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SEARCH AND ADMINISTRATIVE SERVICES
IN ICONOGRAPHICAL DIGITAL LIBRARY

Desislava Paneva-Marinova, Radoslav Pavlov, Maxim Goynov,
Lilia Pavlova-Draganova, Lubomil Draganov

Abstract: Today there are a large number of digital archives, libraries and museums with rich digital collections
representing the European cultural and historical heritage. The new challenge shifts from having online access to
resources to making an effective use of them and avoiding information overload. A possible answer to this
challenge is the approach, used for the development of the “Virtual encyclopedia of the Bulgarian Iconography”
digital library (BIDL). It is a complete web-based environment for registration, documentation, access and
exploration of a practically unlimited number of Bulgarian iconographical artefacts and knowledge. The key for its
efficiency is the provision of strictly designed functionalities, powered by a long-term observation of the users’
preferences, cognitive goals, and needs, aiming to find an optimal functionality solution for the end users. A
special attention was pay to search and administrative services, trying to cover a wide range of possible solutions
such as keyword search, extended keyword search, semantic-based search, complex search, search with result
grouping, tracking services, DL data exportation, etc. This paper presents these services in detail, their functional
specifications and used algorithms. The ontology of the East-Christian Iconographical Art is discussed, because
of its important role for the semantic description and search of iconographical artefacts and knowledge in the
library.

Keywords: multimedia digital libraries, systems issues, user issues, online information services

ACM Classification Keywords: H.3.5 Online Information Services — Web-based services, H.3.7 Digital Libraries
— Collection, Dissemination, System issues.

Introduction

In an attempt to answer the need for presentation and preservation of the Bulgarian iconography, a team from the
Institute of Mathematics and Informatics has developed a multimedia digital library called Virtual Encyclopedia of
Bulgarian Iconography (http:/mdl.cc.bas.bg). It was designed so as to provide wide accessibility and
popularization of the works of the Bulgarian iconographers, and moreover to enable future precise restoration of
the icons at risk.

The *Virtual encyclopedia of the Bulgarian Iconography” digital library (also called Bulgarian Iconography Digital
Library, BIDL)" is a complete web-based environment for registration, documentation, access and exploration of a
practically unlimited number of Bulgarian iconographical artefacts and knowledge. It provides a rich knowledge
base for the iconographical art domain, enabling its usage for content annotation, preview, complex search,
selection, group and management. The ontology of the East-Christian iconographical art was developed and
used for semantic annotation of the library content [Pavlov et al., 2010] [Pavlova-Draganova et al., 2007b]
[Paneva et al., 2007].

1 The first release of the BIDL was developed five years ago during the project “Digital Libraries with Multimedia Content and its
Application in Bulgarian Cultural Heritage” (contract 8/21.07.2005 between the Institute of Mathematics and Informatics, BAS, and the
State Agency for Information Technologies and Communications), aiming to lay the foundations of the registration, documentation, and the
exploration of a practically unlimited number of Bulgarian icons [Pavlova-Draganova et al., 2007a] [Pavlov et al., 2006].
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A very important task during the BIDL development was the provision of the strictly designed functionalities. A
special attention was pay to search and administrative services, trying to cover a wide range of possible solutions
such as keyword search, extended keyword search, semantic-based search, complex search, search with result
grouping, tracking services, DL data exportation, etc.

This paper extends the BIDL functionality presentation of [Pavlov et al., 2010], where the content creation and
preview services was mainly discussed. The paper structure is the following: Section 2 makes a short overview of
the BIDL architecture, covering its main service panels, repositories and their relationships. The search and
administrative services are presented in details in Section 4 and Section 5, where their functionality and base
algorithms are described. The ontology of the East-Christian Iconographical Art knowledge is discussed in
Section 3, because of its key role for the semantic search of iconographical artefacts and knowledge in the
library. Section 5 summarizes the achieved results and traces the directions for future development of BIDL.

BIDL Architecture

The BIDL environment, depicted in figure 1, integrates:
o Appropriate repositories and services for management of two types of objects:

0 MDL objects — multimedia digital objects, described by technical and semantic metadata and
saved in a Media Repository;

o User profiles, presenting user's data and behavior, saved in a User Profile Repository.

e Two main service panels, named Object data management and Administrative services, provide the
base BIDL functionality.

The Object data management panel refers to the activities related to: content creation: add (annotate and
semantic indexing), store, edit, preview, delete, group, and manage multimedia digital objects; manage metadata
(see [Pavlov et al., 2010]); search, select (filter), access and browse digital objects, collections and their
descriptions. The Administrative services panel mainly provides user data management, data export, tracing and
analysis services, presented bellow.

