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Abstract

We describe an ongoing effort to collect and annotate very large corpora of user-contributed content in multiple languages for the
DARPA BOLT program, which has among its goals the development of genre-independent machine translation and information
retrieval systems. Initial work includes collection of several hundred million words of online discudsiwm threads in English,
Chinese and Egyptian Arabic, with melldlyered linguistic annotation for a portion of the collected data. Future phases will target

still more challenging genres like Twitter and text messaging. We provide details of théiaolitategy and review some of the
particular technical and annotation challenges stemming from these genres, and conclude with a discussion of stratégjies for t

these issues.
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1. Introduction

The DARPA BOLT (Broad Operational Language
Translation) Program has among its goals the
development of genfmdependent machine translation
and information retrieval systems. While earlier DARPA
programs including GALE (Olive, 2011) made
significant strides in improving natural language
processing capabilities in structured genres like
newswire and broadcasts, performance degrades rapidly
whensystems areonfronted withdata that is less formal

messagingchat and micréblogs like Twitter. The data
goalsand performance targefesr BOLT pose intensive
demands, with several key factors that add appreciable
risk to theendeavarmost notably an aggressive schedul
for colledion and annotatiocombined with the need to
develop robust collection and annotation methods to
address the inherent variation and inconsistency reflected
in the informal genrethat aretargetedIn this paper we
describethe current collection effortreview severalof

the linguistic and content challenges that are pervasive in
this data, anddiscusssome of the solutions we have
adopted.

or whose topics are less constrained that what is typically

found in news reportsBOLT is particularly cacerned
with improving translation and information retrieval
performance on informal genres, with a special focus on
user-contributed content in the early phases of the
program In the first phase of BOLT, currently underway,
Linguistic Data Consortium is collecing and annotang
threadedpostsfrom online discussion forumgargeting
at least 500million words in each of threkanguages:
English, Chinese and Egyptian Arabis portion of the
collected datais manually Otriaged@or content and
linguistic features,with an optional annotation pass to

2. Collection

2.1 Data Scouting
In order to create a corpus with both a high volume of
data and a reasonable concentration of threads that meet
content and language requirements, we are pursuing a
two-stage collection strategy: manual data scouting seeds
the corpus with appropriate content, and a
semi-supervised harvesting process augments the corpus
with larger quantitie®f automaticallyharvested data.
Collection of discussion forums begins with native

normalize _orthographic an_d linguistic variation that may gpeaker annotators who are trained in the BOLT data
prove particularly challenging for downstream (human or scouting process. These trained data scouts search for

automatic) annotation processefhe triage process
results in aselection of approximatelyone million words
per language; this data tkentokenized andegmented
into sentencewith English translations produced where
required.The resulting prallel textis manually aligned
at the word levelandapproximately hlf of the source
data selected fortranslationis further annotated for
morphological and syntactic structupda Treebanking)
for predicate argumerdtructure(via PropBanking)and
for entity coreference

Later phasesof the programtarget similar data
volumes instill more challengig genres includingext

individual threads that meet BOLT requirements. Formal
guidelines define basicconcepts and provide detailed
instructions for evaluating the appropriateness of
candidate threads. For BOLT, appropriate threads
contain primarily original content (as opposed to copies
of a published news article, for instancg primarily
informal discussion in the targetanguageand a primary
focus on discussion of dynamic events or personal
anecdotes. The data scouting guidelines also specify
what types of threads or forums should be avoided



In addition toformal guidelines, dta scouhg is BOLT, it alsoresults in a certain amunt of unsuitable
facilitated through BScouta customized user interface material making its way into the corpuswhile all
developed by LDCfor BOLT. BScout is a Firefox harvested data is made available to BOLT performers,
browser plugin that records judgments for each scouted only a small subset is selected for manual translation and

thread, including the thread URL, a brief synopsis and an annotation to create BOLT training, development and
assertion that the thread contai no sensitive personal evaluation sets. It isnportant that the data selected for
identifying information or other problematic content. annotationmeets requirements for language and content;
Data scouts also record additional information about it is also highly desirable that the selected dmta
thread and forum properties including the level of high-value; i.e. thatit does not duplicate the salient
formality and (for Egyptian scouts) theseof Egyptian features of existing training data. For these reasons data
Arabic versus Modrn Standard Arabic. his scouting is followed by a manual triage processThreads
metainformation inforns the automatic harvesting are selected for triage based intpan the results oflata
process. scouting, with manually scouted threadsnd threads
from whitelisted forums having highest priority.
F S Additional threads may be seted for triage based on
oo I — ~ metainformation provided by data scouts as well as
— = = m 240 cuen other factors likenumber of posts, average post length
and the like.

