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Abstract

Purpose — The purpose of this paper is to describe the creation and exploitation of a historical corpus
in an attempt to contribute to the preservation and availability of cultural heritage documents.
Design/methodology/approach — At first, the digitization process and attempts to the availability
and awareness of the books and manuscripts in a historical library in Greece are presented. Then,
processing and exploitation, taking into account natural language processing techniques of the
digitized corpus, are discussed.

Findings — In the course of the project, methods that take into account the state of the documents and
the particularities of the Greek language were developed.

Practical implications — In its present state, the use of the corpus facilitates the work of theologians,
historians, philologists, paleographers, etc. and in the same time, prevents the original documents from
further damage.

Originality/value — The results of this undertaking can give useful insights as for the creation of
corpora of cultural heritage documents and as for the methods for the processing and exploitation of the
digitized documents which take into account the language in which the documents are written.
Keywords Information retrieval, Preservation, Digitization, Natural language processing,

Cultural heritage corpora, Greek language, Manuscripts

Paper type Case study

1. Introduction

Collections of manuscripts and early printed books of great philological and historical
interest are often kept in libraries of monasteries and other remote historical sites.
Access to such collections is quite a difficult task due to factors such as the deteriorated
state of the collection items, the conditions under which the collections are kept and the
limited accessibility to the location.

In recent years, the digitisation of such collections and their availability to the public
has greatly facilitated research activities in the humanities. Historical corpora
consisting of manuscripts and early printed books introduce various issues relating to
their form and their language. Methods for dealing with these issues have been proposed
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in the course of research projects such as IMPACT, which aimed at massively digitising  Cultural heritage

European historical texts and proposing methods for improving the access to their
content (Balk and Conteh, 2011). Significant work has also been conducted on the
digitisation and availability of Greek books and manuscripts.

For example, since 1985, the “Perseus” Digital Library[1] contains, among others,
primary and secondary sources for the study of ancient Greece; in the course of the
“Hellinomnimon”[2] project, the digital library of Greek philosophical and scientific
books and manuscripts published from 1600 to 1821 was created in 2002; since 2006,
the “Anemi” Digital Library[3] has provided access to a rich collection of digitised
material relating to Modern Greek Studies. More recently, an attempt to create a
digital library to accommodate archival and museum collections, located in the
“Neophytos Doukas” municipal library, is reported in Varveris and Giannakopoulos
(2009). The library in question is located in the village of Ano Pedina in the Zagori
region of Northern Greece and contains a small but valuable historical collection.
Therefore, it was used in this pilot project, aiming to achieve reorganisation while
promoting and increasing the usage and services of a “typical” small village library.

In this paper, we present the historical corpus resulting from the process of digitisation of
the texts in the library of the historical Holy Monastery of the Annunciation of the Virgin (in
Greek Iepd Mowvi Evaryyshwopou ™s Osgotokov - “Evayyelorpia”) on the island of
Skiathos, Greece. The collection consists of books printed during the 16th-19th centuries and
manuscripts of the 13th to the 19th centuries. The thematic and lingual diversity of the
collection items, as well as their bad state, give rise to a number of issues relating to the
constitution of the digitised corpus and for its exploitation.

The paper is organised as follows: in Section 2, we give a brief description of the
monastery and its library, and in Section 3, we describe the characteristics of the corpus
and discuss issues regarding the availability and awareness of the digitised texts.
Section 4 deals with the processing and exploitation of the corpus. In Section 5, we
describe a set of Natural Language Processing tools for older varieties of Greek which
contribute to the improvement of the search process. Finally, conclusions are drawn in
Section 6.