For every MDL object all semantic and technical metadata are saved in the Media repository. These metadata
are represented in catalogue records that point to the original media file/s associated to every MDL object. The
User profile repository manages all user data and their changes.

There are several internal relations between the separate components in the service panels. For example, in the
Object data management panel:

o the Add object services are related to the Preview and Edit services;

o after the Preview (services), the Edit or Delete services can be executed;

o the Search object services point to Preview, Edit, Delete and Group objects services;
o the Group objects services are related to Preview services;

o after the Edit (services), the Preview services can be executed.

There are several relations between the components of the two main service panels, for example, the Tracing of
MDL objects from the Administrative services panel is connected to Add object, Preview, Delete, Search, Edit and
Group services from the Object data management panel.

All existing internal and external relations for the service panels provide the internal interoperability and the
flexibility of the library.
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Figure 1: BIDL Architecture

Semantic Description of Iconography Art World

The semantic metadata description of Bulgarian icon art is determined by the domain ontology of the East-
Christian iconographical art (also called iconography ontology)'. It presented the iconographical art world by three
"thematic entities" (also called levels of knowledge). Every one of these entities is enriched with a set of sub-
levels, covering wide range of characteristics. The first one is the "Identification" entity (see Figure 2), which
consists of general data identifying aspects such as 10 title, type, author and biographical data for the object’s
author, its clan, iconographic school, period, dimensions, current location and source, and object identification

notes, iconographic school description.

! The ontology of the East-Christian iconographical art was developed for resource semantic annotation for the project SINUS “Semantic
Technologies for Web Services and Technology Enhanced Learning” (Ne D-002-189).

2 A development methodology used during the creation of the Ontology of the iconographical objects (artefacts) [Paneva et al., 2007]

[Pavlova-Draganova et al., 2007b].
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Figure 2: Identification entity of the Ontology of the East-Christian iconographical art

The second entity (see Figure 3) covers information concerning the descriptive details of the theme and forms of

representation, providing a better understanding of the content.

The main concepts included are: depicted character/s, iconographical scenes, character/s in the scenels,
symbol/s in the scene/s, character gestures, character’ vestment, detailed description of the depicted content,
etc. The third entity covers technical information revealing iconographic techniques, base materials, varnishes,
gilding, efc., used in the creation of the iconographical object/collection, and also concerning examinations of the
condition, such as diagnosis or history of the conservation treatment.
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Description entity of the Ontology of the East-Christian iconographical art
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Figure 3: Description entity of the Ontology of the East-Christian iconographical art

Search Services

BIDL provides a wide range of search services, such as keyword search, extended keyword search, semantic-
based search, complex search, and search with grouping results. This section presents the complex search
algorithm that is base of all other search possibilities.

Let U =0xC, O isthe set of objects and C'is the set of characteristics and U is the set of all objects and
their characteristics. Let v(o,c)is a function : v:OxC —V, where Vs the set of values of the

characteristics.

p(c,v)is a condition for the characteristic ¢ and the value v. In the first version of our search service, there
was only one type of condition: p(c,v) <> “objects having value v for characteristicc . Let P be the set of all
possible conditions for ce C and ve V.

Let define the search functions(p,u), where pe P andueU,s: PxU — U . The result is a
setS cU.
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Let assume that we search on n characteristics.
So, in the first version of our searching service, we used the following algorithm:

S, =s(p,,U) — time for execution =¢, =¢
S, =s(p,,U) — time for execution = ¢, ~ ¢

S, =s(p;,U) —time for execution = ¢, = ¢

S, =s(p,,U) —time for execution =¢, ~ ¢,

where p, are the conditions for all 7 characteristic.

The result of our search will be:

R=8§n§,nS,...nS, (Seefigure 4)

//" U
o —_ S3
/ [ ( \Sn |
| N
™,
\\_81 4 \//
. f//./f,f
\\Ez_/

Figure 4: Result set of the search in the first release of the BIDL

If we assume that the time for making one search iteration over the all set of objects and their characteristics
U'is t, therefore the execution of the whole algorithm will spend 7, =¢, time + the time needed for the

intersection of the results in the first release of searching services.
The current version of the searching service had the following changes:
The types of conditions raised to 5:
1. “objects having value = v for characteristic ¢ " - the same as in version 1
“objects having value = v for characteristic ¢”

“objects having numeric value >,<,<,>,or = v for characteristic ¢ ”