The triage task hatwvo stages:post selectiorand
sentencesegmentatiomébeling. During post selectiona
native speaker annotatfirst confirmsthatthe candidate
thread generally meets content and language
requirements and that it does not contain offensive
material or sensitive personal identifying information
problematic threads are discarded from subsequent
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Barry44sucks (03-24-2012), Dante(= (03-25-2012), Old Rocks (03-23-2012)

—— stages. The annotator then selects individual posts from
T N i S the thread that are suitable for translation and
o downstreamannotation, following election guidelines

Figure 1: Data Scoutingwith BScout developed with input from BOLT research sites,

evaluators and sponsors. For instance, a post that consists
solely of the poster agreeing or disagreeing with a
previous posteror a post that contains primarily quoted
text, adds little novel content to translation training
models and is therefore leappropriate for translation
when compared ta postthat contais novel linguistic
contentabout an event or entity

LDCOscustomized BOLT data triage user interface
displays each thread in its entirety, with posts clearly
separated and quoted text displayed in blue font.

The resulting URLs and their corresponding
annotationsarelogged tothe BScout databassndadded
to a whitelistfor harvesting. When multiple threads ar
submitted from the same foruthat entire forum is
targetedfor harvesting Similarly, when multiple forums
are targeted from a single host site, that entire site is
added to the harvesting whitelist.

2.2 Intellectual Property and Privacy Issues ) ° )
The type of data targeted presents particular Cha”engeSAnnotators chcls on a post to select it; the list of seles:ted
in the domains of copyright and contract law, privacy ppsts and a'ssocmted post metadata appears on the right
and objectionable content. Although web content may Side of the interface.

originate from anywhere in the world, our conservative

default assumption is & all content is copyrighted, and ey
we take additional steps to ensure that collected data can
be redistributed for research, education and technology
development. To further protect the privacy of data
creators and to ensure that the corpus does not nontai
problematic content,data is manually screenedor
sensitive personal identifying information or other
sensitive contentprior to inclusion in theannotated
corpus. For instance discussion forums contain
numerous credited and uncredited copies of phbts
materfals such as newspaper articles. Data scouts are
instructed to exclude such content. The
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Figure 2: Selecting Posts for Annotation

second stage of data triage, sentence

. ) segmentatiotiabeling requires the annotator to idén
2.3 Triage and Segmentation _and labelindividual SentenceUnits within each selected
While our data scouting and automated harvesting post. A Sentence Unit(SU) is a natural grouping of
approachsupports the data volume requirements for \o4s written or spoken by a single person. SUs have



semantic cohesionN that is, they can have some inherent identify individual thread URLs containedvithin that

meaning when taken in isolation; and they have syntactic page. Similarly, given a thread page, an XPath
cohesionN that is, they have some grammatical structure. expression is written to identify thepecific HTML
The goal of SU annotation is to provide a stable basis for elementthat contains the body text of posRegular
later linguistic annotation activities including translation expressions are used tdea&n up target strings. For
and syntactic analysis. Annotators first identify SU example, when extractinidpe post date fronthe byline,
boundaries by marking the last word of each sentence in extraneousstrings such a€This post wasvritten orOare
the post; they then classify each SU as Keep or Exclude, cleaned up using regular expressions.

