Automatic Resolution of

Anaphora in English

Mic he l De nber

Eastma n Kodak Co.

Ima ging Sc ie nce Divis ion

June 30, 1998

Table of Contents

ACKNOWLEDGMENT S 4

ABST RACT 5

1 INT RODUCT ION ................................ ................................ ............................. 6

1.1 Definitions 6

1.2 Motivation 6

1.3 Prior art 8

1.4 Types of anaphora 9

1.4.1 Pronominal ................................ ................................ ................................ ........................ 9

1.4.2 Quantifier ................................ ................................ ................................ .......................... 9

1.4.3 Ordinal ................................ ................................ ................................ ............................ 10

1.4.4 Question ................................ ................................ ................................ .......................... 10

1.4.5 Event anaphora ................................ ................................ ................................ ................ 10

1.4.6 Pleonastic it ................................ ................................ ................................ ..................... 10

1.4.7 Special cases ................................ ................................ ................................ .................... 11

1.5 Related constructions 11

2 T HE ALGORIT HM ................................ ................................ ........................ 13

2.1 Design 13

2.2 Detailed procedure 14

2.3 Number agreement 16

2.4 Gender agreement 17

2.5 Syntactic agreement 18

2.6 Animacy agreement 19

2.7 Pleonastic it 19

2.7.1 Definition ................................ ................................ ................................ ........................ 19

2.7.2 State references ................................ ................................ ................................ ................ 20

2.7.3 Passive construction ................................ ................................ ................................ ......... 21

3 RESULT S ................................ ................................ ................................ ..... 24

3.1 Test data 24

3.2 Error analysis 25

4 DISCUSSION ................................ ................................ ................................ 28

4.1 Parsing problems 28

4.1.1 Problems with engcg ................................ ................................ ................................ ........ 28

4.1.2 Problems with WordNet ................................ ................................ ................................ ... 30

4.1.3 Abbreviations ................................ ................................ ................................ .................. 31

4.2 Internationalization 31

4.3 Factors affecting accuracy 32

5 SUMMARY ................................ ................................ ................................ .... 34

6 APPENDIX ................................ ................................ ................................ .... 35

6.1 Code and data location 35

6.2 WWW resources 35

7 PAT ENT S ................................ ................................ ................................ ..... 37

8 BIBL IOGRAPHY ................................ ................................ ........................... 39

8.1 Cit ations 39

8.2 Literature Survey 41

Acknowledgments

Thanks go to Jean Banker ofthe Strong Musesumin Rochester, NY for providing extensive real-world image capt ion data for use in this project, as well as to Gian Car lo

Cervone o fthe George Eastman House for data he provided. Both ofthemexpressed an interest in the subject and expressed their willingness to provide further assistence. I also appreciate the help ofthe ISTL lab member s who vo lunteered to help create the image caption set actuallyused for testing. Theyinclude Steve Etz, Bob Gray, Rajiv Mehrotra,

MartyPetrella, George Sotak, Pete Stubler, and Amy Zhu.

The staff ofthe ISD Computing Resources Group were invaluable in helping get various software components installed and running. Randee Tengi at Princeton Universit y generously provided files not normally available for use in reconfigur ing WordNet.

Finally, I greatlyappreciate the assistance o fRajiv Mehrotra and Bob Graywho reviewed the draft ofthis report and provided many excellent comments and suggest ions.

Abstract

An algorithmis descr ibed for the automat ic reso lution ofinter-sentent ialanaphoric references in E nglish sentences. Anaphora are backward references to nouns which have previously been ment ioned in the input text stream, such as his in the sentence John started his car .

The method is based on constraint matching and makes use ofboth syntact ic and morphologicalinfor mat ion about the sentence structure and real-wor ld knowledge about the semant ics ofthe sentence elements gained fromseveraldifferent sources to generate features for use in matching.

The abilit yto performanaphora resolut ion is important in mult imedia image retrievalfor improving the completeness ofimage quer yand capt ion understanding, leading to better matches in retrieved images. For example, given the quer y

A man and a woman.

He is standing, she is sitting.

a simple word-matching retrievalalgorithmwould return images containing all combinat ions o fmen and women both standing and sitt ing. However, if the anaphoric referents to he and she could be reso lved, the accuracyofthe results returned could be improved by knowing who was doing what. As the number ofimages stored electronically with capt ions continues to increase, this abilit ywillbeco me increasingly important.

1 Introduction

1.1 Definitions

The linguist ic term anaphora is an exotic name that refers to a commo n pheno menon.

Like Molière´s Monsieur Jourdain who discovered with astonishment that he had been speaking in prose without even realizing it [Moli], ever yo ne uses anaphora on a daily basis whether theyknow it or not. The etymo logyo fthe termgoes back to Ancient

Greek with anaphora ( anajora ) a com pound word consisting ofthe separate words ana - back, upstream, back in an upward di rec tion and jora - the act of carrying and denoting the act of carry ing back upstream [thanks to R. Mitkov for this definit io n]. Anaphora are for ms ofreference in wr itten or spoken speech in which a word, most commo nlya pronoun is used in place ofa previously ment ioned item( most often a noun or noun phrase) where both refer to the same ent ity. For example, in the sentence,

Kathy always took her camera with her.

her refers to Kathy( in both instances).

Much as is the case with visualinterpretation ofimages, humans nor mallyper for m anaphor ic reso lut ion completely unconsciouslyand usually wit h high accuracy.

However, there are cases in which the referent is ambiguous. For example:

While Jack was talking, Joe finished his beer.

Here his mayrefer to either Jack or Joe , largelydepending on the context ofthe situation.

The automat ic reso lut ion ofanaphora byco mputer is arguablyone ofthe most difficult problems in natural language processing because it depends heavilyon both linguist ic knowledge (how sentences are constructed) and world knowledge ( ^co mmo n sense~ facts about howthe world works).

This paper presents an algorithm for automaticallyreso lving two forms oftwo-sentence intersentent ial pronominal anaphora, i.e. ones in which the anaphoric co-referents appear in the sentence direct lypreceding the one containing the anaphora themselves, in

Amer ican English. Alt hough the operation ofthe algorithm is descr ibed in detail, the pr imar ypo int here is to serve as a sort ofroadmap ofthe ent ire topic so that someone revisit ing this issue in the future can have some idea o fthe problems that might be encountered and the extent ofthe difficult ies invo lved as well as so me historyofwhat has come before.

1.2 Motivation

Anaphora resolut ion is obviously usefulin a speech or text understanding systemin order to help the machine understand what is go ing on. Indeed, it can be said that an understanding ofthe co-referents in anaphora is a good part ofwhat is going on in a realist ic spoken or written discourse or text.

S imilar ly, anaphora resolut ion can assist the process ofimage retrieval bynatural language quer y. This applicat ion resembles speech processing in the need for interactive response. It would be ofinterest to customers such as stock photographyhouses interested in offer ing users natural language image quer ythat works better than simple keyword search, museums want ing to improve access byresearchers or the generalpublic to their co llect ions, as well as individualconsumers capt ioning their own snapshots for digitalstorage. For example, the quer y

A lake with the sun reflected in it.

was posed to the search engine at the Publisher´s Depot Web site. Ofthe 12 images returned on the fir st page, only three were relevant to the query. When the quer ywas rephrased as

A lake with the sun reflected in lake .

the number ofrelevant images increased fro mthree to eight.

Consider as well the example caption,

A picture of a bride and groom.

He is putting the ring on her finger.

A search engine which per forms straight keyword matching will return allimages that contain the words bride, groom, ring, and finger . While this combinat ion will most likely return an image with the desir ed content (assuming one exists in the database) it willalso return other unrelated images, such as

The reverend points his finger towards the ring on the altar between the bride and groom .

which contains allo fthe keywords but descr ibes a rather different image.

Ifon the other hand, one could reso lve the anaphora he and her , the originalcaption could be restated as

Groom is putting the ring on bride´s finger.

In this for m, a semant ic associat ion can be made associating ring with groom and finger with bride . This would help improve the accuracyofretrieved images. Research has shown that anaphora resolut ion does in fact improve both recall and precision perfor mance in largescale database quer ies [P irk]. While this maynot make much difference ifonlya dozen or so images are found, it starts to become more important as the size ofthe database grows. For example, users may be sat isfied even if 50% of12 images are irrelevant, but maybe considerably less sat isfied ifthey have to search through severalhundred images looking for the relevant 50%.

1.3 Prior art

To myknowledge, this is the fir st instance ofwork specifically on anaphora resolut ion within Kodak. It was intended to complement work done byArchna Bhandar ifor perfor ming naturallanguage quer yo fimage capt ions, and which is based on Fillmore´s case grammar [Fill] but does not specifically address anaphora resolut ion. The program presented here does not attempt to match quer ies with capt ions, it onlyassociates anaphora with their antecedants. The ^de-anaphor ized~ text can then be used as input to the query-capt ion matcher to (hopefully) improve the accuracyofthe match as descr ibed in the preceding sect ion.

Work on anaphora resolution in the open literature tends to fallinto three domains:

artificial intelligence (as a specialt yofco mputer science, including co mputational linguist ics and natural language processing), classical linguistics (as dist inguished fro m computationallinguist ics), and cognitive psychology [Lust 82, Sanf]. Psycho logists tend to be interested in this topic because ofwhat theycan learn about how the brain processes language. Linguists are interested simplybecause anaphora resolut ion is a classical problemin the field. For our purposes we are primar ilyinterested in the

AI/co mputationallinguist ics approach.

The var ious approaches to anaphora resolution differ largely in the depth oflinguist ic analys is being per formed, that is the extent to which the systemtries to understand the contents ofthe input text. At one extreme is the work ofKennedy and Boguraev [Kenn] which is purely morpho-syntacticalin nature. This has the advantage ofbeing fast and relat ivelyeasy to implement. A middle ground is found in Lappin and Leass´ RAP program[Lapp] which is also based on surface processing but emplo ys a more extensive syntactic analys is. At the other extreme are discourse-understanding systems [Alla] which attempt to build a modelo fwhat infor mat ion is being conver yed in the input.

These can be quite complex and use a var iet yoftechniques including var ious corpora, statist icaltechniques [Daga], fuzzy logic and neural networks [Conn] most commo nly associated with artific ialintelligence work. Some systems, notablyby Mitkov [Mitk94] tryto gain advantage by co mbining different approaches. Two keyco mponents widely found in most ofthe exist ing work are the use ofa separate parser or tagger (which perfor ms a limited versio n ofparsing) and the use ofan external lexicon most commonly to provide basic lexical infor mat ion but somet imes also to derive semant ic clues.

Alt hough a var iet yoftaggers are in use, the WordNet systemfro mPr inceton Universit y is byfar the most popular lexicon in the field.

A number oflinguist ic ideas are often applied to computationalanaphora resolut ion, including centering theor y[Kehl93], the notion ofc-co mmanding [Alla], and discourse representation theory(DRT) [Fisc].

Most ofapplicat ions targeted in the exist ing work dealwit h natural language processing for question-answer ing systems, machine translat ion, and data mining. In fact, no references were found for systems specificallyaddressing image quer yand caption matching. However, interest in anaphora resolution is current ly quite high and several conferences devoted entirelyto anaphora resolut ion have been held in the last two years

(cited extensivelyin the references).

The fo llowing major companies are known to have interests in anaphora resolut ion:

Apple [Kenn], BBN, IBM, Kurzweil, Microsoft (which has a group ofmore than 30 researchers devoted to naturallanguage), NEC, Quarterdeck, Sony, SRI [Kehl], and

Xerox [Dalr]. Theyare motivated byinterests in text and/or speech understanding for applicat ions including mult imedia image retrieval, data mining, document understanding, and machine translat ion ofnaturallanguages. In addit ion, numerous smallco mpanies are active in this area for the same reasons.

Ver yfrequent lycited works in the literature include those byHobbs [78], Lappin and

Leass, Luper fo y, and S idner.

It is interest ing to note that as ofthis wr it ing there are no U.S. patents issued that contain the string anaphor* . The patent situation is treated separately in Sect ion 7 .

1.4 T ypes of anaphora

Alt hough there is no unanimous agreement in the literature as to how theyshould be categorized, the (more extensive than most) approach taken here is to define six main types ofanaphora, plus one ^catchall~ class. The succinctness ofthe taxonomy belies the complexit yo fthe problem. The classes are:

1.4.1 Pronominal

Pronominal anaphora are the most commo nly encountered in generalusage. This categoryincludes three subclasses:

· Personal: he, she, it, his, hers, its, they, them, their, theirs

· Demonstrative: this, that, these, those, others

· Reflexive: himself, herself, itself, themselves

Wit hin these groups, the personalpronouns const itute the great major it yofanaphora in general texts. The demonstrative pronouns are quite var iable. Theycan be anaphoric as in,

The car wouldn´t start because of this .

but are probablymore often seen as cataphoric (see below) as in

This is a ruby laser.

1.4.2 Quantifier

One (two, three�n), each, some, many, most, all, every, none, a little, afew, a lot (of them)

This for mcan occur as both subject and object:

One was green.

She chose the blue one .

1.4.3 Ordinal

( The) first, second, etc., former, latter

These for ms are anaphoric depending on context. For example, in

His horse came in first .

first is not an anaphor while in The first was easy. , it is. However, this appears to be encountered relativelyless often than the equivalent The first one was easy. (which beco mes a one -anaphora).

1.4.4 Question

Also called wh-anaphora , includes the pronouns who, what, which, where, when as in

Even before the butler confessed, everyone knew who did it.

Main Street is where the action is.

1.4.5 Event anaphora

Anaphora need not have onlya single noun as a referent. This is dist inct fro mthe commo n generalizat ion ofthe referent to a complete noun phrase. Consider for example,

In 1969 America landed a man on the moon.

It was NASA´s shining moment.

The fir st sentence contains four nouns ( 1969, America, man, moon ) but it refers to the ent ire event ^the moon landing~ or ^landing a man on the moon~ rather than eit her any single one ofthemor to the NP a man . These t ypes ofanaphora require a deeper understanding ofthe semant ics ofthe sentences invo lved to resolve properlythan is available simply fro ma syntactic and lexicalanalysis and are therefore also beyond the scope ofthis paper. To the extent that the referent is reallya paraphrase ofthe actual antecendent text (as in this example), this problemalso borders on ellipsis (see below).

1.4.6 Pleonastic it

This is an interest ing case o fa pronoun which does not refer to anything. ( It is raining. It is summer. It seems that� It just so happens that� It´s late� It´s 3 `o´clock., It´s about time.) This for m is also called non-referential or expletive it and is considered in further detail in Section 2. In the literature, pleonast ic pronouns are commo nlynot considered to be anaphora (preciselyon the grounds that they don´t have referents), but it seems that theyneed to be recognized in a systemthat handles anaphora, ifonly to know not to look for a referent for them. Therefore, theyare included as a separate categoryhere.

Actually, one could even make the case that pleonasms do have referents ofa sort, such as ^ the time ~ or ^ the weather ~, however, this po int is debateable.

1.4.7 Special cases

These for ms tend toward the idio mat ic and there is not always even agreement as to their status as anaphora. Two common examples include

Do so, and respectively.

There are also temporal anaphora (as distinct fromthe time pleonasms given above) which are important in discourse representation. These are touched on in sect ion 2.7.2.2 .

In addit ion, anaphora maybe intrasentential , where the referent is in the same sentence as the anaphor ( Jack tried to start his car .) or intersentential where the anaphor refers to a noun in the previous sentence ( Jack got in his car. He tried to start it .). Anaphora may even refer back more than one sentence in a discourse, although the more widely separated the elements are, the less likelyit beco mes that theymay be co-referents. It is expected that this situat ion is also less likely to be encountered in a quer y/caption system where the individualtextualunits tend to be short.

1.5 Related constructions

There are other types oflinguist ic constructions that appear similar to anaphora but are not strict ly classified as such. For example, a sentence maycontain a forward reference, as in

When he replaced the water pump, Joe scraped his knuckles where he refers to the subsequent ment ion of Joe . Technically, this t ype ofconstruction is called cataphora , although in the linguist ics literature anaphora is sometimes presumed to include cataphora (however, because theyinvo lve different analysis strategies, we will not do so here). Inthis example both pronouns refer to Joe but he is cataphor ic and his is anaphor ic. Both anaphora and cataphora are forms of endophora (within-co ntext references). For completeness, it should be mentioned that there are also exophora , which are ^univer sal~ or commonly understood referents (possibly in a particular context assumed to be shared between the speaker or author and the audience) such as the sun , the PC , or the President . One copier co mpanyattempted to exophorize itselfby adopting the slogan ^the Document Company~.

Next, ellipsis is a linguist ic for mwhich resembles anaphora except that here it is the absence ofso mething that refers to something else. For example, in

Uneven stitches will result if the upper thread tension does not match the lower.

there is an elided thread tension at the end ofthe sentence. This example can be converted to an anaphor byadding one , as in

Uneven stitches will result if the upper thread tension does not match the lower one .

One quite commo n example ofanaphora and cataphora in ellipses invo lves this as in

This is a picture of uncle Joe.

where This is contains an elided picture (This picture is a picture of uncle Joe.)

In any case, ellipticalconstructions are quite difficult to recognize and beyo nd the scope ofthis paper.

Finally, for completeness we examine for ms like

It´s beginning to feel a lot like Christmas.

Which at first glance appear to be pleonast ic since it generallyhas no direct antecedant.