“objects having characteristic ¢”

o B~ D

“objects NOT having characteristic ¢”
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The algorithm for the search function changed to (see figure 5):
S, =s(p,,U) —time for execution = ¢, =¢
S, =s(p,,S,;) — time for execution =7, <¢,

S, =s(p;,S,) —>time for execution = ¢, <t,

S, =s(p,,S,,) —>timeforexecution =¢, <t

Figure 5: Set of results of the search in the current release of the BIDL

The result R will be equal to S, , so no intersection will be needed. The time for execution ¢, <7, , is because
at each iteration the search set S, — S,_,, therefore the time for processing a search decreases.

n
In this way, the overall time for execution will be ¢ , = ZR— =t,<t and ?, <t,,t, isthe time needed
i=1

for results generation in the current release of searching services.

Administrative Services

The Administrative services panel mainly provides user data management, data export, tracking services, and
analysis services. The user data management covers the activities related to registration, data changes, level set,
and tracking activities of the user. The tracking services have two main branches: tracking of MDL objects,
tracking of MDL user’ activities (example, figure 6). The tracking of MDL objects spies on the activities of add,
edit, preview, search, delete, selection, export to XML, and group of MDL objects/collections in order to provide a
wide range of statistic data (for frequency of service usage, failed requests, efc.) for internal usage and
generation of inferences about the stable work (stability), the flexibility, and the reliability of the environment. The
tracking of MDL user’ activities spies user logs, personal data changes, access level changes and user behavior
in the BIDL.

The QlickTech® QlinView® Business Intelligence! software is the analysis services provider. It is connected to
the BIDL tracking services and objects data base by preliminary created data warehouse'.

' Business Intelligence is an architecture and a collection of integrated operational as well as decision-support applications and databases
that provide easy access to great amount of (business) data.
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Figure 6: Users’ activities during the period 10 — 12. 2009

The ETL (Extract, Transform, Load)?2is completely automatic process and is performed by administrator request.

The QlickTech® QlinView® Business Intelligence Software is deployed in order to provide fast, powerful and
visual in-memory analysis of the data in the warehouse. It is a data access solution that enables you to analyze
and use information from different data sources. It is based on online analytical processing (OLAP), which
provides an approach to quickly answer multi-dimensional analytical queries [Codd et al., 1993].

Figure 7 depicts PIE diagram making canonical sub-types analysis.

Canonical Type #  Characters ELN ]
P Character

Army Divine | St John the Evangelist
Deacan | 5t Peter

God - the Father 5t. Paul

Harbinger of peace St Matthew the Evangealist
Hierarch » 5t Luke the Evangelist
Huoly Spirit St Mark the Evangealist
Jesus Christ St James

Markyr St Andrew

Patriarch St Tomas

Penniless 5t. Bartholomew:

Prophet St Simon

Reverent man,/woman || 5t Philip

Righteous manfwoman

St. John the Baptist (the Farerunnet)
5t, Lazarus

The ¥irgin

Character = 5t. Luke the Evangelist
Occurences =9

Figure 7: PIE diagram of canonical sub-types for Apostle canonical type

" A data warehouse is a repository of an organization's electronically stored data. Data warehouses are designed to facilitate reporting and
analysis [Inmon, 1995].

2 Extract, transform, and load (ETL) is a process in database usage and especially in data warehousing that involves: extracting data

from outside sources, transforming it to fit operational needs (which can include quality levels), and loading it into the end target
(database or data warehouse).
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The variety of generated statistic information about BIDL data using QlickTech® QlinView® provides a rich
extension of the tracking services and the base for profound analysis of extracted data.

The export data from the administrative services panel provides the transfer of information packages (for
example, packages with BIDL objects/collections, user profiles, efc.) compatible with other systems managing
data bases. For example, with these services a package with BIDL objects could be transported in a XML-based
structure for a new external usage in e-learning [Paneva-Marinova et al., 2008] [Pavlov and Paneva, 2007]
[Paneva-Marinova et al., 2009] or e-commerce applications.

The following code shows an instance of object data, exported in XML.

