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Introduction
In the domain of architecture, a huge amount of digital contents useful to academic and
professional users is available online and in principle accessible from all over the world.
However, because they reside in many different and unconnected systems, these contents are
often hard to find with traditional search engines.
MACE (Metadata for Architectural Contents in Europe) is a European eContentplus project 1
to connect architectural repositories and archives, providing a framework for community
based services such as finding, acquiring, using and discussing about e-learning contents that
were previously reachable only to small user groups.

Figure 1 : MACE visualization

This article will describe the MACE methodology and explain how it can assist with
interconnecting architectural repositories and archives through the application of open
standards and protocols.

The MACE Project concepts
Within the architectural domain, many online repositories and archives are available, but they
are not always easily accessed by their intended audience. They use different technologies, are
structured in different ways and have different ways to describe their content.
The MACE project proposes a solution by creating a central store where information is kept
about these different repositories. A central database with metadata instances, collected from
the external repositories is used to provide different services, such as searching for content,
tracking usage and adding additional metadata through enrichment.
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However, the project is complementary to the different repositories. Rather than trying to
become a single database containing all architectural content, the MACE system collects
information about architectural content, in the form of metadata. Through collecting metadata
or harvesting, all information is not only stored centrally, but it is also mapped against a
common scheme, allowing the different services to work on a unified structure, even when
using different languages, technologies or vocabularies.
At all time, the actual data or content is left with the original repository owners, who keep an
independent role. The MACE database does not store pictures, documents or full text content
from the connected websites. Only metadata is collected, which is required for the different
web-services. The external repositories from which information is collected, still maintain
their own access policies. MACE users will only retrieve references to the external content,
allowing the repositories to still require authentication of any form when visiting the actual
content on its original location.
The scheme from Figure 2 gives a visual overview of the MACE system. The content
represents all internal and external repositories. Metadata is harvested from the content
databases into a central metadata store. The MACE tools and services all use the metadata
store.

Figure 2 : Conceptual overview of the MACE system

The end-user can access these services through the MACE public portal, but application and
web developers could create applications directly utilizing the web services. The portal is the
main entry for all users, providing access to the different search mechanisms, the MACE
community and links with more information about the project. Figure 3 displays a screenshot
of the current version of the MACE portal.

Connecting digital architectural archives with MACE

2/10

Stefan Boeykens, K.U.Leuven (Belgium)

Figure 3 : The MACE Portal entry page

Digital Archives and Real World Objects
Repositories with architectural content can contain several resources. This can include books,
articles, drawings, photographs, letters, models, blueprints or any other resource that relates to
architecture, engineering or construction. An architectural project can also be described with
digital resources, such as 3D Models, CAD drawings, PDF documents or digital images and
movies. A single building project relates to several resources about this project. In the MACE
system, the actual building is called the Real World Object (RWO). Buildings, architects,
artifacts are all possible real world objects. While the object itself will not be stored in a
database, it was decided to provide the RWO as a separate object in the MACE system, to
allow other resources to relate to it, as illustrated in Figure 4. The RWO is actually an empty
placeholder with which the common digital resources or Media Objects can interrelate.
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Figure 4 : Real World Object and related Media Objects

Different knowledge about RWOs can be stored as metadata, such as names,
designer/architect, location or other, mostly textual, information. People and buildings can be
related to locations (geo-positions) and to particular dates (timestamps), as illustrated in the
diagram of Figure 5.

Figure 5 : Digital resources for a RWO relate to different dates

Within the MACE project, the RWOs are not directly harvested from external repositories,
but they are generated from other databases. As much as possible, the connection between the
actual records with information and the RWO that is referred to is being done automatically.
This allows users to find related content, when they look at a particular record about a
building or an architect.
While the RWO does not carry any information in itself, it is an important concept in the
MACE system.
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Technical Overview
The following sections give a more technical overview of the MACE approach. To make
digital architectural archives interoperable, the MACE system utilizes open standards.