2. The library

2.1 The monastery

The Holy Monastery of the Annunciation of the Virgin was founded on the island of
Skiathos, Greece in 1794 by a group of monks, members of the “Kollyvades” spiritual
movement, who were forced to leave the Holy Mount of Athos in the face of disturbances
resulting from disputes that were taking place there. The “Kollyvades” movement had
as an objective a return to the traditions of the ancient Orthodox Church and greatly
influenced the spiritual life of the island. In addition, the monastery provided significant
moral and material assistance to the Greek revolution of 1821 as well as to the
pre-revolutionary movements. The cultural sites of the monastery include the
religious and national museum, the folk museum and the exhibition which hosts
Byzantine and post-Byzantine icons, wooden and silver crosses, liturgical vessels
and other ecclesiastical items.
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LR 2.2 The content of the library
63.6/7 Of particular interest is the library where rare manuscripts and early printed books are
’ kept. The library was formed by learned and bibliophile monks and other scholars who
donated their books and manuscripts to the monastery. As a result, the collection is
characterised by diversity as regards topics, dates, origin, etc. It comprises books
printed from the 16th to 19th centuries, manuscripts from the 13th to 19th centuries and
410 patriarchal documents. Obviously, most items in the collection are religious ones. For
example, there are works by John Chrysostom, Basil the Great, Athanasius Parios,
Nikodemos the Hagiorite and Patriarch Photius. Besides religious texts, there are also a
significant number of books on topics of general interest such as Geography,
Mathematics and Grammar, and annotated editions of works by Homer, Thucydides,
Aristotle, etc. The oldest printed book is a hand-bound edition of the Gospel with gold,
silver and precious stones, which was printed in Venice in 1539 (Plate 1).

Because of a long — but fortunately temporary — period of desolation of the
monastery, the conditions in the library have drastically worsened. Therefore, the age of
the items in the collection — especially the manuscripts — their deteriorated state and the
conditions under which the items were kept created an urgent need to take action
towards the preservation and awareness of the collection. The digitisation of the
collection would enable access to the content of the collection items without further
deterioration of their state before even proceeding to their preservation, which would
ensure their survival.
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Plate 1. . Source: Library of the Holy Monastery of the Annunciation of the Virgin, Skiathos, Greece.
The Gospel (Venice, 1536) Photo taken by author
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2.3 Digitisation

Recently, the task of digitizing the library was undertaken in the course of the effort
towards the maintenance and reconstruction of the monastery. The main reason for this
undertaking was the increasing interest of philologists, theologians, historians and
paleographers in the books and manuscripts of the collection and, at the same time, the
very bad state of the items. Therefore, our goal was twofold:

 to prevent any further damage of the items; and
 to enable access to the texts and facilitate the work of researchers.

At first, an initial classification of the texts was performed, according to the “Catalog of
Manuscripts and Books of the Holy Monastery of the Annunciation of the Virgin in
Skiathos” which was created in 1916 by Anthony, former Bishop of Elia, and published
after his death (Anthony, 1961, 1962a, 1962b). Although the catalogue was not created
by a librarian, it constitutes the only systematic inventory of the library contents.
Therefore, it was used to locate, classify and arrange the collection items on the library
shelves. An appropriate database was created which would contain all the elements of
the catalogue and indicate the location of the items on the shelves. Each record of the
database would contain the following fields: serial number, title, author/editor,
language, publisher, publication year, publication country, volume number, number of
pages, comments and library/shelf number.

Following this, the texts were digitised and linked to the database. The extremely
bad state and the fragility of the collection items have led us to avoid the use of a
conventional scanner, whereas the lack of funding has prevented us from acquiring
more sophisticated equipment. Therefore, the digitisation was performed using just a
digital camera and a tripod. An important outcome of the digitisation procedure was the
awareness of rare texts and of their extremely bad condition due to damage, stains,
bleed-through distortion, annotations by readers, etc.

In the catalogue, 480 printed books (of which 144 were characterised as similar to
other books in the collection) and 110 manuscripts are reported. Unfortunately, some 15
manuscripts and 50 printed books, which were reported in the catalogue, were lost. On
the other hand, some eight manuscripts that were located in the library were not
reported in the catalogue. Ultimately, 114 manuscripts and 289 printed books were
digitised, resulting in about 189,000 jpeg images corresponding to single pages. Under
the circumstances, it was not possible to adopt good practices in digitisation.
Nevertheless, we plan to adopt such strategies, as they are reported in Frey and Lopes
(2011) and Sotosek (2011), especially in generating metadata, in parallel with the process
of preservation of the original collection items which will start in the immediate future.

3. The corpus

3.1 Corpus characteristics

As was mentioned in Section 2, the digitised collection of books and manuscripts is
characterised by a thematic and linguistic diversity (Ancient, Medieval and Modern
Greek). Other characteristics of the corpus can be summarised as follows:

e Most texts are monolingual (Greek). There are also a significant number of
bilingual texts (Greek-Latin) (see also Plate 2). These bilingual texts have given
insights regarding the development of tools for the alignment of Greek—Latin
parallel texts (Sotiropoulos et al., 2007).
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Plate 2.
Bilingual edition of John
Chrysostom’s works

Source: Library of the Holy Monastery of the Annunciation
of the Virgin, Skiathos, Greece. Photo taken by author

(Venice, 1734)

e The largest sub-corpus consists of religious texts and contains works by John
Chrysostom, Basil the Great, Athanasius Parios, Nikodemos the Hagiorite and
Patriarch Photius.