However, here it reallydoes appear to refer to something, ifonlyan abstraction or particular seasonal gestalt. This is more ofan ^ellipt ical pleonasm~ than a true anaphor.

Wit h this understanding o fthe anaphora resolution problem, we now examine a method ofsolving it by co mputer in the next section, with a specific focus on intersentential anaphora for use in image quer yand capt ion analysis ( implying a limited amount of text)..

2 The algorithm

2.1 Design

The algor ithmimplemented here is called AM , for Anaphora Matcher . It is designed to handle inter-sentent ialanaphora over a two sentence context. Currently it can handle two types ofanaphora: personal pronouns and pleonastic its . These were selected since the for mer is by far the most commo n category, while the latter could cause considerable confusio n in sentence meaning ifit was attempted to find reso lvants for it. Also since it appears in both categories, no treatment ofpersonal pronouns is co mplete without also consider ing pleonast ic its . A two-sentence ^window~ is reasonable for anaphora resolut ion in the domain ofimage quer ies and captions since it is expected that few of these types ofexpressio ns would exceed two sentences in length. The algorithmcould be extended beyo nd two sentences by keeping infor mat ion fro mprevious sentences in context (the ^historylist~ idea [ Alla]) or simplyby consider ing the input two sentences at a time. In anycase, most anaphora do not refer back more than one sentence. Mult isentence intersentent ialanaphora resolut ion also has been studied using centering theory

[Kehl93] however, this type o fapproach increases the complexit yo fthe solut ion and is beyo nd out scope.

AM is based on constraint-matching , using both syntact ic infor mat ion about the sentence as well as real- world semant ic knowledge obtained fromseveralsources. The idea is based on the wayhumans per format least some for ms ofanaphora resolution. For example, in the sentence

Joe and Melissa walked in the room and she sat down.

the most likely interpretation is that she refers to Melissa and cannot refer to Joe because there would be a gender constraint mis match in that case. Some algor ithms attempt to solve the anaphora problempurely syntact ically [Lapp]. While there may be good reasons for doing this, it greatlyincreases the difficult yo fan already difficult problem and there is no reason to be so restrict ive if the computational resources are available to perfor m more in-depth analysis. Byusing all ofthe infor mat ion available, we can generate better matches. AM uses three different externalsources ofinfor mat ion in its processing:

1. AM makes use ofa commercially available naturallanguage tagger called engcg ( for

Eng lish C onstraint G rammar) based on the theoryofconstraint grammar [Kar l]..

engcg is one ofa number ofso-called ^super taggers~ now available and classifies each word in an English sentence according to its part ofspeech (noun, verb, etc.), morphologicalfeatures (singular, plural, etc.), and syntact ic role (subject, object, etc.). It is not strict ly a parser in the sense that it does not partition a sentence into the traditionalnoun phrase/ver b phrase groupings, however, it does provide important infor mat ion for use in anaphora resolution.

2. AM also uses the freelyavailable WordNet lexicaldatabase system[Fell] to obtain real-world knowledge about the words in the input sentences. WordNet is basicallya combinat ion dict ionar y/thesaurus organized hierarchically. It provides not only definit ions and synonyms, but part-ofand kind-o frelat ionships between words as well as frequencydata which can be useful for determining the more likely alter native in cases ofambiguit y. WordNet is quite popular in current naturallanguage processing research.

3. AM uses a set ofthree lists ofproper names fromthe MIT Media Lab as part ofa knowledge representation database package there [Haas]. These categorize proper names as either male names, female names, or place names.

2.2 Detailed procedure

The algor ithmtakes as its input two English sentences provided as a single string and returns as output a list ofany ofthe fo llowing: the co-referents in the fir st sentence ofany anaphora in the second sentence, ^none~ ifno anaphora were present, or ^pleonast ic~ if an it was recognized as such. Steps 1 and 2 below pre-process the input. Steps 3 through

7 dealwith assigning constraints to the possible referents. Steps 8 and 9 apply constraints to the anaphora, and step 10 is the actualmatching operation. It proceeds as fo llows:

1. The two-sentence input is provided as a single string. The fir st step is to divide this string into two sentences. This is done by searching the string for a sentence delimiter in the formof^.~, ^!~, or ^?~. Ever ything up to that point is considered to be the fir st sentence (S1) and the rest ofthe string is considered to be the second sentence (S2).

2. The fir st input sentence (S1) is passed to engcg for syntactic analysis. A list is made ofall nouns in the sentence using the part ofspeech tags returned byengcg. This beco mes the possible so lution set for anyanaphora in S2. Since AM is specifically designed to handle intersententialanaphora, S2 is not searched for resolvants

(although some might exist there).

3. For each noun found in S1, it is examined to see ifit is a noun-noun modifier ( i.e. a noun act ing as an adject ive as in the log cabin, the wood elephant ) bychecking its part ofspeech. This is done bymaking a list ofthe part ofspeech ofeach word in the input and searching for the pattern N a + N (a string oftwo or more consecut ive nouns).

Allo fthe N a nouns are removed fromconsideration as theyare considered ineligible as anaphoric antecedents.

4. Each remaining noun is tagged for number (singular or plural) and syntact ic funct ion

(subject or object), again using infor mation provided byengcg.

5. Each noun is tested for capitalizat ion and one ofstep 6or 7 is executed as a result.

6. Ifa noun is capitalized, it is assumed to be proper and an attempt is made to determine ifit is a place name or a personalname by looking for it in a set ofname and place lists. For personalnames, an attempt is made to tag themwith the correct gender using gender-typed name lists fo llowing the procedure descr ibed in detailin sect ion 2.4 below. This infor mat ion is added only if a name exists uniquelyin one list and not the others, i.e. rather than r isk guessing wrong, ambiguous names are simply left untagged. Note that the test ^capitalized implies proper noun, else commo n noun~ is onlya heur ist ic. One can easilyimagine circumstances in which it would not hold. However, in the absence ofany better wayto dist inguish proper nouns (which is a difficult problemin its own r ight) this will have to do.

7. Ifa noun is not capitalized, it is assumed to be common and WordNet is searched for its hypernyms ( kind-of relat ionships). This yie lds infor mation concerning the noun´s classificat ion as animate or inanimate as well as possibly its gender. Ifsuch infor mat ion is found, the appropriate tags are added to the noun´s constraint list. The animate/inanimate tag is set bysearching WordNet for the word creature or object .

The gender tag is set bysearching for male or female . Nouns with the object tag also receive the neuter gender tag.

8. The second sentence (S2) in the input is sent to engcg for analysis. In this sentence, allo fthe second- and third-person pronouns are collected as the anaphora which must be reso lved. Each ofthe pronouns which AM knows about has an associated list of constraints defined within the program(for example, he has the constraints masculine and singular ).

9. Using the results ofengcg, syntact ic constraints are added to each pronoun specifying their role in the sentence as subject or object (assuming engcg returned that infor mat ion which is not always the case). One could imagine using more ofthe case grammar tags and applying var ious weights to them to provide dynamic constraints as is done byBhandar i. Alt hough this approach has in fact been used by so me authors

[Carb][Fisc], it appeared to introduce addit ionalcomplexit y wit h an uncertain payoff and was not pursued.

10. The list ofpronouns as collected in step 8 is examined. Any it is fir st tested for being pleonastic. For anyother pronoun, as wellas non-pleonat ic its , its constraint list is matched against that ofeach noun in S1. The noun which matches the greatest number ofconstraints is considered to be the antecedent ofthe pronoun. In the event ofa tie, the noun which matches in the subject/object constraint is judged the winner.

Ifthis does not break the tie, or in the case ofa tie where that the noun or pronoun was not assigned a syntactic categorybyengcg, the fir st noun encountered in S1 is used. Syntactic role agreement was used as a tie-breaker rather than ear lier in the matching process because it was deemed to be less reliable as an indicator ofcoreference than the other constraints used. Matching a noun does not remove it fro m the list ofcandidates for matching subsequent pronouns, since it is commo n for more than one anaphor to refer to the same noun.

The aim ofthis algorithmis to maximize the amount ofinfor mation available to make a decisio n while minimizing the consequences ofmissing or conflicting infor mat ion. For example, ifa proper name is encountered which could be either a male or female name, then the gender constraint is simply o mitted. This reduces the amount ofinfor mat ion available but does not affect the operation ofthe matching procedure. In this type o f situation, a human obser ver would have the same problem.

2.3 Number agreement

Number agreement refers to the grammat ical constraint found in manynaturallanguages including English requir ing that certain pronouns (such as he , she , and it ) only be used with singular nouns and others ( they ) only wit h pluralnouns. English pronouns must also agree in number with ver bs although this fact is not explo ited here. The number constraint is important because it is always known for pronouns and is usually easyto determine for antecedents. The engcg parser is quite good (but not perfect) at assigning the proper number classificat ion to nouns. For nouns that are ambiguous in number, such as deer or fish , engcg returns the tag ^SG/PL~. However, in these cases a human would also be unable to dist inguish them; the co mputer can do no better. Ofcourse, the use of number agreement as a constraint in AM assumes that the input willfo llow the grammat icalrules ofEnglish.

The remainder ofthis sect ion discusses number agreement problems that are not addressed byAM. One commo n probleminvo lves the process ofset format ion. For example in the sentence pair

The man and the woman sat down to eat.

They ordered steak.

they is a pluralpronoun but both possible antecedents ( man and woman ) are singular.

The correct answer is ^man and wo man~. The same problemar ises with or :

Tom had to choose vi or emacs but he hated them both.

It can also happen wit hout anyconjunct ion at all:

Joe took the boys to the ball game.

They had a good time.

Here they refers to both Joe and boys , at least in the most commo n interpretation

(collect ive reading).

Somet imes number agreement fails. This happens wit h certain nouns that look plural but act singular, as in

Nancy took the kids to the movies .

They argued over which one to see.

Movies is plural, but it is the correct antecedent to one , which is singular. Other members ofthis class include the races , the fights, and the falls. . One possible so lution is to regard movies and ^ the movies~ as two differ ent entit ies wit h the latter being treated as a singular construction.

In addit ion, sometimes people willdeliberately violate number agreement byusing they in order to avoid using a gender-typing pronoun as in

When the user starts the program, they will be asked for a password.

In this case, they is used to replace the phrase he or she . Although this is not considered good usage, it does occur in practice.

2.4 Gender agreement

Gender agreement refers to the linguist ic requirement that a pronoun and co-referr ing noun match in grammat ical gender. In English this is restricted to proper names, where he and she are used to refer to males and females respect ivelyand it is reserved for inanimate objects or animals ofundeter mined gender.

Therefore, proper names can be usefulclues as potentialantecedents in that theyoften contain constraints on gender and animacy. Unfortunately, theyalso present a surprising number ofproblems because ofpotentialambiguit ies. Proper names can be recognized in

English by virtue ofbeing capitalized. This is the extent to which AM dealwit h proper names. Unfortunately, the fir st word ofa sentence is normally always capitalized, so if that word is a noun it can´t be ident ified as proper that way. This same problemextends to some words such as Count , which can be a tit le or a verb when it occurs at the start of a sentence. Also, older legacy databases are often found to have been entered entirely in upper-case characters.

This is important because WordNet contains no proper names and one wants to avoid sending it one since it is not uncommo n for proper names also to be commo n nouns which could return misleading infor mat ion. For example, in WordNet Bob returns data about hairst yles, and Jack returns data about devices for lift ing cars, neit her ofwhich have the desired gender attributes for those names. There is also considerable over lap between gir ls´ names and flower names ( daisy, heather, ivy, rose , etc.) for example.

Ult imatelyo fcourse, names can be anyt hing as in Frank Zappa´s daughter Moon Unit , the artist former lyknown as Prince, var ious nicknames, etc.

Some proper names can be ambiguous in gender (e.g.; Chris , Pat, Tracy ). In addition, some names differ in gender in different languages. This needs to be considered since foreign names can easilyappear in English sentences. For example, Jan is a bo y´s name in Po lish and a gir l´s name in E nglish; Jean is a girl´s name in E nglish and a bo y´s name in French. There is further ambiguit ybetween person names and other proper nouns such as place names or organization names. For example, Troy can be both a boy´s first name and a cit y( in fact one ofseveraldifferent cit ies). Other names maybe ambiguous with non-place proper names. For example, April is both a gir l´s name and a month ofthe year. Table 1 summar izes the possible intersect ions in the name lists used byAM.

male names female names place names male names 2947 374 159 female names 5001 97 place names 4788

Table 1 : Proper name intersections

When it is not possible to unambiguously reso lve a proper name for gender, no gender tag is attached to it.

Proper names also have a scoping problem which causes referent ambiguit y. For example, in

Sol Hurok was an impressario.

He brought the Bolshoi to America.

one would like to resolve he with ^Sol Hurok~ rather than Sol or Hurok . A heur ist ic for this might be to check the word following anyproper name. Ifit is either a proper name or a proper noun ofundetermined t ype, group it with the preceding name as two-name compound noun. This would also solve the related problemo fmult iple first names such as Joe Bob or Emma Sue .

As with manyfeatures in natural language, there are some ano malies relat ing to gender in

English. It is a customto refer to ships and large boats as she . No attempt is made to ident ify such instances here as it is a difficult problem and expected to occur relatively infrequently. For completeness we add that somet imes naturalfeatures or processes are anthropomorphized and these tend to be identified as he (e.g. Ol´ man River, he jus´ keep rollin´. or When the print manager sees a newjob, he queues it up. ). These for ms are also not addressed here.

2.5 Syntactic agreement

Empir ical evidence suggests that anaphora commonlymatch their referent in their syntactic roles [ Alla]. In addit ion to the lexical and semant ic constraints ment ioned so far, AM makes use o fone syntactic constraint. It attempts to match the syntact ic role of the anaphora (as subject or object only) wit h that oftheir possible co-referents. This helps match examples such as

The sun is setting over a lake.

It is reflected in it .

Here, the first it (the subject) refers to sun which is also the subject ofits sentence and the second it (the object) refers to lake which is correspondinglythe object ofthe first sentence.

Preposit ionalphrase ambiguit y is an interesting problem in relat ion to syntactic role constraints. Consider the fo llowing example and two sucessors:

At this point, EMACS is waiting for a command.

It is prepared to see if the variable keys are true.

It should be entered in lower-case.

In the first anaphor ic sentence, it refers to EMACS (the subject) while in the second it refers to command (the object). However, in both cases it is the syntactic subject. A constraint match based on this feature would match both it´s with EMACS. Argument could be made here that what is really needed is the deep structure subject (in the transformationalgrammar sense [Chom]). Ifwe rephrase the second sentence as

Someone should enter it in lower-case.

(removing the sur face passivizat ion construction) then it beco mes the object and would correctlymatch in ro le with command . Unfortunately, to identifythis would require the implementation ofa transformationalgrammar on top ofthe exist ing anaphora matcher and this is beyo nd the scope ofthe current work.

2.6 Animacy agreement

For the pronouns he and she in E nglish, it is possible to applya constraint for animacy vs.

inanimacy. This is dist inct fro mthe constraint on gender and is useful in ident ifying animals whose gender is not otherwise specified, as in the capt ion pair

A picture of a dog carrying a stick.

He is running in circles.

Here it is possible to dist inguish the co-referent of he as dog instead of stick on the basis that dog is tagged as animate in WordNet but stick is not. This is implemented in AM by searching the WordNet hyper nymhierarchy ofthe noun for the keyword creature .

Proper names cause problems wit h animacyconstraints. For example, George

Washington is animate but the George Washington Bridge is not. This assumes that

George Washington Bridge can even be ident ified as one object, which is not always the case as ment ioned in sect ion 2.4 . AM does not handle these forms.

2.7 Pleonastic it

2.7.1 Definition

The term pleonastic ( fromthe Greek pleion , ^plus~ or as used here, ^more~) is the adject ival for mof pleonasm . A pleonasmis a linguist ic for mwhere more words are used than needed to convey the intended meaning, i.e. a redundancy. The pronoun it is said to be pleonast ic when it is used in a context where it has no referent. Lewis Carroll descr ibed the pheno menon thusly:

^I proceed. `Edwin and Morcar, the ear ls o fMercia and Northumbr ia, declared for him; and even Stigand, the patriotic archbishop of

Canterbur y, found it advisable ˘`~

^Found what? ~ said the Duck.

^Found it ,~ the Mouse replied rather crossly: ^o fcourse you know what

`it´ means.~

^I know what `it´ means well enough, when I find a thing,~ said the Duck:

^it ´s generallya frog or a worm. The question is, what did the archbishop find?~ [Carr]

It is interest ing to note that despite an extensive treatment ofanaphora in the computationallinguist ics literature (see section 8 ), only two instances have been found where the problemo fpleonast ic references is addressed [ Kenn][Lapp], and one ofthem

[Kenn] onlyappears to reference the other. In addit ion, Ruslan Mitkov, a noted expert on the topic ofanaphora resolut ion, agrees [personalco mmunication] that this problemhas been essent iallyignored. Although this does not necessar ily prove that no such work exists, it calls to mind the cartoon in Gareyand Johnson´s classic book on NPcompletenesss [Gare]:

Figure 1 : I can’t find an efficient algorithm, but neither can all these famous people .