to indicate which sentences should be excluded from Once site configuration filesave beerdeveloped,
subsequent translation and annotation tasks. Excluded a harvester processes dolads individual threads, and
content may include sentences that consist entirely of a converter processesmansformshe downloaded HTML

quotes, sentences that are not in the target language, and files to an XML format.The XML format for BOLT was
segments that consist of formulaic greetings, hyperlink designed with input from research sites, and consists of
text, image labels, or other undesirable material series ofpost elementsncluding author, post date and
Sentence UnitmarkedExclude are droppeflom further post body, with additional markup to identify quoted
annotaion but are nbdeleted from the source corpus material (to the extent that such materiatamsistently
Where possible annotators correct automatic marked in the source HTML).

segmenter output rather than generating Sentence Uni
boundaries from scratch. While automatic sentence =+ lfstarts-with(@id, ‘post_)/div[starts-
segmentatioris fairly accurate for more formal genres TG oo Wi
like newswire, dicussion forums and other il Em o
usergenerated conteig much more challenginglse of auote bloccfoh1y
punctuation and white space is highly variabfer

° | quote |
| /td[@class="alt2 quote_block]

Arabic in particular even long posts may lack
punctuation entirely. This makes manual SU
segmentation, let alone automasegmentationguite
challenging.Formal SU annotation guidelines provide
specific rules forlocating sentence boundaries, and for
handling commoffieaturedike strings of emoticons

Figure 4: XPath Expressionsn Harvesting

Site configuration is oftequite challenging.Many
site configuration diftulties require a careful
examinatiorof the source HTML filén order to identify
the problem and achieve the correct configuratieor
example URL navigation(next forum, next threadpay
need to be computed from snippet of Javascript code.
lllegal characters, control characters and pooelydered
HTML can cause parse errors, requiring manual review
to diagnose and correct problems.

A particularly difficult (and increasinglycommon)
challenge isharvesting host sites that usgdAX. For
such sitesthe downloaded HTML contains no content;
i.e., there is no body text. Insteadet contentsare
downloaded dynamically to the web browser when the
Javascript codembeddedr linked on the HTML page
is executedThe use of AJAX among host sites appears
to be increasing over timeSo far in BOLT, hese sites
o have been dealt withoutside of the standard site
> configurationand harvestingramework, but work is in
| M progressto account for this emerging pattein the
generalizedramework.

2.4 Automatic Harvesting and Processing

In addition to the fronend userriterfaces designed to
support manual data scouting and triage, LDC has
developed abackendframework for BOLT to enable
efficient harvesting, processing and formatting lafge
volumes ofdiscussionforums and otherusergenerated
web data.Each forum hossite presents its own unique
challenges for automatic harvesting in terms of structure
and formatting, so the frameworissumes a unique
configuration for eachite.

Site
‘ configs

BScout

List of
web sites

Figure 3: Harvesting and Conversion Process 3. General Challenges
URLs submittedby data scoutsising BScoutare 3.1 Quoted Text

first grouped byhostsite. For each site, a configuration The prevalence of quoted material in discussion forums

file is written for both theharvester and converter, Poses challengeis both formatting and contenQuotes

consistingof a dozenor more XPath expressions and in discussion forum®ften consistentirely of content

regularexpressions. For example, giveh@me page for ~ copied directly froma third party data providee.g.an

a particular forum, arkPath epression iswritten to ~ entire newspaper artee It is alsovery common for
forum poststo quote content from prigposts within the



same threadSetting aside issues of copyrighktxternal
guotes araindesirable for BOLTannotationbecause the
language is primarily formal and ndnteractive, while
internal quotes are undesirable because the same conte

threaded messages, the pronoun OyouO will often be used
to refer to a previous poster, while that posterOs name
does not appear explicitly in the body text for any

nmessage. Moreover, in a long or complex thread it can be

is likely to have beeannotated previously, as part of the very difficult to tell which previous poster OyouO refers

original post.As such, the presence or absence of quoted
text is an important consideration during data triage.
While quoted textis not tself an annotation target
guotes camonethelesprovide important context during
annotation Accurate representatiorquoted textis also
important when establishing provenance during
information retrieval tasks.

