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Annoranusi. Crarbsi MoOCBsillieHa MpoOieme paspelieHus aHaopbl B BBIYUCIHTENLHON
nuHTBHCTHKE. Paspernenne aHadopsl TpeOyeTcs B OOJBIIMHCTBE 33a1a4 B oOnactu oOpaboTKu
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paspeiienus aHaopbl CrpaBiseTcs co cBoeil 3amaueil. IIpoBeleHHBIN aHAU3 MO3BOJSIET
yTBEPXKIaTh, YTO HWHCTPYMEHTHI JUIsi 3TOW 3a/Ja4d JIOJDKHBI OBITh YJIYy4IICHBI, a TaKKe
HEOOXOJMMO TIPOBECTH OoJbllle MpPaKTHYECKOH paboTel B 3TOM obOmactu. Pesymbrarhl
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Currently, resolution of anaphoric reference is one of the most challenging tasks in Natural
Language Processing (NLP). Anaphora resolution is required in most tasks such as question-
answering, information extraction, text summarization, dialogue interpretation systems, etc. [2], [8].
Thereby, to a large extent, systems require a successful anaphora resolution module. There is a
wide variety of work in the area, based on various theoretical approaches — traditional,
alternative or knowledge-poor. Despite the ongoing work on developing of new models and
algorithmic techniques, most solutions are only approximate. Therefore, the purpose of this
paper is to investigate on a newspaper article how a tool for anaphora resolution copes with this
task and which types of anaphora it identifies better or worse.

In this article the Demo version of Coreference Resolver (presented at EMNLP 2008) is
used. The Demo version was chosen for the lack of technical capabilities to install the full
version. It includes an anaphoricity classifier trained using machine learning techniques and
other features. This is a key ingredient in the performance of the used coreference classifier.
After siting anaphoric references with this tool we analyzed the results by comparing them with
the anaphora analysis done by human and drew the conclusion.

The etymology of the term "anaphora" goes back to Ancient Greek with “anaphora”
(avadopa) being a compound word consisting of the separate words ava — back, upstream, back
in an upward direction and ¢opo — the act of carrying and denoted the act of carrying back
upstream.

Various definitions of anaphora have been put forward, but the classical definition is:
anaphora is a cohesion (presupposition) which points back to some previous item [10].

The "pointing back™ (reference) is called an anaphor and the entity to which it refers is its
antecedent. The process of determining the antecedent of an anaphor is called anaphora
resolution. Usually, both the antecedent and the anaphor are used as referring expressions and
having the same referent in the real world, they are termed coreferential [4].

Example:

The Queen is supposed to be in England now but she was seen in France.

In this example, the antecedent is "the Queen" and the anaphor is the pronoun "she". Pay
attention that the antecedent is not the noun "Queen" but the noun phrase "the Queen".

There may be cases when the anaphor and more than one of the preceding (or following)
entities (usually noun phrases) have the same referent and are therefore pairwise coreferential,
thus forming a coreferential chain. In such a case, we regard each of the preceding entities,
which are coreferential with the anaphor(s) as a legitimate antecedent. Therefore, in such cases
the task of anaphora resolution is considered successful, if any of the preceding entities in the
coreferential chain is identified as an antecedent.

There are various types of anaphora [5], [1], but we shall briefly outline those that are
thought to be the three most widespread types in the Computational Linguistics literature.

* Pronominal anaphora

The most widespread type of anaphora is the pronominal anaphora, which is realised by
anaphoric pronouns.

Example:

Computational Linguists from many different countries attended the tutorial. They took
extensive notes.
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It should be pointed out that not all pronouns in English are anaphoric. For instance, "it"
can often be non-anaphoric such as in the case of the previous sentence. Other examples of non-
anaphoric “it” include expressions such as "It is important", "It is necessary", "It has to be taken
into account"”. A non-anaphoric "it" is termed pleonastic [6].

