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Abstract
The aim of this paper is to present a system for semantic text annotation called Inforex. Inforex is a web-based system designed for
managing and annotating text corpora on the semantic level including annotation of Named Entities (NE), anaphora, Word Sense
Disambiguation (WSD) and relations between named entities. The system also supports manual text clean-up and automatic text
pre-processing including text segmentation, morphosyntactic analysis and word selection for word sense annotation.
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1. Introduction

Large text corpora are central in statistical-based Natural
Language Processing (NLP) (Manning and Schiitze, 2001).
One can find many approaches based on supervised Ma-
chine Learning (ML) to solve NLP-related problems in the
literature. For training ML algorithms a manually anno-
tated corpus is needed. That is, a domain expert have to
mark certain parts of the text with appropriate labels. The
annotation process is usually hard, costly and time consum-
ing. The problem is even more pronounced when multi-
ple people are working simultaneously on the same corpus.
However, usage of supporting Language Technology (LT)
can improve the process of manual corpus annotation con-
siderably. In this paper we describe Inforex — an example
of LT that helps in this process.

Inforex is a web-based system for text corpora management
and semantic annotation. The construction of the system
started in early 2010, at the beginning of NEKST project.
At that time we needed to gather and prepare data for the
task of named entity recognition (Marcificzuk and Piasecki,
2011). In the second half of the year another project started
called SyNaT. One of the tasks of the project was to build
a manually annotated corpus with semantic information.
New requirements emerged and we decided to extend our
system with the new functionality. The system was also
used in another projected started in the beginning of 2011
(Marcinczuk et al., 2011) in construction of a Polish Corpus
of Suicide Notes (PCSN).

We decided to construct a system from scratch because we
couldn’t find system that: (a) is an open-source and freely
available, (b) is platform independent, (c) store all the data
(text and annotations) in a central repository integrated with
the application, (d) provide transparent deployment of new
versions of the system, (e) can be run on any computer
without the need of downloading and installing additional
software.

This paper is organised as follows: we start with descrip-
tion of existing systems for corpora annotation. Next, the
description of Inforex (Sec. 3.) and annotation workflow
(Sec. 4.) is given. Detailed description of task supported

by Inforex is given in Section 5. The paper is finished with
brief discussion of licensing status (Sec. 7.), system appli-
cations (Sec. 6.) and conclusions in Sec. 8.

2. Existing Annotation Environments

As a corpus annotation is not a new NLP task some sys-
tems have already been build. Before making a decision
to develop Inforex form scratch we had investigated sev-
eral existing systems. Most of the system have some severe
limitation in terms of our requirements. Nevertheless, the
analysis helped us in refining our design goals and architec-
ture of Inforex. The list of exterminated systems includes:

o GATE (Cunningham et al., 2011) is widely-known and
used system for corpus management and text anno-
tation that is being developed over 15 years. It is a
desktop application written in Java and can be run un-
der almost any operating systems. It provides many
of functionality we required, but we did not decide
to use it because we stumbled upon many problem
while developing a java-based desktop application for
wordnet construction called WordnetLoom (Piasecki
et al., 2011). Among the decisive factors were fre-
quent upgrades which are very inconvenient for the
users and issues with rapid bug-reproduction on devel-
opers’ computers leading to high cost of bug-fixing.

e Manufakturzysta 2.0 Luna (Marcifczuk, 2010) is a
desktop application written in C# that was used to an-
notate transcriptions of phone calls within the LUNA
project (Mykowiecka et al., 2010). The system was
designed to annotate the text on the semantic level in-
cluding named entities and binary relations between
the entities. The system works only with Windows op-
erating system and it does not support parallel access
to central data by different users — every instance of
the application works on local data.

e GATE Teamware (LLC, 2010) is a web-based version
of GATE also implemented in Java. Information about
the system was available since 2010, but the source
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code was published after the development of Inforex
was started.

e Annotatornia (Przepidrkowski and Murzynowski,
2009) is a web-based system developed to an-
notate text on four levels: word-level segmenta-
tion, sentence-level segmentation, morphosyntax and
WSD. Annotation of named entities, binary relations
and events was not included. Implementation started
in 2009 and the source code was published in July
2010.

