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Representing the content of a document in a
formal knowledge base (KB) enables documents
expressing that content to be generated in multi-
ple languages using the same underlying repre-
sentation.
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Abstract

We propose innovational mechanisms
for controlling linguistic coreference
in graphical interfaces. The mecha-
nisms extend a system that allows a
domain expert to perform language-
neutral knowledge editing by interact-
ing with natural-language text and
produces texts in multiple languages
based on the resulting knowledge
base. The mechanisms address four
challenges: 1) identifying algorithms
for locating potential coreference rela-
tions, 2) using discourse structure to
rank coreference candidates, 3) devel-
oping mechanisms for reaching a con-
sensus between the expert and system
with regard to coreference relations,
and 4) examining different ways to
represent these relations in the inter-
face. We use novel methods to locate
and represent potential coreference re-
lations and to rank coreference candi-
dates. We plan user studies to evalu-
ate our methods.

Introduction

of practical computational linguistic problems
must be solved for WYSIWYM to function
effectively. Coreference is one of them.

Building a KB often requires a user to refer
to entities that already have a representation in
the KB. (In this paper, we use the term “entity”
for a real world object, “KB object” for a repre-
sentation in the KB that refers to an entity, and
“linguistic expression” for a phrase generated by
the system to refer to an entity.) If the system
does not recognize references to the same entity,
the KB will be inaccurate, e.g., it might contain
multiple KB objects for the same entity. Since a
correct KB is necessary to generate texts with
correct referential forms, it is essential that the
system and user agree on references to a single
entity. We describe innovational mechanisms
that allow the system to communicate with a
domain expert, who is assumed not to be an
expert in computational linguistics, to resolve
potential coreference relatiohs. After these
relations are resolved, the mechanisms accu-
rately represent them in the user interface (Ul).

Throughout this paper, we use examples
from our test domain of vehicle service manuals.
Figure 1 shows a partially specified manual
entry. The user encoded the knowledge that
‘drain hoses’ must be installed [C1]. He may
wish to refer to the same ‘drain hoses’ to assert
that they must be taped into position [C2]. If the
system understands that the two mentions of the
drain hoses corefer, it will generate coherent text
with correct referential forms.

Usually, building a KB requires an
expert in the knowledge to be contained in the

KB andan expert in the knowledge representa- Our coreference resolution task differs from the one

tion (KR) language being used to build it. The jc.0 oscribed in the literature (e ;
.g. (Baldwin,
WYSIWYM (What You Say Is What You 1997)) Coreference resolution in the traditional

Meant) knowledge-editing method (Power etal., sense requires that a system, using only a text,
1998), however, allows a domain expert to build determine which expressions have the same referent.
and extend a KB representation without previ- In our system, the user and system must also agree on
ous exposure to computational linguistics or KR which expressions have the same referent, but some
languages. In WYSIWYM, the expert interacts of the burden shifts to the user; the system, having
with natural language, rather than a KR lan- identified a potential coreferring expression,
guage, to build a KB that is used for multiple ProPoses several entities as coreference candidates

. and then solicits feedback from the user to determine
language generation of documents. A numberif he wishes to refer to one of these entities again.




[A] To replacesome parfor the 2001 Buick Le Sabre:

First perform the removal method:
[B] 1. Removesome partwith a flat bladed tool by
some method
2. Dosome actiorby some method
Then, perform the installation method:
[C] 1. Install the drain hoses wigtome tooby
some method
2. Tapesome partinto some positiorby
some method
3. Fasten the transmitter battery into
some positioby some method

In the feedback text for a partially specified
manual generated by AUTO in Figure 1, bold,
italicized words indicate locations where knowl-
edge may be added. When the expert clicks on
one of these phrases, he is presented with a
menu of choices for extending the KB. For
example, clicking the phrase “some action” [B2]
results in a menu of valid actions such as re-
move, install, tape, and fasten. After the expert
selects an action, the feedback text is updated to
reflect the revised KR. When the expert has

completed adding knowledge, the system can
construct the “output text,” the actual manual

Previous work involving WYSIWYM (Van text that does not include markings to indicate

