.

This is perhaps a subtle point, but not everything that is true in a sublanguage can be said in
that sublanguage. The sentence Patient kai stiff seek is a case in point: Although it is cer-
tainly true that the patient has a neck, nobody would ever (bother to) say so because the propo-
sition is completely uninformative. Indeed, it is one of the characteristics of a sublanguage that
certain (true) information is presupposed, and never explicitly stated.

In short, the parse is good, but the pattern patient Av.e seek is bad. We do not want to say
the pattern is good, but saying it is bad will fail the parse, and that is not a desirable result
either. Hence the appropriate response to the query about this pattern would be to tag it as
"locally good", which is a sort of compromise implemented in order to allow the parse to
succeed, but without entering the pattern in question into the (global) pattern database.

Our method of dealing with this phenomenon is admittedly not satisfactory. However, pending
a fuller semantic treatment of NPs which allows such distinctions to be made, it at least per-
mite the correct parse to be obtained without creating obviously bad patterns.

For an example of the phrasal-attribute phenomenon from the SAC domain, consider the
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senteace Start Sir pressure dropped bdow 0 p04, which generates the 8iO pattern drop
se.ow V4 The problematic NP here Is *0 pai. the semantic cla, of the head noun p"1 is
UMrroF-16T, yet we would not say that the full NP *0 pasg is a UNIT-OF-
IIEABURt]EENqT; 90 pe4 is instead an entity of the clas LEVEL or perhaps THRESHOLD.
The problem is that in evaluating the pattern drop below pe4, we would realise that pressure
can drop below a certain level or below a certain threshold, but it cannot drop below a unit of
measurement. The solution is to tag this pattern as locally good.

The "locally bad" category serves to indicate that a certain pattern is being generated by an
incorrect parse for the particular sentence, but that the pattern is not necessarily inconsistent
with the domain's semantics. In fact, a pattern originally marked as "locally bad" could later
be classified as good if it appears in the correct parse of another sentence. For example, the
sentence from our SAC domain Loss of oil presure would generate the prepositional phrase
pattern

PP : loss of oil

Now although this pattern is not generated by the correct parse for this sentence (the correct
parse would have instead loss of prssurs), we probably do not want to go so far as to say
that the pattern los of eoil cannot or would not occur in our domain. By responding that the
pattern lose of &itis locally bad, we immediately fail the parse, but do not add the pattern to
the global database of bad patterns. Again, we would not classify this pattern as good until we
had evidence of its actual occurrence in the sublanguage (or unless a native speaker of the sub-
language asserted Its validity.)

C sa. EXPERIMENTAL RESULTS

The experimental results we present here are based on a sample of 31 CASREP sentences from
our TESTA corpus, each of which was parsed with and without the selectional mechanism. We
compare results obtained without using the selectional module to results obtained with the
parser set to query the user about selectional patterns (starting from an empty pattern data.
base). The chart below summarises the results for the 31 CASREP sentences. A more detailed
chart, showing the results for each sentence, is included as an appendix.

In gathering these statistics, we used a parsing procedure slightly different from our usual one in
that backttacking Into lexical lookup was allowed just in case no parse was found for a given
set of delnitlons. This approach prevented generating multiple spurious parses for sentences
containing idioms. Without this adjustment, for example, a sentence containing the word
sequence tube oil would receive one parse in which lbe oil was analysed as an idiom (i.e., the
lexical item Labe oil), and another in which tube oil was analysed as a compound nominal
made up of the distinct lexical items tube and oil.

One of the statistics presented here is the IMARCH FOCUS, which is a measure of the efficiency of
the parser in either reaching the correct parse of a sentence, or in parsing to completion. It is
equal to the ratio of the number of nodes attached to the parse tree (and possibly detached
upon backtracking)8 in the course of parsing, and the number of nodes in the completed, correct
parse tree. Thus a search focus of 1.0 in reaching the correct parse would indicate that for
every (branching) grammar rule tried, the first option was the correct one, or, in other words,
that the parser had never backtracked.

'Aaohur way to interpret this igure is that it represents the number of grammar rules tried.
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* Statistical Summary of TESTA Sentences

PARS=G nFORMATIN W/OUT SELECTION wH SELECTION
# of sentences receiving
a correct parse 29 31

# of sentences receiving
a correct FIRST parse 17 30

# of sentences receiving
more than one uane 22 8
average # of parses found*
per sentence 4.68 1.45

averaZ corect yare number 2.45 1.10
average search focus
to reach correct parse 24.48 19.80
average search focus
in nrsinzi to comnletion 51.74 38.67
average time taken
to reach correct parse 56.18 35.92
average time taken
in narsin9 to comRletion 125.94 81.83

*That is, which parse, on the average, was the correct one.

SEARCH FOCUS RATIO TO CORRECT PARSE - 0.80
(i.e., ratio of search focus in reaching correct parse sitk selection to search focus in reaching
correct parse without selection)

SEARCH FOCUS RATIO TO COMPLETION - 0.75

TIMING RATIO TO CORRECT PARSE - 0.64

TIMING RATIO TO COMPLETION - 0.65

NEW CORRECT PARSES FOUND USING SELECTION - 2

NEW CORRECT FIRST PARSES FOUND USING SELECTION - 13

T. FUTURE PLANS

There are several areas in which we have specific plans to extend the system.

7.1. Semantle Class Patterns

The mechanism as currently implemented deals only with lexical patterns (i.e., patterns involv-
ing specfic lexical Items appearing in the lexicon). However, we are currently investigatingmethods to generalise the program by using information taken from the domain isi, hierarchy
to construct semantic class patterns from the lexical patterns. For example, our domain model
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Includes the Information that oil is a type of fluid. If the user accepts the noun/noun pattern
oil sample, he/she would then be asked if one can speak of fluid samples for all fluids known in
the domain. If there is some fluid I such that one cannot speak of an I sample, the system
would then ask the user to identify for which of those I such that is(Vfluid) is true one can
speak of an f sample. (E.g., can one speak of an air sample? What about a water sample?)
As before, the user's responses will be stored for reference in evaluating patterns generated by
other sentences. The obvious advantage of storing semantic patterns instead of just lexical ones
is the broader coverage of the former: The lexical pattern oil sample will be of use in guiding
the parser to correct parses only of sentences containing those very words. However, if that
pattern can be generalized to flaid sample, we then have information which can be applied to
sentences containing water sample, air sample, and so on.

7.2. The User Interface

In the current implementation, the questions which the program asks the user are phrased in
terms of grammatical categories, and are thus tailored to users who know what is meant by
such terms as avO and noun-noun compounds. As a result, only linguists can be reasonably
expected to make sense of the questions and provide meaningful answers. Our intended users,
however, are not linguists, but rather domain experts who will know what can and cannot be
said in the sublanguage, but who cannot be expected to reason in terms of grammatical
categories. It is a difficult problem to know just how to phrase questions designed to elicit the
desired information, especially in the case of the troublesome "phrasal attribute" patterns.

The knowledge that the user must draw upon in order to answer the system's questions is usu-
ally a combination of basic commonsense knowledge (e.g., temperatures cannot hold beliefs) and
domain-specific information. In certain cases, however, the user can be called upon to make fine
linguistic distinctions. For example, in the sentence Sac disesgaged immediately after alarm,
does the adverb immediately modify the verb disengaged, or the prepositional phrase after
&arm? Most users, and even trained linguists familiar with the domain, find it difficult to pro-
vide definitive answers to such questions, because there is often no definitively correct answer.
In this case, the adverbial attachment would seem to be genuinely ambiguous. It would be help-
ful to recognise patterns which a user cannot be reasonably expected to pas judgement on, and
not present such patterns to the user, perhaps allowing them to succeed by default.

7.5. Masuring the System's Learning

As more sentences are parsed and more patterns are classified, we can expect the system to
grow "smarter" in the sense that it will ask the user increasingly fewer questions. Eventually,
the system should reach a state of reasonably complete domain knowledge, at which time very
few unknown patterns would be encountered, and the user would rarely be queried. We do not
know how many sentences the pattern checker would have to parse before attaining this pla-
teau, but an estimate would be 500 to 1000 to obtain classes of semantic patterns [Grish-
man1984]. We plan to measure the decrease in the frequency of queries to the user as a func-
tion of the number of sentences parsed in order to evaluate the system's learning.