3. Inforex Characteristic

Inforex can be accessed from any standard-compliant web
browser supporting JavaScript.! The user interface has a
form of dynamic HTML pages using the AJAX technol-
ogy. The server part of the system is written in PHP and the
data is stored in MySQL database. The system make use of
some external tools that are installed on the server or can be
accessed via web services.

The documents are stored in the database in the original
format — either plain text, XML or HTML. Tokenization
and sentence segmentation is optional and is stored in a
separate table. Tokens are stored as pairs of values rep-
resenting indexes of first and last character of the tokens
and sets of features representing the morpho-syntactic in-
formation. Annotations” created by user are stored in the
same way as tokens (pair of character indexes) but in addi-
tional table. Character indexes omit all the white spaces and
XML/HTML tags. In addition, HTML entities are counted
as one character.

4. Annotation Workflow

The corpus annotation workflow in Inforex starts with the
creation and configuration of a new corpus. This involves
definition of subcorpora, flags (described in the next para-
graph), selection of document perspectives, selection of ex-
isting or creation of new schemas of annotations and re-
lations and uploading documents. When the corpus con-
figuration is set up one can add new or existing users and
grant access and permissions to the document perspectives.
Users, that have appropriate permissions can perform cer-
tain actions. When user logs in to the system he or she sees
only the corpora that were assigned to her/him or are pub-
lic.

Flags (see Figure 1), that were mentioned in the previous
paragraph, are used to track work progress. The mechanism
allows to define a set of named flags that can be used to
describe work state of every document within given corpus.
Every flag can be set to one of several predefined states,
i.e., not ready, ready to process, being processed, ready to
check, need correction, checked.

'In practice we have only enough resources to properly test the
system in Firefox. Thus, some of the complex dynamic functions
might not work properly under other web browsers.

2 Annotation is understood as a label attached to a continuous
piece of text. Additional information can be attached to the anno-
tation as a pair of strings: {argument; value}.

5. Tasks

This section presents how the system supports different
kind of tasks related to the corpus construction.

5.1. Document Browsing

The XML tags in the document are used to encode the doc-
ument structure. While browsing they are not displayed to
the user directly but influence how the text blocks are dis-
played on the screen. The HTML tags (hl, em, p, li, etc.)
are displayed in a default way. For custom tags user can
define the formatting using CSS.

5.2. Document Content Edition

The common operation that is performed on every docu-
ment is its clean up. The documents can be edited in the
Edit Content perspective. Every modification of the con-
tent is tracked by the system and a difference with previous
version is generated and stored in the database. In addition,
user can add a comment in order to motivate the introduced
modification.

A complete revision of the document versions is presented
in the History of Changes perspective (see Figure 2). Ev-
ery modification is displayed as a diff with previous version
with date, time, user name and user comment. This mecha-
nism is used to track back potential errors introduced during
document clean up.

As the annotations are stored as a pairs of character indexes
representing the annotation boundary the modification of
annotated documents needs special treatment. If a docu-
ment contains annotations, special markers are inserted into
the document content to indicate the annotation boundaries.
When the document content is changed Inforex automat-
ically calculates the changes in annotations (and possible
deletions of annotations). The user sees the list of changes
that will be applied to the document and can either reject
or confirm them. The users can also backtrack to document
editing.

5.3. Document Segmentation

Document tokenization is stored independently from the
document content in the same way as annotations — pairs
of character indexes representing tokens range. The sen-
tence segmentation is indirectly based on characters. Sen-
tence boundaries are stored together with tokenization by
marking tokens ending sentences.