* Definite noun phrase anaphora

Typical cases of definite noun phrase anaphora is when the antecedent is referred by a
definite noun phrase representing either same concept (repetition) or semantically close concepts
(e.g. synonyms, superordinates).

Example:

Computational Linguists from many different countries attended the tutorial. The
participants found it hard to cope with the speed of the presentation.

* One-anaphora

One-anaphora is the case when the anaphoric expression is realised by a "one" noun
phrase.

Example:

If you cannot attend a tutorial in the morning, you can go for an afternoon one.

A very special case is cataphora, arising when reference to an entity mentioned
subsequently in the text is made. Technically said, it is not anaphora, but the type of endophora
converse to it, nevertheless, it is often handled as a very special type of anaphora. Cataphora is
almost always intrasentential and is usually realized by a cataphoric pronoun, located in an
embedded relative clause.

Example:

By the time she got home, Elizabeth was completely wet.

Finally, we distinguish intrasentential anaphors (referring to an antecedent which is in the
same sentence as the anaphor) and intersentential anaphors (referring to an antecedent which is
in a different sentence from that of the anaphor) [6].

Most of the anaphora resolution systems deal with resolution of anaphors which have noun
phrases as their antecedents because identifying anaphors which have verb phrases, clauses,
sentences or even paragraphs/discourse segments as antecedents, is a more complicated task [3].
Typically, all noun phrases (NPs) preceding an anaphor are initially regarded as potential
candidates for antecedents. Usually, a search scope has to be identified: most approaches look
for NPs in the current and preceding sentence. However, an "ideal" anaphora resolution system
should extend its scope of search: antecedents which are 17 sentences away from the anaphor
have already been reported [4].

Coreference resolution is a popular and challenging Natural Language Processing (NLP)
task that involves clustering denotative noun phrases in a document where two noun phrases are
co-clustered if and only if they refer to the same entity [9]. L3M is a feature-based probabilistic
structured prediction model, where each item can link to a previous item with a certain
probability. L3M expresses the probability of an item joining a previously formed cluster as the
sum of the probablities of multiple links connecting that item to the items inside that cluster [7].

According to the goal of the research, we have chosen article “10 Beehives Stolen From
Farm” written by Jordan Otero Sisson from Hartford Courant newspaper, 3 April 2018 edition.
The choice of the article was random, in order to better study the accuracy of the Coreference
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Resolver analysis. Due to Online Demo Version of the anaphora resolution tool restrictions the

text analysis was done by parts.

In the table below two texts are presented: in the first one, the search for anaphoric
references was performed manually, and in the second one it was done by Coreference Resolver.

ANALYSIS OF COREFERENTIAL CONNECTIONS IN THE TEXT

Table 1

Human analysis

Coreference Resolver analysis

Police are investigating the theft of 10
beehives that were discovered missing from a
Farmington farm last week.
[The hives], [property of Stonewall Apiary
in the Hanover section of Sprague], were
stolen from [Sub Edge Farm] in Farmington
sometime between the end of January and
March 29, Stonewall Apiary owner [Stuart
Woronecki] wrote in a Facebook post Monday
morning.

[Sub Edge Farm] estimated the monetary loss
at $2,000 in a separate post on [its] business
Facebook page.
[Rodger Phillips], [owner of Sub Edge Farm],
deferred further comment to [Woronecki]

Police are investigating the theft of 10
beehives that were discovered missing from a
Farmington farm last week.

The hives, [[property of Stonewall
Apiary]] in the Hanover section of Sprague,
were stolen from Sub Edge Farm in
Farmington sometime between the end of
January and March 29, Stonewall Apiary
owner Stuart Woronecki wrote in a
[Facebook] post Monday morning.

Sub Edge Farm estimated the monetary
loss at 2,000 in a separate post on its business
Facebook page.