7.4. Dealing with Phrasal Attribute.

We do not at present have a satisfactory mechanism for detecting or correctly handling the
phrasal-attribute phenomenon discussed earlier. There does not appear to be any straightfor-
ward way to discover such phrasal-attribute constructions by means of distributional analysis,
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*since one of the distinguishing features of these constructions is precisely that they do not occur
in the expected distributional patterns. A possible course to follow would be to compare the dim-
tribution of certain nouns (e.g., sack or psig) when they appear without modifiers with their
distribution when they appear in head-modifier structures. Once such constructions are
detected, and the system knows, for example, that a stiff neck is not a BODY-PART but a
SYMPTOM, a sophisticated semantic component could compute the semantic clan of the entire
phrase and attach that information to the head noun. In the case of Start air pressure
dropped below 50 psi, the resulting semantic class pattern (disregarding the semantic class of
pressure) would then be pressure drop below leve, as desired, and not pressure drop below
unit-of-measurement.
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APPENDIX

Results of Parsing TESTA Sentences with and without Selection
(no backtracking into lexical lookup)

CAS- PARSES NODES FOCUS TIME
REP-

RE OK TOTAL TREE OK TOTAL OK TOTAL OK . TOTAL,
1..1 1 2 43 172 672 4.0 15.8 2.7 12.8
1 1 43 172 654 4.0 15.2 3.5 12.5

1.1.3 0 1 - - 229 -- - - 4.7
-1- 1 57 502 1255 8.8 22.0 8.0 22.8

4.1.1 1 1 129 3669 4863 28.4 37.7 37.9 74.1
1 1 129 3669 4863 28.4 37.7 43.2 84.7

4.1.3 2 2 93 438 629 4.7 6.8 12.8 18.2
1 1 93 438 629 4.7 6.8 10.8 17.5

5.1.2 2 4 43 305 854 7.1 19.9 7.7 20.8
2 2 43 305 854 7.1 19.9 8.3 16.5

5.1.3 4 10 63 3709 5001 58.9 79.4 113.7 150.9
1 4 63 3620 4917 57.5 78.0 80.1 145.3

6.1.2 1 1 73 304 798 4.2 10.9 5.2 14.6
= 1L 73 304 780 4.2 10.7 5.9 18.8

6.1.3 5 26 84 1756 13264 20.9 157.9 61.8 386.1
1 84 1175 4394 14.0 52.3 32.8 122.0

9.1.1 3 4 87 1119 1300 12.9 14.9 26.4 32.8
1 =. 87 938 1115 10.8 12.8 18.2 28.9

9.1.2 1 1 99 633 1222 6.4 12.3 7.8 18.5
1 1 99 633 1222 6.4 12.3 8.9 21.3

9.1.3 1 1 36 144 175 4.0 4.9 2.1 3.7
= 1 36 144 175 4.0 4.9 2.6 4.5

9.1.4 4 4 99 3372 3532 34.1 35.7 79.2 84.5
= 99 3253 3413 32.9 34.5 63.9 94.6

9.1.8 1 1 54 340 377 6.3 7.0 3.9 6.6
1 54 340 377 6.3 7.0 5.6 8.9

21.1.1A. 11 12 133 25974 35485 195.3 266.8 564.7 738.9
1 1 133 14323 22847 107.7 171.8 304.3 495.2

21.1.1B 4 4 105 3070 6930 29.2 66.0 60.3 128.5
= 1 105 2887 6093 25.6 58.0 51.0 141.5

22.1.1 3 4 67 1774 2639 28.5 39.4 38.4 52.4
1 2 67 1499 2346 22.4 35.0 31.3 62.7

22.1.2 1 4 111 5244 8748 47.2 78.8 46.5 119.3
=2 111 1 4195 7699 37.8 89.4 53.1 132.0
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O CAS- PARSES NODES FOCUS TIME
REP

A OK T U OK. TOTAL OK TQA OK .ZOTA
22.14 1 2 54 319 1462 5.9 27.1 5.0 31.5

1 1 0 1342 5.6 24.9 5.4 25.8
2.1.2 1 1 99 388 1743 3.9 17.6 5.5 33.8

. 1 9,i J 1461 14.8 .683 30.7
24.1.1 1 2 141 857 5599 6.1 39.7 10.9 65.8

1 L 1 4! 857 3915 6.1 27.8 13.0 59.0
24.1.2 2 5 66 1018 1635 15.4 24.8 21.2 34.9

1 2 66 871 1488 13.2 22.5 13.9 32.0
25.1.1 12 21 169 11041 39255 65.3 232.3 345.1 1160.6

1 1 169 8082 22912 47.8 135.6 134.0 419.2

25.1.2 1 1 72 700 1982 9.7 27.3 7.6 25.8
1 1 72 700 1962 9.7 27.3 9.0 27.3

25.1.3 1 4 57 1214 3356 21.3 58.9 18.0 59.2
- 2 57 1154 2986 20.2 52.4 19.2 54.5

28.1.1 1 2 144 1161 5093 8.1 35.4 16.2 86.9
I I 144 1161 5042 8.1 35.0 17.0 76.5

21.1.2 1 2 138 1096 1427 7.9 10.3 13.6 29.3
1 1 138 1080 1411 7.8 10.2 13.5 28.2

3..1A 0 3 - - 3796 - - - 72.7
1 2 82 72 136 6 88.8 166.2 98.0 235.0

31.1.1B 2 4 104 4255 10583 40.9 101.8 82.9 177.0
1 1 104 4018 7917 38.6 76.1 51.9 128.5

31.1.2 1 3 79 831 1371 10.5 17.4 17.0 36.6
1 79 725 1217 9.2 15.4 16.6

31.1.3 1 1 66 274 711 4.2 10.8 4.3 12.3
-1 1 256 675 3.9 10.2 4.7 12.0

31.1.4 1 2 50 1031 2149 20.8 43.0 12.9 36.2
01 1 1 50 1031 2149 26 43.0 1,3.3 33-0

NOTU~h

0 The the above chart presents the results of parsing the 31 CASREP sentences in our
TESTA corpus which have well-formed ISRs containing no unresolved lambda terms.
Each sentence was parsed with and without the selectional pattern checker. The statistics
in the first line were obtained while parsing without the selectional mechanism, and those
in the second, while parsing with the selectional mechanism.

* Columns headed by "OK" relate to the correct parse (or the search focus in reaching the
correct parse); columns headed by "TOTAL" relate to the total number of parses (or the
search focus in parsing to completion). The meanings of the column headings are as fol-
lows:

. PARSES OK - the number of the correct parse (if a correct parse was found)

14



* PARSES TOTAL - the total number of parses found

* NODES TREE - the number of nodes in the parse tree of the correct parse

* NODES OK - the number of nodes attached to the parse tree (and possibly detached on
backtracking) in reaching the correct parse

" NODES TOTAL - the number of nodes attached (or grammar rules tried) in parsing to

completion

* FOCUS OK - NODES OK/NODES TREE, the search focus in reaching the correct parse.

* FOCUS TOTAL - NODES TOTAL/NODES TREE the search focus n parsing to comple-
tion

* TIME OK - time taken (in seconds) in reaching the correct parse

* TIME TOTAL - time taken (in seconds) in parsing to completion

PROBLEMS and POSSIBLE IMPROVEMENTSe

In sentences testa 1.1.3 and testa 31.1.1A, substantially more nodes ar attached in parsing to
completion with selection than without selection, contrary to our expectations that the selection
mechanism will deere..e the amount of search. The reason for this increase is that the correct
parse for thise two sentences is a fragment, but an assertion parse Is found in parsing without
selection. Consequently, in parsing without selection, fragment pares are never tried (because
of the XOR mechanism). However, in parsing with selection, since all assertion parses are
failed, the parser tries both assertion and fragment parses, and thus traverses a far greater
search space in parsing the sentences with selection than without selection.