Open Archives Initiative (OAI)
The Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) 2 is used as the
communication protocol, with which metadata instances are collected or harvested.
This protocol provides an application-independent interoperability framework based on
metadata harvesting. This is actually a framework (a set of interfaces, protocols, tools…) that
is used by:
− repositories to publish their metadata over the internet (the data provider);
− a central service provider to store and update the metadata of the various repositories.
On the repository side, an OAI-PMH interface has to be set up, which defines a specific series
of verbs, which are used to communicate between the harvester and the repository. These
verbs allow the harvester to request information about the repository, to request existing
collections and metadata formats and to request lists of records or even individual records.
Such an interface can only be used to collect metadata and will not modify the repository in
any way.
The diagram from Figure 6 gives an overview of the communication flow in an OAI-target.
The request contains at least the verb variable, which is checked against the fixed list of
allowed verbs. When no errors occur, the target replies with an XML file, containing the
requested information, such as the identification of the repository, the list of collections or
sets, the list of support metadata formats or a list of records.

Figure 6 : OAI-PMH worklflow scheme1

A single target can support several metadata formats, but in most cases, at least Dublin Core
(ISO 15836) 3 is supported. While it is not necessary to describe the different possible
metadata formats in this article, it is interesting to know that most of these formats contain
rather generic information, such as titles, identifiers, authors, publication date and descriptions
1 Diagram from http://www.oaforum.org/tutorial/english/page4.htm
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or keywords. For different contexts, it is advised to use more specialized metadata formats
that allow a richer description of the content.

Learning Objects and LOM
By definition, a Learning Object (LO) is any entity, digital or non-digital, that may be used
for learning, education or training. In MACE, metadata instances follow the IEEE 1484.12.1 2002 Standard for Learning Object Metadata (LOM) 4.
“The IEEE LOM standard defines a set of meta-data elements that can
be used to describe learning resources. This includes the element
names, definitions, datatypes, and field lengths.”
http://www.imsglobal.org/metadata/mdv1p3/imsmd_bestv1p3.html#1631952

Dublin Core (DC) is a widely used standard for the structuring of metadata. While LOM is
compatible with DC, it greatly enhances this structure, albeit mostly oriented to educational
material. To reap the full benefits of the MACE structure, it is important that OAI-targets are
extended to support the LOM metadata format. When providing metadata in DC, only a
minimal structure is supported and the benefits of rich content descriptions are not reached.

The MACE Application Profile
The MACE Application Profile defines a common structure to describe Architectural Content.
“An Application Profile is a declaration of which metadata terms an
organization, information resource, application, or user community
uses in its metadata.”
http://www.imsglobal.org/metadata/mdv1p3/imsmd_bestv1p3.html

The MACE Application Profile is an extension of the LOM standard, utilizing several
existing classifications systems, such as CI/SfB, Uniclass and the Getty Art and Architecture
Thesaurus. To provide multi-lingual facilities, classification terms are being translated into
different European languages. The MACE Application Profile is managed and revised by an
expert panel, open to suggestions for improvements. The following (short) fragment illustrates
the structure of the classification section from the MACE application profile, since that is
where most architecture-specific information is described.
LOM Category 9 classification
Conceptual Design
Functional Typology
commercial
banking, financial facility
Supermarket
recreational facilities
urban park
exposition pavilion
Form Typology
tower
Context
Geographic Context
landforms
valleys
mesas
Identification
Project Type
sculpture design
urban design
Intervention Type
demolition
new construction
…
Theories and Concepts
Theoretical Concepts
creative process
un-built projects
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This fragment is lifted from a complete hierarchic thesaurus, which is structured in six main
groups and further subdivided. Each term has an internal ID and can have multiple
translations and synonyms. The thesaurus is managed dynamically, online, through the
Protégé client 5 and related web-services by an expert panel from MACE. The internal IDs
are used for all metadata enrichment. When harvesting external repositories, a mapping needs
to be made between their classification (if any) and the MACE Application Profile.