For Polish two tokenizers were integrated with the system.
The first one is accessible, directly through the Tokeniza-
tion perspective utilizing a TaKIPI-WS web service (Broda
et al., 2010b). The other tool, maca (Radziszewski and Sni-
atowski, 2011), is executed as a batch script that can reside
on external server. The script inserts the tokenization di-
rectly into the database through the API provided by In-
forex. Using such an approach we don’t tie Inforex to one
tokenization schema as any external tool can be utilised for
this purpose.

The current version of the perspective does not allow to
modify the segmentation by hand. However, after recurring
reports from linguists about errors in the automatic segmen-
tation that introduce problems during the annotation we de-
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Figure 1: List of documents — contains basic information about the documents (left part of the table) and flags indicating

the document work progress (right part of the table).

| Document View | HTML View | AnaphoraView | Edit Content | History of changes | Bootstrapping | Semantic Annotator | WSD Annotator | Anaphora Annotator | Tokenization S

Modified on 08.17, 2011 (15:54) by Jan Wieczorek

Changes

Linia 4

4| <chunk type="p">Flaga Odessy</chunk>
+|

Modified on 08.17, 2011 (15:54) by Jan Wieczorek

Changes
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<chunk type="
<chunk type=
<chunk type=

>Zobacz tez;</chunk>
"> herb Odessy</chunk>

E
3
9
H
+

">Flaga 1 herb zostaly przyjete uchwala Rady Miasta Odessy 29 czerwca 1999 roku.

<chunk type="p"=Flaga i herb zostaty przyjete uchwatg Rady Miasta Odessy 29 czerwca 1999 roku.</chunk=>

Flaga i herb miasta Odessy (en).</chunk>

Figure 2: History of Changes — perspective used to track changes in the document content.

cided to extend this perspective and allow users to modify
the sentence boundaries.

5.4. Named Entities Annotation

Annotation of named entities is an example of annotation-
based tasks, i.e., a tasks which goal is to assign a set of
predefined labels to the text. The annotation is performed
within the Semantic Annotator perspective (see Figure 3).
It was challenging to design and to develop a HTML-based
interface for text annotation. The following questions had
to be answered:

. How to display annotations in a formatted HTML doc-
ument in a compact way?

. How to organize annotation of tokenized and not tok-
enized texts?

. How to handle nested, overlapping and discontinuous
annotations?

How to simplify, support and automate creation of
common annotations?

We wanted to display the annotations in a compact way be-
cause we wanted to fit as much text on the screen as pos-
sible — some annotation tasks will require access to wide

document context. The best way was to display the an-
notations as HTML formatted tags (i.e., span elements).
However, this solution has some limitations, i.e., a problem
with displaying overlapping and discontinuous annotations
(nested annotations can be easily displayed with this ap-
proach).

To solve the problem with overlapping annotations we as-
sumed, that annotations within the same group of annota-
tions (layers) cannot overlap. Annotations from different
groups can overlap but cannot be displayed in the same
panel at the same time. In order to display annotations from
overlapping groups the screen is split, forming twin panels
(see Figure 4). The idea was to display the same docu-
ment in two parallel panels and allow user to choose which
group of annotations should be display in each panel. This
way overlapping groups of annotations are displayed side-
by-side. In addition, user can show/hide selected subgroups
of annotations.

To solve the problem with discontinuous annotations we
decided to use relations mechanism (described in Sec-
tion 5.7.). Every continuous part of annotation is repre-
sented by a single annotation. Then, all the annotations are
connected with a special type of relation in a continuous
chain. That is, first part with the second one, second one
with the third one, and so on.
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Figure 4: Twin-panel with named entities on the left and
agreement chunks on the right.