In parsing many of the sentences which receive exactly one parse without selection (e.g., testa
4.1.1, testa 9.1.2, testa 9.1.J, testa 9.1.8, testa 25.1.2) the same number of nodes are attached
(the same number of rules were tried) both with and without selection because of the efficient
design of the BNF grammar. Consequently, in then sentences, the overhead of the selectional
component increases the time spent parsing.

Four sentences (testa 6.1.2, testa 23.1.2, test& 31.1.2, and testa 31.1.3) received one parse both
with and without selection, but traversed a smaller space in either reaching that parse or pars-
ing to completion.

In certain sentences, even though selection rules out some parses, the same number of nodes are
attached both with and without selection (e.g., testa 4.1.3, testa 5.1.2, test& 31.1.4). This unex-
pected behavior (it Is unexpected because if some parses are ruled out, surely then fewer nodes
should be attached) is caused by the very late ruling out of certain bad parses. Specifically, if a
parse is not ruled out until a bad svo pattern is encountered, the entire parse tree will have
been built by then, and there will have been no reduction in the search space. It would be help-
ful to And a way to call selection at other times than after building an entire LNR and an

A we emplained above, this Agurs cam &Wo be interpreted as the number of gammar rules tried in reaching the
Correct pase.
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entire center.

In the remaining 17 sentences, the selection mechanism had the expected and desired effect of
reducing both the number of parses found and the search space.

Summary of search focus for these 31 sentences:

(1) Sentences for which selection increases search in finding the correct parse (because selec-
tion fails all assertion parses and then tries fragment parses): testa 1.1.3, testa 31.1.1A
(total - 2).

(2) Sentences for which selection has no effect on the number of parses or on the search focus
(because of efficiency of the grammar and late generation of svo patterns): testa 4.1.1,
testa 9.1.2, testa 9.1.3, testa 9.1.6, testa 25.1.2 (total =- 5).

(3) Sentences for which selection has no effect on the number of parses, but does reduce the
search focus: testa 6.1.2, testa 23.1.2, testa 31.1.2, testa 31.1.3 (total - 4).

(4) Sentences for which selection decreases the number of parses, but has no effect on the
search focus (because of the late generation of $vO patterns): testa 4.1.3, testa 5.1.2, testa
31.1.4 (total - 3)

(5) Sentences for which selection has the desired effect of reducing the number of parses AND
the search focus: testa 1.1.1, testa 5.1.3, testa 6.1.3, testa 9.1.1, testa 9.1.4, testa 21.1.1A,
testa 21.1.1B, testa 22.1.1, testa 22.1.2, testa 22.1.3, testa 24.1.1, testa 24.1.2, testa 25.1.1,
testa 25.1.3, testa 28.1.1, testa 28.1.2, testa 31.1.1B (total - 17).
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APPENDIX P

Grammatical Coverage of the CASREPs

This report by M~arcia Linebarger describes the grammar, with particular
emphasis on extensions for the CASREPs. It includes detailed information
about parsing problems observed in the CASREP corpus.
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Grammatical coverage of the CASREPS:
Summary of current status

Apral, iNS8

Marcia Lineberger

1. Cvevage of CASREPa

TOTAL OF S3NXTN=I: 154
Total parsed correctly: 131 (85%)

On 1st, 2nd, or 3rd parse: 109
On 1st parse: 92
On 2nd or 3rd parse: 17

On 4th or subsequent parse: 22
Total not parsed at all, or parsed incorrectly: 23

Due to il-formed input: 9
Due to lexical scanner problems: 7
Due to Inadequacies of grammar coverage: 4
Due to xor (correct reading available but not generated): 3

The igures below represent coverage of the same corpus with the lexical scanner difficulties
revolved and the ill-formed input (misspellinp, mispunctuations, run-on sentences) corrected.
Since two of these sentences would need to be re-phrased in order to be corrected, they are simply
omitted from the sentence total in the following breakdown:

TOTAL Or SENTENCES (lses two). 152
Total parsed corectly. 145 (05%)

On st, 2nd, or 3rd parse: 120
On 1st parse: 101
On 2nd or 3rd parse: 19

On 4th or subsequent parse: 25
Total not parsed at all, or parsed incorrectly: 7

Due to inadequacies of grammu coverage: 4
Due to mor (correct reading available but not generated): 3

2. ExtensIons to Grammar
The extensions to the grammar required to parse this corpus include the addition of rules for

fragments, objects, sentence adjuncts, and wh-constructions such as relative clauses.

2.1. Fragments
Approximately half of the sentences in the CASREPs are not full sentences. Nevertheless,

these fragments follow quite regular patterns, and fall into one or another of four basic types: tvo
(tensed sentence mising subject, as in A4.1.2, Believe the coupling from diesel to #ac lube oil pump
to be skeared); zerocopuls (missing verb be, as in A6.0.0, Part ordered); ntgJragment (isolated
noun phrase, as in B34.1.1, Los of .i7 pump pressure); or predicate (isolated complement of verb
be, as in B12.1.2, Believed due to wmr bushings, or A.1.1.2, Unable to eonsistently start nr lb gas
turbine).

The syntax and the semantics of these elements ar quite regular, and thus fragment cover-
age does not add signicantly to the complexity of the grammar. A total of six BNF rules (out of
106 total) and 3 restrictions (out of 55 total) were added to the grammar to cover fragments; in4Daddition, 2 BNF rules and 1 restriction were altered to accomodate fragments.



3.2. Object, optons
The grammar has also been extended to cover a wider range of object types, including a

varlsty of embedded Inlaltivals, embedded clauss, &ad acm-clausal predications such as
aubjet..bjest of1be (as in B211.1.5, High loi tamp due to design of ftat flight oi cooler believed
contributor to sagt failure).

2.3. Smntence adjuncft
A rich variety ot sentence adjuncts occur in the CASREPS, including a range of clausal and

sub-clausl string ntroduced by subordinating coajuactioms (as in B20.1.1, while @statedi) and
preent participles (as in B11.1., causing sratic prtm) In addition, the restriction com-
ponent was developed to prevent spurious ambiguities arising out of the enrichment of sentence
adjunct possibilities.

2.4. Wh-ezpresslons
Although relative clauses ad other wh-expresslons are rare in the CASREPs (cf. B36.1.3, 65

psi which is low tube oil alarm eat point),the grammar has also been expanded to cover the" con-
structions ad to enforce the complex restrictions on their occurence.

S. Problems
The major remaining difficulties include the following:

3.1.1. Lexlcal scanner problems
Word-internal occureaces of periodsslashes, etc. are currently rejected by the lexicalo scanner.

3.1.2. Xor problems
The 'committed or' which controls disjunctive application of the assertion, question, frag-

ment, and compound options is generally successful in capturing the intended parse. However,
there are several sentences in the CASREP corpus in which a spurious assertion parse preempts a
correct fragment parse, e.g., B26.1.5, High to temp believed contributor to unit faifure, where
believe is taken as the main verb with subject temp and contributor as the object (they be~ived
it), rather than as a fragment of the type seroeopula, where believed is taken as a past participle
(Lamp (wea/ believed [to be/a4 contributor...).

3.1.3. Remaining grammar problems

Full and accurate coverage of the CASREPs requires further work on the grammar, includ-
ing the following: Auer-grained treatment of the noun phrase; restrictions on adverbs to prevent,
e.g., the analysis of very as a sentence adverb; modification of the BNF rules to accomodate mul-
tiple sentence adjuncts; modifiation of conjunction rules.



CASREPS.TESTA
Summary of Parses

April, 198

8senSUne net pregedd bj cearep. number are modiflc4tion of ah oriina text. The rank of the
corret parse is givsn in "Com et parse #" column. Note ta tose data reflect the grammar prior
to the removal of sor from the fragment rule; therefore the figures for fragment. do not include frag-
mot p rm subsequent to the correct one.

L. Text o Times Correct parse #
1.1.1 Starting air regulating valve failed. 5 1,3,6,8,10 4

(13)

1.1.2 Unable to consistently start nr lb 1 2 (9) 1
gas turbine.

1.1.3 Valve parts excessively corroded. 1 1(2) (N/G xor) 1
4.0.0 Tech assist requested. 1 2 (3) 1
4.1.1 While diesel was operating with sac 1 10 (16) 1

disengaged, the sac lo alarm sound-
ed.