» Smaller sub-corpora consist of texts on Geography, Mathematics, History, etc. Of
particular interest are annotated editions of works by Thucydides, Homer,
Aristotle, etc.

* The content of the manuscripts is also characterised by diversity, covering
subjects such as Dogmatics, Hermeneutics, Ascetic, Liturgics, Philosophy and
Church Music.

» The manuscripts in the collection were created from the 13th to the 19th century;
unfortunately, the dates of a large part of the manuscripts remains unknown.

» Thebooks were printed from the 16th to the 19th century in Venice, Verona, Rome,
Genova, Athens, Smyrna, Constantinople, Basel, Vienna, Leipzig, Berlin, Paris,
London, St Petersburg, Moscow, Bucharest, Iasi, etc.
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The corpus, in its initial state, has drawn the interest of experts in the humanities, who are
now able to study the texts from images which are as close as possible to the originals.

3.2 A furst step toward availability and awareness
With the digitisation of the collection items and their linking to the database, the first
challenge of this undertaking was met; access to the texts became possible without
using the originals, thus avoiding further deterioration of their state. However, the
availability remained an open issue because the system was less than user-friendly.
To facilitate the availability and awareness of the digitised texts, it was decided to
publish a representative subset of printed books on a set of DVDs. User-friendly
navigation software to access the digitised material was created, and 59 printed books
(corresponding to about 28,000 pages) were processed and published on three DVDs
along with the software (Plate 3). The subset of the digitised collection consisting of
these 59 books is a representative sample of the items in the library, taking into account
their philological, theological and/or historical interest, their rarity, their thematic
diversity, etc. Special importance was placed on the user-friendliness of the navigation
software because the target group would consist mainly of experts in the humanities
who were not particularly familiar with advanced computer use. With the use of the
navigation software, the user is able to access a book, inspect each page (Figure 1) and
print it for further study. The abovementioned undertaking of digitising the texts and
their publication on a set of DVDs was implemented by the Department of Informatics
of the Technological Educational Institute of Athens and the company Data and Control
Systems Ltd. with the support of the Municipality of Skiathos.

Source: Library of the Holy Monastery of the Annunciation of the Virgin, Skiathos, Greece.
Photo taken by author
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Figure 1.

Inspection of an annotated
edition of Homer’s Iliad
and Odyssey (Basel, 1541)

Source: Library of the Holy Monastery of the Annunciation of the Virgin, Skiathos, Greece

4. Processing and exploitation
To achieve a quick and efficient content exploitation of the digitised texts, the corpus is
subject to processing following a novel approach, which is described below:

4.1 Processing and exploitation

For the effective processing and exploitation of a digitised corpora, an optical character
recognition (OCR) step is usually a prerequisite (Bokser, 1992). However, in the case of
historical texts, the performance of OCR is strongly affected by factors such as poor
paper quality, paper positioning variations, low print contrast and typesetting
imperfections. More recently, attempts to improve OCR accuracy for critical editions of
classics have been proposed by Boschetti ef al. (2009). Alternatively, to avoid the use of
an OCR system, a method for direct search of keywords into page images (word
spotting) in historical texts was proposed by Manmatha and Croft (1997). As this
process, which is based on the comparison of entire words rather than individual
characters, can become very tedious for large document collections, alternatives and
improvements have been proposed such as in studies by Rath and Manmatha (2003),
Gatos et al. (2006) and Konidaris et al. (2007).

4.2 An alternative method for accessing the content of the texts
To process the items of the collection, it was decided to avoid the use of an OCR system
because the state of the items would render the results of the OCR procedure highly
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unreliable. To this end, an alternative method for accessing the content of historical Cultural heritage
machine-printed texts based on word spotting aided by Natural Language Processing texts
techniques is proposed in Kesidis ef al. (2011). An initial experimentation is also reported

in Kesidis ef al. (2009).