[Rodger Phillips], [[owner of Sub Edge
Farm]], deferred further ~comment to

when reached on Facebook Monday.
[Woronecki] did not return an emailed request
for comment.
[Lt. Kelly Walsh of the Avon Police
Department] said Monday that the theft was
reported on Thursday and that there were no
updates Monday afternoon. In the report,
[Phillips] said [he] had “last seen the [hives]

[Woronecki] when reached on [Facebook]
Monday. [Woronecki] did not return an
emailed request for comment.

[Lt. Kelly Walsh of the Avon Police
Department] said Monday that the theft was
reported on Thursday and that there were no
updates Monday afternoon. In the report,
[Phillips] said [he] had “last seen the hives on

on [his] property at the end of January and
didn’t notice [they] were missing until [March
29] at approximately [4 p.m.],” [Walsh] said.
[Walsh] said [she] wasn’t aware of similar
crimes in the area.
“This is not a normal theft,” [Walsh] said.

[his] property at the end of January and didn’t
notice they were missing until March 29 at
approximately 4 p.m.,” [Walsh] said.

[Walsh] said [she] wasn’t aware of
similar crimes in the area. “This is not a
normal theft,” [Walsh] said.
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IIpooonsicenue Table 1

Human analysis

Coreference Resolver analysis

[Both [Woronecki] and Sub Edge]
wrote in separate Facebook posts that [they]

believe the theft was the work of someone with
beekeeping experience. In [his] post to the
Facebook group, “BeekeepersOfCT,”
[Woronecki] said that the hives were “in a
state of disarray” and that rain, snow and mice
had gotten into some of the “deeps,” or boxes
that contain frames of comb. [He] wrote that
aside from needing a new foundation and
frames, everything is reusable.
The hives were closed off, but not in a locked
area, [Woronecki] said in a reply to a comment
on [his] post left by another user.
[Woronecki] wrote that Stonewall Apiary does
have insurance to protect against such losses,
and that [he] has equipment to replace what
was damaged. [He] speculated that the theft
occurred during the warm weather in February
and that at that time [the thieves] “could have
gotten in and out of there in 20 minutes or
less.”

“The thing that was most valuable in these
hives is the bees. That is clearly what [they]
were after,” [Woronecki] wrote on Facebook.

Both [Woronecki] and Sub Edge wrote
in separate [Facebook] posts that they believe
the theft was the work of someone with
beekeeping experience. In his post to the
[Facebook] group, “BeekeepersOfCT”,
[Woronecki] said that the hives were “in a
state of disarray” and that rain, snow and mice
had gotten into some of the “deeps”, or boxes
that contain frames of comb. [He] wrote that
aside from needing a new foundation and
frames, everything is reusable.

The hives were closed off, but not in a
locked area, [Woronecki] said in a reply to a
comment on [his] post left by another user.
[Woronecki] wrote that Stonewall Apiary does
have insurance to protect against such losses,
and that [he] has equipment to replace what
was damaged. [He] speculated that the theft
occurred during the warm weather in February
and that at that time the thieves “could have
gotten in and out of there in 20 minutes or
less™.

“The thing that was most valuable in
these hives is the bees. That is clearly what
they were after,” [Woronecki] wrote on

[Facebook].
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lMpodonxeHue Table 1

Human analysis

Coreference Resolver analysis

[State entomologist Dr. Kirby C.
Stafford 111] said most Connecticut beekeepers
are hobbyists and all are legally required to
register with the Connecticut Agriculture
Experiment Station. As of last year, there were
[1,689 beekeepers] registered with over 8,000
beehives in Connecticut. Stonewall Apiary was
last registered in 2011, [Stafford] said.
[Stafford] said that beehive thefts are very
uncommon in Connecticut. While [anecdotal
reports] have been made in the past to the
Connecticut Agriculture Experiment Station,
[Stafford] said [those instances] were
unconfirmed and only one or two were stolen
hives.