4.1.2 Believe the coupling from diesel to 12 4,13,20,27,30,33, 4
sac lube oil pump to be sheared. 37,43,49,52,56,

83,7 (69)
4.1.3 Pump will not turn when engine 2 2, 4 (6) 1

lacks over.
5.0.0 Tech assist requested. 1 2(3) 1
5.1.1 Unable to maintain l.o. pressure to 0 N/G scan

sac.

Unable to maintain lo pressure to 2 2,3 (6) 1
sac.

5.1.2 Disengaged immediately after alarm. 2 12 (2) 1
5.1.3 Metal particles in oil sample and 4 8,9,11,11 4

strainer. (15)
6.0.0 Part ordered. 1 2 (2) 1
6.1.1 Unable to maintain lube oil pressure 4 2,5,9,11 (36) 3

to starting air compressor.

6.1.2 Inspection of lo filter revealed metal 1 1(4) 1
particles.

6.1.3 Retained oil sample and filter ele- 6 6,7,8,8,10,11 5
ment for future analysis. (13)

9.0.0a Part fail. 1 2 (2) 1
9.0.0b Part ordered. 1 1 (2) 1
9.1.1 Sac received high usage during two 4 3,4,6,6 (7) 4

becce periods.
9.1.2 Ccs received a report that lo pros- 2 3,5 (7) 1

sure was dropping.
[9.1.3 Alarm sounded. .. L= (1W===.
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* h o. T ext N o a TM es C orre ct arse #

9.1.4 Loud noles were coming from the 4 9,10,12,13 4
drive shaft during coast down. (17)

9.1.5 Drive shaft was found to rotate free- 2 2,5 (7) 2
IT at the sadE end.

9.1.8 Splines were extensively worn. 1 1 (1) 1

21.0.0 Assist required. 1 1(2) 1
21.1.1A Nr 4 sac oil pressure dropped below 6 11,18,23,39,43,48 2

alarm point of 65 psig during moni- (85)
toring of 1A gth. I

21.1.1B Start air pressure dropped below 30 5 7,9,15,18,21 2
psig during monitoring of 1A gth. (42)

21.1.2 Oil is discolored and contaminated 3 1,3,3 (5) 3
with metal.

22.0.0 Tech assist requested. 1 1(2) 1
22.1.1 Loss of lube oil pressure during 3 7,8,9 (12) 1_ operation.

22.1.2 Investigation revealed adequate lube 0 N/G scan
oil saturated with both metallic and
non-metalic particles.

Investigation revealed adequate lube 10 23,24,*25,*25,*27, 1
oil saturated with both metallic and 29,30,31,*32,*33,
non-metallic particles. 38,39,40,42,43,44,

45 (54)

22.1.3 Request replacement of sac. 1 2(4) 1
23.0.0 Assistance required. 1 2(2) 1
23.1.1 The low lube oil pressure alarm and 0 N/G input

compressor fail to engage the alarm
activated durir - routine start of
start air compressor.

The low lube oil pressure alarm and 27 4,8,12,25,29 .... 1
compressor fail to engage alarm ac- (215)
tivated during routine start of start
air compressor.

23.1.2 Metallic material was discovered in 1 3 (11) 1
lo sump and filter assembly.

24.0.0 Require replacement. 1 1 (1)

24.1.1 Los of lube oil pressure when start 4 4,5,23,26 N/G gram
air compressor engaged for operation (29)
is due to wided bearing.



o. Text oTmes Correct parse #

24.13 Material clonging strainers. 2 3,4 (4) 1
25.0.0 Tech assist required. 1 1(2) 1

25.1.1 During routine start of main gas 0 N/G scan
propulsion turbine, sac air pressure
decreased rapidly to 5.74 psi result-
ing in an aborted engine start.

During routine start of main gas 21 67,69,71...109 14
propulsion turbine, sac air pressure (227)
decreased rapidly to 5.74 psi result-
ing in an aborted engine start.

25.1.2 Exact cause of failure unknown. 1 2 (4) 1

25.1.3 Suspect faulty high speed rotating 1 2 1
assembly.

28.0.0 Return to company. 3 2,2,3 (3) 1

28.1.1 Unit has excessive wear on inlet im- 2 5,12 (24) 1
pellor assembly and shows high
usage of oil.

28.1.2 Blades are bent and 1/4 inch deep 2 2,3 (5) 1
chips are visible on leading edge.

30.0.0 Tech assist requested. 1 1(2) 1

31.1.1A Lois of second sac of two installed 2 2,4 (10) N/G xor
_ _sac's.

31.1.1B Unit has low output air pressure, 4 16,17,22,24 2
resultins in slow xas turbine starts. (46)

31.1.2 Troubleshooting revealed normal sac 3 4,4,5 (6) 1
lube oil pressure and temperature.

31.1.3 Erosion of impelor blade tip is evi- 1 1 (3) 1
dent.

31.1.4 Compressor wheel inducer leading 2 4,4 () 1
edte broken.



CASREPS.TESTA
Annotations to parse summary

11.1.11

Note that only an adjectival reading is available for the prenominal analysis
of % regulating".

11.1.31

Xor problem . Due to the optional intransitivity of "corrode", xor eliminates
the correct zerocopula reading. However, this reading is close enough to qual-
ify as correct.

[4.1.11

Note that restriction {d nuULnsr} removes rare gerund reading;
{w.ving.nr} thwarts an obscure analysis of ving as nvar.

[4.1.2]
The object is analyzable as nstgo, ntovo, or sobjbe. The latter possibility
adds eight parses, but the object option sobjbe cannot be eliminated given,
e.g., Testb 28.1.5 ("High LO temp .. believed contributor to unit failure").

(D [4.1.31
"Over" is parsed first as an adverb preceding null object of "jacks". The

most correct reading seems to be the second one, in which it is parsed as a
particle; however, the sa reading is close enough to be counted as correct. If
expressions such as "over" are reclassified as particles but not adverbs, in
order to circumvent this, then they will have to be subcategorized for indivi-
dually in the lexicon, which would lead to many false rejections of accept-
able sentences.

[5.1.11

Pn "to sac" is attached to rn in first parse (marked as correct here); but the
second parse (with sa attachment of pn) seems more accurate.

[5.1.2]
In first parse, counted as correct, "immediately" is sa; perhaps the second, in
which it is a left modifier of "after", is still more accurate.

[5.1.3]
I assume (without conviction) that npos "oil" should not be distributed over
"strainer".

@V



O 16.1.11
Although the third parse is listed as the correct one, the first parse is
perhaps adequate: "to SAC" is attached to rn rather than sa.

[6.1.3]
The first parse differs from the correct one only in that it attaches "for
future analysis" to rn rather than sa.

[9.0.01
"Fail" is treated here as abbreviation for "failure". Or.should these headers
be treated as frozen expressions?

[9.1.11
It is assumed here that the correct parse attaches "during NP" to sa and
analyzes "two becce periods" as qpos + npos + nvar.

[9.1.21
"That" is analyzable as determiner or complementizer.

[9.1.4]
"Coast down" is treated as idiom.

I assume that the most accurate parse (the fourth, counted as the correct
one), attaches "from the drive shaft" to object, and "during coast down" to
sa. However, the first parse mIght be sufficiently close, given the state of the
system; it attaches the two pns to sa and rn, respectively.

[9.1.5]
Ambiguity: analysis of infinitive as sa (tovo) or passobj (correct).

[21.1.1AB]
In the second parse, counted as correct, "below"-phrase is sa rather than
object (fifth parse).

[21.1.2]
The third parse is counted as correct, but the second parse, in which "with
metal" is in sa, seems adequate.

[22.1.1]
The contextually correct nstg__frag parse is generated last; However, the
zerocopula parse seems adequate, and is counted correct.

0



(22.1.21
Cojq*nctson. There are some analyses of "metallie" as avar preceding aulln
that seem incorrect. This should be explored.

Object tope. The nstgo object analysis seems somewhat more accurate than
aven analysis here; within the venpass, the most accurate parse is perhaps
the one in which 'with ... particles' is attached as passobj rather than as
sa. But the first parse, with sa attachment of this phrase, seems adequate.