As Gareyand Johnson say, ^At the ver yleast, this would infor myour boss that it would do no goodto fire you and hir e another expert on algor ithms.~

In fact, it seems quite surprising that in anaphora resolution work in general, it is considered standard practice to remove pleonasms byhand fromthe database being used for testing. This is just ified by the claim that pleonasms are not truly anaphora since they have no referent. While this is true, it disregards the fact that the computer has no wayof knowing a priori whether an it it encounters is pleonast ic or not. Therefore it would appear necessar y to give a reasonable account ing ofpleonasms in any work on anaphora resolut ion.

AM has a module for performing pleonast ic reso lut ions which are divided into two main categories, state references and passive references as descr ibed in the fo llowing sect ions.

2.7.2 State references

State references branch into two main for ms: temporal and meteorological . Pleonast ic- it is co mmo nlyinvo lved in descr ipt ions ofthe weather, for example, it´s sunny , it´s raining , etc. and in statements about time as in It´s three o´clock, It´s time to go, etc . .

2.7.2.1 Meteorological pleonasms

AM tests for meteorological anaphoric references bychecking for three different syntactic patterns:

1. it < be> ADV* PCP1 where the verb be mayappear in any inflected form, the * indicates ^zero or more occurances of~ in customar yfinite state expressio n for m, and the PCP1 (present progressive) ver b appears in a list of12 commo n meteorological ver bs ( snowing, raining, drizzling, etc.). This matches for ms such as It is raining. , and It is hardly raining .

2. it < be> ADJ where the ver b be mayappear in anyinflected for mand the ADJ appears in a list of44 common meteorologicaladjectives ( cloudy, sunny, windy, etc.).

(e.g. It is cloudy .)

3. it < be> N where the ver b be mayappear in anyinflected for mand the N is one offive season nouns ( spring, summer, autumn, fall, winter ).

It is not unreasonable to believe that such forms might appear in image captions such as:

This was taken just before it started raining.

This was when it was summer.

2.7.2.2 Temporal anaphora

In the literature [Nelk][Part], the term temporal anaphora is used to cover words such as often, before, after, and when in situations such as

Before taking off on a jump, Katarina Witt always crosses her arms.

This type o fanaphora has not been studied extensivelyand is not addressed here since it is more important for discourse understanding than pronoun resolution. Instead, we examine pleonastic time-expressio ns such as

1. It´s three o´clock.

2. It´s time to go.

3. It´s past time to go.

4. It´s about time.

5. It´s late.

The fir st form(containing a definite t ime) could be handled wit h a patternofthe form it <be> ADV* NUM where NUM matches a time expressio n (which is parsed as a unit byengcg). Forms 2 through 4 (containing relative time references) could be handled wit h it <be> PREP* time

Form5 will match

It <be> ADV* ( early | late )

Interestingly, there do not seemto be anyother members o fthe set in form5 besides early and late .

None ofthese patterns is current ly implemented in AM.

2.7.3 Passive construction

The other common for mofpleonast ic- it typically invo lves passive forms such as it seems that�, it can be seen that�, it is clear that� etc., as demonstrated bythe Mouse´s speech in the previous sect ion. Lappin and Leass [Lappi] descr ibe three syntactic patterns in which these modaladject ives can appear in pleonast ic usage. Theyare incorporated into the design ofAM in a slight lyrevised and generalized for mas fo llows:

it <be> modadj that it <be> modadj [ for N] to V

N Vcog it modadj [ for N] to V

In addit ion, we add a fourth pattern:

it <be> modadj PRON

This matches expressions such as It seems he left�

Lappin and Leass also define a set of15 modaladject ives ( including their negat ions, comparat ives, and super latives) that mayappear in these patterns: necessary, good, economical, possible, useful, easy, certain, advisable, desirable, likely, convenient, difficult, important, sufficient, and legal .

Ofcourse, the problemis that this list is far fromexhaust ive (one obvious missing adject ive is obvious ). It is here that WordNet can be particular lyuseful. Adject ives in

WordNet can appear with an attributes property. It is proposed that an adject ive qualifies as modalif it has an attributes propertyand those attributes include one or more of state, condition, quality, and quantity , but not color or physical . In addit ion, any adject ive that ends in ˘ble qualifies as modalin this context. Ofcourse, manyadject ives that end in ˘ ble are not modal( variable, edible, adjustable, etc) but none ofthese mayappear in the context ofthe above patterns in semant icallywell-for med sentences, for example,

*It is variable that the man left.

vs.

It is understandable that the man left.

Lappin and Leass also define seven cognit ive verbs ( recommend, think, believe, know, anticipate, assume, expect ) that may be used in the fo llowing pattern:

it <be>* Vcog+past that

This matches expressions such as It seems that�, It is thought that, etc. Again, there are many more cognit ive ver bs than these ( feel, note, observe , etc.). Fortunately, engcg tags these ver bs with the feature <Vcog> so it is not necessar y to maintain an explicit list.

Other linguist ic elements may be pleonast ic in certain contexts. For example, it can be argued that else is plenostic [Culi] in

She didn´t want lasagna, she wanted something else .

However, it is by far the most commo n for mofpleonasmin co mmo n usage. None ofthe patterns in this section are included in the current imp lementation ofAM.

3 Results

3.1 Test data

AM was tested on a sample database of82 two-sentence image capt ions containing a totalof48 anaphora. No attempt was made to exclude captions which did not contain anaphora in order to more fully test the operation ofthe program. The captions were collected fromvar ious member s ofthe Imaging Science Techno logyLaboratorywho were asked to view rando mimages fromthe JBJL image database and create captions for themas if theywere snapshots theyhad taken themselves and theywanted to annotate themso that theycould remember what theywere about in the future. The only restrict ion was that the captions should be two sentences long, since the programbeing tested was designed to handle intersentent ialanaphora. Although the captioners were not specifically requested to use anaphora in their captio ns, theyso met imes did so. This demonstrates that anaphora mayactually occur in realcapt ions. The author then reviewed the captions and hand-generated ground-truth data for each anaphor found, explicit lylist ing its co-referent or ^pleonast ic~ as appropriate. There was one instance where it was deemed impossible to unambiguously determine the antecedent ofan anaphor; this instance was labeled ^unknown~. Table 2 below indicates the breakdown ofthe 48 instances o fanaphora byt ype according to the taxonomy ofsect ion 1.

Type pronoun quant. ordinal pleonas. ambig. none

Number 41 0 0 6 1 51

Table 2 : Test data anaphora distribution

The AM algor ithmwas run on this test data. Only the pronominaland pleonast ic anaphora were included in the scoring since instantiat ion anaphora were not implemented. There were six demo nstrative pronouns ( this ) which were also excluded fro mthe results since these for ms are also unimplemented. Also, eight captions containing a totalof13 anaphora had to be omitted because theywere not in the proper intersentent ial for m.

Finally, the lone ambiguous anaphor was omitted since there was no reasonable wayo f deciding if the program´s answer was correct or not. An alter nat ive approach would be to include ambiguous references and consider themcorrect ifthe programchose one ofthe reasonable referents. Or it could be argued that in order to be truly ^correct~, the programshould return all ofthe possibilit ies in the event ofan ambiguit y. In actual practice, the programwill always make a match ifat least one possible antecedent exists, unless the referent is found to be pleonastic. In this part icular test, the programdid choose one ofthe reasonable alter nat ives. However, dealing wit h ambiguous anaphora simply adds co mplicat ion on top ofcomplexit y and was deemed to be beyo nd the scope ofthe present work, therefore the ambiguous case was omitted fro mthe results.

Ofthe remaining 24 anaphora, AM ident ified 10 correctly, or 42%.

The computational co mplexit yo fthis algor ithmis time O( n * m ) where n is the number ofnouns in the fir st input sentence and m is the number ofpronouns to be resolved in the second sentence. Typicalrunning time ofthe algor ithmfor a two-sentence input with five nouns and two pronouns is approximately 55 seconds in real-t ime, although this figure is not ver yuseful, since allo fthe interprocess communicat ion between AM and both WordNet and engcg occurs via networked disk files which incur lengthydelays and the proper name lookup is conducted fro mwithin L isp as a simple linear file search, which itselfis exceedingly slow. The actualCPU t ime spent in per forming the reso lution itselfis well under 1 second on a Sun Sparc 5 workstation.

3.2 Error analysis

Three ofthe 14 errors AM made, or 21%, were due to fault yinfor mat ion received fro m engcg. In two cases it reported that the noun Molly was being used as an adjective in the construction

Molly, age 8, �

This automatically excluded Molly (the correct referent) fromfurther considerat ion. In the third case, engcg incorrectlyident ified Sue as a ver b in the sentence

Sue in a maternity nightgown.

Froma purely syntact ic po int ofview the verb reading is legal, however it does br ing to mind a rather odd courtroomscenar io when viewed in that context. This is one ofmany examples ofsentence fragment problems which are discussed more in sect ion 4.1.1 . One solut ion in this instance might be to have a rule to the effect that when the fir st word in the sentence is reported byengcg to be a verb, check in the name lists to see if it can also be a name. Ifso, then prefer the name form. The reasoning is that captions and quer ies are probably more likelyto be descr iptive than imperative. Other similar examples include Bill in a tuxedo., Bob in the pool., and Carol in the snow .

Two addit ional proper name related errors occurred when Grandpa was not identified as a masculine t itle by engcg. Although this particular example could be easily corrected by providing an externallist oftitles similar to the lists ofproper names, it points out how any programrelying on real-world knowledge can be misled by missing infor mat ion.

The problems associated with proper name recognition were addressed in sect ion 2.4 above.

Four errors occurred because AM contains no logic for processing conjunctions and therefore does not generate the correct number constraints when dealing wit h input such as

Susie and Molly at the playground.

They are having fun.

They is a pluralpronoun, but Susie and Molly individuallyare singular and so AM is unable to satisfythe number constraint. Determining the proper scoping ofconjunctive

(and disjunct ive) expressio ns is more properly a parsing problemthan an anaphora resolut ion issue and was therefore not addressed here.

The remaining four errors occurred because ofan animacy constraint mis match in the context of

Close-up of a puppy chewing on a stick.

It is lying on green grass.

There are no syntactic or lexicalcues here to determine that it has a referent which is animate ( puppy ). The three nouns in the fir st sentence, close-up, puppy and stick are thus left on equalfooting with no meaningfulwayto choose between them. AM then matches bysyntact ic role (subject with subject) and incorrectlyassigns close-up to it .

This is an extremelydifficult problemto solve. It would be possible to eliminate closeup as a possible referent bycreat ing a list ofexceptions, along with related terms like a picture of, a shot of, etc. but then one could argue that this example is in fact ambiguous, since it could just as wellrefer to stick as puppy . Even per for ming a semantic analys is would not help in this case, since logicallyboth a puppyand a stick could be lying on grass.

Ifthe mult iple errors with ident ical causes are grouped and treated as single error sources, and the errors due to engcg are excluded, the success rate becomes 10 correct and 4 incorrect, or a success rate of71% based on type ofinput.

Compar ing this per formance to that ofother anaphora resolut ion systems is difficult because there exists no commo n publicly available standard database comparable to those available for the evaluat ion ofvar ious image processing tasks (such as the FERET database for face detection). In fact, the design ofa suitable database for such evaluat ion is a co mplex problemin its own r ight which is current lybeing addressed [Gr is]. The best available programs for anaphora resolut ion todayare claimed to have accuracyrates of

70% to 85% [Kenn], although wit hout knowing how those numbers were obtained, it is rather difficult to make anymeaningful co mpar isons. To the extent that such as compar ison can be made, the results obtained here are not out ofline. At least some further perfor mance improvement to AM could be made easily, wit h a number ofdifficult problems remaining as open quest ions. Reaching 100% accuracyis probablyimpossible, given that some anaphor ic references will always be ambiguous even to human readers.

At least one such example was present even in the limited test data used herre. It should also be remembered that since a typicalsentence has more than two possible referents for a given anaphor, that an accuracyof50% for example is actually better than rando m cho ice.

A much more extensive database of118,794 image capt ions fromthe Strong Museumin

Rochester, NY (courtesyofJudyBanker) containing many pronominal anaphora is also available. The fo llowing table gives the number present ofeach type:

he 1012 she 943 it 1745 its 726 it’s 62 him 263 his 1584 her 1636 hers 9 they 404 them 1330 their 566 they’re 1

Table 3 : Pronoun distribution in Strong data

Unfortunately, there was no ground truth data available for this dataset at the time ofthis wr iting and the data also needs reformatting due to systemconver sion so it was not used in test ing.

4 Discussion

4.1 Parsing problems

AM makes extensive use oftwo externalprograms ( engcg and WordNet ) to gain infor mat ion about the words in its input sentences. Unfortunately, AM can be no more accurate than the infor mat ion it receives. Problems which ar ise frominteracting wit h both engcg and WordNet are described in the fo llowing sections.

4.1.1 Problems with engcg

Some parses contain ambiguit ies. For example, the input

Joe took this picture of our camp house in Vermont.

returns

Joe took this picture of our camp house in Vermont.

"<*joe>"

"joe" <*> <Proper> N NOM SG @SUBJ

"<took>"

"take" <as/SVOC/A> <for/SVOC/A> <SVO> <SVOO> <SV> V PAST VFIN

@+FMAINV

"<this>"

"this" DET CENTRAL DEM SG @DN>

"<picture>"

"picture" N NOM SG @OBJ

"<of>"

"of" PREP @<NOM-OF

"<our>"

"we" PRON PERS GEN PL1 @GN>

"<camp>"

"camp" N NOM SG @SUBJ @NN> @<P

"<house>"

"house" N NOM SG @<P

"house" <SVO> <SV> V PRES -SG3 VFIN @+FMAINV

"<in>"

"in" PREP @<NOM @A DVL

"<*vermont>"

"vermont" <*> <Proper> N NOM SG @<P

"<$.>"

Note that it tags house as either a noun or a verb. Somet imes engcg is simplywrong. For example, consider the fo llowing input similar to the previous sentence:

Diana in the wood storage shed of our camp house in Vermont.

"<*diana>"

"diana" <*> <Proper> N NOM SG @SUBJ

"<in>"

"in" PREP @<NOM

"<the>"

"the" <Def> DET CENTRAL ART SG/PL @DN>

"<wood>"

"wood" N NOM SG @NN> @<P

"<storage>"

"storage" <-Indef> N NOM SG @NN>

"<shed>"

"shed" N NOM SG @<P

"<of>"

"of" PREP @<NOM-OF

"<our>"

"we" PRON PERS GEN PL1 @GN>

"<camp>"

"camp" N NOM SG @<P

"<house>"

"house" <SVO> <SV> V PRES -SG3 VFIN @+FMAINV

"<in>"

"in" PREP @ADVL

"<*vermont>"

"vermont" <*> <Proper> N NOM SG @<P

"<$.>"

Note that here it tags house exclusivelyas a ver b. Although the word house in fact can be used as a verb, that is not possible in the given context due to the number agreement requirement. Adding an is to this fragment to make it a complete sentence ( Diana is in the wood storage shed of our camp house in Vermont. ) does yield the noun tag for house , but it stillhas the ver b tag too, creating an ambiguous parse as in the previous example.

Engcg also somet imes per for ms incorrect contraction expansio n. For example, in

It´s been very cold this spring.

the root formofthe ver b in it´s is ident ified as be instead of have .

Engcg has particular trouble dealing with sentence fr agments. For example, incorrect syntactic tags are assigned in the next example even though this fragment is missing only a leading quantifier to be a grammaticallyco mplete sentence:

Wood jointed elephant has glass eyes.

"<*wood>"

"wood" <*> N NOM SG @SUBJ

"<jointed>"

"joint" <SVO> V PAST VFIN @+FMAINV

"<elephant>"

"elephant" N NOM SG @OBJ

"<has>"

"have" <SVO> <SVOC/A> V PRES SG3 VFIN @+FMAINV

"<glass>"

"glass" N NOM SG @OBJ @NN>

"<eyes>"

"eye" N NOM PL @OBJ

"<$.>"

In this case, wood has been assigned the subject, whereas it is reallyonly a modifier of the true subject, elephant . Given the noun phrase

Friends and relatives enjoying lunch.

lunch is parsed as

"<lunch>"

"lunch" <SV> V PRES -SG3 VFIN @+FMAINV

"lunch" <SV> V IMP VFIN @+FMAINV

Here engcg is unsure and offers two choices. Unfortunately, both interpretations are wrong since lunch is actually a noun (the usage of lunch as a ver b is comparat ively unco mmo n). The IMP ( imperative ) tag is impossible under any interpretation. However, ifthis example is rephrased as a complete sentence,

Here are my friends and relatives enjoying lunch.

we now get the correct

"<lunch>"

"lunch" N NOM SG @OBJ

4.1.2 Problems with W ordNet

AM uses the hypernym (part-of) relationships in the WordNet database to provide it with real-world infor mat ion used to establish constraints on the nouns being considered as possible antecedents dur ing the anaphora resolution process. For example, the second hyper nymlevel for girl includes the word female . This can be used to establish a gender constraint.

One problemwit h this occurs in conjunction wit h nouns which have mult iple senses, a situation that is extremelycommo n. S ince AM is not a complete discourse-understanding system, it has no wayoftelling which sense is the correct one. Therefore it examines all senses. This leads to the situation where the sentence

Patty and Sam at the birthday party.

returns living as a hypernym of party . This happens because one ofthe senses o f party is

~a person~ (as in ^part yofthe fir st part~) and one ofthe attributes ofpersons is living being . Unfortunately, there is no easyway to determine which sense ofa word should be used to search for constraints. For example, the first sense of party is political party , while party as a social occasion (which one might expect to encounter more frequent lyin snapshot captions) is onlythe second sense listed. However, the first entryfor the word kid is the expected child sense, while the second sense refers to kidskin .