“It’s not common by any means that I’'m aware
of,” [Stafford] said. “It would take a lot of
work to move 10 hives.”
[Stafford] said [he] could only speculate about
motivations for such a crime, but suggested
that winter losses are a possible reason.
Statistics aren’t in for this season, but
[beekeepers] reported an approximate 61
percent loss on [their] hives last winter.
Typically, losses are closer to or under 30

percent, [he] said.
“[Stealing] would be a quick way to recover
hives if you’ve lost some, rather than

importing [a nucleus colony], [or startup
colony],” [Stafford] said.

State entomologist Dr. Kirby C.
Stafford Il said most [Connecticut]
beekeepers are hobbyists and all are legally
required to register with [[the Connecticut
Agriculture]Experiment Station]. As of last
year, there were [1,689 beekeepers] registered
with over 8,000 beehives in [Connecticut].
Stonewall Apiary was last registered in 2011,
[Stafford] said.

[Stafford] said that beehive thefts are
very uncommon in [Connecticut]. While
anecdotal reports have been made in the past to
[the [Connecticut Agriculture] Experiment
Station], [Stafford] said those instances were
unconfirmed and only [one or two] were stolen
hives.

“It’s not common by any means that
I’'m aware of,” [Stafford] said. “It would take a
lot of work to move 10 hives.”

[Stafford] said [he] could only
speculate about motivations for such a crime,
but suggested that winter [losses] are a possible
reason. Statistics aren’t in for this season, but
[beekeepers] reported an approximate 61
percent loss on their hives last winter.
Typically, [losses] are closer to or under 30
percent, he said.

“[Stealing] would be a quick way to
recover hives if you’ve lost some, rather than
importing [a nucleus colony], [or startup

colony],” [Stafford] said.

Kazanckuit muarBuctudeckuit xypaai, 2018, Tom 1, Ne 1 (1)




63

IIpooonsicenue Table 1

Human analysis

Coreference Resolver analysis

While [Sub Edge Farm] estimated the
stolen hives’ value at $2,000, [Steve
Dinsmore], [president of the Connecticut
Beekeepers Association], said the loss is likely
closer to $5,000. [Dinsmore] said the cost of
raising bees could be what motivated [the
theft].

[Dinsmore] said [beekeepers] can use
wildlife cameras to monitor hives, or a brand to
mark [their] [boxes and frames] so [they] are
easily identifiable if [they] turn up elsewhere.
Still, [Dinsmore] said [he] is unaware of any
recent beehive thefts in Connecticut.

“[It] definitely raises some alarms,”
[Dinsmore] said. “It means the good feelings
[we] have toward [our] fellow beekeepers are
somewhat under question at this point.”

“Hopefully this isn’t a trend. Hopefully
whoever does [it] gets caught,” [Dinsmore]
added.

In a comment on its Facebook post,
[Sub Edge Farm] said that replacement bees
will be ordered this spring “so we are not
giving up.”

[The farm] also wrote that [it] would
not ask for financial support but encouraged
[the community] to spread the word of the theft
and continue to support [its] farmstand.

A GoFundMe online fundraiser has
been set up for the cause with a fundraising
goal of $2,000.

While [Sub Edge Farm] estimated the
stolen hives value at $2,000, [Steve
Dinsmore], [president of [the Connecticut
Beekeepers Association]], said the loss is
likely closer to $5,000. [Dinsmore] said the
cost of raising [bees] could be what motivated
the theft.

[Dinsmore] said [beekeepers] can use
wildlife cameras to monitor hives, or a brand to
mark [their] boxes and frames so [they] are
easily identifiable if [they] turn up elsewhere.
Still, [Dinsmore] said he is unaware of any
recent beehive thefts in Connecticut.

“It definitely raises some alarms,”
[Dinsmore] said. “It means the good feelings
[we] have toward [our] fellow beekeepers are
somewhat under question at this point.”

“Hopefully this isn’t a trend. Hopefully
whoever does it gets caught,” [Dinsmore]
added.

