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Abstract

Through ACT (Annotated Corpora of Text) software package for lexical and corpus processing of European written cultural sources
(currently used for processing of mediaeval Slavonic manuscripts) this work presents another step forward towards a contextual and
intelligent heritage Information Technology framework. ACT is suitable for capturing characteristics of old written sources including
rich language variability on word and sentential level. It is not the word-form, but its "understandings" that become central processing
units, which can be assigned morphology distinctions, head-words (including recensional), translation equivalents, multi-word units,
and correlation to other sources. The whole annotation process is automated, and individual sorting orders and morphology tags
structures can be defined. ACT incorporates modules for: complex searches on one or more sources, creation of various ready-to-use
documents, web text and image access, incorporation of lexical card-filesinto a corpus, and text-from-card-files reconstruction.

1. Introduction

Intelligent heritage IT framework places the written
cultural sources in an electronic contextual (e-context)
field with two major connecting elements:

(@) source image aong with language based
contextual structure of the word mass present in
the sources;

(b) connections (inner and outer links) among various
types of written cultural sources within a wider
cultural environment.

Such framework incorporates technologies and tools
necessary for large-scale activities aimed towards multi-
aspectual presentation of written cultural heritage in a
highly distributed manner.

Applied on mediaeval Slavonic written cultural
heritage in accordance with the above stated intelligent
heritage framework, thiswork is aimed as an outline of:

(1) themain functions of Annotation Corporaof Text *
(ACT), alanguage independent’ software tool for
lexical and corpus processing of written cultural
sources,

(2) thelanguage specificsimplementedin ACT;

(3) thefirst release of lemmatized and POS-annotated
Old-g:hurch Slavonic (OCS) language resource
(LR)".

This work is another step, hopefully forward, in series
of continuous efforts in computerized language processing
of Old-Church Slavonic (OCS) manuscripts, the most
recent papers of which are (G. Camuglia, M. Camuglia, K.

1 ACT is accessible via http://ckl.ms.mff.cuni.cz/~ribarov
(further ACT web page). ACT has been developed as a student
project (at the Faculty of Mathematics and Physics, Charles
University in Prague, Czech Republic) lead by Kiril Ribarov.
The programmer team consisted of: Jiri Bubnik, Jiri Celak,
V ojtech Janota, Alexandr Kara, Vaclav Novak; theweb interface
was developed by TomasV ondra.

2 Within the current software version the language independence
isrestricted tolinearizable, left to right languages.

5 For web access to the OCS materia
http://ckl.ms.mff.cuni.cz/~ribarov

visit

Ribarov 2003), (M. Camuglia, K. Ribarov 2003), and (K.
Ribarov, M. Camuglia 2003).

2. On language specifics

Apart from contemporary languages the old sources
are characterized with problems relevant, among others, to
the development of the language (synchronic, diachronic
and diatopic characteristics), low presence of language
spelling norms, and influences from frequently used
translations from other languages. Thus, the language
problems to resolve exhibit particularities which make the
usage of current lexicographic stations or corpus managers
impossible. The most important of the distinctions
(particularities) are:

- scriptum continuum,

- variantsat various levels of the language,

- abbreviations,

- damaged and unknown parts,

- correlation to other sources,

- multi-lemmatization (due to existence of various
recension centers and high level of variability,
and/or due to lack of materia, usualy,
lemmatization means assignment of more than a
singlelemma),

- existence of translation equivalents important for,
e.g. contents reconstruction and variability
resolutions.

Along with the OCS resources the ACT system is
presented as a framework capable of manipulation and
capturing of the high-level language variability on word
and/or sentential level.

2.1. Someexamples

A simple example* on surface variability due to
scriptum continuum would be
nlkeroxe|Rnanum [[naoaa |lce [caTropn |[Ra |k
(and the fruit you see created in me),

4 The example is taken from the Povest o Varlaam i Joasaf, an
unpublished manuscript stored at the Rila Monastery (Bulgaria)
under the signature 3/14.
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where the string caTropH |[gz[junt could also be divided as
caTrRopHER|[MnE  (Where caTroprka iS the past participle -
active mood of create), so that both are grammatically
correct, but the correct reading can be found only in a
wider context. Such wider context is not always available.