Posters themselves exhibit consideraideiety in
choosing to quote entire posts from earlier in the thread
or only relevant portions. Additionally, posters may
engage incomplex quoting in which Poster A quotes a
post from Poster B, which in turn contains a quote from
Poster C and/or some ewxtal sourcgFigure 5)

In or ess. d. Furths rd

rther in order for the Senate to recess they must
in all but a liberal 3

Judges court.

And the left is now FIRMLY in the position of stating a President, ANY President may violate the Constitution any time he chooses with no
adverse reaction from the people.

Figure 5: Multiple Embedded Quotes in a Post

Because of the importance of quotes for various
parts of the BOLT data pipeline, it is highly desirable for
the processed XML version of harvested threads to
preserve markup for quatetext. Simply detecting the
presence of quoted text in the original source databe
quite difficult given the wide range of HTML
representations for quoted texand there will be a
certain number of cases in which the quote markup is
missed. However, the majority of welformed quote
markups are preserveth the official XML format
including the possibility of embedded
guoteswithin-quotes.

3.2 Threading, Post Selection and Annotation

to.

Co-reference annotation is madtill more difficult
by the BOLT practice of selecting individual posts rather
than full threads for annotation. While post sdbection
is necessary given resource constraints and other factors,
this does lead to cases where thereference chain is
broken for a given entity. For instance, in Example 1 the
second post would likely be labeled OExcludeO during
triage due to the prevalence of quoted text (in italics), but
ideally this post should be available for-i&derence
annotation since it is the bnpost in the thread where
the entityOs full name is stated.

Example 1

Post 1: OK guys, | have a new one for yoBilly
H. was to Presidents as Pluto is to Planets. Discuss.

Post 2:OK guys, have a new one for yo®illy H.
was to Presidents as Ralis to Planets. Discuss.
William Henry Harrisonis no longer considered a
President?

Post 3: B-to-thedoubleH was
meaningless President.

a small,

Post 4: | disagree. He ran the first modern
campaign for presidentle had tokens made and
ribbons printd up and even slogans we still
remember today. "Tippicanoe and Tyler Too"
refered tothe Generalvinning a battle against the
Indians at Tippicanoe ankis V.P John Tyler. The
log house and hard cider jug bis political tokens
was a slap at opponents wiiied to portrayhim as

a hard drinker.

While triage annotators are encouraged to consider such
issues during post selection, such problems may only be
apparent after the downstream annotation tasks have
begun. To overcome this challenge, annotators &

downstream tasks are given two versions of the BOLT

The threaded nature of discussion forums is of particulargata to work with: an official version of each file that

interest to BOLT, given the programOs emphasis on
informal and interactive discours@he content of a
forum thread covers multiple postersO perspectives on
topic, and individual postsre best understood in the
context of the previous posts within the threaAd.the
same time, while the unit of collection is full threads, the
unit of annotation is individual posts and sentences
within those posts. This reality presents some difficulties
for downstream annotation, particularly forference.
The coreference taskdentifies different mentions
of the same entity (person, organization, etc.) within a
post; this primarily consists of linking definite referring

contains just the selected posts, and a full thread version
containing all posts. Annotators can make use of the full
thread version for contg and in cases like Example
where unselected posts contain information that is
crucial for annotation, posts can be provisionally
annotated and flagged for later inclusion.

3.3 Non-Standard Language Usage

Discussion forum data isf interest toBOLT largdy
because of ithighly informal nature.Posters do not aim
to produce carefully editegrose withstandard spelling
and punctuation. Non-standard variants slang and

noun phrases and pronouns to their antecedents. Iinternet abbreviationare common, as are typographical



errors and misspellings.oBie irtentional misspellings  This reality poses an additional challenge for consistency
have become part ofstandard internet language throughout the BOLT annotation pipeline. In order to
(examples from English includé&itteh for kitty and avoid the likely scenario in which annotators at different
pwnedfor owned. These nosstandard uses of language phases of the pipeline mal#ferent decisions in dealing
present particular challenges for downstream annotationwith nonstandard representations of the language, an
in particular translatin. Translators must preserve additional level of semiautomated annotationto
something of thestylistic flavor d the source text while  normalize the Egyptian data has been designed. During
creatinga literal meaningaccuratetranslation suitable  this optional normalization stage, Romanized text is
for training MT systemsOther norstandard language converted to Arbic script and all text is normalized to a
features likespecial text formatting and emoticons have single, standardized representation that is propagated
potential complications forother tasks including down through the rest of the annotation pipeline.
information retrieval For examplea postermayfollow a

