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Abstract
Arcada is a database management system developed by the departments of Informatics and Archaeology of the 
NBU. The existing implementations of the system concern different lytic assemblages from prehistoric sites on the 
territory of Bulgaria, Greece and Turkey. Arcada has been connected to a GIS in order to permit the presentation of 
data on a digital map of the region. 

The main purposes of Arcada are:
• to allow the storage of data about archaeological artifacts 

permitting further quantitative processing;
• to avoid mistakes, ambiguities and misinterpretation of 

data by the imposition of data representation standards; 
• to allow the exchange of data provided by different 

researching teams;
• to allow the common processing of data coming from 

different archaeological sites;
• to allow the spatial representation (on a digital map) of 

gathered and processed data.

Arcada is destined to the following kinds of 
archaeological artifacts:
• Normally it can be used with any kind of archaeological 

artifacts.
• The modules developed so far concern assemblages of 

stone artifacts, but the open architecture of the system 
allows the users having the necessary rights to set it for 
any other kind of material.

• The only limitation could result from analytical approach 
which stands at the bases of the system – the attribute 
analysis
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Arcada’s basic characteristics are:
• client/server architecture
• multilingual interface
• different levels of access
• multimedia features
• support of numerous input and output data formats
• offl ine/online mode of  functioning

Arcada’s basic modules
The system comprises two main types of modules:
• general modules – dedicated to general archaeological 

data – site description, absolute and relative dating, 
institutional context, copyrights, etc.

• specifi c modules – concerning the different artifact 
assemblages and collections and the different descriptive 
and analytical approaches 

All the modules are open in manner – the users of the system 
can either add, or modify the already entered attributes and 
characteristics, depending on the rights they have been 
assigned with.

Arcada is based on the following technology :
On the server side :
•  MySQL server
•  PHP scripts
•  XML parser and DOM
On the client side :
 Offl ine version
• Browser
• XSL
 Online version
• DOM
• Browser

Online access – levels of access (roles)
The system allows the defi nition of different roles depending 
on the access and action permissions.

Typical roles:
Super-administrator – he is the main administrator of the 

system; he defi nes and assigns roles (especially with 
administrator’s rights), creates modules and tables. He 
has not the possibility to edit and delete data entered by 
the other users of the system.

Administrator – he defi nes roles (operators of different 
levels), creates modules and tables, links tables and 
enters/edits/deletes data in both the master and the slave 
tables.

 Operator – enters/edits/deletes data in the slave tables.

Offl ine functioning
1. Download of a data scheme from the server or 

creation of a new scheme by means of a special 
application (HTML format – browser). The scheme 
is stored on the PC in XML format

2. Visualisation fo the scheme in HTML format (XML 
– XSL – HTML)

3. Modifi cation of the scheme (if needed) by the 
creation of new tables, fi elds or the defi nition of 
new values (HTML format – browser). 

4. Entering/editing/deleting data (HTML format 
– browser). 

5. Saving the modifi cations (HTML interface – DOM 
– XML fi le)script

6. Uploading of the scheme fi lled wit data on the server 
(XML – DOM – PHP script – MySQL DB
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Abstract 
The aim of this short paper is to sketch, with an economic perspective, the main features of the decision-making 
processes underlying heritage production and consumption. This paper proposes a possible guideline which, if 
further developed, would lead to the design of the information fl ows models needed to support the decision-making 
processes. The model would also serve to develop the architecture and procedures for the information system 
management. 

It is widely recognized that the conservation [WB94] and 
enhancement of cultural heritage can be a relevant input 
for a sustainable economic and social development. In fact, 
these activities, in addition to the potential economic benefi ts 
deriving from tourism, may expand the cultural capital of a 
country, may increase the value that nationals attribute to 
their historic heritage and, therefore, their willingness to 
pay for consuming heritage services. For this to happen, 
though, some conditions, concerning the decision-making 
process related to the production and consumption of 
heritage and the distribution of information within it, have 
to be satisfi ed. It is worth noting, as it will be outlined later, 
that the decision-making process may occur according to 
different patterns, depending on the actors and the specifi c 
heritage issues involved. In what follows, given the limited 
scope of this paper, a possible guideline to address this issue 
is only sketched. If further developed, this analysis would 
lead to the design of the information fl ows models needed 
to support the decision-making processes. The model would 
also serve to develop the architecture and procedures for the 
information system management. 

According to the economic literature in the heritage 
sector the market “fails” because it is not able to ensure 
an effi cient outcome, i.e. an outcome which maximizes 
society’s well being. Among the various causes of ‘market 
failure’ here attention is concentrated on the asymmetrical 
and incomplete information characterizing the heritage 
decision-making process about heritage, its causes and its 
remedies. Such a process is complex because it results out of 
the interaction of many actors – public, private, no profi t 

– with various fl ows of exchanges – both monetary and 
real – occurring among them. For example, central and 
local governments exchange grants or in-kind services with 
private cultural institutions and they exchange services with 
single consumers as well as with large audience; donors and 

sponsors exchange funds with institutions. These exchanges 
are usually characterized by trade-offs between confl icting 
goals [Tri03] – for instance, between preservation and 
access to heritage, between the appreciation of regular 
consumers and the expectations of the occasional ones – and 
by the asymmetrical distribution of information among the 
actors involved.