Scanner problem. The problem remains that words containing "-" and such
characters fail lookup because they are not atoms.

Conjunction. In order to parse the conjoined apos, larl has been defined as
an lxr node. This may present a problem, since larl lacks a right adjunct.

Six other readings generated for this sentence contain conjoined inr with
nulln head of first inr. Perhaps nulln should be disallowed in conjuncts
unless it occurs in both: "There were five *(cats) and two dogs in the park";
sold and young were present", but *"old men and young were present" is
quaint at best.

[23.1.1]
Input error. It is assumed that "the" preceding "alarm'. is an error.

Re corrected version: The first six parses analyze "fail to engage" as an
Idiom (noun). In the remaining parses, "fail' is analyzed, legitimately, as
the main verb (seven parses of conjoined subject x three parses of post-verb
material).

Conjunction problem . Although the correct parse is generated, there is a
missing parse, with conjoined npos "sump and filter". But since it seems
unadvisable to allow full Inr in nnn, it's not clear how to modify the con-
junction rules to allow for this reading.

[24.1.11
Multiple rn : In the contextually correct reading, "loss' is modified by "of
lube oil pressure' and the "when"-clause. However, multiple r's are not per-
mitted, except in the case of pn's. A semantically close reading in which the
"when"-clause is an ma is also prevented, by {wmed sa}, which rules out
such sa's between subject and verb unless set off by commas (account;ug for
the ill-formedness of *"Louise when I called was tired"). The closest avail-
able reading actually generated is the second one, in which the when-clause
is in the rn of "pressure".

Embedded fragment: "When sac engaged" seems most accurately parsed as
an sven following "when". But in standard English, "when" cannot introduce
an sven ("*I left when the car repaired'). Thus it may be that this corpus
requires further modifications of the bnf rules beyond simply allowing matrix



fragments. However, the optional intransitivity of "engaged" allows the
material following "when" to be parsed as an assertion rather than an sven.

[24.1.2]
Perhaps an nstg.frag reading would be more accurate, but the first parse
(zerocopula with objectbe->vingo) seems close enough to be counted as
correct. The second parse (zerocopula with objectbe->nstg) seems more
questionable; perhaps {w nonnulliln} should be strengthened to require
material in qpos or tpos rather than simply In. (This decision depends on
judgments about acceptability of, e.g., "Sen.Jones complete idiot").

[25.1.11
Scanner problem. The decimal point cannot currently be entered.

The long time to first parse may reflect the fact that the sentence is an
extensive garden path, since the main verb "decreased" may initially be
mis-analyzed as a participle in rn.

The parses generated prior to the correct fourteenth parse analyze the nvar
of the subject as either "resulting" or nulln rather than "psi".

[28.0.0]
Third parse is questionable: objbe in zerocopula (analogous to "house in an
uproar", or "trip to Texas, not Arizona").

128.1.11
First parse (counted as correct) attaches "on...assembly" to rn; sa attach-
ment, as in second parse, might be considered the more accurate parse.

[31.1.lA]
Lexical entry procedure should be modified to generate "'s" plurals routinely
for abbreviations.

Xor problem . The contextually incorrect assertion parse preempts the
nstgjfrag parse that is intended here.

[31.1.1B]
Here the attachment of the pn in object or sa seems important, as "result
in" has an idiomatic meaning. Thus the first parse, with sa attachment, is
not counted as correct.

[31.1.4]
A"Leading edge" is entered in the lexicon as an idiom, as a rrsult of its

occurence here in nvar position. ("Leading" could only be parsed as avar, an



Impomihility here given that it follows a series of npoas elemmnta.) Occuna.
in compounds seam a potential tast for fixed phram; compare this sentes
with the less acceptable **peach poisonous pits ae dangw oe (vs. *peach
pits are dangerou').

0
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CASREPS.TESTB
Summary of Pares

April, 1986

Sentens not preceded by a ecsreps umber are modflcatios s of the original text. The rank of the
correct parse is given in Correct parse #' column. Note th4t these data refect the grammar prior
to the retnul of sor from ta fragmenst rule; tArefore the figsres for fragments do not include frag-
mest parse& subsequet to the correct one.

No. Text No.Parses Times Correct pane
2.0.0 Replacement requested. 1 1(2) 1
2.1.1 Loss of lube oil pressure during 8 13,19,19,22,25, N/G input(+scan)

operation nr. 2 sadg. 26,30 (34)
2.1.2 Metal particles found in lube oil 1 12 1

filter.
3.1.1 Gas turbine starting air compressor 2 1

inoperative.
3.1.2 Power pack failed. 1 1 (1) 1
7.0.0 Assistance requested. 1 1(2) 1
7.1.1 Sac had local monitoring capacity for 1 10 (50) 1

lube oil pressure only, due to the re-
cent failure of the sac lube oil pres-
sure transducer.

7.1.2 Prior to engagement it was reported 2 2,3 (8) 1
that sac lo pressure dropped to sero.

7.1.3 No metallic particles in oil filters. 2 *4,5 (6) 2
7.1.4 Boresecope investigation revealed a 4 5,7,8,10 (11) 1

broken tooth on the hub ring gear.
7.1.5 It is likely the lo pump has sheared. 1 2(4) 1
7.1.6 The lo pressure and alarm capability 4 1,2,3,4 (6) N/G input

is a necessity for operation.
7.1.7 Drive shaft for sac was manufactured 1 1 (3) 1

locally.
7.1.8 S/F reinstalled old sac utilising new 0 N/G scan

drive shaft.
Fe reinstalled old sac utilizing new 3 3,5,8 (7) 3
drive shaft.

7.1.9 On testing of sac lube oil pressure 3 2,6,9 (18) 3
could not be adjusted above 35 psig.

7.1.10 Replacement sac will be required. 1 1(2) 1



No. Text No.Parses Times Correct pam.#
7.1.11 The original drive shaft, when in- ? 1460 ... 3

stalled, was packed utilizing 60
gram of prease, when removed, on
failure of sac, the driv, shaft was dry
and showed signs of extensive heat

I____ stress.

The original drive shaft, when in- 3 3,*4,05 (7) 1
stalled, was packed utilizing 60

- grams of grease._______ ________

When removed, on failure of sac, the 2 11,15 (25) 1
drive shaft was dry and showed signs
of extensive heat stress. ____ _____________

8.0.0 Tech assist requested. 1 2()1
8.1.1 Los of one of two starting air ?12,... 1

____compressors.

8.1.2 Low speed coupling from diesel to sac 6 *2,*9,14,21,26, 4
____lube oil pump failed. 133 (36) ________

10.0.0 Tech assist requested. 1 2()1
10.1.1 HBV failed, causing spline say to 4 3,4,7,8 1

___fail causing damage to the sac._____ ______________

11.0.0 Tech assist required. 1 2()1
11.1.1 Compreusor will not remain fully en- 55 8,9,10,11 .... 115 4

gaged causing erratic operation, surg-' (126)
lag, and a hasard to personnel and
equipmient. I___ _____

12.0.0 Tech review required. 1 2()1
12.1.1 Sac lo pressure decreases below alarm 0 N/G scan

point approx. seven minutes after en-
gagemant. ____________

Sac la-pressure decreases below alarm 4 3,7,13,13 2
point approx seven minutes after en- (17)

gaement. __________

12.1.2 Believed due to worn bushings. 4 2,2,4,5 (6) 2
13.0.0 Must be removed. 1 1()1
13.1.1 Lous of sac oil pressure dropped to 0 N/G gram(+input)

72 psi then increased to 90 psi and
then failed while starting gas turbine. _ _ _ _ _____

___Loss of sac. 11
Oil pressure dropped to 72 psi then 21 38 ... 171 N/G
Increased to 90 psi and then failed (187)

___while starting gas turbine. _____________

14.0.0 Req tech assist. 1 1
1411 Loss of one of three start air 2 12,13 1

compressors. ____________________



No. Text No.arses Times Correct gane
Oil pressure has dropped to 72 psi 27 8 ... 175 1
then increased to 90 psi and then (179)
failed while starting gas turbine.

14.1.2 Starting air compressor engaged for ? 21,25,28,32,44,...(434) 5
approx two minutes when lube oil
pressure dropped below 65 psi alarm
setting.

