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Abstract. The aim of the present paper is to give a brief information about the
innovative functionalities and potential of the Digital Ecosystems for Cultural
Heritage. The main features of digital ecosystems are shortly presented. A brief
overview of some recent European projects dedicated to research and develop-
ment of digital cultural ecosystems sketches their specifics, reveal some common
characteristics and some development trends.
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1 Introduction

In the last decades, the digital ecosystem paradigm is one of the main topics actively
analysed by IT researchers and practitioners. The digital ecosystems are meant to con-
nect people, data, processes and things by the shared use of digital platforms. The idea
is to create a collection of flexible services that can quickly be adapted to the dynami-
cally changing needs. From the users’ point of view, an ecosystem refers to enrichment
and more convenient use of different communication channels on which they access
and publish content.

The aim of the present paper is to give a glimpse on the innovative functionalities
and potential of the Digital Ecosystems for Cultural Heritage concerning digital content
production, its management, distribution, aggregation, enrichment and reuse. It ad-
dresses wider audience of readers, professionally connected with cultural institutions.
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2 Digital Ecosystems Architectures

The metaphor of digital ecosystem was coined in the beginning of XXI century to focus
on system properties of self-organisation, scalability and sustainability normally con-
nected with natural ecosystems. The usual definition of a digital ecosystem includes
primarily features like sustainability, bounded information asymmetry, risk control and
gracious failure. These features are expected to be achieved mainly by self-organization
of the digital ecosystem, rather than by achieving explicit design goals as in conven-
tional development of IT systems.

Briscoe and De Wilde (Briscoe & Wilde, 2006) propose the Digital Ecosystem
architecture to be regarded as extension of Service-Oriented Architecture (SOAs) with
distributed evolutionary computing, allowing services to recombine and evolve over
time, constantly seeking to improve their effectiveness for the user base. Individuals
within a Digital Ecosystem are applications (groups of services), created in response to
user requests by using evolutionary optimisation to aggregate the services.

Digital ecosystems can be regarded as nets underneath the emerging technologies
applied in the Digital Platforms — microservices, containerization and serverless com-
puting are all components that fit within specific, decentralized business ecosystems.

Microservice architecture organizes an application as a collection of loosely coupled
services. These services should be made as granular as possible to keep relative sim-
plicity within each service module. Monolithic applications locate all their functions in
a single structure that is based on a relational database while microservices split indi-
vidual functions into different containers.

Platform as a service, or PaaS, is cloud computing model that provides users with
hosted development kits, database tools, and application management capabilities. In
this approach third-party vendors provide users with virtual resources to build, deploy,
and launch software applications, thereby reducing the need for back-end software de-
velopment.

Infrastructure as a service (IaaS), is a cloud computing model that provides users
with hosted computing infrastructure. In laaS model third-party vendors provide users
with virtual resources (server space, network connections and IP addresses) to host,
build, test, and scale websites and applications. Companies may use laaS clouds as
scalable platforms for new applications or to expand existing applications to larger au-
diences (Briscoe & Marinos, 2009) (g2crowd learning hub, n.d.).

This type of distributed network allows technologies like blockchain, machine learn-
ing as a service (MLaaS) or even internet of things (IoT)-connected devices to exist as
components within the ecosystem, leading to more secure and intelligent networks that
can be run and managed on third-party platforms.

Extensive usage of artificial intelligence and conversational systems, like messaging
platforms and virtual assistants, and including them in a digital ecosystem to enrich the
way customers communicate, seems to be main trend in current developments (Hardin,
2018).
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3 Ecosystems of Digital Cultural Assets

The paradigm of ecosystems for digital cultural assets (also called digital cultural eco-
systems, DCEs) appears to respond to the growing willingness to share the wealth of
cultural resources and continuous research and study of cultural treasures. These sys-
tems virtually assemble various digital collections, archives, virtual museums, digital
libraries and cultural heritage sites in order to facilitate the access to their resources,
bringing cultural content to new audiences in novel ways (Paneva-Marinova, Pavlov,
& Kotuzov, Approach for Analysis and Improved Usage of Digital Cultural Assets for
Learning Purposes, 2017).

In nature, an ecosystem is an area where organisms interact with one other as well
as with the non-living parts of the environment. In the digital cultural ecosystem, vari-
ous “digital organisms” (viz. collections, archives, virtual museums, digital libraries,
cultural heritage site, etc.) also interact with one another as well as with the living part
of the environment (viz. users). Formally, a digital cultural ecosystem can be huge,
covering joint content management systems of one country or a region (similarly to a
large forest or lake in the nature), but it can also be small, such as a virtual museum or
a private collection of artefacts (the nature analogues: a puddle of water or only a tree).
“Digital organisms” “work” through services and tools to satisfy their users. DCEs ag-
gregate heterogeneous resources leaning on interoperability support of its building
blocks.