=<objeetid="1"=

=characte nstics=
<chrname="Hpenradnrannx" 1d="1_0_0" valne=""=

=fchr=

schrname="Jarnazne " 1d="2_0_0" valne=""» .
=echr name="lang:bz" id="3_0_0" value="Cz. Boropomuua Karad ora (vEemume) s ce. Hoan Eorocnazs "=
=echr name="lang:en"1d="4_0_0" vale="The Virgin Cataphyze (Refiaze) and 5t. John the Evangelist"/=
=lehrs
=chr name="Tun Ha xroxorpadcrns obexr" 1d="5_0_0" value="">
<echr name="Hyoxa" id="6_0_0" value=""/=

< Jo hr=
<chrname="AeTop" id="20_0_0" valne=""=
=echr name="lang:bz" id="21_0_0" valne="nenzzecren'"l=
=echr name="lang:en"1d="22_0_0" vahe="Tnknown"’=
=lehys
schrname="Hroxoneena wrona® 1d="22_0_0" value=""»
=echr name="lang:hg" 1id="30_0_0" valne="nenzeecTHa'"/>
=echr name="lang:en" 1d="31_0_0" value="Unknown"r=
< Jo hr=

<chrname="leprog" 1id="32_0_0" valne=""=
=chr name="0Or" d="35_0_0" value=""»
=chr name="Toguna" id="54 _0_0" value="1325"/=
=fchr=
=lehrs
<chrname="Paimepn [cm)" id="53_0_0" valne="">=
<chr name="gncounua" 1d="54_0_0" value="93"r>
=ehr name="wuprwra" id="55_0_0" valne="861.5"1=
=lehys
=chrname="M ecronaxommenne" id="57_0_0" value="">
=echr name="TJspwazra"1d="58_0_0" value="">
=chr name="langbg" 1d="52_0_0" value="Bsnrapuz"f=
<chr name="lang:en" 1d="60_0_0" value="Bulgaria"f=
=[chr=
<chr name="06nact" 1d="61_0_0" valne=""=
zchr name="langbg" id="82_0_0" value="Codmuz"rl=
=chr name="lanzen" id="83_0_0" value="3 afia"/>
=fchr=
=chr name="Tanepua" 1d="85_0_0" walue=""»
=chr name="langhg" 1d="86_0_0" value="Haumoxanua xymomec TEeHa ranepua" /=
<chr name="lang:en" 1d="87_0_0" value="National & ¥t = allery"f=
=[chr=
<lchrs

=chrname="Onneanne" id="128_0_0" valne="">

=fehr=

=chrname="Ilepeomamn” 1d="129_0_0" vahe=""=
=echr name="Hme Ha mepconax " 1d="130_0_0" value=""»
=chr name="langbg" 1d="131_0_0" value="Cz. Boropomuua Karadurn (¥Bemmme) "=
=chr name="lang:en" 1id="132_0_0" value="The Virgin Cataphyge (Kefuge)"f=
=fehr=
<chr name="HKaxoxnwen Too Ha mepcoxax "1d="133_0_0" value=""=
2chr name="langbg" 1d="134_0_0" value="Cz. Boropoguua"l=
zchr name="lang:en" id="135_0_0" value="The Virgin "f=
=fchr=
=lehys

=chrname="Texnonornz" 1d="146_0_0" value="">

=fchr=

<chrname="Hyonorpadcra rexunxa" 1d="147_0_0" valne=""=
<chr name="lang:bg" 1d="148_0_0" valne="Temnaepua'rl=
<chr name="lang:en" 1d="149 _0_0" valne="Tempera'"l=

=lehrs
=chr name="Ccurora" 1d="1553_0_0" value="">
<echr name="lang:bg" 1d="154_0_0" valne="Ozpza"rl=
<chr name="lang en" 1id="155_0_0" value="Waood"i=
<lchrs

=fcharacte ristics=

=files=

=Mfiles =

=fobject=

=file 1d="1" original_name="1 jpg" savedas="1jpg" /=
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Conclusions and Future Work

A tendency from the last few years points towards the use of digital libraries as a source of digital knowledge and
environment for its delivery. This tendency determines the development of new methods and techniques for
functionality provision, aiming to satisfy user's needs and preferences. The new MDL systems aim to find optimal
functionality solutions, mainly by improving the content annotation, search and presentation, metadata
management, environment administration, efc. In this paper we presented the core and the motor of the BIDL
architecture: the search and administrative services, covering the used techniques and algorithms. The next step
will be the implementation of personalized work space and dynamic content adaptation service, assisting
individual user’s content observation. A profound research is done for the provision of innovative techniques and
tools for digital preservation and restoration of valuable artefacts of the Iconographical art world. The
investigations are also directed towards the development of tools for aggregating iconographical content and
ensuring its semantic compatibility with the European digital library EUROPEANA, thus providing possibilities for
pan-European access to rich digitalised collections of Bulgarian Iconographical heritage.
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