Another problemwith hyper nyms is that some features can be found with unintended meanings. For example, camp also has the feature living , which init ially seems quite odd.

In this case it is simplybecause the second- level hypernym for the fir st sense o f camp is living quarters . Therefore the word living cannot be used to determine a constraint for animacy. However, the word creature , which might not be init iallythought of, does seemto satisfy that requirement.

4.1.3 Abbreviations

The recognit ion ofabbreviations poses specialparsing problems because ofthe semantic ambiguit yin the use ofthe per iod character as both an abbreviat ion indicator and an endof-sentence (EOS) marker. AM uses the per iod as a marker to determine where one sentence in its input ends and the next begins. Ifit encounters an abbreviat ion in the fir st sentence, the scan willend prematurely.

One way to dealwit h this problemwould be to maint ain a dictionar yofabbreviat ions and check the last word in the sentence being recognized against it. Ifa match is found, it would be assumed to be an abbreviation and scanning for the true EOS would resume. In fact, engcg does ident ify abbreviat ions so one solution would be to let engcg scan the ent ire input for abbreviat ions before per forming the sentence partit ioning. However, this leads to the complementar yproblem ofincorrect abbreviat ion ident ificat ion. For example, given a sentence ending in ^� with Ted and Reg.~, engcg incorrectly gives Reg the <ABBR> tag rather than the <PROPER> tag and omit s the expected <$.> EOS marker ent irely. The moralseems to be ^you can´t win~.

In any event, it is unclear to what extent abbreviations may be found in real-world image captions and quer ies. Theyoccur only twice in the 72 caption set used to test the current program, but theyare abundant in a much larger set obtained fro mthe Strong Museum.

In any case, this problem is beyo nd the scope ofthe problem o fanaphora resolut ion per se and cannot be addressed here. The practicaleffect on AM is that the input willbe partitioned into extra ^sentences~ when abbreviat ions are encountered. This does not impede the funct ioning ofthe constraint matching process itself, although it does present problems for engcg, since that programis considerablyless reliable wit h both part-of-speech and syntact ic classificat ion when working on sentence fragments rather than who le sentences as shown in the previous sect ion.

4.2 Internationalization

Wit h the globalpotentialo fthe market for naturallanguage image quer yand capt ioning, consideration should be given to the extension o fautomat ic anaphora resolution to other languages besides English. Anaphora are a linguist ic universal, occurr ing in all natural languages and the semant ic problems associated with themare the same. The simplest wayofaddressing this problemwould be to first translate the input text automat ically into English and then proceed as usual. This approach is attractive since it requires no modification to the exist ing code. Unfortunately, its success is direct lyproportional to the accuracyofthe translated text. Given the long-standing difficult ies associated with machine translat ion, it appears that this path is unlikelyto be optimal, at least for some time into the future. Constraint- matching depends heavilyon having available the proper part-of-speech tags and word senses, and the correct ident ificat ion ofthese features is among the most problematic aspects ofcurrent machine translat ion programs.

One alter nat ive is to modifythe anaphora resolut ion program. AM is wr itten in a modular fashio n so that the constraint-matching sect ion is independent ofthe constraintgenerat ion process. Unfortunately, the syntactic and morpho logical patterns that may be used to generate constraints for anaphora resolut ion can differ considerably fro m language to language. Some ofthe problems that may be encountered include:

· Gender agreement: All co mmo n nouns in French (as wellas manyother languages) have grammat icalgender and require the appropriate corresponding pronouns although this gender is co mpletelyar bitrar yand therefore cannot be used reliablyto extract semant ic infor mat ion. For example skirt is feminine ( la jupe ) but petticoat ( le jupon ) is masculine. Ger man and Russian have three grammat ical genders; Swahili has at least six [Lyo n]. Addit ionalgenders help improve the probabilit ies o farriving at a match since fewer nouns fallinto each category. German has an addit ional complicat ion in that all nouns are capitalized, which complicates the process of proper noun identificat ion, and therefore gender assignment. However, perhaps as some measure ofcompensat ion, in so me countries such as Ger many, fir st names are assigned bylaw as being exclusively eit her male or female.

· Number agreement: Some languages have pronominalnumber ambiguit yFor example, in Ger man sie can be eit her she or they . In fact a number agreement problemeven exists within English. Some words (such as family, group, team, corporation ) can be used as pluralin Br it ish English, however, theyare always singular in Amer ican English.

Ofcourse one difficult ywith this approach is the need to have a parser and lexical database equivalent to engcg and WordNet respectively available for each language for which processing is desired. This appears to be a classic case ofthe TANST AAFL

Principle (There Ain´t No Such Thing As A Free Lunch), however, it is not an insur mountable problem. In fact, the EuroWordNet project [Voss], is currently underway and addresses Dutch, Italian, and Spanish. Parsers are also now available for many languages worldwide including French, Ger man [Weis], Portuguese [Vill], and Chinese

[Zhou].

4.3 Factors affecting accuracy

There are a number of factors beyond the controlofAM which will adversely affect the accuracyo fthe results. Among these are the accuracyofthe parse returned byengcg.

As noted in the previous sect ion, this can be quite var iable. For example, it correctly ident ified bldg as an abbreviat ion and a noun even though the period was missing.

However, it mis ident ified the proper name Reg as an abbreviat ion when it was the final word in a sentence and also somet imes ident ifies nouns as verbs. Ifa noun is misclassified as a verb, there is no chance it will be ident ified as the co-referent ofany anaphora.

Spelling and t ypographicalerrors present similar problems to both engcg and WordNet.

One possible solut ion is to run the input through a spell-checker before further processing. However, this leads to allo fthe problems associated with automat ic spelling correction, including correction ofmisspelled words to the wrong word, flagging of unknown words as misspellings, inabilit y to correct typos invo lving incorrect placement ofspace characters (e.g. whic hword ), inabilit y to recognize misspellings that result in valid words, but the wrong word such as food vs. good ( f is adjacent to g on the keyboard), and inabilit yto correct homophones ( manypeople do not seemto know the difference between site, sight, and cite or there, their, and they´re .). Spell-checking also cannot address such problems as typos where a sentence is mistakenlyended wit h a comma rather than a per iod (the two characters are adjacent on the keyboard) and unconvent ional capitalizat ion. These problems alloccur in practice and need to be ant icipated in any applicat ion dest ined for use bya generalaudience, as opposed to professio nal capt ioners trained to operate in a specific style. Allo fthese problems will also occur and even more frequent lyifvo ice captioning should be implemented since automat ic speech-to-text programs have manyo fthe same problems as machine translat ion programs.

Another problemwith both WordNet and engcg is that ofdealing with unknown words.

This can ar ise either because ofmisspellings as discussed above, or because the word is trulyunknown. Ifone or both ofthe tagger and lexicon failto ident ifythe part ofspeech ofa word, it could lead to a matching failure if that word turns out to be a noun that is an anphor ic referent. Although none ofthe words in the test database were unknown, it is not difficult to think ofwords that neither engcg nor WordNet know. At least engcg will take a guess as to the part ofspeech ofan unknown word based on its syntact ic placement. For example, in

The fnord is red.

it thinks fnord is a noun and marks it with <?> to indicate that this is onlya guess.

However, WordNet has no wayofdealing wit h unknown words. This is a difficult problemthat is beyo nd the scope ofAM, but proposals have been made for how to handle it [Mikh] and this should be kept in mind as needing attention to increase the accuracyo fresults.

5 Summar y

Automat ic reso lution o fanaphora byco mputer is a difficult naturallanguage processing problemthat requires considerable knowledge beyond the infor mation which is available in the input text to solve accurately. Despite considerable effort onthe part ofresearchers in computational linguist ics, it remains an open problem. The best programs at this t ime achieve no more than 75% to 85% accuracy. However, anaphora resolut ion is worth consider ing because it offers the possibilit yo fincreasing the accuracyo fmatches in a natural language image database quer ysystemwhich could provide a competit ive advantage to the operator ofsuch a systemby increasing customer sat isfaction. As the size ofsuch databases increases in the future, the use ofsystems which onlymatch keywords or attempt to performsemant ic expansion (searching for terms semant ically related to those given in the quer y) will beco me less acceptable.

The programpresented here is capable ofper for ming intersentent ial pronominal anaphora resolut ion on ordinar yEnglish text and includes a comprehensive treatment ofpleonast ic pronouns, something which almost all other investigators have ignored, but which I believe is crucialfor successfultreatment ofanaphora.

Manyopportunities remain for extending the current work. Different taggers ofEnglish could be tried, e.g. TTP [Strz] or TOSCA/LOB.. A more extensive test database wit h ground truth analys is should be implemented. Finally, the var ious unreso lved issues raised in the discussio n could be addressed. At this date, these remain the subject of active research in the natural language processing communit y. While per fect ion is probablyan unreasonable goal, it would seemthat a considerable improvement in resolut ion accuracy could be obtained for a relat ivelysmall addit io nalinvest ment in time simply byadding the unimplemented features descr ibed here to the exist ing code.

Finally, given the recent growing interest in naturallanguage processing and its commercialimplicat ions, and the wide applicability o fanaphora resolut ion in natural language processing, it is reco mmended that consideration be given to obtaining a patent posit ion in this area.

6 Appendix

Allfile names and URL´s included in this section are known to be current at the time of this wr it ing. Allprograms and data are in the ISL Unix environment.

6.1 Code and data location

AM is implemented ent irelyin Inter lisp as contained in MedleyLisp, the successor to

Interlisp-D. The source code is found in the file

/space/cloves1/lisp/lyric/VIMFNS .

The top-levelfunct ion is called AM and it takes one argument: a string which maybe either a set ofsentences containing the anaphora to be resolved or a file name which contains these sentences. AM internallycalls engcg and WordNet.

engcg is found in

/home/bhandari/engcg/engcg-971001/engcg and can be run fro m the Unix co mmand line. It takes one argument: a file name containing the input sentences to be parsed. It will onlyrun on the server natasha because ofthe program´s licensing arrangement. A wrapper script called eng.perl is available in

/space/cloves1/perl/ which allows input to be typed in direct ly fro mthe command line and can be run on anymachine in the ISD comput ing environment. To use it, alias eng to rsh natasha /space/cloves1/perl/eng.perl . Then type eng <CR> fo llowed bythe desired text on the next line. The freeware TOSCA/LOB tagger is available on

/space/cloves1/vim/tlbtag , however, this only runs in MS-DOS.

WordNet is installed in

/freeware/misc/bin/wordnet/wordnet-1.6/bin/ . It will run on anymachine and can eit her be called fro mthe command line wit h the command wn or via a graphical user inter face wit h the command wnb .

The world knowledge proper name data files used by AM are located in

/home/bhandari/nl/mit/nlp/ ( male-names.data, female-names.data and place-names.data ). This directoryalso contains a smalllist ofabbreviat ions, however, these are currently not used byAM. The intersections ofthe name files are in

/space/raccoon2/vim/data/ .

The caption data files used for development and testing are located in

/space/project3/gray/imagecaptions/ . This directorycontains data received from the Strong Museum, the George Eastman House, as well as locallydeveloped captions based on the JBJL image database. The JBJL images are located in

/space/library/jbjl/ .

6.2 WWW resources

Lingso ft, the company that produces engcg has a web site with documentation on their product at http://www.lingso ft.fi . There is no locally available documentation on engcg.

The ho me page for WordNet is at http://www.cogsci.pr inceton.edu/~wn/ . This site contains documentation and also lets you use WordNet interactively. There is a corresponding site for EuroWordNet at http://www.let.uva.nl/~ewn .

PNI (Picture Network International) operates the Publisher´s Depot web site which supports natural language quer ies for locating stock photography, although without anaphor ic reso lut ion. It may be viewed at http://www.publisher sdepot.com . Another search engine using natural language input for queries is MetaSEEk at http://www.ctr.columbia.edu/metaseek .

The reader interested in pursuing the references further may be interested in http://gopher.sil.org/reference which is an extensive glossar yo ftechnicallinguist ic jargon. The web site ofthe Associat ion for Computational Linguist ics is http://www.aclweb.org .

7 Patents

Interestingly, a search ofthe U.S. Patent Database (searching all fie lds, back to 1971) revealed zero patents mentioning the term anaphora , and only five that used the term pronoun . Ofthose five, onlyone could be considered remotelyrelevant to anaphora resolut ion [Tana].

This is a natural language understanding patent that implements a reverse quest ion answer ing scenar io (the computer asks the questions, the human user provides answers).

At first glance, it appears that theyare doing anaphora resolut ion, based on the fo llowing sentence in the abstract:

^T he inputting and edit ing systemanalyzes the answer to an interrogative and matches the pronouns and other elements ofthe answer with their corresponding elements fromthe interrogative so that the operator does not have to answer the interrogative wit h the exact language ofthe interrogative for the systemto understand and utilize the answer properly.~

However, examinat ion ofthe actualclaim pertaining to this sect ion reveals the following:

^using said inferences o fstep (e) [ developing inferences based on the contents of the sentence ] to obtain a case no minalcorresponding to a pronoun used in the interrogative;~

So this does not really appear to be anaphora resolution at all. Theyhave the co mputer generate a querywhich alreadycontains anaphora, so (presumably) the computer already knows to whomor what the pronouns it is outputting refers to. Therefore theysimply have to look for a noun in the user ’s response that has character ist ics similar to the noun it already knows about (and replaced with a pronoun). This is pattern matching, not anaphora resolut ion. In anyevent, their claim is str ict lylimited to question answer ing.

There is one other patent is worth noting [Kaji]. This is a machine translation system which apparent lyper for ms ellipsis ident ificat ion in the source language and then inserts anaphora into the translat ion, as stated in their abstract:

^When a target language translat ion ofthe source language sentence is for med, a pronoun having the same gender, person and number as the omitted phrase is used as a target language equivalent for the omitted phrase, and thus a target language translat ion which is grammat icallycorrect, is obtained.~

This ofcourse is also not anaphora resolution.

There actually are many patents on the general topic ofsystems for retrieving images using natural language. A recent search using the terms natural language image retrieval library returned 1000 patents, although onlyperhaps a dozen are trulyrelevant to image quer yby natural language. Manyo fthese patents dealwith limited applicat ions, such as question-answer ing systems for specific domains, and address the naturallanguage component onlytangent ially providing ver ylittle detailas to its actualoperation.

Perhaps the most relevant patent in this group is one assigned to Matshushita in 1997

[Okam]. It appears to address the major aspects ofan image quer ysystemincluding parsing ofthe input data, semantic analys is using Fillmore´s case grammar [Fill], constraint matching, conversio n ofcapt ion data into an inter mediate for m, and generating confidence scores for the results. It goes so far as to present a simple grammar ofEnglish used to analyze input sentences. However, it specificallydoes not appear to address anaphora in either the detailed descr ipt ion or the claims, and its rules for noun phrase expansio n do not include pronouns.

8 Bibliography

The bibliographyis divided into two sections. The fir st contains all citat ions in the text not direct ly related to anaphora resolut ion including US patents. The second is a general surver yo fthe open literature on anaphora resolut ion.

8.1 Citations

Allen, James, Natural Language Understanding , Benjamin/Cummings, Redwood Cit y,

Ca., 1995

Bhandar i, Archna, A Method for using Natural Language for the Description, Search, and Retrieval of Multi-media Objects , Eastman Kodak InternalTechnical Report, Aug.