Abbreviations of various types, damaged or unknown
parts are very frequent and as such they introduce higher
level of variability in interpretation and understanding. In
order to process them, they need to be rendered, e.g.
(cW2 ® c[m]nz son), (raite ® rafaron]ure say),

(r8 ® rfocnoa]s God), (yps ® y[s]c[a]ps King), (pé¢ ®
pe[v]e say), (npuaox ® npuaox[a] come).

Although for processing of the contemporary
languages it is taken as granted that the main unit to
process is either a word-form or a sentence (e.g. for
parsing) such a priori certainty is not possible for, e.g.
OCS: scriptum continuum eliminates punctuation signs®
and surface sentence is impossible to capture; some
uncertainties in word-form boundaries were stated above.

We suppose that other old language documents, as
well as the OCS ones exhibit not only orthographic
variability, but also morphological or syntactic one. We
stress the need to design systems capable of recording
variabilities on various levels - due to the closeness of the
corpuses of dead languages any disambiguation process
lacks the support of a wider language context or living
language evidence in order to approve disambiguation
choices.

3. ACT solutions

It this part, only the most characteristic solutions will
be pointed out. Those are in close relation to variability
resolutions. We will present that the main processing unit
is not the surface word-form, but its understandings; we
will also present that the main "syntactic processing unit"
is not a sentence but a set of any type of multi-word units
which aim towards an understanding of a sentence.

3.1. Set of rendered word-forms

In order to resolve the word-level variability, a word-
form is understood as a pair (original form, set of rendered
forms). The sting of characters identified as a part of an
image or as a part of a text (e.g. scriptum continumm)
delimited by the user or word-segmentation algorithm,
represents the original-form (e.g. caTropuez). The
understanding, or the set of possible understandings of the
original form is a set of rendered forms (variant 1: caTropn
Ez, variant 2: catropurz). A single original form may have
various rendered formsin two levels:

- horizontal: the original form isidentified as series

of neighboring rendered forms (as in variant 1,
two rendered word-forms exist: caTropn Ez)

- vertical: the original form exhibits variants of the

rendered forms, which are listed as alternatives
such that each of them can become a part of a(n)
(alternative) context.

A rendered form (further word-form, word) becomes a

main processing unit, which isfurther:

5 Punctuation marks are more frequent in newer documents and
may characterize tendencies of creation of, originally missing,
spelling norms.

- assigned a morphology distinction (or a set of
morphology distinctions in case of an unresolved
variant)

- assigned a head-word (disambiguated lemma
accompanied by basic dictionary information
and/or inter head-word's links) or a set of possible
head-words in case of a variant; a head-word is
further placed within a specific recension and
linked within a network of equivalent recension
head-words,

- assigned a trandlation equivalent (or a set of
possible equivalents), if any,

- correlated to other sources, if any,

- assigned a complex (or a set of complexes®, see
later).

Within user-friendly environment, assignment of
morphology, of head-words and of translations links is
automated in order to speed up the manua parts of
annotation and lexical work as much as possible. The
process of rendering, that is assignment of rendered form
to an original form, is also automated through creation of
ordered lists of re-writable rules based on regular
expressions.

3.2. Complexes

Any kind of multi-word unit is called a complex. The
term complex is used because of the freedom to assign
any kind of liberally distant link between any two (or
among a set of) words. ACT supports user definable
complexes, therefore complexes of various types. Each
rendered form can become a member of a complex.

The possibility to determine various complex types
allows the user to study the texts on various levels, and to
resolve phrasal, idiomatic, and/or sentential variabilities.
Starting from the simple ones, one may define complexes
of, e.g. thefollowing types:

- analytic verb form,

- reflexiveparticle,

- noun phrase,

- prepositional phrase,

- awhole sentence, if identifiable,

- discourserelation,

- idiom,

- citation,

- date, etc.

This possibility permits to treat the text as string of
words with various stand-off structures above it, not
restricted to spelling or other norms.

3.3. Complexes for trandations and processing
of other languages

The set of documents processed in ACT are
organized in catalogues, a folder of documents with given
language specifics. Various instances of a catalogue can
be created, each of them, if needed, with different
language specifics as character set coding, sorting order,
and morphological tag structure.