During annotation, if the word segmentation is provided
the system automatically expand text selection to capture
whole tokens. The process of annotation is supported in
three additional ways:

e quick mode — in the quick mode user selects one type
of annotation and then after every selection of text
this annotation type is automatically added (in normal
mode user have to choose annotation type after every
text selection),

e common annotations — allows to display selected
types of annotations instead of full list of annotations.
It is useful for groups with lots of rare annotation types
which would require lot of scrolling.

o sentence segmentation highlight — allows to display
every sentence starting from a new line and separated
by a horizontal line to clearly indicate the sentence
boundaries (see Figure 5). This mode is useful in
sentence-context annotation tasks. For example, syn-
tactic chunks cannot cross sentence boundaries and se-
mantic relations between proper names are contained
within one sentence.

5.5. Annotation Bootstrapping

Bootstrapping perspective (see Figure 6) allows to run ex-
ternal module to recognize named entities and to verify the

w Financial District

Budynki tworza adgrodzeny od ulic dziedziniec, na kiorym ! Falard : ustawit 6 odpoczywajacych kiow 2 brazu

Pomigdzy budynkami stoi takze wielkie krzeslo

W poludnie odbywaja sie koncerty jazzowe

Figure 5: Sentence segmentation highlight mode.

results of automatic recognition. The automatically recog-
nized annotations are presented to the user for the verifica-
tion. For every proposition the user can choose one of four
options: accept if the annotation is correct, discard if the
annotation is incorrect (the annotation border is incorrect),
change annotation type if the annotation border is correct
but the annotation type is wrong and the last option later
leaves the proposition unchanged for later verification. The
missing annotations (not recognized in bootstrapping) must
be added manually in the Semantic Annotator perspective.
The discarded annotations are stored in the database to pre-
vent the system from repeating wrong decisions. Storing
mistakes of the system also enables calculation of the per-
formance of the bootsrapping module.

5.6. Word Sense Annotation

The perspective for word sense annotation (WSD Annota-
tor) was based on system presented in (Broda et al., 2010c).
The perspective consists of three parts: (1) a list of words
to be annotated, (2) a document view with marked words
for annotation, (3) a list of senses for selected word. The
perspective allows user to browse the instances of selected
word in a predefined order or to jump directly to a first not
annotated word.
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Figure 6: Bootstrapping — perspective for manual verification of bootstrapped annotation.
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* papa F pamigtad stref czasowych ani momentéw przejécia na czas letni b F
« poprzednie nieoznaczone siowo wsd_czas nastepne nieoznaczone stowo wsd_czas »
« poprzednie slowo wsd_czas nastepne stowo wsd_czas »
Perspekiywa zostala utworzona na podstawie hitp:/inip pwiwioc plwebannz aulorstwa Bartosza Brody.
Tmmmsmdhﬁeﬁnw.wpmnnmqm Developed by Michat Marcinczuk, Jan Kocor, 2009-2011;
Grupa G419
Figure 7: WSD Annotator — perspective for word sense annotation.
5.7. Relation Annotation which the relations are assigned and constrains on anno-
tation types that can be connected with given relation. The
Annotation of relations is performed in the Semantic An- constraints can be set on the level of annotation layers, an-

notator perspective. Relations can be created between any ~ notation groups and single annotation types.
types of annotations according to a predefined schema. The
schema defines groups of relations, annotation layers to
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5.8. Anaphora Annotation

Anaphora is a kind of relation that connect two elements. In
general, anaphora could be annotated using general mech-
anism for relations. However, the number of operations re-
quired to create an anaphora relation is too large. In order
to simplify and speed up annotation of anaphora a dedi-
cated perspective was designed and implemented, namely
Anaphora Annotator (see Figure 8). The perspective con-
sists of three parts: (1) left part is a document view with tok-
enization, (2) middle part is a document view with selected
named entities and (3) right part with a list of anaphora
types. The process of creating a new relation requires three
operations: (1) selection of a source word or named entity,
(2) selection of a target named entity and (3) selection of
anaphora type.