Deemter and Power, 1998) has investigatedWhere knowledge may be added.
coreference in a small-scale application. Unlike
previous work, we use new method to locate 3
potential coreference relations and candidates,
discourse structure to rank coreference candi-
dates, and a wider variety of linguistic elements AUTO was designed to allow WYSIWYMo
to represent coreference relations. Our methodshandle coreference. In this paper, we focus on
scale better than previous approaches. coreferring noun phrases in the feedback text.
After briefly explaining WYSIWYM, we  AUTO 1) identifies potential coreference rela-
discuss our approach to extending it to handletions, 2) uses discourse structure to rank the
coreference, including methods for locating entities most likely to participate in these rela-
potential coreference relations and using dis-tions, 3) interacts with the user to reach an
course structure to rank entities. We also exam-agreement on coreference relations, and 4)
ine issues related to the Ul and present an examelearly represents these relations in the UL.
ple coreference mechanism. We are experimenting with coreference
mechanisms that vary according to the following
properties: type interpretation for locating po-
tential coreference relations and identifying
WYSIWYM (Power et al., 1998) allows a do- coreference candidates (Section 3.1), method
main expert to build a KB directly through in- used to rank these candidates (Section 3.2), and
teracting with natural-language “feedback text.” communication style and content of the Ul (Sec-
The feedback text, which is generated using ation 3.3).
partial KB, communicates the current state of _
the KB and ways to extend it. Because the ex-3.1 Type Interpretation
pert is directly editing a KR, the system does not

need to interpret text. In addition, it is possible broad and narrow. The broad definition uses
to use the same KB to generate texts in multipleg oo ra) tynes; i.e. the top of the hierarchy, such
languages, alleviating the need to translate a The narrow definition uses

. as “some part.”
document from one language into others. specific values of broad types, i.e. leaves of the
WYSIWYM has been deployed in seve_:ral hierarchy, such as “drain hoses,” a type of part.
systems  including DRAFTER for generating Previous work (Van Deemter and Power, 1998)
softwarfe documentation (.Pov%er ﬁt aI.,é998) adndhas considered only narrow type. We experi-
PILLS for generating patient leaflets (Bouayad- o '\vith systems using either broad or narrow
Agha_et al., 2002). We used WYSIWYM and type to identify coreference relations and candi-
domain knowledge gleaned from a corpus s;tudydates for coreference
of vehicle manuals (GM, 2002) to develop '
AUTO, a system technical writers can use to
autamatically generate vehicle manuals. The 2 This paper is mainly concerned with the inserting
AUTO KB is like those of other systems using editing operation in WYSIWYM. In addition to
WYSIWYM. inserting, van Deemter and Power (1998) also
address copying and pasting.

Figure 1. Partially Specified Manual.

Coreference Mechanisms for
Knowledge Editing

2  WYSIWYM

We provide for type to be defined in two ways:




[D] To dosome action:

First, perform the removal method:
[E]1. Dosome actiof..

a.
b.

Dosome action, by some methog;.
Dosome actions by some methog.

2. Dosome actiom, by some methogq.

Then, perform the installation method:
[F] 1. Dosome action: by some methog.
2. Dosome actiofy.

a.
b.

Dosome actionqi by some method.
Dosome actiongi by some methodg;.

Figure 2. Replacement Procedure with Discourse
Segments Delineated.

Whenbroadtype is used, all locations in the
text which require an argument of the same
broad type as an argument whose narrow typ
has already been specified represent location
where coreference is possible. For example, in
Figure 1, locations where an argument of type
‘part’ has yet to be specified ([A], [B1], and
[C2]) are locations at which it is possible to refer
again to the drain hoses or the transmitter bat-
tery, ‘part’ arguments that have already been
specified ([C1]; [C3]).

Whennarrowtype is used, the system waits
until a narrow type is specified before identify-
ing potential coreference sites. For example, in
Figure 1, the system waits until the user speci-
fies ‘drain hoses’ as the value of ‘some part’ in
[A], [B1], or [C2] before identifying that the
value of one of these arguments may corefer to
the drain hoses in [C1]. The decision of which
interpretation to use is an empirical one that we
plan to address with user studies.

3.2 Ranking Coreference Candidates

We rank the entities that may take part in a
coreference relation using the discourse struc-
ture of the current manual before presenting

(S

document contain linguistic expressions for
entities that have already been specified later in
the document.

Figure 2 shows the hierarchical discourse
structure of a partially specified manual. The
foundation for representing discourse structure
as a hierarchy of segments comes from Grosz
and Sidner (1986). For each potential corefer-
ence relation that has been identified, discourse
structure is used to rank coreference candidates.
Entities of the same type appearing in the same
segment are deemed most likely to be referred to
again. For example, if an entity of typehas
been specified in both [Ela] and [E2], the sys-
tem predicts that if [E1b] contains another refer-
ence to an argument of typethe user will most
likely refer to the entity mentioned in the current
segment, [Ela], even though, in terms of linear
recency? both [Ela] and [E2] are equidistant
from [E1b]. When entities of the same type in
the current segment have been exhausted, the
algorithm looks to daughter segments and then

sibling segments before ascending the levels of

Yhe hierarchy in search of coreference candi-

dates. Remaining objects are ranked according
to linear proximity. We hypothesize that as the
number of KB objects of the same type in-
creases, users will prefer coreference mecha-
nisms that rank coreference candidates. Because
we expect that users are more likely to refer
repeatedly to entities contained in instruction
steps about the same topic, we expect that they
will find menus that contain these entities first
more manageable.