Assuming that manuscripts were frequently rewritten
in the past or translated from other languages (OCS are
often translations from Ancient Greek or Latin) marking
translation equivalents is needed for correct understanding
of the, e.g. damaged part of the original document.

5 Any type of multi-word unit.
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ACT allows establishment of translation links between
documents of two different catalogues. These links are
established between complexes, assuming that:

- acomplexof translation typeisdefined,

- each word-form is acomplex,

- for many-to-many translation relation the
corresponding group of word-forms are marked as
complexes of therequiredt r ansl at i on type.

During translation equivalents assignment, ACT
builds a translation memory, which is further used for
automatic suggestion of translation pairs.

3.4. TheDTD

During the last two years, significant developments of
the original STINO, now ACT system were made in the
stream of the already performed or announced changes, as
in (Ribarov 2002). The whole origina system has been
reprogrammed and new data formats have been
introduced’. Besides others, newly, XML format has been
introduced® with the below-presented DTD. This DTD is
included at this point also as an implicit and more specific
description of the ACT annotation span.

<?xm version="1.0" encodi ng="UTF-8"?>
<! ELEMENT bi ndkeywor d (keyword) >
<! ELEMENT conpl ex (#PCDATA) >
<l ATTLI ST conpl ex
conpl ex_group_refid | DREF #REQUI RED
posi ti on CDATA #REQU RED
>
<! ELEMENT conpl ex_group (#PCDATA) >
<! ATTLI ST conpl ex_gr oup
conpl ex_type_refid CDATA #REQU RED
refid | DREF #REQU RED
not e CDATA #| MPLI ED
>
<! ELEMENT conpl ex_groups (conpl ex_group+) >
<! ELEMENT docunent (pages, ori gi nal f or mt,
conpl ex_gr oups) >
<! ATTLI ST docunent
created CDATA #| MPLI ED
not es (DATA #| MPLI ED
pl ace CDATA #l MPLI ED
scanedmanuscri pt di r CDATA #| MPLI ED
docunent Abbr evi ati on CDATA #REQUI RED
dat e CDATA #REQUI RED
i dsorting CDATA #REQU RED
i dredacti on CDATA #REQUI RED
dat eof cr eat i onupper CDATA #REQUI RED
i dtransl ati on CDATA #| MPLI ED
manuscri pt font CDATA #l MPLI ED
dat eof creati onl onwer CDATA #REQUI RED
name CDATA #REQUI RED
export Type CDATA #REQUI RED
typi zati on CDATA #l MPLI ED
>
<! ELEMENT keyword (#PCDATA) >
<! ATTLI ST keyword
part O Speech CDATA #| MPLI ED

7 All of these changes are in compliance with the basic
framework principles published in my earlier works.

8 For technical specification, system design or other questions
visitthe ACT web pages.

i d_ident | DREF #l MPLI ED
| emma. CDATA #| MPLI ED
par adi gm CDATA #| MPLI ED
hormonym CDATA #| MPLI ED
refid | DREF #l MPLI ED
i dredacti on CDATA #REQUI RED
>
<! ELEMENT nor phol ogy (text)>
<! ATTLI ST nor phol ogy
keyword_refid | DREF #| MPLI ED
>
<! ELEMENT ori gi nal form (text,
<! ATTLI ST original form
form.image_url CDATA #l MPLI ED
row | DREF #| MPLI ED
posi tioni nrow | DREF #| MPLI ED
page | DREF #l MPLI ED
external _id CDATA #l MPLI ED

render edf orm >

>
<! ELEMENT page (#PCDATA) >
<I ATTLI ST page
user _page_part CDATA #l MPLI ED
page | DREF #l MPLI ED
page_i mage CDATA #l| MPLI ED
user _page | DREF #| MPLI ED
>
<! ELEMENT pages (page+)>
<! ELEMENT render edf orm
conpl ex?, bi ndkeywor d?) >
<! ATTLI ST render edf orm
var i ant nunber CDATA #| MPLI ED
col ocationri ght CDATA #|l MPLI ED
ot her Sour ce CDATA #| MPLI ED
col ocati onl eft CDATA # MPLI ED
r ender edFor m CDATA #REQUI RED

(text, mor phol ogy?,

>
<! ELEMENT text (#PCDATA)>

3.5. Oninputsand outputs

ACT inputs can read RTF, TXT, and XML file
formats. The RTF and TXT format may include characters
with special meaning (mark-up characters). Any type of
user defined search becomes an output written as afile or
displayed on the screen. Output file formats are: HTML,
RTF, TXT, XML.