5.9. Annotation of Events

Annotation of events can be done in the Semantic Annotator
perspective. Events are defined as set of pairs {attribute;
value}. attribute is a name of slot defined in the schema,
and value is an annotation of defined type or category. One
can add several types of events to one document. For every
created event user can add several slots, and for every slot
one annotation can be selected.

5.10. Data Export

The document content, tokenization, sentence segmenta-
tion, annotations (syntactic chunks, proper names, WSD)
and relations between annotations (syntactic relations be-
tween chunks, semantic relations between named entities
and anaphora) can be exported to a XML-like corpus for-
mat called CCL. The CCL format is based on XCES (Ide et
al., 2000) with a few simple extensions that enables simple
encoding of all the required annotation levels.

6. Applications

Inforex is being used to construct and annotate corpora
within three ongoing projects:

e NEKST? — two corpora of Polish stock exchange re-
ports (1215 documents) and economic news from Pol-
ish Wikinews (797 documents) annotated with named
entities (Marcinczuk and Piasecki, 2011);

e SyNaT* — a Wroctaw University of Technology Cor-
pus (KPWr; Korpus Politechniki Wroctawskiej) con-
taining samples of documents from various domains
(blogs, science, stenographic recordings, dialogue,
contemporary prose, etc.) annotated with named enti-
ties, semantic chunks, word senses, syntactic relations
between chunks, semantic relations between named
entities and anaphora relations (Broda et al., 2010a).
At the moment of writing the corpus consists of more
than 1300 documents;

3Project home page:
nekst/.
4Project home page: http://www.synat.pl.

http://www.ipipan.waw.pl/

e PCSN’ — a Polish Corpus of Suicide Notes annotated
with named entities, semantic and pragmatic informa-
tion (Marcinczuk et al., 2011). At the moment of writ-
ing the corpus consists of 626 genuine suicide notes
and 51 simulated suicide notes.

7. Access and License

Inforex is hosted at Wroctaw University of Tech-
nology and is available at the following address
http://nlp.pwr.wroc.pl/inforex. To test the
major features of the application one can login using demo
account (user and password are demo).

We plan to release the source code of Inforex on a free li-
cense as soon as the system will be tested enough and will
be relatively stable. The source code and further informa-
tion will be posted on the Inforex web page.

8. Conclusion

Inforex is a web-based system for semantic annotation of
text corpora. Major functions of the system are already
implemented and used in couple projects by several users.
However, the system is still under development and new
features are being added when required. The list of fea-
tures to be implemented contains for example a perspective
to fix the automatic sentence-level segmentation.
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« REF: AgP - NW (bez zaimkéw osobowych)

miescie Lahaur w Pakistanie , wykorzystywany giownie do

g 2 w3 3 ' 4
miescie 2] Lahaurl:l w D Pakistanie |, wykorzystywany giownie do

Koreferencia migdzy nazwa wlasna, a AgP, ktérego giowa jest

rozgrywania meczow pifkarskich . Elzggta§ otwarty do  rozgrywania meczow pitkarskich. Obiekt zostal otwarty do uzytku w rzeczownik

uzytku w 2003 i moze pomiescié 8000 widzéw . Od
niedawna m jest miejscem rozgrywek , w ktorych W pitce noznej.

bierze udziat Reprezentacja Pakistanu w pilce noznej .

miejscem rozgrywek, w ktdrych bierze udziat Reprezentacja | Pakistanu |

---------- .+« REF: podmiot zerowy - NW
Koreferancja migdzy nazwa wiasna, a podmiotem zerowym (podmiot
zerowy bedzie reprezentowany przez czasownik)

« REF: zaimki osobowe — NW
Koreferancia migdzy nazwa wiasna, a zaimkiem osobowym

* REF: NW - NW
Koreferencja migdzy nazwami wiasnymi

| List of anaphora |

{Stadion | REF:NW-NW 1Stadion HEA

Pakistanie; X
(Pakstanie;

REF: NW - NW
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