The European activities in this field are promoted and supported by the Horizon 2020
programme of EC H2020-EU.3.6.3. - Reflective societies - cultural heritage and Euro-
pean identity in the priority REFLECTIVE-6-2015 - Innovation ecosystems of digital
cultural assets. Activities under this programme aim to:

+  “stimulate new research perspectives for the humanities and social science
communities, promote further the use of digital cultural heritage allowing its
reinterpretation towards the development of a new shared culture in Europe.

* provide innovative and creative methods for approaching cultural assets and
generate applications and services to access and exploit the rich and diverse
European digital cultural heritage in a sustainable way.

+  foster collaboration between those with primary expertise in the interpretation
of cultural data and researchers with complementary expertise in digital and
interactive frameworks” (European Programme Digital Cultural Assets, n.d.).

In the Bulgarian NSF project “Innovation Ecosystems of Digital Cultural Assets”
(CultEcoSys) (CultEcoSys-Project, 2017) we perceive digital libraries (DLs), virtual
museums, cultural websites, efc. as small ecosystems for digital cultural assets. These
environments provide to their users wide range of applicable services and tools for re-
using and repurposing digital assets (or objects, DCOs), paving the way for wider ex-
ploitation of cultural resources and boosting innovation (Paneva-Marinova & Pavlov,
R., 2018). Fig. 1 depicts user’s activities for content manipulation in digital cultural
ecosystem. Fig. 2 depicts its main content units and flow.
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4 European Projects Dedicated to Research and
Development of Digital Cultural Ecosystems

The aim of the present section is to give a brief overview of some recent European
projects dedicated to research and development of digital cultural ecosystems and to
sketch their specifics and reveal some common features. The following projects are
selected to be regarded as they are to some extent representative for the current state-
of-the-art: “Accessible Resources for Cultural Heritage EcoSystems” (ARCHES)
(ARCHES, 2016), “Empowering Reuse of Digital Cultural Heritage in Context-aware
Crosscuts of European History” (CrossCult) (CROSSCULT, 2016), “Methods for Man-
aging Audiovisual Data” (MeMAD) (MeMAD, n.d.), “Smart Assets for re-Use in Cre-
ative Environments” (SAUCE) (SAUCE, n.d.), “Organizing, Promoting and ENabling
HEritage Re-use through Inclusion, Technology, Access, Governance and Empower-
ment” (OpenHeritage) (OpenHeritage, n.d.). They are covered in the table below with
brief information about:

- number and national variety of the project partners;

- project main objectives;

- project focus on specific features — specific user groups, given types of digital

cultural assets, specific social impact, specific IT methods and tools etc.;
- addressing interoperability among digital collections;
- planned main project results.
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5 Conclusions

As it has to be expected the project specifics (focus on user groups, specific digital
assets, specific image processing, diverse communication channels etc.) have substan-
tial influence on the functional requirements, developed architectures and repertoire of
offered services.

All recent projects apply modern innovative IT technologies — e.g. virtual and aug-
mented reality, geolocalisation, semantic web instruments, use of Linked Data re-
sources, metadata, avatars, relief printers and models, context-sensitive tactile audio
guides, advanced image processing techniques.

Most of the research and development efforts are especially directed to services help-
ing not just to reuse but also to repurpose digital cultural assets for different needs. To
ensure such functionalities an advanced digital asset management system is needed,
which facilitates secure storage, searchable metadata, file conversions, and easy sharing
of digital assets (Holmes, 2018).

Participants in the international projects under consideration are renowned European
museums with big volumes of digitized exhibits organized in various digital collections.
So special attention is paid on development and practical application of different se-
mantic descriptions, metadata schemes and features extracting mechanisms (ARCHES,
D1.2 “Data Management Plan — 1st version”, 2017) (CROSSCULT, D2.4 “Refined
digital cultural resource data & data structure”, 2018) (CROSSCULT, D2.5 “Upper-
level Cultural Heritage Ontology”, 2018) (MeMED, 2018) (Padfield, Kontiza, Bikakis,
& Vlachidis, 2019). The aim is to form a kind of smart search framework to allow third
party asset management systems to publish data to the search framework for ingestion,
classification, transformation and search. The data architecture of a smart search frame-
work should be extensible and interoperable with third party ontologies and domains to
support tagging, classification and reasoning across those domains. This should con-
tribute to achieve “smarter” content by making it fully adaptive: adaptive to context, to
purpose, to the user and to the production environment (SAUCE, D4.1 “Smart Search
Framework”, 2018).
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