22, 1997

Carroll, Lewis, Alice´s Adventures in Wonderland , in The Annotated Alice , World

Publishing, New York, 1972

Cho msky, Noam, Aspects of the Theory of Syntax , MIT Press, Cambr idge, 1965

Culicover, Peter W., RayJackendo f, ^So mething else for the binding theor y~, Linguistic

Inquiry , 26 :2, 249-275, Spring 1995

Fellbaum, Chr ist iane, ed., WordNet: An Electronic Lexical Database , MIT Press,

Cambr idge, 1998

Fillmore, Char les, ^T he case for case~, E. Bach, R.T. Harms, eds .,Universals of

Linguistic Theory , Holt, New York, 1968

Garey, MichaelR., David S. Johnson, Computers and Intractability: A Guide to the

Theory of NP-Completeness , W.H. Freeman, San Fr ancisco, 1979

Gr ishman, Ralph, Beth Sundheim, ^Message Understanding Conference - 6: A Br ief

History~, Proc. 16 th International Conference on Computational Linguistics ,

Copenhagen, Denmark, August 1996

Gr ishman, Ralph, Beth Sundheim, ^"Design o fthe MUC-6 Evaluation~, Advances in Text

Processing: Tipster Program Phase II , Morgan Kaufmann 1996

Haase, Kenneth, ^FramerD: Representing knowledge in the large~, IBM Systems Journal ,

35 :3&4, 381-397, 1996

Kaji, Hiro yuki, Y. Nitta, System For Automatic Language Translation Using Several

Dictionary Storage Areas And A Noun Table, U.S. Patent no. 5,020,021, assigned to

Hitachi, Ltd., Tokyo, Japan, issued May28, 1991

Kar lsson, F., A. Voutilainen, J. Heikkilä, A. Anttila, Constraint Grammar. A Language-

Independent System for Parsing Unrestricted Text , Mouton de Gruyter: Berlin and New

York, 1995

Lyo ns, John, Introduction to Theoretical Linguistics , Cambr idge Univer sit yPress, 1971

Pages 405-423

Mikheev, Andrei, ^Automat ic rule induction for unknown-word guessing~,

Computational Linguistics , 23 :3, 405-423, June 1997

Moli è re, Le Bourgeois Gentilhomme , in The Miser and Other Plays , Penguin Books,

1987

Okamoto, Shusaku, Apparatus And A Method For Retrieving Image Objects Based On

Correlation With Natural Language Sentence Parameters , US Patent no. 5,684,999, assigned to Matsushita Electric I ndustrialCo., Ltd., Kadoma, Japan, issued Nov. 4, 1997

P irkola, A. & Jär velin, K, ^Recall and precisio n effects ofanaphor and ellipsis resolut ion in proximit ysearching in a text database~, in: Ingwersen, P. & N.O. Pors, ed.,

Proceedings CoLIS, 2nd International Conference on Conceptions of Library and

Information Science: Integration in Perspective , Copenhagen, Oct. 13-16, 1996,

Copenhagen: The Ro yalSchoolofLibrar ianship, 459 ˘ 475, 1996

Strzalkowski, Tomek, "TTP: A fast and robust parser for naturallanguage", Proc. 14 th

Int’l Conf. on Computational Linguistics (COLING 92), Nantes, France, July23-28, 1992

Tanaka, Toshiyuki, S. Kuga, et al., Inputting and Editing System in a Knowledge Based

Inquiry and Answer System , US Patent no. 4,837,689, assigned to Sharp Kabushiki

Kaisha, Osaka, Japan , issued Jun. 6, 1989

Villavicêncio, Aline, Nuno Marques, J.G.P. Lopes, Fábio Villavicêncio, ^Part-of-speech tagging for Portuguese texts~, Proc. 12 th Brazilian Symposium on Artificial Intelligence ,

Campinas, Springer Ver lag, October 11-13, 1995

Vossen, P iek, ^EuroWordNet: a mult ilingualdatabase for infor mat ion retrieval~, DELOS

Workshop on Cross-language Information Retrieval , Zurich, March 5-7, 1997

Weisweber, Wilhelm, Ein Dominanz-Chart-Parser für generalisierte

Phrasenstrukturgrammatiken , KIT-Report 45, Institute for Software and TheoreticalCS,

Technical Universit yo fBer lin, 1987

Zhou, Qiang, Changning Huang, ^A Chinese syntact ic parser based on bracket matching pr inciple~, Comm. Chinese and Oriental Languages Information Processing Society

(COLIPS), 7 :2, 53-60, December 1997

8.2 Literature Survey

Most ofthe fo llowing references are based on a number ofonline bibliographies including one for a tutorialon anaphora resolut ion recent lygiven at COLING-ACL ´98 .

A lt hough most are not cited in the text theyare included here for completeness. They for ma reasonablycomprehensive view ofthe treatment ofanaphora resolut ion in the open literature over the last 25 years. For an evaluat ion ofthe applicable patent literature, see section 7 .

A

Abraços, José, ^Pronominal anaphora resolution~, Master’s Thesis, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, 1993

Abraços, José, J.G.~Pereira Lopes, ^Extending DRT with a focussing mechanismfor pronominalanaphora and ellipsis reso lution~, Proc. COLING ’94 , 1128-1132, 1994

Aone, C., D. McKee, 1993, ^A language- indepentend anaphora resolut ion systemfor understanding mutlilingual texts~, Proc. 31 st Annual Meeting of the Association for

Computational Linguistics , 156-163, Columbus, Ohio, 1993

Aoun, J., ^A symmetr ic theoryofanaphor ic relat ions~, P. Sells & C. Jones, eds., Proc.

North East Linguistic Society (NELS) 13 , Universit é du Qu é bec à Montr é al, GLSA

Publicat ions, 1983

Asher, Nicholas, Hajime Wada, ^A co mputational account ofsyntactic, semant ic and discourse principles for anaphora resolution~, J. Semantics , 6 , 309-344, 1988

Asher, Nicholas, ^Reference to abstract objects in discourse~, Studies in Linguistics and

Philosophy , 50 , Kluwer, Dordrecht, 1993

Austin, Peter, Joan Bresnan, ^Non-configurationalit yin Australian aboriginal languages~,

Natural Language and Linguistic Theory, 14 :2, 215-268, May1996

Avrut in, Sergey, Mar ia Babyo nyshev, ^Obviation in subjunct ive clauses and AGR:

Evidence fro mRussian~, Natural Language and Linguistic Theory, 15 :2, 229-262, May

1997

Azzam, Saliha, ^Anaphors, PPs and disambiguat ion process for conceptualanalysis~,

Proc. 14 th IJCAI , 1995

Azzam, Saliha, ^An algor ithmto co-ordinate anaphora reso lution and PPS disambiguat ion process~, Proc. 7 th Conference of the European Chapter of the

Association for Computational Linguistics (EACL), Universit yCo llege Dublin, Ireland,

March 27-31, 1995

Azzam, Saliha, ^Reso lving anaphors in embedded sentences~, Proc. 34 th Annual

Conference of the ACL , 1996

Azzam, Saliha, Kevin Humphreys, Robert Gaizauskas, ^Coreference reso lut ion in a mult iligualinfor mat ion extraction system~, Proc. 1 st Language Resources and Evaluation

Conference (LREC), Linguist ic Coreference Workshop, 1998

Azzam, Saliha, Kevin Humphreys, Robert Gaizauskas, ^Evaluating a focus-based approach to anaphora resolut ion~, Proc. COLING-ACL ´98 , Montreal, Canada, 74-78,

Aug. 9-14, 1998

B

Baldwin, B., ^Anaphora resolut ion with center ing~, M. Walker, E. Prince, A. Joshi, eds.,

Centering Theory in Discourse , Oxford Universit y Press, 1997

Baldwin, B., CogNIAC: a discourse processing engine , Ph.D. dissertation, Universit yo f

Pennsylvania, Department ofComputer and Informat ion Sciences.

Baldwin, B., ^CogNIAC: high precisio n coreference with limited knowledge and linguist ic resources~, Proc. ACL ’97/EACL ’97 Workshop on Operational Factors in

Practical, Robust Anaphora Resolution , Madrid, July 11, 1997

Balthazart, D., L. Kister, ^Is it possible to predetermine a referent included in a French N de N structure?~, Approaches to Discourse Anaphora: Proceedings of the Discourse

Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers

Ser ies, 8 , Lancaster Universit y, UK, July 1996

Barros, Fl., A. Deroeck, ^Reso lving anaphora in a portable naturallanguage front end to databases~, Proc. 4 th Conference On Applied Natural Language Pro cessing , Stuttgart,

Ger many, October 13-15, 1994

Barwise, J., ^Noun phrases, generalized quant ifiers and anaphora~, P. Gardenfors, ed.,

Generalized Quantifiers: Linguistic And Logical Approaches , 1-30, D. ReidelPublishing

Company, Dordrecht, Germany, 1987

Bender, A., G. Dogil, J. Mayer: Prosodic Disambiguat ion ofAnaphor ic Pronouns in

Ger man Discourses~, Approaches to Discourse Anaphora: Proceedings of the Discourse

Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers

Ser ies, 8 , Lancaster Universit y, UK, July 1996

BersaniBerselli, Gabr iele, ^No minalambiguit y and disambiguat ion by anaphoric devices~, Approaches to Discourse Anaphora: Proceedings of the Discourse Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL TechnicalPaper s Ser ies, 8 ,

Lancaster Universit y, UK, July 1996

Bergler, Sabine, ^Towards reliable part ialanaphora resolut ion~, Proc. ACL ’97/EACL ’97

Workshop on Operational Factors in Practical, Robust Anaphora Resolution for

Unrestricted Texts , Madr id, Spain, July 11, 1997

Berthonneau, Anne-Mar ie, Georges Kleiber, ^Pour une nouvelle approche de l’impar fait:

l’impar fait, un temps anaphorique mérono mique~, Langages , December 1993

Berwick, R.C., A. Weiberg, The Grammatical Basis of Linguistic Performance:

Language Use and Acquisition, MIT Press, Cambridge, 1984

Bosch, Peter, ^Some good reasons for shallow pronoun processing~, Proc. IBM

Conference on Natural Language Processing , Thornwood, New York, 1988

Boguraev, B.K., Automatic Resolution of Linguistic Ambiguities , Universit yo f

Cambr idge Co mputer LaboratoryTR-13, 1979

Bowden, PaulR., Peter Halstead, TonyG., ^Rose: Endophor resolut ion in a patternmatching knowledge extraction system~, Approaches to Discourse Anaphora:

Proceedings of the Discourse Anaphora and Anaphor Resolution Colloquium (DAARC

`96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July 1996

Branco, Antonio, ^Irreflexive zooming: reciprocals processing as indirect anaphor resolut ion~, Approaches to Discourse Anaphora: Proc. Discourse Anaphora and

Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers Ser ies, 8 ,

Lancaster Universit y, UK, July 1996

Brennan, Susan E., Mar ilyn W. Fr idman, Car lJ. Pollard, ^A center ing approach to pronouns~, Proc. 25 th Annual Meeting of the Association for Computational Linguistics

(ACL ), 155-162, Stanford, CA, 1987

Broadwell, G. A., ^A- bar anaphora and relat ive clauses~, S. Berman, J.W. Choe, J.

McDonough , eds ., Proc. North East Linguistic Society (NELS) 16 , McGillUniver sit y,

GLS A Publicat ions, 1986

Bullwinkle, Candace, ^Levels o fcomplexit y in discourse for anaphora disambiguat ion and speech act interpretation~, Proc. 5 th IJCAI , Cambr idge, Massachusetts, 1977

C

Cahn, Janet, ^The effect ofintonation on pronoun referent resolut ion~, Proc. ACL `95 ,

290-292, 1995

Carbonell, Jaime G., RalfD. Brown, ^Anaphora resolution: a mult i-strategyapproach~,

Proc. 12 th International Conference on Computational Linguistics COLING ’88 , 96-101,

Budapest, August, 1988

Carter, D.M., A shallowprocessing approach to anaphor resolution , TechnicalReport

No. 88 (Ph.D. thesis). Universit y ofCambr idge, Computer Laboratory, 1985

Carter, D.M., ^Co mmo n-Sense Inference in a Focus-Guided Anaphor Resolver~, J.

Semantics , 4 , 237-246, 1987

Carter, D.M., Interpreting Anaphora in Natural Language Texts , Ellis Horwood,

Chichester, England, 1987

Carvalho, A., ^Logic Grammars and pronominalanaphora~, Approaches to Discourse

Anaphora: Proceedings of the Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July 1996

Chanier, Thierr y, ^Une architecture collaborative pour la réso lut ion d’anaphores dans des textes techniques écr its en langage naturel~, Revue d’intelligence artificielle , 3 :3, 41-65,

1989

Chen, Hsin Hsi, ^T he transfer ofanaphors in translat ion~, Literary and Linguistic

Computing , 7 :4, 1992

Chen, Hsin Hsi, ^Anaphora resolut ion algor ithms for Mandar in Chinese~, Comm.

Chinese and Oriental Languages Information Processing Society (COLIPS), 3 :2,

December 1993

Cheng, Lisa L.-S., C.-T. James Huang, ^Two types ofdonkeysentences~, Natural

Language Semantics, 4 :2, 121-163, 1996

Chierchia, G., ^Anaphora and dynamic binding~, Linguistics and Philosophy , 15 :2, 111-

183, 1991

Chung, Chan, ^Scrambling in Korean and its effect on anaphor binding: an alternat ive to mo vement approaches~, Proc. ESCOL ´93 (Eastern States Conference on Linguist ics),

CLC Publications, CornellUniver sit y, Ithaca, NY, 1994

Chur, J., ^Gener ic anaphora in Ger man texts~, Approaches to Discourse Anaphora: Proc.

Discourse Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL

Technical Papers Ser ies, 8 , Lancaster Universit y, UK, July 1996

Clark, Herbert H., C.J. Sengul, ^I n search ofreferents for nouns and pronouns~, Memory and Cognition , 7 , 35-41, 1979

Cohen, Phillip R., ^The pragmatics ofreferr ing and the modalit yo fCo mmunicat ion~,

Computational Linguistics , 10 , 97-146, 1984

Coelho, O.B., ^A quasi-connect ionist approach to anaphora resolut ion in task-oriented discourses~, Proc. AAAI `92 Workshop on Integrating Neural and Symbolic Processes - the Cognitive Dimension , San Jose, CA, July 12-16, 1992

Coelho, O.B., ^A connect ionist approach to anaphora resolution in task-oriented discourses~, I. Aleksander, J. Taylor, eds., Artificial Neural Networks II: Proc. 2 nd

International Conference on Artificial Neural Networks , Elsevier, Br ighton, England,

September 1992

Conno ly, D., J. Burger, D. Day, ^A machine lear ning approach to anaphoric reference~,

Proc. International Conference on NewMethods in Language Processing, UMIST,

Manchester, September 14-16, 1994

Conte, Mar ia-E lisabeth, ^Facts, events, proposit ions in anaphor ic encapsulation~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Cooper, Robin, ^The interpretation ofpronouns~, Heny, Schnelle, eds., Selections From the 3 rd Gronigen Round Table, Syntax and Semantics, 10 , Academic Press, NewYork,

1979

Corblin, Francis, ^L´anaphore en subordinat ion modale~, Actes du colloque d´Anvers:

Relations anaphoriques et (in)coh é rence, 1994

Cosse, Michel, ^I ndefinit e associat ive anaphora in Fr ench~, Approaches to Discourse

Anaphora: Proceedings of the Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July 1996

Crain, S., M.J. Steedman, ^On not being led up the garden path: the use ofcontext bythe psycho logicalsyntax processor~, Dowty, Karttunen, Zwicky, eds., Natural Language

Parsing , Cambr idge Universit y Press, Cambr idge, 320-358, 1985

Crain, S., C. McKee, ^Acquis it ion ofstructuralrestrict ions on anaphora~, S. Berman,

J.W. Choe, J. McDonough , eds ., Proc. North East Linguistic Society (NELS) 16 , McGill

Universit y, GLS A Publicat ions, 1986

Crawley, R.A., R. Stevenson, ^Reference in single sentences and in texts~, J.

Psycholinguistic Research , 19 , 191-210, 1990

Crawley, R.A., R. Stevenson, D. Kleinman, ^T he use ofheur ist ic strategies in the comprehension o fpronouns~, J. Psycholinguistic Research , 19 , 245-264, 1990

D

Dagan, Ido, A. Itai, ^Automat ic processing oflarge corpora for the resolut ion ofanaphora references~, Proc. 13th International Conference on Computational Linguistics ,

COLING ’90, Helsinki, 1990

Dagan, Ido, John Justeson, Shalo mLappin, Herbert Leass, Amno n Ribak, ^S yntax and lexical statist ics in anaphora resolution~, Applied Artificial Intelligence , 1994

Dahl, D., C. Ball, Reference resolution in PUNDIT, Research Report CAIT-SLS-9004,.

Center for Advanced Infor mation Techno logy, Paoli, PA 19301, March 1990

Dalr ymple, Mar y, ^T he syntax ofanaphor ic binding~, CSLI Lecture Notes no. 36 , Center for the StudyofLanguage and I nfor mat ion, Stanford, Ca.,1993

Dalr ymple, Mar y, John Lamping, Fer nando Pereira, Vijay Saraswat, ^Quant ifiers, anaphora, and intensio nalit y~, J. Logic, Language and Information , 6 :3, 219-273, July

1997

Danielsson, Pernilla, Anaphora Resolution in Swedish Texts for Machine Translation ,

Master’s Thesis, Dept. ofCo mputationalLinguist ics, Universit yo fGothenburg, Sweden,

1995

DeChicchis, Joseph , ^Mayan verb co mplex anaphors~, Proc. ESCOL ´88 (Eastern States

Conference on Linguist ics), Ohio State Universit y, Columbus, Ohio, CLC Publicat ions,

1989

Dekker, Paul, ^Predicate logic with anaphora~, MandyHar vey, Lynn Santelmann, eds.,

Proc. from Semantics and Linguistic Theory IV (SALT IV), Universit yo fRochester,

Rochester, NY, CLC Publicat ions, May6-8, 1994

DiEugenio, Barbara, ^Center ing theoryand the Italian pronominal system~, M. Walker,

E. Prince, A. Joshi, eds., Centering theory in discourse , Oxford Universit yPress, 1997

Dotzek, K., Strategien zur Pronominalisierung , IBM Wissenschaft liches Zentrum,

Inst itut f ü r Wissensbasierte Systeme, IWBS Report 110, Heidelberg, Ger many, 1990

Dousaka, K., ^Identifying the referents ofJapanese zero-pronouns based on pragmatic condit ion interpretation~, Tr. Information Processing Society of Japan , 35 :5, 768-778,

1994 (in Japanese)

Downing, P., ^The anaphor ic use ofclassifier s in Japanese~, P. Downing, M. Noonan, eds., Word Order in Discourse, Vol. 30 of Typological Studies in Language , 345-375,

John Benjamins, 1995

Dunin- Keplicz, Barbara, ^Towards better understanding o fanaphora~, Proc. EACL ’83 ,

P isa, Italy, 139-144, 1983

Dunin- Keplicz, Barbara, ^Default reasoning in anaphora resolut ion~, Proc. ECAI ’84 ,

P isa, Italy, 157-166, 1984

Dunin- Keplicz, Barbara, ^How to restrict ambiguity o fdiscourse, Proc. EACL ’85 ,

Geneva, Switzer land, 93-97, 1985

Dunin- Keplicz, Barbara, ^Part ialreconstruction ofcoreferent ialstructure ofdiscourse~,

Proc. ECAI ’88 , Munich, Ger many, 732-737, 1988

Dunin- Keplicz, Barbara, A Formal Method of Determining Coreferentiality of Pronouns in Polish , Ph.D. Thesis ( in Polish), Jagiello nian Univer sit y, Crakow, Poland, 1990

Dunin- Keplicz, Barbara, ^A for mal treatment ofreferent ialrelat ions~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July 1996

Durrant-Peatfield, M., W. Marslen- Wilso n, ^Pragmat ic effects on zero-anaphor assignment~, Approaches to Discourse Anaphora: Proc. Discourse Anaphora and

Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers Ser ies, 8 ,

Lancaster Universit y, UK, July 1996

E

Eber le, Kurt, Walter Kasper, ^Tenses as anaphora~, Proc. 4th Annual Conference of the

European Chapter of the ACL , 43-50, 1989

Elworthy, David A. H., ^A theoryofanaphoric informat ion~, Linguistics and Philosophy,

18 :3, 297-332, June 1995

Evans, Freder ic, ^Binding into anaphor ic verb phrases~, Proc. ESCOL ´88 (Eastern States

Conference on Linguist ics), Ohio State Universit y, Columbus, Ohio, CLC Publicat ions,

1989

F

Fischer, I., B. Geistert, G. G ö rz, ^Chart-based incrementalsemant ics construction wit h anaphora resolut ion using lambda-DRT~, Proc. 4 th International Workshop on Parsing

Technologies , 87-88. Sept. 20-24, 1995

Fischer, I., B. Geistert, G. G ö rz, ^Incrementalanaphora resolut ion in a chart-based semantics construction framework using l -DRT~, S. Botley, J. Glass, eds., Proc.