statement with a winking smiley emoticonitalicate a 4.2 Codeswitching

nonrserious stancénnotation guidelines for each BOLT  Along with use of multiple orthographic representations

task specify how such challenges handled. of dialectal Arabic, an additional atlenge is presented
. by the frequentuse of foreign language(shcluding
4. Language Specific Challenges English and other varieties of Arabic, especially Modern

Beyond the general challenges presented by discussiostandard ArabicCodeswitching may occur in isolation,
forums, a number of languaggpecific issuesrequire or more commonly, in combination with the orthographic

special attention. variation desdbed above.Figure 6 below shows a
portion of a typical Egyptian Twitter feed, in which
4.1 Egyptian Orthographic Variation English, Romanized Egyptian Arabic, Egyptian written

A general pattern of diglossia in Arabic leads to the in Arabic script, and Modern Standard Arabic are freely
use of MSA (Modern Standard Arabic) in formal settings utilized by a single author.
and writing, while dialectal Arabic varieties are primarily
used in informalor spoken interaction But while
colloquial varietiedike Egyptian Arabicareprevalentin
social media such atiscussion drums, Twitter and text
messaimng, there is a lack of commonly accepted
orthographic standards for dialectal varieties, and
inconsistencies in the way people spell the same words | English
or sounds are to be expectedn example of the
orthographic variation in Egptian Arabic isthe frequent
use ofalif magsua for yaa and ta marbutafor hag
which would both be considered typos or misspellings in Y coramae
MSA, as depicted in the boxed wordsHrample 2 wsa L

scorek fi1Q kam? Yaret Qolieh11Q daxD
vaz3, Enti nazla 2moro emta?

Romanized EA

‘WeT7sha awi lama neb2a fair m3 1nas, w manla2ish 7d fair
m3ana

Ramadhan da begad 3'areeb, Msh elifat Sakes

[ EAin Arabic Script

Example 2

Y1 g ot s ngﬁw,,yj&#u*uly‘_\um ,,,Jm S e
0S4 g B G e a1y S Ul i eritical medicineyaddd U, hal iy Ala Figure 6: Variation in a Single Egyptian Twitter Feed

We want to talk about what and whyE. | am one of English content embedded in st that is otherwise
those vho do not like to migrateE but | had to  \ritten in Arabic orthography is simple to detect and
leave Egyptb not rt])_yfchome, othgrlyvlsg | W,O,Uldl exclude from downstream annotation. However, many
continue 1o be a thief. | am specialized in critica Egyptian Arabic posts are written using a Romanized
medicine. Do you know how many of us are there _ - . ) . .
. script, making it cosiderably more difficult to
in Egypt? We are 50 at the most. . : ] .
distinguish real English borrowings from Arabic words
whose transliteration is Englidike. It can beevenmore
difficult to clearly distinguish mixingamong Egyptian
Arabic and other dialects dMSA given lack of diacritics

Additionally, Egyptian Arabic is fregently written using
a Romanized script, as in Example 3.

Example 3 in written text

ana galt 3an ezay w fen 2dar aktb s@aly w 4.3 ChineseWord Substitution _

2aBato |@ostaz mustafa w no one answer me Orthographic variationin Chinese is alsprevalent
untill now.rabena ysaitkm. in discussion forumsiue to the informal nature of the

data Common uses of nonstandard orthography include

| asked how and where | can write my question and number substitutions and homophones. Examghavs

send it to Mr. Mustaf. and no one answer me until the use of a number substitution, which is prompted by
now. May God forgivé you. the sound similarity between the pronunciation of the

numbers and the pronunciation of the words of the



intended meaning. In this case, the pronunciation of 520explicitly mentioned in subsequent posts. When another

sounds like the Chinese fbtove yai, normally written
asA(a- .