14.1.3 Compressor could not be disengaged 12 3,6,13,15,38,40,47, 1
from either remote or local control 49,71,73,80,82
location, for approx three minutes (132)
following low lube oil pressure alarm.

14.1.4 Lube oil is very dark in appearance 4 *2,*4,7,9 3
and has burnt odor. (11)

15.0.0 Tech assist requested. 1 1(2) 1
15.1.1 Reliability of third of three sac's ? 36 (58) 1

suspect - if unit fails unable to start
main propulsion gas turbines.

15.1.2 Color of 23699 oil indicates overheat- 1 17 (20) 1
ing of sac, oil pressure normal.

16.1.1 During normal start cycle of 1A gas over 30 162 to 1st N/G gram
turbine, approx 90 sec after clutch pame
engagement, low lube oil and fail to
engage alarm were received on the

10.1.2 All conditions were normal initially. 1 2 (2) 1
16.1.3 Sac was removed and metal chunks 0 N/G gram

found in oil pan.
Sac was removed and metal chunks 1 2 (5) 1
were found in oil pan.

16.1.4 Lube oil pump was removed and was 2 3,4 (6) 1
found to be seised. _

16.1.5 Driven gear was sheared on pump 1 1 (3) 1
shaft.

17.0.0 Tech evaluation req. 1 2 (2) 1
17.1.1 Los of one of three sac's - routine 2 47,56... 1

visual inspection during normal en-
gine operation revealed gear housing
cracked.



No. Text No.Parses Tunes Correct parse #f
17.1.2 Engine secured, detailed inspection 22? 20729 ... 11?

revealed Imrg crack in gear housing
on aft end and broken mio
clamp Range on surge valve outlet. ____ ___________

Engine secured.11()1
Detailed inspection revealed lImg Over 22 215,216,... 11
crack in gear housing on aft end and
broken marmon clamp Rlange on

___surge valve outlet._____________

18.0.0 Item canabilised. 0 _____ N/G input
____Item cannibalixed. 1 4 (5) 1

18.1.1 Cannibalized sac for use on USS 4 14,17,22,24 4
____Duncan.

19.0.0 Part ordered. 1 1 (2) 1
19.1.1 Reduced capability of nr 4 sac res- 0 N/G input

____tricts ships operation.
Reduced capability of nr 4 sac res- 1 4 (9) 1

____tricts ship's operation.______
19.1.2 Extended use of nr 4 sac has resulted 3 7,16,21 (28) 2

In periodic low lube oil pressure
alarm. _

19.1.3 Lube oil change, flter change, and 4?
adjustment of pressure regulator
have had no impact on lube oil pres-
Sure._ _ _ _ _

19.1.4 Three minutes is the maximum time 0 N/G scan
nr 4 sac can be operated in a non-
al&m condition.______
Three minutes is the maximum time 2 4,8 (14) 1
nr 4 sac can be operated in an alarm
condition.____________

20.0.0 Tech asist req. 1 2 (2) 1
20.1.1 During gth motor start, air pressure Many 102 to 1st 4th+

dropped below 30 psi and oil pressure parse
decreased slowly to 70 psi, while en-
gaged. _____ _____________

During gth motor start, oil pressure 111 (25)1
decreased slowly to 70 psi, while en-

____ ased._____ ______________

Sff



No. Text No.Parses Times Correct parse #
20.1 Metal particles found in oil sample. 2 10,12 (17) 1
26.0.0 Technical assistance requested. 1 2(2) 1
28.1.1 Reduced capacity of one of three 4+ 13,14,24 ... 3

26.1.2 Cannot engage sac for extended 30+ 4 ... 4th+
period of time due to increased lo
temp and sharp decrease in lo prs-
sure.

26.1.3 IMetal contamination in lo filter. 2 *4,6 (8) 2
26.1.4 Internal part failure. 1 2(2) 1
26.1.5 High lo temp due to design of first 4 4,6,44,46 N/G xor

flight oil cooler believed contributor (80)
to unit failure.

27.0.0 Part ordered. 1 2 2) 1
27.1.1 Experienced lows of sac lube oil pres- 0 N/G xor(+scan)

sure and self-disengagement immedi-
ately following clutch engage com-
mand.
Experienced loss of sac lube oil pres- 4 26,28,32,33 N/G (xor)
sure and self disengagement immedi- (48)
ately following clutch engage com-
mand.

27.1.2 Sac apparently seized during clutch 0 N/G input
engagement causing input drive shaft
to remain stationary while drive
adapted hub on ssdg continued to ro-
tate.

Sac apparently seized during clutch 8 4,6,18,20,50,51, 6
engagement causing input drive shaft 59,60 (133)
to remain stationary while drive
adapter hub on sedg continued to ro-
tate.

27.1.3 Drive shaft sheared all internal gear 3 3,5,7 (9) 1
teeth from drive adapter hub.

29.0.0 Technical assist requested. 1 2(2) 1
29.1.1 Fct open and inspect, revealed bear- 0 N/G input

ing material on bottom of strainer.

Fct open and inspect revealed bear- 2 4,6 (12) 1
ing material on bottom of strainer.

29.1.2 After flushing unit, engaged pressure 16 168,171,180,181,184, 8
dropped to 62 psig within 45 seconds 186,192,194,284,286,
of engaging sac. 298,301,304,309(311)

29.1.3 Disengaged pressure satisfactory. 1 2 (3)1
30.0.0 Technical assistance requested. 1 2 (2) , 1

0



.No. Text No~arses Times Correct ae#
30.1.1 Low ofo= of two sac's. 2 10911 (14) 1
30.1.2 Unis has law output air pressure, 4 18,20,26,28 2

resulting in slow gas turbine starts. (52)
30.1.3 T/S revealed normal sac lube oil 0 N/G scan

1pressure/temperature. ____ ______

Troubleshooting revealed normal oil 1 2 (3) 1

30.1.4 Imelrblade tip erosion evident. 1 3 (5) 1
30.1.5 Sac beyond shipyard repair. 1 5 (5) 1
30.1.6 Cause of erosion of impeilor blades, 1 3 (8) 1

30.1.7 Second generation ac received on- 5 5,7,10,12,14 2
board for Installation. _ ___(15) ______

32.1.1 Loss of 50 percent of start air capa- 1 13... 1
bility. _______________

32.1.2 Nr 2 ac can be operated at reduced 1 2 (3) 1
- caacity._______ ________

32.1.3 This situation present potential over ? N/G input
temp hazard to 1m2500 during start
up evolutions and further degrada-
tion of mobility. ____ ________

This situation presents potential over over 90 2... 12?
temp hazard to Im2500 during start
up evolutions and further degrada-
tion of mobility.____ _________

32.1.4 Diffculty began with audible puls.. 8 12,15,19,23,25,28,30,32 6?
tious in compressor outlet air pres- (34)
sure under steady state conditions. _____________

32.1.5 JCause of casualty unknown. 1 2 (3) 1
33.0.0 lRequest shipyard replace. 1 1 92) 1
33.1.1 Oil pressure has been slowly decreas 1 1 (3) 1

lag. __________

33.1.2 Failure occurred during -engine start 4 3,4,8,9 (12) 4
when oil pressure dropped below 60

33.1.3 Ilavestigation revealed excessive fine 2 3, 4(5) 1
metal Particles in oil.____ ___ ___________

34.0.0 Assistance requested. 1 _ 1 (2) 1
34.1.1 Loss of oil pump pressure. ? 8 ... 1
34.1.2 Suspect sheared connecting pin in 2 10,11 (17) 1

,pump drive assembly. 1____ 1________

34.1.3 ILoss of pressure was sudden and 11 11(2) 1
unexpected. _ _ _ _ _ _ _ _



No. Text No.Parses Times Cormet pares
34.1.4 Investigadon by todd revealed sac 4 11,13,15,17 4

spline input drive shaft disconnected (25)
from diesel hub.