In economics, this is the well-known principal-agent 
paradigm; i.e. a relationship in which the principal 
delegates power to the agent to act on his/her behalf and 
information is asymmetrically distributed in favour of the 
agent. The principal-agent paradigm occurs within the 
public, private and no profi t sectors and in the relationships 
among them. For instance, in the public sector, at each level 
of government, politicians are the agents of citizens and, at 
the same time, they are the principals of the bureaucrats who 
have been delegated authority to produce public policies 
[MR01]. Alternatively, Governments rather than directly 
producing cultural services may delegate their production 
to private or no profi t institutions with various fi nancial 
arrangements taking place. In all these decision-making 
processes monitoring is needed to induce agents to act 
according to the principals’ preferences. 

The information produced and processed by the agents 
(archaeologist, museum curators, art historians, specialists) 
plays a strategic role. “[Cultural heritage] become 
identifi ed as heritage goods usually by archaeologists 
and historians who have obtained some form of offi cial 
recognition or public acceptance of their status as experts 
in determining their artistic or historical signifi cance” 
[Pea94]. Being based on subjective evaluation, information 
is not easily translated by the principal into objective data. 
This asymmetrical distribution of information can affect 
negatively the outcome of the decision-making processes 
in terms of society’s well-being because each agent is 
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likely to pursue his/her own utility. Therefore, the process 
is likely to be supply-oriented rather than demand-oriented 
unless suitable monitoring procedures, i.e. tailored on each 
decision-making process, are introduced. The outcome of 
the decision-making process, in fact, will depend on the 
institutional design, i.e. on the incentives imposed on the 
various agents and on the possibility to control them. The 
production and distribution of information, then, is crucial to 
make the process working and informatics can be strategic 
both to produce and to distribute information. Moreover, 
the use of new technologies allows for a wider range of 
consumption, though related to different experiences. 

Relevant information is highly heterogeneous and in 
many cases it is not available as such but it needs to be 
produced: for instance, public grants should be oriented 
toward the more effi cient institutions – because this is in 
the society’s interest – but to do so adequate measures of 
performance have to be constructed. From a methodological 
point of view, this means for each decision-making process 
to design a systematic information fl ow based on: 

• identifi cation of relevant actors; 
• identifi cation and defi nition of the output or of the mix of 

outputs; 
• identifi cation and measurement of the relevant inputs; 
• estimation of the production function; 
• identifi cation of data collection timing and procedures; 
• evaluation of the performance (parametric and 

non parametric systems); 
• identifi cation of systems to distribute information (next 

to the actors more directly involved in the process, 
information should be offered to the general public, 
as citizens, being taxpayers, are the actual principal 
of any activity concerning heritage which is publicly 
supported). 

The outcome of the above process constitutes the basis to 
design a set of incentives to stimulate the agents to improve 
their performance in line with the principals’ preferences. 
The distribution of information provides already an 
incentive for good performance so long as the agent obtains 
utility from reputation, fame and, more in general, public 
appreciation. However, in economics, great emphasis is put 
on economic incentives – such as career advancements, fund 
assignment, salary increases and fringe benefi ts of various 
kinds – to be related to the agent’s performance. 

So far, the attention has focused on the supply side. 
Further information issues have to be addressed when the 
consumption of heritage is at stake, in order to exploit it as 
an input of sustainable economic and social development. 
The rationale lies on some peculiarities of heritage itself, 
stressed in the economic literature: it is an ‘experience good’ 
– i.e. people need to have information about heritage to 
demand for it – as well as an ‘addictive good’ – contrasting 
the conventional economic law of ‘decreasing marginal 
utility’, people’s appreciation increases by consuming it. 
As a result, information is strategic to satisfy the various 

and diversifi ed demand for heritage of cultural tourists 
and, eventually to enlarge it. Cultural tourists, in fact, 
can be distinguished according to the depth of experience 
sought and it is possible that even non-cultural tourists may 
include the visit to a heritage site in their trip (combined-
motivated tourists). The matter is complicated because 
different actors, with different objectives, are involved. 
Consumers’ demand is affected by experts’ preferences. 
The information provided by each institution, even if 
satisfactory from the experts’ point of view, may fulfi l only 
the institution’s objective without considering the spillover 
effects – on other institutions, on the creation of new 
demand and/or on the enlargement of the existing one. Lack 
of coordination may result in congestion of outstanding 
heritage items and/or in the under-use of minor ones; it 
may also prevent the creation of cultural districts. Attention 
has to be paid to the identifi cation of different segments of 
demand (using methods such as contingent valuation, travel 
cost analysis, etc.) so that specifi c cultural output can be 
constructed to satisfy them. Eventually, it is necessary to 
fi nd a balance between the objectives of those responsible 
for the management of heritage and the actors of the tourism 
industry in order to maximize the benefi cial impact of 
heritage tourism on local development. 