3.3 Communication Style and Content
of the Ul

3.3.1 Communicating with the User to
Determine Coreference Relations

The Ul must facilitate the communication of the
user and system coming to agree on coreference
relations. We investigate two interaction styles,
direct manipulatioranddialogue oriented

With direct manipulation interaction, each

linguistic expressions referring to them in linguistic expression that refers to an entity has a
menus. However, because any entity may be“faithful copy” operation associated with it. If
referred to again, the menus contain all entitiesthe user copies and then pastes the expression in

of the appropriate type that have already beena location where an entity of the same broad
specified. Unlike speech and English text, in

which information is processed from left to s e measure linear proximity according to the

right, in knowledge editing, entities can be in- number of noun phrases between the argument
troduced in any order. Therefore, menus for currently being specified and the potential

knowledge that must be specified early in a coreference candidate.




i j [G] 1. Install the bolts witsome toal
pready Memones ObJeCtT | e s 2. Tighten them twome position
New Object? drain hoses

: Figure 4. Partial Instruction Set with Pronouns.
transmitter battery

_s_t_ee”ng vheel by van Deemter and Power (1998), while status

concurrently is a new method. We plan user
studies to determine the tradeoffs involved in

[ [2l direct manipulation and the two dialogue-
Figure 3. Menus for Specifyingdme parf’ Gray oriented methods. Some experimental issues we
Indicates a Selected Item. plan to address include: efficiency and corefer-

ence errors (e.g., creating a new KB object when

type must be specified, the system assumes thaan existing one should have been reused and
the user wishes to refer to the entity again. Thereusing a KB object when a new one should
system adheres to the user's commands, extendhave been created). We expect that users will
ing the KB and generating text to represent theprefer status concurrently with narrow type for
coreference relations that have been specified. specifying coreference. Like status first

With dialogue interaction, the system pre- narrow type, this method forces the user to be as
sents the user with menus from which selectionsspecific as possible before he is presented with
are made. Those entities hierarchically recent incoreference candidates, but unlike status-first
the discourse structure to the one being specifiednarrow type, it allows him to reach his desired
are presented first in menus. The dialogue inter-selection more quickly. This has been shown to
action style can deploy two methods for present-be a desirable property for a Ul (Shneiderman,
ing coreference candidatesstatus firstand 1992; Johnson, 2000). Though status concur-
status concurrently When status first is used, rently—broad type allows the user to reach his
the user specifies whether the object is new ordestination more quickly, we expect that as
already mentioned before examining corefer- more KB objects of the same type are intro-
ence candidates. Status concurrently, howeverduced, menus will become too long when this
displays menus containing both new and alreadymethod is used.
mentioned objects together. Each method can
be used with either broad or narrow type. 3.3.2 Representing Coreference Relations

When status first—broad type is used, the Th ffectively distinauish
user is first asked if the object is new or already '€ Systém must effectively distinguish new
mentioned (Figure 3 [1]). If the user chooses entlt:ces fro”.“ _eX|st|[1g tpntehS. Representlntgd
e objec, e hen chiooses o a 5t of all o1 = MEeTTrL e e prsee
possible narrow types. Figure 3 [2] shows % the KB. The menus and feedback texri ma usg
sample menu containing narrow types of IC)ams'differerit elements for representin corefergnce
If he chooses ‘already mentioned object,” next, We allow two tvoes of eIIJements t% be used for.
he chooses from a list of existing narrow types; yp

and then, he chooses from a list of instances oirepresenting coreference relations in the Ul:

: linguistic andartificial .
the chosen harrow type. thtatus first The linguistic elements are pronouns deter-
narrow type is u'sed, the user first chooses from miners. Pronouns are used to refer to already
a list of al[ possmle_ harrow types (Figure 3 [2]). mentioned objects. We use pronouns only in
Then', he is asked if the object is new or alreadyvery constrained environments to avoid ambigu-
mentioned (Figure 3 [1]). If he chooses ‘already

mentioned object,” he then chooses from a list ofity' For example, if the communication is in
instances ject, English, we use pronouns only in the following