Discourse Anaphora and Anaphora Resolution Colloquium (DAARC ´96) , 235-244,

Lancaster, UK, July1996

Fox, Barbara A., Discourse Structure and Anaphora: Written and Conversational

English , Cambr idge Univer sit yPress, Cambr idge, 1987

Fraurud, Kar i, ^I ndir ect anaphora in a cross-linguist ic perspective~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July 1996

Frederking, R., M. Gehrke - Resolving anaphoric references in a DRT-based dia logue sys tem: Part 2: Focus and Taxonomic inference . Siemens AG, WISBER, Ber icht Nr.17,

1987

Freitas, Sérgio, ^Deit ic and pronominalanaphora in dialogues~, Master´s Thesis,

Universidade Federaldo Rio Grande do Sul, Porto Alegre, Brasil, 1993 ( in Portuguese)

Fretheim, Thorstein, ^I ndir ect anaphors and pro-verbs o fthe ’happen’ type~, Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July 1996

G

Gaiffe, Bertrand, Anne Reboul, Laurent Romar y, ^Les NP définis: anaphore, anaphore associat ive et cohérence~, Actes Colloque Relations anaphoriques et incohérence ,

Université d’Anvers, 1994

Gaizauskas, R., K. Humpreys, ^Quant itative evaluat ion ofcoreference algor ithms in an infor mat ion extraction system~, Approaches to Discourse Anaphora: Proc. Discourse

Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers

Ser ies, 8 , Lancaster Universit y, UK, July 1996

Gaizauskas, R., K. Humphreys, ^Quant itative evaluat ion ofcoreference algor ithms in an infor mat ion extraction system~, S. Botley, T. McEner y, eds., Discourse Anaphora and

Anaphor Resolution , Univer sit yCo llege London Press, forthcoming

Garrod, S., TonySanford, ^Referentialprocesses in reading: Focussing on roles and individuals~, D.A. Balota, G.B.F. d’Arcais & K. Rayner, eds., Comprehension , 465-486,

Lawrence Er lbaumAssociates, Hillsdale, N.J., 1990

Garrod, S., D. Freudenthal, E. Boyle, ^The role ofdifferent types ofanaphor in on-line resolut ion ofsentences in a discourse~, Journal of Memory and Language , 33 , 39-68,

1994

Garrod, S., ^Reso lving pronouns and other anaphor ic devices: The case for diversit y in discourse processing~, C. Clifton, Jr., L. Frazier & K. Rayner eds., Perspectives on

Sentence Processing , 339-359, Lawrence Er lbaumAssociates, Hillsdale, N.J., 1994

Gawron, M., S. Peters, ^Anaphora and quantificat ion in situat ion semant ics~, CSLI

Lecture Notes no. 19 , CSLI, Stanford, CA, 1990

Geistert, B., Aufl ö sung anaphorischer Referenzen in der

� -DRT , Bachelor´s Thesis,

Univ. Er langen-Nuremberg, IMMD VIII, 1995

Gordon, Peter C., Barbara J. Grosz, Laura A. Gillio m, ^Pronouns, names and the

center ing ofattention in discourse~, Cognitive Science , 17 :3, 311-348, 1993

Greene, S.B., G. McKoon, and R. Ratcliff, ^Pronoun resolut ion and discourse models~,

Journal of Experimental Psychology: Learning, Memory, and Cognition, 18 , 1992

Grosz, Barbara J., Aravind K. Joshi, Scott Weinstein, ^Center ing: a framework for

modeling the localcoherence ofdiscourse~, Computational Linguistics , 21 , 1995

Grosz, Barbara J., Aravind Joshi, Scott Weinstein, ^Providing a unified account of

definite noun phrases in discourse~, Proc. 21 st Annual Meeting of the Association for

Computational Linguistics, 44-50, 1983

Guenthner, Franz, Hubert Lehmann, ^Rules for pronominalizat ion~, Proc. 1 st Annual

Meeting of the European Chapter of the ACL (EACL), 144-151, 1983

Guindon, R., ^Anaphora resolut ion: short-termmemor yand focusing~, Proc. 23 rd Annual

Meeting of the ACL , 218-227, 1985

Gundel, Jeanette, NancyHedberg, Ron Zacharski, ^Cognit ive status and the for mof

referr ing expressio ns in discourse~, Language , 69 :2, 274-307, 1993

Gundel, Jeanette, NancyHedberg, Ron Zacharski, ^Cognit ive status, concreteness and

the for mofindirect anaphors~, Approaches to Discourse Anaphora: Proc. Discourse

Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers

Ser ies, 8 , Lancaster Universit y, UK, July 1996

H

Hahn, U., M. Strube, ^Centering in-the- large: Comput ing referent ial discourse

segments~, Proc. 35 th Annual Meeting of the ACL, 104-111, 1997

Hajikova, E., V. Kubon, P. Kubon, ^Stock ofshared knowledge: a toolfor solving

pronominalanaphora~, Proc. COLING ´92 , 1 , 127-133, Nantes, France, 1992

Halper n, A., G. Mauner & M. K. Tannenhaus Pr iming ofstructuraland conceptualverb

phrase anaphors~, A. Schafer, ed., Proc. NELS 23 (North East Linguist ic Society),

Universit y ofOttawa, Canada, GLSA Publicat ions, 1993

Hankamer, Jorge, Ivan Sag, ^Deep and sur face anaphora~, Linguistic Inquiry , 7 , 391-428,

1976

Hauenschild, Chr ista, ^Anapher ninterpretation in der Maschinellen Übersetzung~, KIT-

Report 94, 50-66, Institute for Software and TheoreticalCS, Technical Universit yo f

Ber lin 1992, and Zeitschrift für Literaturwissenschaft und Linguistik, 84 , Vandenhoeck &

Ruprecht, 1991

Hayes, P.J., ^Anaphora for limited do main systems~, Proc. 7 th IJCAI , Vancouver,

Canada, 1981

Hazout, Ilan, ^Comparative ellipsis and logicalform~, Natural Language &Linguistic

Theory, 13 :1, 1-37, Februar y1995

Heim, I., ~E-Type pronouns and donkeyanaphora~, Linguistics and Philosophy , 13 :2,

137-177, 1990

Hellan, L., Anaphora in Norwegian and the Theory of Grammar , Foris, Dordrecht, 1988

Hinr ichs, Erhard W., ^Temporalanaphora in discourses ofEnglish~, Linguistics and

Philosophy , 9 , 63-82, 1986

Hint ikka, J., J. Kulas, Anaphora and Definite Descriptions: Two Applications of Game-

Theoretical Semantics , Reidel, Dordrecht, Germany, 1985

Hirst, G.J., Anaphora in Natural Language Understanding , Springer Ver lag, Ber lin,

Ger many, 1981

Hirst, G.J., ^Discourse-oriented anaphora resolution in natural language understanding: a

review~, American J. Computational Linguistics , 7 :2, 85-98, 1981

Hirst, G.J., Semantic Interpretation &the Resolution of Ambiguity , Cambr idge Universit y

Press, 1987

Hitzeman, Janet, Chr is Mellish, Jon Ober lander, ^Dynamic generation ofmuseum web

pages: the intelligent labelling explorer~, Archives and Museum Informatics , 11 :2, 107-

115, 1997

Hitzeman, Massimo Poesio, ^Long distance pronominalisat ion and glo balfocus~, Proc.

COLING-ACL ´98 , Montreal, Canada, 550-556,1998

Hobbs, JerryR., Pronoun resolution , Research Report 76-1, Department ofCo mputer

Science, Cit yCo llege, Cit yUniversit y ofNew York, August 1976

Hobbs, JerryR., ^Reso lving pronoun references~, Lingua , 44 , B11-338, 1978, also in

Barbara Grosz, K. Sparck-Jones, Bonnie Webber, eds., Readings in Natural Language

Processing , 339-352, Morgan Kaufmann, Los Altos, Ca., 1986

Hobbs, JerryR., ^Coherence and co-reference~, Cognitive Science , 3 :1, 67-90, 1979

Huang. Y., ^Anaphora in sentence and in discourse: a neo-Gricean pragmat ic approach~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Hudson-D’Zmura, S., The structure of discourse and anaphor resolution: the discourse

center and the roles of nouns and pronouns , Ph.D. dissertation, Universit yo fRochester,

Rochester, NY, 1988

Hudson-D’Zmura, S., ^Assigning antecedents to ambiguous pronouns: the role ofthe

center ofattention as the default assignment~, M. Walker, E. Prince, A. Joshi, eds.,

Centering Theory in Discourse , Oxford Universit y Press, 1997

Huls, Car la, WimClaassen, Edwin Bos, ^Automatic referent resolution ofdeict ic and

anaphor ic expressions~, Computational Linguistics , 21 :1, 59-79, March 1995

I

I ida, Masayo, Context and Binding in Japanese , Ph.D. Thesis, Stanford Univer sit y,

Linguist ics Dept., Stanford, Ca. 1992

Ingr ia, R., D. Stallard, ^A co mputationalmechanism for pronominalreference~, Proc.

27 th Annual Meeting of the ACL, 262-271, Vancouver, Brit ish Co lumbia, June 26-29,

1989

J

Johnson, M., E. Klein, ^Discourse, anaphora and parsing~, Proc. 11 th Conf. On

Computational Linguistics , 1986

K

Kameyama, Megumi, ^A property-shar ing constraint in centering~, Proc. 24 th Annual

Meeting of the ACL , New York, 1986

Kameyama, Megumi, ^Japanese zero pronominal binding, where syntax and discourse

meet~, William Poser, ed., Papers from the 2 nd International Workshop on Japanese

Syntax , 47-74, Stanford CSLI, 1988, also University o fPennsylvania TR MS-CIS-86-60

Kameyama, Megumi, ^Recognizing referent iallinks: an infor mat ion extraction

perspective~, Proc. ACL ’97/EACL ’97 Workshop on Operational Factors in Practical,

Robust Anaphora Resolution for Unrestricted Texts, 46-53, Madr id, Spain, July11, 1997

Kantor, R.N., The Management &Comprehension of Discourse Connection by Pronouns

in English , Ph.D. Thesis, Department ofLinguist ics, Ohio State Universit y, Ohio, 1977

Karttunen, Laur i, ^Discourse referents~, James D. McCawley, ed., Syntax and Semantics:

Notes from the Linguistic Underground , 7 , 363-386, Academic Press, New York, 1976

Kasper, W., H. Zevaat, M. Moens, ^Anaphora Reso lution~, G. Bes, ed., The Construction

of a Natural Language and Graphics Interface. Results and Perspectives from the

ACORD Project, ESPRIT Research Reports , Springer, Heidelberg, Ger many, 1992

Katada, F., ^What can lo ng-distance anaphora sayabout operator systems ofsyntax?~, J.

Carter, R.M. Dechaine, eds., Proc. North East Linguistic Society (NELS) 19, Cornell

Universit y, Ithaca, NY, GLSA Publicat ions, 1989

Kawtrakul, Asanee, ^Anaphora resolut ion based on dynamic context modelin database-

oriented discourse~, J. Association of Artificial Intelligence (Japan), 5 :6, 100-113,1989

Kawtrakul, Asanee, Yasuyoshi Inagaki, ^A context modelapproach to anaphora

resolut ion in database-oriented discourse~, J. Association of Artificial Intelligence

(Japan), 5 :6, 49-62, Nov.1990

Kawtrakul, Asanee, Anaphora Resolution Based on Context Model Approach in

Database-Oriented Discourse , PhD thesis, SchoolofE ngineer ing, Nago ya Univer sit y,

1991

Keenan, Edward L., ^Anaphor-antecedent assymetry: A conceptualnecessit y?~, Proc.

from Semantics and Linguistic Theory III (SALT III), Cornell Universit y, Ithaca, NY,

CLC Publications, 1993

Kehler, Andrew, ^A discourse copying algorithm for ellipsis and anaphora resolut ion~,

Proc. 6 th Conference of the European Chapter of the Association for Computational

Linguistics (EACL-93), 203-212, Utrecht, Apr il, 1993.

Kehler, Andrew, ^I ntrasentent ial constraints on intersententialanaphora in center ing

theory~, Workshop on Centering Theory in Naturally Occurring Discourse , Universit y of

Pennsylvania, May 1993

Kehler, Andrew, ^T he effect ofestablishing coherence in ellipsis and anaphora

resolut ion~, Proc. 31 st Annual Conference of the Association for Computational

Linguistics (ACL-93), 62-69, Columbus, Ohio, June 1993

Kehler, Andrew, Stuart Shieber, ^Anaphor ic dependencies in ellipsis~, Computational

Linguistics , 23 :3, 457-475, June 1997

Kehler, Andrew, ^Current theories ofcentering for pronoun interpretation: a cr it ical

evaluat ion~, Computational Linguistics , 23 :3, 457-475, June 1997

Kempson, R., ^Anaphoric binding, the composit ionalit yrequir ement and the semant ics-

pragmat ics dist inct ion~, C. Jones, P.Sells, eds., Proc. NELS 14 (North East Linguist ic

Societ y), U. Massachusetts, Amherst, GLSA Publications, 1984

Kempson, R., ^Definite NPs and context-dependence: a unified theoryofanaphora~, T.

Myers, K. Brown, B. McGonigle, eds., Reasoning and Discourse Process, Academic

Press, London, 209-239, 1986

Kempson, R., ^Anaphora: a unitaryaccount~, Proc. Workshop on Anaphora , Ofir,

Portugal, 1-36, 1990

Kennedy, Chr istopher, Branimir Boguraev, ^Anaphora for ever yone: pronominal

anaphora resolut ion without a parser~, Proc. COLING `96: The 16 th International

Conference on Computational Linguistics , Copenhagen, Denmark, August 5-9, 1996.

Kennedy, Chr istopher, Branimir Boguraev, ^Anaphora in a wider context: Tracking

discourse referents~, W. Wahlster, ed., 12 th Eurpean Conference on Artificial

Intelligence , J. Wile y, London, New York, 1996

Kibble, Rodger, ^Dynamics ofepistemic modalit yand anaphora~, Bunt, Muskens,

Rentier, eds., Proc. International Workshop on Computational Semantics , ITK, Tilburg

Universit y, The Nether lands, 1994

Kibble, Rodger, ^Modalsubordination, focus and co mplement anaphora~, Proc. Tbilisi

Symposium on Language, Logic and Computation , CSLI, Stanford, Ca.,1995

.