34.1.5 Hub assembly and splime shaft errod- 0 N/G input
ed beyond use.

34.1.5 Hub assembly and spline shaft eroded 2 4,08 (10) 1
beyond use.

34.1.6 Todd LA to replace worn hub assem- 7 15,18,19,26,27,31, 5
bly and spline shaft. 31 (34)

35.0.0 Puts ordered. 1 1 (2) 1
35.1.1 Experienced total Ios of sac lo pres- 8 55,60,67,71,84,89,94,98 2

sure and self disengagement while (105)
conducting t water wash.

35.1.2 Investigation revealed stripped lo 2 7,8 (13) 1
pump drive gear and hub ring gear.

36.0.0 Tech assist. 1 1 (1) 1
36.1.1 A number of slow gas turbine starts 2 4,5 (9) 1

has been noted recently using 13 sac.
36.1.2 A trend of increasing lube oil tern- ? 212, ... 4

perature and decreasing lube oil pres-
sure dictated cleaning the lube oil
cooler and replacing the lube oil fiter
as corrective maintenance.

A trend of increasing lube oil tern- over 30 26...
perature and decreasing lube oil pres-
sure dictated ... replacing the lube oil
fiter as corrective maintenance.

A trend of increasing lube oil tern- 8 10,*12,*13,15,46, 4
perature ... dictated cleaning the lube 48,50,51
oil cooler ... as corrective mainte- (90)
Rance.

36.1.3 After the maintenance was accom- 19 114,125,131,140... 4
plished, operational tests revealed
low lube oil pressure (65 psi which is
low lube oil alam set point) before
the required three minute sac en-
gsaed time limit had run out.

36.1.4 The lube oil filter was opened up re- 4 2,5,8,12 (16) 4
vealing minute metallic particles.

36.1.5 Indications ar that a new lube oil 1 3(4) 1
pump is required.

36.1.6 Guarantee deficiency. 1 1 (1) 1



CASREPS.TESTB
Annotations to parse summary

12.1.11
Scaner problem. Period in abbreviation prevents parsing.
Structure of NP. In the closest parse obtained (the second), "operation nr.
2 sedg is parsed inaccurately with "operation" in upos modifying the
namestg. However, introduction of implicit "of" seems ill-advised as a means
of coping with this non-standard input.

[2.1.21
Adverb problem . Restriction {d.d orp} prevents analysis of "in" as
adverb.

[7.1.11
"Only" is parsed somewhat questionably as an adjective in rn. "Monitoring"
can only be parsed prenominally as adjective, not nvar.

[7.1.31
One might argue that the second (nstgijrag) parse (with sa attachment of
the prepositional phrase) is more accurate than the first parse (in which it is
attached to rn), but the first is counted as correct.

[7.1.41
Again, one might argue that the second parse (with the prepositional phrase
in sa) is more accurate than the first parse (in which it is attached to rn),
but the first is counted as correct.

Note that the ambiguity of "broken" as *ven or *adj doubles the parse
count.

Number agreement. The grammatical error in this sentence is not the cause
of Its unparsability. (Note that {wagree} has had to be relaxed at least for
"be", given grammatical sentences such as "ten minutes is the limit". In
fact, not only "be" allows plural subjects with singular verb; cf. "ten
minutes of listening to his chatter really taxes me to the limit". It seems to
be a function of the semantics of the subject rather than the verb.) Thus the
error in this sentence does not present it from being parsed.
The sentence as it stands seems incoherent. If it is taken as "[the (correct)
lo pressure] and [alarm capability]", i.e., with an implicit modifier "correct",
then the correct parse is the first one. And clearly it is unlikely that the

6correct reading is the one paraphraseable as "the capacity for lo pressurb and
alarm". Another possibility, suggested by NYU, is that "and" is a



typographical error.

[7.1.71
'Sitrep 002:" is not treated as part of the sentence proper.

[7.1.81
Scanner problem. '/* cannot be input.

[7.1.81
"Utilizing" could be legitimately analyzed as noun modifier in apos or rn, or
(correctly here) as sentence adjunct.

[7.1.91
I assume that on the correct parse "lube oil pressure" is the subject. The
second and third parses divide up the string of nouns differently between sa
and subject.

[7.1.111
In fact, this parses as a compound; correct parse is 3rd. Time: 1,460 sec!

Punctuation error Is assumed for 7.1.11. Thus the comma preceding 'when"
has been changed to a period, as indicated, and 7.1.11 has been broken into
two clauses to test its parsability in the absence of this error.

Second clause : The second parse for this clause is the correct but contextu-
ally incorrect analysis of the object as nn rather than nstgo.

[8.1.21
Adverb problem. "Low" is mis-analyzed as adverbial sa in first two parses.

[11.1.11

The first three parses are correct but distribute n incorrectly ("surging"
should be local, I assume).

The massive number of parses appears to be a function of conjunction;
whether there are, in fact, 55 distinct and grammatical analyses remains to
be determined. In the absence of the conjoined material (that is, with the
first comma and everything to its right deleted), there are only three parses.

[12.1.11
Scanner problem. "." cannot be input.

The second two parses take "point" as the (arguably intransitive) main verb.

113.1.11
Punctuation error. This sentence is ungrammatical as punctuated. It has



been reanalyzed into two clauses. However, it may still be unacceptable:
'failed' would seem more likely to take the sac, rather than the oil pressure,
as its subject.
Second clause : Conjunction problem. . For some reason, three assertions
are not parseable in conjunction rules generated from this grammar. This
forces 13.1.1b to be parsed as three ltvr's, but the absence of rv prevents the
attachment of their pn's ("to 72psi", etc). Thus only the readings in which
"increased" and "decreased' are past participles in rn remain. With the
addition of "has" (see table), the correct parse is, in fact, the first parse gen-
erated.

Also, "then" (but not "and") as the conjunction allows for an incorrect read-
ing in which a "copied nullobj" is created in the first conjunct.

[14.1.21
Perhaps the sixth (rather than the fifth) parse is the most accurate, since it
attaches "below" as object rather than sa. In general, sa attachment of
subcategorized-for pn's is not regarded as an error, unless the verb + pn
form a virtual idiom.

The variety of parses arises from the different attachment possibilities of
'for two minutes", the "when"-clause, 'below 65 psi"; the two analyses of
"65 psi alarm setting"; and the analysis of subject as gerund or lnr.

Also, the fact that the entire sentence can be initially iisanalyzed as an mr
contributes to the long parsing times.

[14.1.3]
Two ambiguities in the absence of conjunction (nominal or adjectival
analysis of "low", "following' as *p or *ving) combine with a three-way con-
junction ambiguity ("remote or local' analyzed as a conjoined adjadj or a
conjoined lnr, the first one headed by nulln). With the latter, there is the
ambiguity between distributed or local scope for tpos,qpos. The correct
parse is assumed to be the first, in which "low" is adjectival,"following" is a
preposition, and "remote or local" is a conjoined phrase in adjadj.

[14.1.41
In the parse listed as correct, "in appearance" is a sentence adjunct. How-
ever, the fourth parse, in which it is a right adjunct of the adjective "dark",
is probably still more accurate.

Adverb problem. Clearly a finer-grained analysis of adverbs is necessary. In
the first two parses, "very" is analyzed incorrectly as an adverb. The adverb
features developed by Sager will clearly prove useful here, but there are
difficulties in applying them. There is no one feature which is associated with
all and only those adverbs which are acceptable in sa position. For example,
not all adverbs which may occur in sa position are marked with the feature

J~dLkJKJ M b = 111VI!,1



'dse: neither "yet' (as in "She has not eaten lunch YET") and "there" (as
in 'He was happy THERE") is dsa. There is a group of features one or
another of which characterizes any adverb which may appear in sa; this
group includes dsa, dlv, dry, drw. However, any adverb input by the SDC
lexical entry procedure has an empty feature list, so a restriction limiting
adverbs in sa to those bearing one of these features would require consider-
able lexical work. Finally, an attempt to exclude sa analyses of adverbs like
'very" by forbidding adverbs with certain features (such as dia - left
adjunct of adjective) will prove too strong, since, e.g., "always" is marked
with the feature dla as well as drv/drw/dlv.

j15.1.2]

I assume that "oil pressure normal" is not to be taken as part of a conjoined
object of "indicate", as the color of oil would not be an indicator of oil pres-
sure. Thus the analysis of this sentence as a compound is assumed to be
correct.