When status concurrently—broad type is situation: (1) a previous mention of the entity is

in the pre in nten nd (2) the previ
used, the user chooses from a menu of all new, e preceding sentence, and (2) the previous

an_d already mentioned objects of the broad typegpgurrr?gﬁtagefdarr? Zr;?igg.?; tgizuerr;tlz f’jtl:]eertnheisﬁrSt

being specm_ed. Wheatatus cpncurrently— used to refer to ‘bolts’ [G2] because a previous

narrow type is used, the user first selects a nar-

row type (Figure 3 [2]). Then, he chooses from

amenu of new and already mentioned instances# we may also investigate the use of centering theory
Direct manipulation and status first dialogue for generating referring expressions (Grosz et al.,

interaction with narrow type were first proposed 1995; Kibble and Power, 2000).




Type Interpretation Broad [H] To replacesome partfor the 2001 Buick Le Sabre:
[Section 3.1] _ _ First perform the removal method:
Method Used to Rank Coreference| Hierarchical Discourse 1l 1. Disconnect [the tie wraplith some toal
Candidate$3.2] Structure ’ : :
Communication Styl¢3.3.1] Dialogue Oriented a.  Cutthe transmitter frosbme partwith
Method Used to Present Coreferenc%t tus First some tooby some method
Candidate$3.3.1] atus Firs b. Remove the tape frosome partoy
Coreference Relation RepresentatipDeterminers and Indices some method
in Menus[3.3.2] with Brackets 2. Removesome partwith some tooby
Coreference Relation Representatipbeterminers and Indices some method
in Feedback TexB.3.2] with Brackets Then, perform the installation method:
[J] 1. Tape [the second tie wrapjto
Table 1. Parameter Values for Coreference sompe [Eositiorby some met'r?od
Mechanism in Figure 5. 2. Followsome steps

mention of bolts is found in the preceding sen-

h ) Already Mentioned Object?
tence [G1], and ‘bolts’ is the first argument of

install [G1] and tighten [G2]. ’m‘
When determiners are used, the system uses New Object? :
the definite article “the” to refer texisting in- ' e Wil
stancesof narrow types. If more than one in- (1] :
. : transmitter battery
stance exists, ordinal numbers are used. For tape
example, if a manual contains two instances Offne tie wrap] o
type “tie wrap,” the system uses “the tie wrap'| [the second tie wrap]
to refer to the first one (in terms of surface ort
der) and “the second tie wrap” to refer to the [3]
second one in the feedback text and menus. Figure 5. Partial Instructions Generated by AUTO
When an instance of a narrow type already ex- and Menus for Specifyingsbme part [12].

ists, the system uses the difference words
“other” or “another” to refer tmew instances feedback text with both linguistic and artificial
unspecified instances have no KB objects assofor representing coreference. When both types
ciated with them. For instance, the system uses0f elements are employed, users use artificial
the expression “another tie wrap” for a menu elements to determine coreference relations in
selection representing a new tie wrap instance.situations where the linguistic elements are am-
When an instance of a narrow type does notbiguous.
currently exist, no determiner is used.

The artificial elements that we use to repre- 4 Example Coreference
sent coreference relations are indices with Mechanism
brackets. When indices with brackets are used,

noun phrases in the text with the same indexgigyre 5 shows an interaction with a coreference
corefer. For example, all occurrences of [bolts] mechanism using Table 1 parameter values.
in the text refer to the same entity. . The user is in the process of specifying the value
Though previous work has used definite de- of ‘some part’ in [12]. Clicking on the phrase
scriptions with ordinals in the output text ‘gome part’ results in menu [1] in Figure 5.
(Power, 1999), coreference relations in the feed-after the user chooses ‘already mentioned ob-
back text have only been represented using artlject,’ narrow types representing valid repeated
ficial elements (Van Deemter and Power, 1998). mentions, ranked using discourse structure, are
We expect that because linguistic elements |ef"‘%resented [2]. The user chooses to insert a part
to more coherent and natural text, users will ,¢ type “tie wrap.” The final menu [3] presents
prefer menus and feedback text containing lin- the yser with instances of this type, again ranked
guistic elements as opposed to menus and feedaccording to discourse structure, that he can
back text containing only artificial elements. refer to again. Determiners and indices with
However, linguistic elements such as pronounspyrackets are used in the menus and feedback text

can introduce ambiguity and may not be as pre-ig represent coreference relations.
cise as artificial elements. Above all else, the

feedback text must be clear to ensure that the
correct output text is generated; therefore, we
expect that, overall, users will prefer menus and
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