Example 4

520EF15 p9aéEtOE;GE#A EA
# EF 9A;0}£;0%

| love you. My love goes to all my family, my
brothers, friends, those missing me, those | miss
and my next girlfriend!

In other casesthe character fora commonly used
homophonousword is substituted forthe intended
meaning.In Example5, :M & Mliterally meansradish
slice but in this context it is understood as a
transliteration of Roberts.

Example5
>>a_ :MEMITH6, {Adx A-(, U

-OF <&/ #+>@"AF Zk18E-«_
_7TA€9LNEZz U

Obviously it is [Roberts | radish slicg who

grasped Liu XiagOs hand. Where does the push and

pull come from? And what is the nonsensdoxer
about? Hey Anchor, are you out of your mind?

Sometimessuch variations arénduced by intentional
substitutions of characters in order ttircumvent

censorship in the discussion forums. These often involve

substitutionvia homophonedor the controversial term
where the homophomebemselveshave an innocuous
meaning. InExample6 below, the characters fdi Yue
Yue Niaoand Wen the Best @&or award winnerare
substituted for the potentially censoralile Peng and
Wen Jiabagrespectively.

Example 6
~88TOY4$Y iM" EB1a2$9JAU0 U

[Li Peng | Li Yue Yue Niao] and [Wen Jiabao | Wen
the Best Actor award winner], whose family is
richer???

These orthographic issuescannot be fully addressed
by normalization, particularly because the current
approach limits that annotation task to only a portion of
the Egyptian Arabic datdnstead, annotation guidelines
for each downstream task (translation, word alignment
Treebanking) provide explicit guidance on how such
variants must be treated

4.4 Topicalization in Threaded Posts

The practice of topicalizatioim Chineseallows the noun
representinghe topic or subject of a sentence to remain
implicit once the topic hasbeen established.
Topicalizationproduces threads in which later posts may

contain no explicit reference to the people, places, or

events under discussioim Example 7 below, the subject
Wang Lijun is introduced in the first post; his name is not

name, Bo, is introduced several posts later, that name
also becomes implicit following posts. In the final post

in the thread,both individuals are understood to be
participants but neither is mentioned b&eifly. In this
example, DROPRNL represents an implicit mention of
Wang Lijun while DROPBO represents an implicit
mention of Bo.

Example 7

Post 1:@Gy 12é&"Aolal+Tee®0 O 71E
»00 E Y 2K~ K"OCuC098 & E21/ZQ O3WPE
DU f UGy =F2E4y<?E)a*X0 Aw?, "¢

+C AEce (4776) |AOAE1429) 86Ji} +8 a#3

pS

It is reported that Deputy Mayor Wang Lijun has
agreed to take vacatiorstyle treatment due to
unwellness from exhaustion and high pressure, after
approval fromDROPWL.

Post 3:EY/+ + A

DROPRWL imprisoned?

U

Post7: ;' é
Is he (Wang) in BoOs team?
Post 11:JAivd '"{;z%pLGVe 2%

DRORWL die-hard subordinate! DRORWL
accompanied DROBO from North East!

There are several annotation challenges associated
with topicalization For translation, the full thread
context must be carefully reviewed in order to
understand th implied topic/subje¢s). Word alignment
and cereference annotatioalso must account for the
empty subject on the source side and the explicitly stated
subject on the translation side

5. Conclusion

To support the BOLT ProgramOs goal of improved
machine translation and information retrieval
technologies for informal genreslinguistic Data
Consortiumis engaged incollection and annotatioof
discussion forums and other uggmeratedcontent in
three language§he BOLT corporadescribed herbave
been designed for variety, breadth and voluribe
collection target is unconstrained, reabrld data,
reflecting the full spectrum of quality and content of
such daa on the web. The scaile very large, ultimately
comprising over a billion words per languagélhese
demands have required new approaches and new
frameworks for both collection and annotation.

These resourceslescribed here willinitially be
distributed to BOLT performeras training, development
and evaluation data. We will wherever possibkriiute
the data more broadly, for exampledor members and
licensees, through the usual mechanisinsluding
publication in the.DC catalog.
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