The user defined searches can search for any kind of
information subset relevant to a word-form (wildcard
charactersfor any attribute values can be used), ase.g.:

- word-forms that initiate, include or end on some

character,

- word-forms with some morphological features

- al word-forms of alemma (head-word),

- word-forms of agiven complex type,

- word-forms in which vicinity another word-form

occurs,

- word-forms with specific translation, etc.

Any type of searches can be performed on one or more
than one document, within a single catalogue. Any type of
searches (including complete lists of all word-forms) can
be, according to user selection, presented in aform of:

- alist

- index veborum

- retrogradeindex

- concordance index
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- freguency list.

Any of the outputs can be sorted according to various
sorting criteria. The output are also basic statistic-oriented
outputs, as frequencies and bi-gram lists.

The searches are implemented via a query assistant,
which is adaptable and can be defined by user needs.

4. ACT Web

The document material presented in a form of
scanned collections of pictures, pages of rewritten texts,
and annotated corpus can be accessed via the ACT-Web
module, accessible at the address as stated in the
introduction of this paper.

With its 700,000 word forms® most of which
lemmatized with assigned POS, available also in aform of
atext and some of them scanned, the ACT-Web collection
is a unigue one and the biggest of its kind accessible in
electronic form viaInternet.

The ACT-Web module allows a user to:

- select amanuscript or a subset of manuscripts,

- perform a search on a part of a word-form,
morphology tag, head-word,

- display results with concordances,

- display manuscript text and picture if available.

5. ACT for Card-Files

In accordance with (Ribarov 2002) and (Ribarov,
Camuglia 2003) ACT module, called Distiller, is, up to
my knowledge, the first module for incorporation of card-
filesinto a corpus.

By a card-file, a lexicographic card-file is understood,
e.g. card-file with some subset of the following
information:

- lemma (head-word),

- additional lemma (serves for more specific
definition of the lemma, usually in multi-word
components),

- word-form (obligatory),

- morphological identification of the word-form,

- word-form ID, location in the manuscript
(obligatory)

- correlation of the word form to other sources,

- context of the word form (obligatory),

- trandlation of the word form, including the context
of the translated part.

ACT Distiller permits the user to:

- view scanned card-file cards

- rewritethe obligatory parts of the cards.

Rewriting the obligatory parts of the card-files follows
the following steps:

1 The word-form location is inserted manually (as
apart of further considerations a design of OCR
system for automatic location identification is
planned; for notes on card-file structure see
(Ribarov, Camuglia 2003)).

2 Relative to the inserted notation closer and wider
contexts are displayed:

9 In terms of distinct word-forms 163,607 were recorded, with
15,941 distinct lemmas.

i. if the word-form to be inserted is already in
the context the user is only expected to verify
the information,

ii. if the word-form is missing, the word-form is
added together with the parts of the missing
context.

The other card-file information is filled in as a part of
an annotation process within the ACT main module; in
this case the word-form to process (lemmatize, tag) is
accompanied by the card-file image.

To ease manual check-up, ACT-Distiller incorporates
a context binding tool and a comparative tool that
visualizes possible overlaps, mistakes, and differences.

6. Conclusion

Let us, therefore, conclude that: ACT integrates tools
necessary for state-of-the-art linguistic processing and
presentation of written cultural heritage sources,
demonstrated on mediaeval Slavonic written cultural
heritage sources. It contributes towards a creation of
adeguate and innovative intelligent heritage Information
Technology framework for addressing digital presentation
of written cultural sources. In general, the ACT
framework does not neglect the possibilities for link
establishment to other (e.g. European) written cultural
sources. Along with the presented OCS LR, ACT fillsin
the currently existing gap in the European e-space where
mediaeval Slavonic cultural heritage is presented in
scattered and non-unified manner.
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