First clause : Shapes needs to be developed so as to recognize part numbers
for this domain. Currently, 23699 is parsed only as qpos.

[16.1.1]
This sentence presents a number of difficulties.

SGrammatical error. "Alarm were received" should perhaps be "alarms were
receivwed',

Multiple sa's . The correct analysis of this sentence would seem to involve
two initial sa's, something currently disallowed by the grammar. Thus
Wapprox 90 sec after clutch engagement" is incorrectly parsed as an appos
attached to "turbines".

Treatment of apposatives : This points up the inadequacy of the current
appos rule, which substitutes for rn and is therefore not associable with a
head noun which itself contains an rn.

Conjunction. The rules do not currently allow for conjoined In, so that
"(low lube oil) and (fail to engage) alarms" cannot be correctly parsed. (And
the contextually appropriate parse of "disk and sac alarms are required" can-
not be generated. )

There are an extraordinarily large number of parses in which the conjunction
is associated with the introductory pn in sa, the subject being "alarms".

Structure of NP. Also, the bnf rules do not currently allow for modification
in npos, as in "low lube oil alarm".

This sentence clearly requires further work, because of the indequacy of the
parses obtained and the very long parsing times.AM



[16.1.31
Cot'inction. This sentence does not parse without addition of "were" to
second conjunct. Conjunction rules do not seem to handle (verb) gapping,
even without the "sloppy identity" that holds here between the overt and
implicit instances of "be". ("Sac was repaired and disk replaced" is also
rejected.) We could allow "and" to join conjuncts, but this seems dubious:
cf. "sac was repaired - replacement of blade" vs *"sac was repaired and
replacement of blade".

[17.1.1]
This is parsed as a compound, with nstgjfrag the first element. The second
parse is the more accurate one: "one" is in qpos modifying nulln. (In the first
parse, "one" is the head nvar.) As with other fragments, only parses with the
first fragment option to succeed are listed in table.

Note that zerocopula reading of first conjunct is ruled out by assorted
heuristics ({d.of), {w nonnull ln)).

[19.1.1]

Punctuation. Apostrophe must be added.
[19.1.31

Appos. The first three readings coustrue the second conjunct as an apposa-

0 tive on the first; appos and null options in rn should probably be re-ordered.

Conjunction. Are the twelve conjunction readings distinct possibilities? The
contextually correct reading comes late because earlier readings copy the
pnpn attached to the final conjunct ("of pressure regulator") into earlier con-
juncts, while the correct reading would seem to be the local one.

[19.1.41

Scanner problem. Word-internal dash not currently recognizable.

Wagree . Sentences such as this require that wagree be relaxed to allow
plural subjects with "is". (Cf. "Peanut butter and pickles is a horrible com-
bination").

[20.1.1]
Conjunction . Parsing times seem extraordinarily long for this sentence,
even given its numerous unexpected conjunction ambiguities (the initial pn
may be taken as containing three conjoined NPs; the first four readings, for
example, take "start" as the first of three conjoined NPs; the next five or
more take "pressure" as subject).

Upon removal of the first conjunct ("air pressure dropped below 30 psi"), a
single (correct) parse is generated in 11 sec (25 to NMP), as indicated in
table.

* '. ~w P'



[26.1.21
The conjunction and pn attachment possibilities in this sentence are legion,
and have not all been examined; in addition, there is an ambiguity between
npn (contextually inappropriate) and nstgo object analyses. (The npn object
option has pval "in", as in "We engaged them in conversation".)

[26.1.5]
Xor problem . Because there is an assertion reading (with "contributor" the
nstgo object of active "believed"), the correct zerocopula parse (in which
"contributor" is the remanants of active sobjbe) is not generated. However,
selection can easily rule out this reading.

[27.1.1]
Xor problem. Because there is an assertion parse (with "engage" as main
verb), the contextually correct tvo parse is not generated.

Re the long time to first parse: note that the analysis of "experienced" as
prenominal *ven creates a severe garden path.

[29.1.1]
Input. Punctuation error.

A"Open and inspect" entered as idiom in lexicon.

[29.1.2]
The extraordinarily long parsing time for this sentence needs to be investi-
gated. (Note that it does present a considerable garden path to the parser,
since the entire string "engaged .... sac" could be analyzed as an NP.)

The various analyses depend upon analysis of the two [ving nvar sequences
as inr or gerund (in both cases) and on pn attachment. The selection of the
eighth parse as the correct one needs to be verified (accidental logout
prevented closer inspection).

[30.1.11

Structure of NP . "One" can be parsed as nvar (in first parse) or q. I mark
the first parse as correct, though presumably the second is the truly correct
one. Will this create dufficulties for semantics?

Note that zerocopula analysis is prevented by requirement that predicate
nominal have nonnull In (compare "party a disaster" with "party disaster").

[30.1.3]
Scanner problem. Word-internal slashes not accepted.



[30.1.41
Note that the requirement that In be nonnull, {w.nonnullJn}, eliminates
other erocopula analyses.

[30.1.51
{w_nonnull n} eliminates other zerocopula readings.

(30.1.61
Comma is now allowed post-subject in zerocopula, which may add consider-
ably to the number of parses for zerocopulas and compounds.

[32.1.3]
Grammatical error . "Present" should have been "presents". I assume
(without conviction) that "over temp" is equivalent to "overheating"; thus it
is entered in the lexicon as an idiom.

The nn subcategorization for "present" has been removed from the lexicon,
as it sounds ungrammatical to me and contributes an additional 20 parses to
this sentence. However, addition of npn subcategorization adds parses.

The variety of parses arises from the various pn attachment possibilities, the
ambiguity of "start up" as an idiom or noun followed by preposition; and, of

Acourse, the scope possibilities associated with conjunction.

[32.1.41
The meaning of this sentence is unclear. are the pulsations really pulsations
in air pressure ? The sentence as punctuated would seem to have no other
analysis.

The correct analysis is assumed (without conviction) to be that in which
"with" is in pn object of "begin" and "under" is in sa.

[33.0.0]
"Replace" would have to be entered as a noun to parse this header, but see
34.1.6 for consequences of this.

[33.1.1]
The gerund and ving/nvar readings are prevented by {dnullLnsr} and
{w vingJnr}.

[33.1.21
Although the fourth parse is listed as the correct one ("when" in sa, "below"
In object), the first parse might be adequate ("when" in ru, "below" in sa).



[34.1.4]
Although the fourth parse (sven object, 'from" In pn object) is listed as the
correct one, the first is perhaps adequate: nstgo object, "from" in sa.

[34.1.61
What is "LA' here? Part of "TODD'? An abbreviated predicate of some
sort? A locative phrase? It is treated here as simply *n.

The first four analyses can be eliminated if 'replace! is not categorized as a
noun (necessary for 33.0.0, which is perhaps a frozen phrase anyway; perhaps
an elliptical tv).

[36.1.1]
Wagree should perhaps be modified to allow for plural verbs following
phrases like "a number of NP". (In this case, however, the verb is singular.)

Shapes ( ): "13 sac' is parsed incorrectly as [qpos + nvar]; a more complete
treatment of equipment names in this corpus is in order.

({dlv) should be modified to rule out second parse in which "recently" is in
iv of "usinge.

[36.1.21
Note very long time (219 sec) to first parse. Correct parse is fourth.

.{djnit sa} disallows the reading(s) in which conjoined Inr's are flanked by
vingo sa's.

'As" is (incorrectly) treated as a conjunction in certain parses because it is
listed in the lexicon as a spword.

[36.1.31
Adverb problem. Again, "low" is parsed as an adverb in sa in the first read-

The very long parsing times need to be examined. (Note that times are shor-
tened by adding "sac engaged time limit" as an idiom - first parse in 71 see,
100 sec to correct parse - rather than parsing sac (oddly but not really
inadequately) as an [lcda + yen].)

Also, there appear to be some duplicate parses.

[36.1.4]
The various well-formed but contextually incorrect parses generated include
analysis of "up" as preposition (rather than particle), and of "revealing ..."
as a gerund. (cf. "For years they talked about revealing the secret of their
great wealth")



What doe. this mean? Xor will only allow the tvo reading.
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