The method consists of the following five steps:
(1) 1image preprocessing (Plate 4);

(2) creation of synthetic image words from keywords typed by the user; 415
3) word segmentation using dynamic parameters;
4) feature extraction for each word image; and

5) a retrieval procedure supported by users’ feedback and Natural Language
Processing tools.

—_ o~

In this framework, synthetic word images are created from keywords and these images
are compared to all the words in the digitised texts. To optimise the accuracy of the
results of the query, a user-feedback technique is used. In addition, the aforementioned
methods are aided by a set of Natural Language Processing tools to improve accessing
and searching the texts. In short, the novelty of the approach lies in the fact that the
proposed word image retrieval system combines natural language processing
techniques with document image analysis and searching for the improvement in
retrieval efficiency. The proposed framework can be part of an information system for

the processing, management and accessing the content of the books and manuscripts in
the digitised collection.
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Source: Library of the Holy Monastery of the Annunciation of the Virgin, manuscript page after
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LR 4.3 Improving the efficiency of accessing and searching
63.6/7 An effective search in texts _is a N_atural Language Prqcessing problem which must t_ake
’ into account the language in which the texts are written. When it comes to historical
texts, the situation is more complicated because it is questionable whether tools
developed for modern languages are directly applicable to historical texts. In fact,
significant differences between the contemporary form of a language and older varieties
416 appearing in the text are observed. Solutions have been proposed for the processing of
German historical texts by Ernst-Gerlach and Fuhr (2006), presenting an algorithm for
generating search term variants in ancient orthography of German, and by Gotcharek
et al. (2009), proposing the combination of matching procedures and historical lexica for
enabling information retrieval on historical texts.
To improve the efficiency of accessing and searching the corpus, we have developed
a set of Natural Language Processing tools which take into account earlier stages of the
Greek language. This set of Natural Language Processing tools for older varieties of
Greek used for query expansion is described in the following section and comprises:

« amorphological generator which generates all inflected forms of a given keyword,
thus providing the user with the ability to use only the base form and to locate all
the corresponding inflected word forms in the texts; and

 asynonym dictionary which facilitates access to the semantic content of the texts.

5. Natural language processing tools for older varieties of Greek

Until recently, attempts at a computational processing of older varieties of the Greek
language have focused on Ancient Greek. Tools, such as morphological analysers, have been
proposed either as pedagogical tools (Packard, 1973), or for research purposes, such as the
rule-based Morpheus morphological analyser (Crane, 1991), which is extensively used in the
Perseus digital library (Crane, 1996). More recently, a data-driven morphological analyser for
Ancient Greek in a machine-learning framework was proposed (Lee, 2008). However, such
tools would not be sufficient for a processing of the language in a transitional period such as
the one covered by the texts in the collection.

The tools that are described in subsections 5.2 and 5.3 were developed to deal with a
sub-part of the corpus, containing books that were printed during the 17th and 18th
centuries. That particular period was chosen for this first implementation because the
language in which the texts are written reflects an early stage of Modern Greek and is
indicative of the evolution of the Greek language, as it incorporates elements from
Ancient, Medieval and Modern Greek. An initial version of these tools is described in
Kesidis et al. (2009).

5.1 The morphological generator

The implementation of the morphological generator is based on finite state technology
which has been extensively used for the morphological processing of a large number of
languages (Karttunen and Oflazer, 2000). In particular, morphological phenomena in
Modern Greek, such as inflection (Sgarbas and Kokkinakis, 1995) and derivation and
compounding (Ralli and Galiotou, 2004), have been extensively processed within the
finite state framework. However, the aforementioned approaches are not directly
applicable to the implementation of inflectional morphology of earlier stages of the
language mainly for two reasons:
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(1)  the set of inflectional affixes has diminished and/or have been subject to change - Cultural heritage

in the course of the evolution of the language; and

(2) certain grammatical cases appearing in historical texts, such as the dative case,
have disappeared in the current stage of Greek.

Therefore, a morphological generator for early Modern Greek embedding the Stuttgart
finite state transducer (SFST) tools (Schmid, 2005) was implemented. The SFST collection of
software tools for the generation, manipulation and processing of finite-state transducers
specified by means of the SFST programming language was developed by the Institute for
Natural Language Processing, University of Stuttgart[4]. The implementation is based on an
extensive linguistic analysis of the nominal inflection phenomenon in this transitional stage
of the language (Kesidis ef al, 2009). The tool provides the user with the following three
possibilities:
(1) insert/edit/delete a keyword,;

(2) assign its inflectional class through the selection of the appropriate class
representative; and

(3) perform a generation of all inflected word forms according to the rules of the
appropriate inflectional class (Figure 2).