Kibble, Rodger, Anaphora Resolution in Dynamic Semantics , Ph.D. Thesis, Centre for

Cognit ive Science, Universit y ofEdinburgh, Scotland, 1997

Kibble, Rodger, ^Co mplement anaphora and dynamic binding~, Proc. 7 th Annual

Conference on Semantics and Linguistic Theory (SALT VII), Stanford Universit y, March

1997

Kibble, Rodger, ^Co mplement anaphora and monotonicit y~, Proc. Formal Grammar

Conference , Aix-en-Provence, France, August 1997

Kleiber, Georges, ^Anaphores et pronoms~, Champs Linguistiques , Editions Duculot,

Louvain- la-Neuve, France, 1994

Kr ifka, Manfr ed, ^Parametrized sum individuals for pluralanaphora~, Linguistics and

Philosophy , 19 :6, 555-598, December 1996

Kruiff, Geert-Jan M., Ivana Korbayo va, ^Reso lut ion ofdirect anaphora in CYAN~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Kuno, S., ^Anaphora and discourse pr inciples~, M. Nagao, ed., Language and Artificial

Inelligence , 87-111, North-Holland, Amsterdam, Holland, 1987

L

Lappin, Shalo m, ^Pronominalbinding and coreference~, Theoretical Linguistics , 12 , 241-

263, 1985

Lappin, Shalo m, Michael McCord, ^A syntact ic filter on pronominalanaphora in slot

grammar~, Proc. 28 th Annual Meeting of the Association for Computational Linguistics

(ACL), 135-142, 1990

Lappin, Shalo m, Michael McCord, ^Anaphora resolution in slot grammar~,

Computational Linguistics, 16 :4, 197-212, 1990

Lappin, Shalo m, Herbert J. Leass, ^An algorithmfor pronominalanaphora resolut ion~,

Computational Linguistics , 20 :4, 535-561, 1994

Lasersohn, Peter, ^Bare plurals and donkeyanaphora~, Natural Language Semantics , 5 :1,

79-86, 1997

Lasnik, Howard, ^Remarks on coreference~, Linguistic Analysis , 2 :1, 1976

Lasnik, Howard, Essays on Anaphora, Studies in Natural Language and Linguistic

Theory, Kluwer, Dordrecht, Germany, 1989

Leass, Herbert, Ulr ike Schwall, ^An anaphora resolution procedure for machine

translat ion~, IWBS Report 172 , IBM Germany Scient ific Center, Heidelberg, Ger many,

1991

Lebeaux, D., ^Anaphor ic binding and the definit ion ofPRO~, C. Jones, P.Sells, eds.,

Proc. North East Linguistic Society (NELS) 14 , Universit yo fMassachusetts, Amherst,

GLSA Publicat ions, 1984

Lee, H., ^Anaphora and the principle ofreferent ial autonomy~, M. Gonzalez, ed., Proc.

North East Linguistic Society (NELS) 24 , University o fMassachusetts, Amherst, GLSA

Publicat ions, 1994

Lee, J., K. Stenning, ^Anaphora in mult imodaldiscourse~, HarryBunt, Robert-Jan Beun,

Tijn Borghuis, eds., Multimodal Human-Computer Communication , 250-263, Springer

Ver lag, Ber lin, Ger many, 1998

Li, Naicong, David Zubin, ^Anaphor resolution in Mandar in~, Proc. Eastern States

Conference on Linguistics (ESCOL) ´86 , Ohio State Universit y, Co lumbus, Ohio, CLC

Publicat ions, 1987

Lin, Y.Q., R.P. Fawcett, ^Anaphor ic reference and logical for m~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Lockman, A., A.D. Klappho lz, ^Towards a procedural modelo fcontextualreference

resolut ion~, Discourse Processes , 3 , 25-71, 1980

Loebner, Sebast ian, ^I ndirect anaphora, types ofnouns and cognitve schemata~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Lorenz, Sven, ^Presupposit ion, anaphora and reasoning about change~, Proc. ECAI ,

Vienna, 533-537, 1992

LuperFo y, Susann, ^A computational approach to indir ect anaphora processing~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Lust, B., T. Clifford, ^The 3D study: effects ofdepth, direct ionalit yand distance on

children’s acquisit io n ofanaphora: an init ialreport~, J. Pustejovsky, P. Sells, eds., Proc.

North East Linguistic Society (NELS) 12, Massachusetts Inst itute ofTechno logy, GLSA

Publicat ions, 1982

Lust, B., L. Mangio ne, ^T he pr inciple branching direct ion parameter in first language

acquisit ion o fanaphora~, P. Sells & C. Jones, eds., Proc. North East Linguistic Society

(NELS) 13 , Universit é du Qu é bec à Montr é al, GLSA Publicat ions, 1983

M

Maes, Alfo ns, ^Processing abstract anaphora in discourse~, Approaches to Discourse

Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium (DAARC

`96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Masuko, M., ^Representation and interpretation: a case ofanaphora resolut ion~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Mitkov, Ruslan, H.K. Kim, H.K. Lee, K.S. Cho i, ^T he lexicaltransfer ofpronominal

anaphora in Machine Translat ion: the English-to-Korean case~, Proc. SEPLN ´94

Conference , Cordoba, Spain, July1994

Mitkov, Ruslan, ^An integrated modelfor anaphora resolut ion~, Proc. 15 th International

Conference on Computational Linguistics COLING ’94 , Kyoto, Japan, August 5-9, 1994

Mitkov, Ruslan, ^A new approach for tracking center~, Proc. International Conference:

NewMethods in Language Processing, UMIST, Manchester, UK, September 13-16,

1994

Mitkov, Ruslan, ^Anaphora resolut ion~, Natural Language Processing and Machine

Translation , IAI Working Paper, Saarbrücken, 1995 (46 pages)

Mitkov, Ruslan, S.K. Cho i, R. Sharp, ^Anaphora resolution in Machine Translation~,

Proc. 6 th International Conference on Theoretical and Methodological Issues in

Machine Translation, Leuven, Belgium, July 5-7, 1995

Mitkov, Ruslan, Víde C.M., ^A statist ically- based and knowledge-independent approach

for anaphora resolution~, Proc. Conference on Formal and Natural Languages, Tortosa,

Spain, September 25-27, 1995

Mitkov, Ruslan, ^An uncertaint yreasoning approach to anaphora resolut ion~, Proc.

Natural Language Pacific Rim Symposium , December 4-7, 1995, Seoul, Korea

Mitkov, Ruslan, ^Two engines are better than one: generat ing more power and

confidence in the search for the antecedent~, Proc. International Conference on Recent

Advances in Natural Language Processing, September 14-16, 1995, Bulgar ia

Mitkov, Ruslan, ^Anaphor resolut ion in NaturalLanguage Processing and Machine

Translat ion~, Proc. International Colloquium on Discourse Anaphora and Anaphora

Resolution, Lancaster, July 17-19, 1996 (keynote speech)

Mitkov Ruslan, ^Anaphor resolut ion: co mbination o flinguist ic and statist ical

approaches~, Proc. International Colloquium on Discourse Anaphora and Anaphora

Resolution, Lancaster, July 17-19, 1996

Mitkov, Ruslan, ^Attacking anaphora on all fronts~, A. Ramsey, ed., Artificial Intelligence:

Methodology , Systems, Applications , IOS Press, 1996

Mitkov, Ruslan, ^Machine Translat ion and anaphora~, Machine Translation Review , No.

4, 1996

Mitkov, Ruslan, ^Pronoun resolut ion: the practical alternative~, Approaches to Discourse

Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium (DAARC

`96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Mitkov, Ruslan, ^Factors in anaphora resolut ion: theyare not the only things that matter.

A case studybased on two different approaches~, Proc. ACL ’97/EACL ’97 (European

Chapter of the Association for Computational Linguistics) Workshop on Operational

Factors in Practical, Robust Anaphora Resolution , Madrid, Spain, July 11, 1997

Mitkov, Ruslan, ^How far are we from(semi-)automat ic annotation ofanaphoric links in

corpora?~, Proc. ACL ’97/EACL ’97 Workshop on Operational Factors in Practical,

Robust Anaphora Resolution , Madrid, Spain, July 11, 1997

Mitkov, Ruslan, K.H. Lee, H.G. Kim, K.S. Cho i, ^E nglish-to-Korean Machine

Translat ion and anaphora resolut ion~, J. Literary and Linguistics Computing , 12 :1, 1997

Mitkov, Ruslan, P. Schmidt, ^On the complexit yofanaphora resolut ion in Machine

Translat ion~, Car los Martin-Víde, ed., Mathematical linguistics ˘ II , John Benjamins,

1997

Mitkov, Ruslan, ^Anaphora resolut ion: the state ofthe art~, COLING-ACL ´98 Tutorial

Notes , Montreal, Canada, Aug. 9-14, 1998

Mitkov, Ruslan, ^Robust pronoun resolut ion with limited knowledge~, Proc. COLING-

ACL ´98 , Montreal, Canada, 869-875, Aug. 9-14, 1998

Mitkov, Ruslan, Evaluating approaches in anaphora resolution , forthcoming

Mitkov, Ruslan, ^Pronoun resolut ion: the practical alternative~, S. Botley, T. McEner y,

eds., Discourse Anaphora and Anaphor Resolution , Universit y Co llege London Press,

forthcoming

Mitkov, Ruslan, ^Two engines are better than one: generat ing more power and confi-

dence in the search for the an tecedent~, Ruslan Mitkov, N. Nico lov, eds ., Recent

Advances in Natural Language Processing , John Benjamins Publishers (forthcoming)

Morgan, G., ^Spatialanaphoric mechanis ms in Br it ish Sign Language~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Moulin, Bernard, ^Temporalcontexts for discourse representation: an extensio n ofthe

conceptualgraph approach~, Applied Intelligence , 7 :3, 227-255, July 1997

Murata, M., Anaphor Resolution in Japanese Sentences using Surface Expressions and

Examples , Ph.D. Thesis, Kyoto Universit y, Kyoto, Japan, December 1996

Murata, M., M. Nagao, ^Indirect reference in Japanese sentences~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Muskens, R., ^Anaphora and the logic o fchange~, J. van E ijck , ed., Proc. Logics in AI

European Workshop JELIA ’90 , Amsterdam, The Nether lands, September 1990 , Lecture

Notes in Artificial Intelligence 478, 412-427, Springer Ver lag, Ber lin, 1991

N

Nakaiawa, Hiroshi, ^Discourse comprehensio n based on activit y propagation~, J.

Association of Artificial Intelligence (Japan), 7 :6, 138-144, Nov. 1992

Nakaiawa, Hiroshi, S. Ikehara, ^Zero pronoun resolut ion in a Japanese-to-English

Machine Translat ion systembyusing ver bal semant ic attributes~, Proc. 3rd Conference

on Applied Natural Language Processing (ANLP’92), Trento, Italy, 1992

Nakaiawa, Hiroshi, A. Yokoo, S. Ikehara, ^A system ofver balsemant ic attributes

focused on the syntact ic correspondence between Japanese and English~, Proc. 15 th

International Conference on Computational Linguistics (COLING ’94), Kyoto, Japan,

Nakaiawa, Hiroshi, S. Shirai, S. Ikehara, T. Kawaoka, ^Extrasententialreso lution o f

Japanese zero pronouns using semant ic and pragmat ic constraint~, Proc. AAAI 1995

Spring Symposium Series: Empirical Methods in Discourse Interpretation and

Generation , 1995

Nakaiawa, Hiroshi, S. Ikehara, ^Intrasentent ialreso lut ion ofJapanese zero pronouns in a

Machine Translat ion systemusing semant ic and pragmatic constraints~, Proc.

International Conference on Theoretical and Methodological Issues in Machine

Translation (TMI’95), Leuven, Belgium, 1995

Nakaiwa, H., S. Shirai, and S. Ikehara, ^Anaphora resolut ion ofJapanese zero pronouns

with deictic reference~, 16 th International Conference on Computational Linguistics

(COLING ´96), 812-817, August 1996

Nash- Webber, Bonnie Lynn ˘ see also Webber, Bonnie Lynn

Nash- Webber, Bonnie Lynn, Raymo nd Reiter, ^Anaphora and logicalfor m: on formal

meaning representations for naturallanguage~, Proc. 5 th IJCAI , Cambr idge, Mass., 1977

Nash- Webber, Bonnie Lynn, ^I nference in an approach to discourse anaphora~, Brita

War vik, Sanna- Kaisa Tanskanen, Risto Hiltunen, eds., Proc. North East Linguistic

Society (NELS) 8 , Univer sit yofMassachusetts, Amherst, GLSA Publicat ions, 1978

Nasukawa, T., ^Robust method ofpronoun resolution using full-text infor mat ion~, Proc.

15th International Conference on Computational Linguistics COLING ’94, Kyoto, Japan,

August 5-9, 1994

Nelken, Rani, Nissim Francez, ^Splitt ing the reference time: temporalanaphora and

quant ificat ion in DRT~, Proc. 7 th Conference of the European Chapter of the Association

for Computational Linguistics (EACL), Universit y Co llege Dublin, Ireland, March 27-31,

1995

Nico l, J., D. Swinney, ^T he role ofstructure in coreference assignment during sentence

comprehension~, J. Psycholinguistic Research , 1989

Not, Elena, Zancanaro, M., ^Explo it ing the discourse structure quantifier for anaphora

generat ion~, Approaches to Discourse Anaphora: Proc. Discourse Anaphora and

Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers Ser ies, 8 ,

Lancaster Universit y, UK, July 1996

O

Ouhalla, Jamal, ^Remarks on the binding properties o fWh-pronouns~, Linguistic Inquiry ,

27 :4, 676-707, Fall 1996

P

Paraboni, Ivandr é, Vera Lúcia Strube de Lima, ^Possessive prono minalanaphor

resolut ion in Portuguese written texts~, Proc. COLING-ACL ´98 , Montreal, Canada,

1010-1014, Aug. 9-14, 1998

Partee, Barbara H., ^Nominal and temporalanaphora~, Linguistics and Philosophy , 7 :3,

243-286, 1984

Passonneau, Rebecca J., Protocol for Coding Discourse Referential Noun Phrases and

Their Antecedents , Columbia Universit y TR, New York, 1994

Passonneau, Rebecca J.,~Using center ing to relax gr icean infor mat ionalconstraints on

discourse anaphoric noun phrases~, Language and Speech , 32 :2,3, 229-264, 1996

Paterson, K., A. Sanford, L. Moxey, ^Prono minalreference to a quantified noun phrase~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Paterson, K., Edden, R., ^Anaphoric reference and scope ambiguit y~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Percus, O., ^Anaphora and autophagyin Per sian and English~, Approaches to Discourse

Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium (DAARC

`96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Pirkola, Ar i, Kaler vo Järvelin, ^T he effect ofanaphor and ellipsis reso lut ion on proximit y

searching in a text database~, Information Processing &Management , 32 :2, 199-216,

Tiivistelmä, Finland, 1996

Poesio, Massimo, R. Stevenson, J. Hitzeman, ^Globalfocus and pronominalizat ion~, D.

Jurafsky, T. Regier, eds., First Conference on Computational Psycholinguistics ,

Berkeley, Ca., 1997

Poesio, Massimo, Renata Vieira, and Simo ne Teufel, ^Reso lving br idging descr ipt ions in

unrestr icted text~, Proc. ACL-97 Workshop on Operational Factors in Practical, Robust,

Anaphora Resolution For Unrestricted Texts , Madr id, Spain, 1-6, July 7-11, 1997

Poesio, Massimo, ^Cross-speaker anaphora and dialogue acts~, H. Rieser, W. Heydr ich,

eds., Proc. ESSLLI workshop on Mutual Knowledge, Common Ground and Public

Information, Saarbruecken, Ger many, 1998

Pollard, C., I.A. Sag, ^Anaphors in English and the scope ofbinding theory~, Linguistic

Inquiry , 23 :2, 261-303, 1992

Popescu-Belis, Andrei, Isabelle Robba, G érard Sabah, ^Reference resolut ion beyo nd

coreference: a conceptualframe and its applicat ion~, Proc. COLING-ACL ´98 , Montreal,

Canada, 1046-1052, Aug. 9-14, 1998

Preuß, Susanne, Birte Schmit z, Chr ista Hauenschild, ^Anaphora resolut ion based on

semantic and conceptualknowledge~, Susanne Preuß, Birte Schmitz, eds., Workshop on

Text Representation and Domain Modelling - Ideas from Linguistics and AI, KIT-Report

97, 1-13, Institute for Software and TheoreticalCS, TechnicalUniversit y ofBer lin, 1992

Preuß, Susanne, Birte Schmit z, Chr ista Hauenschild, C. Umbach, ^Anaphora resolut ion

in machine translat ion~, W. Ramm, ed., Studies in Machine Translation and Natural

Language Processing, Volume 6: Text and Content in Machine Translation: Aspects of

Discourse Representation and Discourse Processing, Office for Offic ialPublicat ions of

the European Communit y, Luxembourg, 1994

Pu, Ming-Ming, ^Cognit ive constraints, discourse structure and anaphora~, Approaches

to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

R

Rasekh, Abbass E., ^Discourse anaphora and ambiguit y: On the funct ion ofcontext in the

retrieving ofambiguous ent it ies~, Approaches to Discourse Anaphora: Proc. Discourse

Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers

Ser ies, 8 , Lancaster Universit y, UK, July1996

Rayson, P., A. Wilso n, ^Anaphora in Market Research Interview Transcipts~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Ravnholt, Ole, ^Grammat icalcues and `referent ial distance´ in retrievalo fantecedents in

discourse~, Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor

Resolution Colloquium (DAARC `96), UCREL TechnicalPaper s Ser ies, 8 , Lancaster

Universit y, UK, July1996

Ravnholt, Ole, ^The role oflexicalspecifications in the retrievalo fdirect and indirect

antecedents~, Approaches to Discourse Anaphora: Proc. Discourse Anaphora and

Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers Ser ies, 8 ,

Lancaster Universit y, UK, July 1996

Reinhart, Tanya, The syntactic domain of anaphora , Ph.D Thesis, Department ofForeign

Literature and Linguist ics, MIT, Cambr idge, MA, 1976

Reinhart, Tanya, Anaphora and Semantic Interpretation , CroomHelm, London, also U.

Chicago Press, Chicago, 1983

Reinhart, Tanya, ^Co-reference and bound anaphora: a restatement ofthe anaphora

question~, Linguistics and Philosophy , 6 , 47-88. 1983

Rich, E laine, Susann LuperFo y, ^An architecture for anaphora resolut ion~, Proc.