Such an approach should lead to the provision of highly 
diversifi ed information fl ows. Next to the satisfaction 
of various tourist demands, it would also increase 
residents’ appreciation of heritage, possibly increasing 
their willingness to pay for consuming heritage. In this 
perspective, new technologies and the Internet are ideal 
tools to allow for a wider range of consumption, related 
to different experiences. Internet and digital technologies, 
in general, would decrease information and transaction 
costs that are particularly relevant in the case of cultural 
heritage and this would somehow reduce the gate-keeping 
role of experts, since people, having more chances to get the 
information necessary to demand for heritage, would be able 
to decide independently from experts’ infl uence. 
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Abstract 
This paper proposes the use of an ontology-based, decentralised semantic repository for the classification and 
consultation of cultural heritage documents, and outlines the way in which semi-automatic natural language 
processing and discourse methods can assist scholarly community members in the task of integrating the meaning 
and utility of cultural heritage information, and forming value judgements. 

Categories and Subject Descriptors (according to ACM CCS): C.2.4 [Computer Communication Networks]: 
Distributed Systems-Distributed applications, H.3.1 [Information Storage and Retrieval]: Content Analysis and 
Indexing-Linguistic processing 

1. Introduction 

The electronic publishing of cultural heritage documents is 
becoming common practice among heritage scholars and 
in stitutions. Despite this uptake, the current downstream 
com munication pattern of the Internet does not leave room 
for proper analysis, structuring, search and exploration of 
the body of knowledge contained within such texts. 

This project researches a semantically consistent 
frame work for the online presence of cultural heritage 
documents, building upon a domain ontology that indicates 
the type of knowledge sought after, a participatory structure 
model based on networks and flows [Hod01], and a 
storytelling in terface. The project drive is to unlock the web 
of ideas and perspectives [SMD00] that remain implicit 
in text, and en courage new individual and collective 
interpretative posi tions [PM03]. 

2. Conceptual design 

The proposed semantic repository aims to accomodate an 
annotated collection of textual documents close to their point 
of creation and their point of use on the Internet [MNK04]. 
In the context of an online pre-defined or ad hoc community 
of contributors and users, the repository pools together 
dis tributed cultural heritage information sources connected 
in a schema-based peer-to-peer network infrastructure. 

Shared documents within each information source 
(peer) are analysed and annotated for content and structure 
follow ing semi-automatic, ontology-based natural language 
pro cessing (NLP) methods. Relational metadata resulting 
from this one-time process are used to classify the 
information source thematically into one or more queriable 
concept clus ters. 

As concept clusters are populated and evolve over time, an 
ongoing multi-document summarisation [SBBW00] process 
identifies the most representative document passages within 
each cluster, and creates a narrative structure. The combined 
concept cluster narrations are presented to the repository 
contributors and users as a structured progression [RAB*03] 
through the entire collection. 

3. Choice of technology 

The CIDOC Conceptual Reference Model (CRM) [DS04] is 
a formal conceptualisation of the cultural heritage domain; 
an RDFS or OWL conversion of the CIDOC CRM can 
pro vide the semantic support for ontology-based cultural 
her itage document analysis and annotation tasks, with 
ontology instances encoded in RDF and XML as relational 
metadata, and structural information encoded using selected 
Text En coding Initiative (TEI) tags [GR01]. The schema-
based peer-to-peer network infrastructure introduced by the 
Edutella project [NWQ* 

02] supports the ontology-based 
clustering of peers, and may be adapted to self-organise 
with respect to a simplified version of the CIDOC CRM. 
The GATE 

[CMB*00] and Ellogon [PKP*02] text engineering 
plat forms offer an integrated development environment 
(IDE) suitable for the modular design of NLP toolsets for 
reposi tory contributors and users -including a structured 
progres sion adaptation tool and its associated visualisation 
compo nent -and their evaluation. 

4. Related work 

There are some analogies between the ontology-based 
NLP toolsets currently developed within this project, 
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and other projects exploring ontology-based annotation, 
multi-document summarisation and discourse structure 
composi tion. MnM [VVMD*

 
02] and Melita [CDWP02] are 

both Java-coded, ontology-based annotation tools that may 
be adapted and integrated into GATE or Ellogon modules. 
ScholOnto [SMD00] is an ontology-based digital library 
server supporting scholarly interpretation and discourse. 
Finally, the Artequakt [AKM*

 
03] and Topia [RAB*03] 

projects process Semantic Web formats into an intermediary 
discourse structure followed by a final presentation, using 
bottom-up -narrative templates -and top-down -compo sition 
level generation -approaches respectively; these two 
approaches have recently been combined [GBvOH03]. 
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