Class representatives enable the use of the system without specific knowledge of the
implemented morphological rules. Knowledge of the language at the native speaker level is
sufficient. Therefore, the user is able to enrich the set of keywords simply by defining their
correspondence to the representatives of inflectional classes and automatically generate all
inflected word forms without the explicit use of the morphological rules.

5.2 The synonym dictionary

The access to the semantic content of texts is, in general, achieved with the use of
semantic networks such as WordNet (Voorhees, 1998). However, the usage of the
semantic network is often questioned with regard to improvement in the performance of
the query expansion procedure because it often entails an unnecessary amount of
ambiguity. Therefore, to further enrich the searching procedure and enable the access to the
semantic content of the texts, we have developed a synonym dictionary. The synonymy
embedded in the dictionary is based on a relevance feedback technique, as its functionality is
equivalent to that of a semantic network. We have followed the methodology proposed by
Turcato et al. (2000), in particular in ranking the synonymy relations in terms of their weight
in the religious— historical domain to associate them with a score that estimates how often a
relation is used in the specific domain. Relations that are irrelevant to the domain are not
inserted in the synonym database. In our approach, the synonyms of a word are ranked
according to their relevance to the original word on a scale from 1 to 10, the value of 1
denoting the highest relevance to the original word.

The tool provides the user with the following two possibilities:

(1) add, edit and delete a word in the dictionary, accompanied by up to five
synonyms. Each synonym is given a weighted value according to the relevance
of the synonym to the original word. The values range from 1 (the highest
relevance to the word) to 10; and

(2) look up a word and its synonyms (Figure 3).

texts
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LR The system provides the user with the ability to extract all inflected forms
63.6/7 and weighted synonyms of a given base form of a word. The ensemble of extracted
b

word forms is used for expanding the query during the word spotting process
(Figure 4).
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5.3 Experimentation _ _ . ~ Cultural heritage
An experiment with an initial version of the tools described above is reported in Kesidis texts

et al. (2011). It was performed on 110 digitised pages of historical/religious texts printed
during the 17th and 18th centuries. The query set consisted of 32 keywords and was
expanded with inflected word forms produced by the morphological generator and the
synonym dictionary. The results of the experiment have shown that the use of the
automatically generated word forms in the word spotting procedure has led to 419
significant improvement in the retrieval performance when compared to queries where
only the base form of a keyword is used.

6. Conclusions
In this paper, an attempt to build and process a Greek digital historical corpus was
described. The corpus is the outcome of a digitisation project, aiming at contributing to
the preservation and availability of manuscripts created from the 13th to the 19th
centuries and books printed from the 16th to the 19th centuries. The first phase of this
ongoing project comprises:

« the creation of the infrastructure for the inventory and digitisation of the collection

items;
o the digitization of the texts; and
« the publication of a representative number of digitised texts on a set of DVDs.

The exploitation and processing of the texts are performed without the use of an OCR
system. In particular, access to the content of the digitised texts is performed by
searching directly in the digitised texts with the help of Natural Language Processing
techniques, which leads to a significant improvement in the retrieval performance. In its
present state, the use of the corpus facilitates the work of theologians, historians,
philologists, paleographers, etc. and, at the same time, prevents the original collection
items from further damage. In addition, the Natural Language Processing tools
presented in this paper have given insight as to the characteristics of the Greek language
during this transitional period and constitute a first step towards the development of
computational tools for the study of the diachronic evolution of the language.
Future work involves:

* the enhancement and improvement of the aforementioned methods to process the
complete collection of digitised texts;

« the adoption of best practice strategies in digitising to generate metadata and to
maintain and preserve the digital corpus;

« the preservation of the original collection of books and manuscripts; and

o further development of Natural Language Processing tools to take into account the
diachronic evolution of the Greek language.

Notes

1. www.perseus.tufts.edu

2. dlab.phs.uoa.gr/ellinomnimon.htm

3. http://anemi.lib.uoc.gr

4. www.ims.uni-stuttgart.de/projekte/gramotron/SOFTWARE/SFST .html
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