Associaton for Computational Linguistics (ACL) Second Conference on Applied Natural

Language Processing, Aust in, Texas, 18-24, Februar y9-12, 1988

Rico Pérez, C., ^Estudio de la incidencia de differentes fuentes de la infor mació n en el

establecimiento de relacio nes anafór icas~, Bulletín de la Sociedad Española para el

Procesamiento del Lenguaje Natural, No. 14, March, 1994

Rico Pérez , C., ^Reso lución de la anáfora discursiva mediante una estrategia de in-

spiració n vectoral~, Proc. SEPLN ’94 Conference , Cordoba, Spain, July20-22,1994

Roberts, C., ^Modalsubordinat ion and pronominal anaphora in discourse~, Linguistics

and Philosophy , 12 , 683-721, 1989

Rocha, Marco, Multimedia Interfaces and Anaphora Resolution , Isle ofThorns Annual

Workshop, Univer sit yofSussex at Brighton, England, 1995

Rocha, Marco A.E., ^Anaphoric noun phrases o flow semant ic content and their

discourse-constructed antecedents~, Approaches to Discourse Anaphora: Proc.

Discourse Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL

Technical Papers Ser ies, 8 , Lancaster Univer sit y, UK, July1996

Rocha, Marco A.E., ^A corpus-based studyofanaphora in English and Portuguese~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Rolbert, M., Résolution de formes pronominales dans l’interface d’interogation d’une

base de données , Ph.D. Thesis, Faculté des sciences de Luminy, France, 1989

S

Saeboe, Kjell Johan, ^Anaphoric presupposit ions and zero anaphora~, Linguistics and

Philosophy, 19 :2, 187-209, Apr il1996

Safir, Ken, ^Semantic atoms ofanaphora~, Natural Language and Linguistic Theory,

14 :3, 545-589, August 1996

Saggion, H., Ar. Carvalho, ^Anaphora resolution in a machine translat ion system~,

Proceedings of the International Conference: Machine Translation, 10 Years On,

Cranfield, UK, November 12-14, 1994

Saggion, H., A. Carvalho, ^Definite anaphora in Portuguese abstracts~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Sakakibara, Sonoko, ^Pragmat ics or syntax? T he case ofJapanese reflexive pronouns~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Sandum, Gabr iel, ^On the theoryofanaphora: dynamic predicate logic vs. game-

theoreticalsemant ics~, Linguistics and Philosophy , 20 :2, 147-174, April 1997

Sanford, Tony, Simo n Garrod, ^What, when and how: Questions ofimmediacyin

anaphor ic reference and reso lut ion~, Language and Cognitive Processes , 4 , 235-262,

1989

Sanford, Tony, ^Anaphora~, M.E. Eysenck, ed., Dictionary of Cognitive Psychology,

BasilBlackwell, Oxford, 1990

Sanford, Tony, F. Lockhart, ^Descr iption t ypes and method ofconjo ining as factors

influencing pluralanaphora: A continuation studyof focus~, Journal of Semantics , 7 ,

365-378, 1990

Schiehlen, Michael, ^Disambiguation o fUnderspecified Discourse Representation

Structures under Anaphoric Constraints~, Proc. Second International Workshop on

Computational Semantics , Tilburg, The Nether lands, Januar y, 1997

Schmitz, Birte, Susanne Preuß, Christa Hauenschild, ^Textrepräsentation und

Hintergrundwissen für die Anaphernreso lution imMaschinellen Übersetzungssystem

KIT-FAST~, M. Kohrt, Ch. Küper (eds.), Probleme der Übersetzungswissenschaft ,

Working Papers in Linguist ics, Department for Linguist ics, Technical Universit yo f

Ber lin 1991, 39-81, and in KIT-Report 93, Institute for Software and TheoreticalCS,

Technical Universit yo fBer lin, Ger many, 1992

Schuster, E., ^Anaphoric reference to events and act ions: A representation and its

advantages~, Proc. 12 th COLING Conference , 602-607, Budapest, Hungar y, 1988

Schwarz, Monika, ^Indirect anaphora in text: linguist ic and cognit ive constraints~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Sells, P., ^Coreference and bound anaphora: a restatement of facts~, S. Berman, J.W.

Choe, J. McDonough , eds ., Proc. North East Linguistic Society (NELS) 16 , McGill

Universit y, GLSA Publicat ions, 1986

Seuren, P.A.M., ^Anaphora resolution~, T. Myers, K. Brown, B. McGonigle, eds.,

Reasoning and Discourse Process , Academic Press, London, 187-207, 1986

Shokouhi, H., ^Anaphoric relat ions in conversation~, Approaches to Discourse

Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium (DAARC

`96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Sidner, Candace L., ^Towards a computationaltheor yofdefinite anaphora

comprehension in E nglish discourse~, M.I.T. Artificial Intelligence Laboratory Technical

Report AI-TR-537 , 1979

Sidner, Candace L., ^Disambiguat ion references and interpreting sentence purpose in

discourse~, Winston, Brown, eds., Artificial Intelligence: an M.I.T. Perspective , 1 , M.I.T.

Press, Cambr idge, MA, 231-252, 1979

Sidner, Candace L., ^Focusing for interpretation ofpronouns~, American J.

Computational Linguistics, 7 , 217-231, 1981

Sidner, Candace L., ^Focusing in the comprehension ofdefinite anaphora~, Michael

Brady, Robert Berwick, eds., Computational Models of Discourse , 267-330, MIT Press,

Cambr idge, 1983

Sidner, Candace L., ^Focusing in the comprehension ofdefinite anaphora~, Barbara

Grosz, K. Sparck-Jones, Bonnie Webber, eds., Readings in Natural Language

Processing , 363-394, Morgan Kaufmann, Los Altos, Ca., 1986 1986

Smyt h, R., C. Chambers, ^Parallelis meffects on pronoun resolution in discourse~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Srivinas, B., B. Baldwin, ^Explo it ing super tag representation for fast coreference

resolut ion~, Proc. International Conference on Natural Language Processing and

Industrial Applications, Moncton, Canada, June 4-6, 1996

Stabler, E., The Logical Approach to Syntax , MIT Press, Cambr idge, 1992

Stalnaker, Robert, ^On the representation o fcontext~, J. Logic, Language and

Information , 7 :1, 3-19, Januar y1998

Stevenson, Rosemar y, R.A. Crawley, G. Wilson, D. Kleinman, ^T hemat ic roles and

pronoun comprehensio n~, Proc. 12 th Annual Conference of the Cognitive Science Society ,

534-541, 1990

Stevenson, Rosemar y, A. W.R. Nelson, K. Stenning, ^Strategies in pronoun

comprehension~, Proc. 15 th Annual Conference of the Cognitive Science Society , 976-

981, 1993

Stevenson, Rosemar y, A. Urbanowicz, ^Structuralfocusing, themat ic role focusing and

the comprehensio n ofpronouns~, Proc. 17 th Annual Conference of the Cognitive Science

Society, 328-332, Pittsburgh, PA, 1995

Stevenson, Rosemar y, A. Urbanowicz, ^The effects ofsentence subject, init ialment ion

and pragmatic plausibilit y on the accessibilit yo fa pronoun’s antecedents~, Human

Communicat ion Research Center, Universit ies ofEdinburgh and Glasgow, Scotland,

Research Paper HCRC/RC-58, 1995

Strand, Kjetil, ^An applicat ion ofinside-out funct ional uncertaint yto Norwegian

anaphors~, Kimmo Koskenniemi, ed., Proc. 10 th Nordic Conference on Computational

Linguistics , Department ofGeneralLinguist ics, Universit yo fHelsinki, Helsinki, Finland,

May30-31, 1995

Strube, Michael, Udo Hahn, ^ParseTalk about sentence- and text-level anaphora~, Proc.

7 th Conference of the European Chapter of the Association for Computational Linguistics

(EACL), Universit yCo llege Dublin, Ireland, March 27-31, 1995

Stuckardt, Roland, ^An interdependency-sensit ive approach to anaphor resolut ion~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , 400-413, Lancaster

Universit y, July 1996

Stuckardt, Roland, ^Anaphor resolut ion and the scope ofsyntactic constraints~, Proc.

16th International Conference on Computational Linguistics (COLING), 2 , 932-937,

Copenhagen, August 1996

Stuckardt, Roland, Algorithmische Interpretation anaphorischer Ausdruecke ,

Ar beitspapiere der GMD, No. 1045, GMD-ForschungszentrumI nfor mat ionstechnik

GmbH, D-53754 Sankt Augustin, Januar y1997

Stuckardt, Roland, ^Reso lving Anaphoric References on Deficient Syntactic

Descr ipt ions~, Proc. ACL ’97 /EACL ’97 Workshop on Operational Factors in Practical,

Robust Anaphora Resolution for Unrestricted Texts , 30-37, Madr id, Spain, July11, 1997

Stys, M., S. Zemke, ^I ncorporating discourse aspects in E nglish - Polish MT: towards

robust implementation~, Proc. International Conference on Recent Advances in Natural

Language Processing, Tzigov Chark, Bulgar ia, September 14-16, 1995

T

Tanaka, I.., ^Using annotated corpora to invest igate pronoun resolution~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Tannenhaus, M. K., G. N. Carlson, ^Processing deep and sur face anaphors~, S. Berman,

J-W. Choe, J. McDonough, eds., Proc. North East Linguistic Society (NELS) 15, Brown

Universit y, GLSA Publicat ions, 1985

ter Meulen, A., ^Aspectualadver bs and their anaphor ic presupposit ions~, L. Gabr iele, D.

Hardison, & R. West moreland , eds., Proc. FLSM VI: Papers from the Sixth Annual

Meeting of the Formal Linguistics Society of Mid-America , 2 , Indiana Universit y,

Bloomington, IN, IULC Publications, May1995

Tin, E., V. Akman, ^Anaphora in Turkish: A preliminar yimp lementation~, 6 th

International Conference on Turkish Linguistics , Eskisehir, Turkey, 1992

Tin, E., V. Akman, ^Situated processing ofpronominal anaphora~, H. Trost, ed., Proc.

KONVENS `94 Conference on Natural Language Research , 369-378, Vienna, September

28-30, 1994

Tsurusaki, T., ^Bach-Peters paradox and two modes ofpronominalanaphora~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

Turan, U.D., ^Zero object arguments and referent ialit yin Turkish~, 7 th International

Conference on Turkish Linguistics, Institute ofOr ientalStudies, Turkology, Johannes

Gutenberg Univ., Mainz, Ger many, 1994

Tutin, A., E. Viegas, ^T he reso lut ion and generat ion ofanaphoric definite expressio ns~,

Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution

Colloquium (DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y,

UK, July1996

T yler, Lorrain K., William Marslen- Wilson, ^Resolution ofdiscourse anaphora~, Text , 2 ,

1982

U

Uehara, S., ^Anaphor ic pronouns in English and their counterparts in Japanese~, Proc.

International Colloquium on Discourse Anaphora and Anaphora Resolution , Lancaster,

UK, July17-19, 1996

V

Verkuyl, H. J., C. F. M. Vermeulen, ^Shift ing perspect ives in discourse~, Linguistics and

Philosophy, 19 :5, 503-526, October 1996

Verschuur, Leon, ^Semant ic agreement ofanaphors and extended type theory~, Proc.

ESCOL ´93 (Eastern States Conference on Linguistics), CLC Publicat ions, Cornell

Universit y, Ithaca, NY, 1994

Von Heusinger, Klaus, ^Anaphor isches var iet é ~, Tagung Sinn und Bedeutung , U.

Stuttgart, T ü bingen, Ger many, Dec. 19-21, 1996

W

Wada, H., ^Discourse processing in MT: problems in pronominal translat ion~, Proc. 13 th

International Conference on Computational Linguistics (COLING ’90), Helsinki,

Finland, 1990

Walker, Mar ilyn A., ^Evaluat ing discourse processing algor ithms~, Proc. 27 th Annual

Meeting of the Association for Computational Linguistics , 251-261, 1989

Walker, Mar ilyn A., Masayo I ida, Sharon Cote, ^Center ing in Japanese discourse~, Proc.

13 th International Conference on Computational Linguistics (COLING ´90), 1-8,

Helsinki, Finland, 1990

Walker, Mar ilyn A., Masayo I ida, Sharon Cote, ^Japanese discourse and the process of

center ing~, Computational Linguistics , 20 :2, 1994

Walker, Mar ilyn A., ^Center ing, anaphora resolution, and discourse structure~, Marilyn

A. Walker, Ellen F. Prince, A. Joshi, eds., Centering in Discourse, Oxford Universit y

Press, 1997

Walker, Mar ilyn A., Ellen F. Prince, A. Joshi, eds., Centering in Discourse, Oxford

Universit y Press, 1997

Webber, Bonnie Lynn ˘ see also Nash- Webber, Bonnie L.

Webber, Bonnie Lynn, Raymo nd Reiter, ^Anaphora and logical for m: on for malmeaning

representations for natural language~, Proc. IJCAI ´77 , 121-131, 1977

Webber, Bonnie Lynn, A Formal Approach to Discourse Anaphora , Ph.D. Thesis,

Harvard Univer sit y, 1978

Webber, Bonnie Lynn, A Formal Approach to Discourse Anaphora , Garland Publishing,

London, 1979

Webber, Bonnie Lynn, ^Discourse deixis: Reference to discourse segment~, Proc. 26 th

Annual Meeting of the Association for Computational Linguistics, 113-122, June 1988

Webber, Bonnie Lynn, ^Tense as discourse anaphor~, Computational Linguistics , 14 :2,

61-73, 1988

Webber, Bonnie Lynn, ^Structure and ostension in the interpretation ofdiscourse deixis~,

Language and Cognitive Processes , 6 :2, 107-135, 1991

Wilks, Y.A., ^Preference semantics~, E. Keenan, ed., The Formal Semantics of Natural

Language , Cambr idge Universit yPress, 1975

Williams, Edwin, ^Blocking and anaphora~, Linguistic Inquiry , 28 :4, 577-628, Fall1997

Williams, S., ^Anaphor ic reference reso lut ion in a telephone-based spoken language

systemfor accessing email~, Approaches to Discourse Anaphora: Proc. Discourse

Anaphora and Anaphor Resolution Colloquium (DAARC `96), UCREL Technical Papers

Ser ies, 8 , Lancaster Universit y, UK, July1996

Williams, S., K. Preston, M. Harvey, ^Rule-based reference resolut ion reso lut ion for

unrestr icted text using part-of-speech tagging and anaphor/antecedent noun-phrase

parsing~, Approaches to Discourse Anaphora: Proc. Discourse Anaphora and Anaphor

Resolution Colloquium (DAARC `96), UCREL TechnicalPaper s Ser ies, 8 , Lancaster

Universit y, UK, July1996

Winograd, T., Understanding Natural Language , Academic Press, New York, 1972

Y

Yabushita, Katsuhiko, ^’Cart-Sentence’ anaphora: Is Kamp/Heim’s treatment ofpronouns

reallya unified one?~, Proc. ESCOL ´88 (Eastern States Conference on Linguist ics),

Ohio State Universit y, Co lumbus, Ohio, CLC Publicat ions, 1989

Yamada,I., T. Yamamura, Y. Sagawa, N. Ohnishi, N. Sugie, ^On analysis o fthe

character ist ic o funknown words and examinat ion ofthe available method for inferr ing

meanings~, Tr. IPSJ , 35 :12, 2725-2733, December 1994 (in Japanese)

Yamamura, T., N. Ohnishi, N. Sugie, ^A systemreso lving anaphora reference problems

in Japanese~, Tr. IEICE , J73-D-II :6, 887-896, June 1990 (in Japanese)

Yamamura, T., N. Ohnishi, N. Sugie, ^A classificat ion scheme o fanaphora in Japanese

demonstrative pronouns~, Tr. IEICE , J75-D-II :2, 371-378, Feb. 1992

Yamamura, T., N. Ohnishi, N. Sugie, ^A method ofanaphora resolut ion based on concept

ofobservation~, Tr. IEICE , J77-D-II :1, 162-169, Januar y1994 ( in Japanese)

Yamamura, T., N. Ohnishi, N. Sugie, ^A method for anaphora resolution based on the

concept ofobservation~, Systems and Computers in Japan , 26 :1, 40-49, Scripta Technica

Inc., 1995

Yang, D.W., ^On anaphor movement~, J. Carter, R.M. Dechaine, eds., Proc. North East

Linguistic Society (NELS) 19, CornellUniver sit y, Ithaca, NY, GLSA Publications, 1989

Yeh, Ching-Long, Generation of Anaphors in Chinese , Ph.D. Thesis, Edinburgh

Universit y, Edinburgh, Scotland, 1995

Yeh, Ching-Long, Chr is Mellish, ^An empir icalstudyon the generation ofanaphora in

Chinese~, Computational Linguistics , 23 :1, 169-190, March 1997

Z

Ziv, Yael, ^I nferred antecedents and epit hets: clues in anaphor resolut ion~, Approaches to

Discourse Anaphora: Proc. Discourse Anaphora and Anaphor Resolution Colloquium

(DAARC `96), UCREL TechnicalPapers Ser ies, 8 , Lancaster Universit y, UK, July1996

Zur i, L., K. F. McCoy, ^Focusing and pronoun resolut ion in particular kinds ofco mplex

sentences~, Workshop on Centering Theory in Naturally Occurring Discourses,

Universit y ofPennsylvania, May1993