In a comment on its Facebook post,
[Sub Edge Farm] said that replacement [bees]
will be ordered this spring “so we are not
giving up”. The farm also wrote that it would
not ask for financial support but encouraged
[the community] to spread the word of the theft
and continue to support [its] farmstand.

A GoFundMe online fundraiser has
been set up for the cause with a fundraising
goal of $2,000.

[Facebook user Darlene Redman] said
in a Monday update on the site that money
raised is “intended to replace the bees,
equipment and possibly install some type of
motion light or camera.”

[Redman] did not respond to a
Facebook message requesting comment
Monday.

[Facebook] user Darlene Redman]
said in a Monday update on the site that money
raised is “intended to replace the bees,
equipment and possibly install some type of
motion light or camera.”

[Redman] did not respond to a
[Facebook] message requesting comment

Monday.
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The Coreference Resolver best defines the anaphoras associated with proper nouns, but
does not always link appositions. Also this tool copes well with pronominal anaphoras with the
pronouns "he" and "she", but almost never sees anaphoric references with the pronouns "they"
and "it". The main problem is determination of intersententional anaphoras that are not proper
nouns. In some sentences, Resolver linked two pronouns together, but did not find the right
antecedent for them.

The results of comparison of these texts are in the table below (table 2). The analyzed text
was estimated by different types of anaphora: pronominal, definite noun phrase, cathaphora,
intrasententional and intersententional anaphora. No one-anaphora was found in the text, so it
was not included in the table. Therefore, it can be easily seen that Coreference Resolver tool
linked only 58% of all anaphoric references in this article.

RESULTS OF COMPARISON

Table 2
Type of anaphora Total count of anaphoric Count of anaphoric references
references by Coreference Resolver

Pronominal 22 9
Definite noun phrase 27 21
Cathaphora 1 0
Intrasentential 24 11
Intersentential 27 19

Therefore, it can be easily seen that Coreference Resolver tool linked only 58% of all
anaphoric references in this article.It can be explained by difficulty of understanding the right
antecedent for the anaphor. It should be noted that Coreference Resolver showed good results
(77% of cases were determined correctly) in definite noun phrase anaphoric references because
of the specifics of the text: it has a lot of proper nouns that are easily linked together. Only 40%
of pronominal anaphoras were determined correctly, 46% of intrasententional anaphoras and 70% of
intersententional anaphoras. There is one cathaphora in the article that has not been determined,
but it may be the case that was not provided for determination in the program.

The research showed that Coreference Resolver tool does not show excellent results in
anaphora resolution and needs to be improved. Since choosing an appropriate tool to perform
this task had to rely on availability to use only on laptop, we can assume that the full version of
the program identifies anaphoric references better, but it was not possible to verify this. In this
article, only one tool was used for anaphora resolution, again because of the technical
impossibility of using others. This shows that further development of the practical part in
anaphora resolution is necessary.
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AHHOTAUMsA. DPrOHUMBI — BaXXHBIA TUTACT TOPOJCKON TOMOHWMHHM, €IWHMIIBI S3bIKA,
Hambosiee XUBO M SIPKO OTOOpaxkarollue W3MEHeHHs B Jekcuke. CrTaThs Ipemiaraer o030p
paboT, MOCBAMEHHBIX MPoOIeMe U3YUEHHOCTH 3PTOHUMOB, MX KJIacCU(UKAIIHNMA, a TAK)Ke aHaTN3
SI3BIKOB-TOMUHAHTOB (POPMHUPYIOIINX SPTOHUMHUKOH T. bapcetoHsl.

KioueBble ¢j10Ba: JTUHTBUCTHYECKUN JaHAMAPT, TOMOHUM, SPTOHUM, TIO0aNIH3aIus,
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Abstract. Ergonyms are important layer of the city toponymy, units of language that
vividly and clearly show changes in lexis. This article provides an overview of studies dedicated
to the state of affairs in the research of ergonyms, their classifications, and functions and analysis
of language diversity that forms the ergonimy of Barcelona.
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