Efforts and implementation
When repositories are willing to connect with MACE, it is not necessary to provide actual
content, since only metadata or content descriptions are required. Collected metadata are used
to provide web services, such as searching facilities and the addition of more metadata, called
enrichment. This requires the development of the OAI-PMH communication interface and
setting up a mapping between the repository structure and the MACE structure, for which
MACE partners will provide assistance.
The following fragment displays an example LOM instance from the DYNAMO repository 6,
as developed and managed by the K.U.Leuven Department of Architecture, Urbanism and
Planning, which is one of the partners in the MACE consortium.
<?xml version="1.0" encoding="UTF-8"?>
<lom xmlns="http://ltsc.ieee.org/xsd/LOM" xmlns:xsi="http://www.w3.org/2001/XMLSchemainstance"
xmlns:mace="http://www.mace-project.eu/xsd/LOM"
xsi:schemaLocation="http://ltsc.ieee.org/xsd/LOM
http://standards.ieee.org/reading/ieee/downloads/LOM/lomv1.0/xsd/lomLoose.xsd
http://www.mace-project.eu/xsd/LOM">
<general>
<identifier>
<catalog>DYNAMO</catalog>
<entry>project235</entry>
</identifier>
<title>
<string language="en">Palace of Nations</string>
</title>
<language>en</language>
<mace:learningObjectKind>
<mace:source>MACEv1.0</mace:source>
<mace:value>media object</mace:value>
</mace:learningObjectKind>
</general>
<metaMetadata>
<identifier>
<catalog>oai</catalog>
<entry>oai:dynamo.asro.kuleuven.be:project235MD</entry>
</identifier>
<contribute>
<role>
<source>LOMv1.0</source>
<value>creator</value>
</role>
<entity><![CDATA[BEGIN:VCARD
FN:DYNAMO
N:DYNAMO
ORG:DYNAMO
VERSION:3.0
END:VCARD]]></entity>
<date>
<dateTime>2007-10-10T16:52:57.0Z</dateTime>
</date>
</contribute>
<language>en</language>
</metaMetadata>
<technical>
<location>http://dynamo.asro.kuleuven.be/testdyn/preview.php?
mainType=project&amp;id=235</location>
</technical>
<rights>
<copyrightAndOtherRestrictions>
<source>LOMv1.0</source>
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<value>yes</value>
</copyrightAndOtherRestrictions>
</rights>
</lom>

Metadata Enrichment
While the previous LOM fragment is fairly easy to read, it contains mostly generic
information. As such, this record is not too different from a Dublic Core record. It is only
when the additional, more extensive metadata is added, that the value of the MACE approach
can be seen.
There are basically two ways to provide richer metadata, which are complementary.
On the one hand, when more metadata are available and we know how they relate to the
MACE application profile, the harvester can collect them upon harvesting time. This is done
with the DYNAMO keywords, to allow for rich descriptions. In that case, the DYNAMO
terms are mapped to the closest related terms from the classification section within the MACE
Application Profile.
On the other hand, the MACE portal can be used to enrich harvested content. The different
types of metadata can be added on the detail page for a particular item, as shown in Figure 7.
This includes context (geo-location), competence, social (comments and ratings) and domain
(classification) metadata. In the example of DYNAMO, no geo-positions were available with
the original records, but they have been added afterwards by a MACE expert.

Figure 7 : Detail page for a particular record
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Benefits
From our vision on the project, we firmly believe in the benefits to join the MACE initiative,
by allowing harvesting of metadata from external archives with architectural content.
The searching and community facilities of MACE can be applied to retrieve content
descriptions from a wide variety of resources within the architectural domain, ranging from
project descriptions, to learning material, technical documentation or multimedia resources,
usable within education, research, architectural practice or other contexts.
Additionally, content can be further enriched using keywords, comments, ratings,
competences, geo-locations and classification information, even if the original repository was
not set up for these additional metadata.
By connecting with MACE, the scope of architectural repositories and archives can be
enlarged, making them retrievable towards a larger audience. This connection is a
complementary way of widening the scope of a repository, in addition to traditional mailings
or advertisements. Through a central portal, more users will be able to search and find
information residing in disparate repositories. This includes users from a wide variety of
architectural contexts, e.g. engineering, design, students, researchers and practitioners:
− having more users will increase content usage;
− users from different backgrounds can form a community;
− connecting to MACE facilitates content discovery.
MACE provides a sound, multilingual classification system for architectural content. This can
be beneficial to organize or improve the structure of repositories, by adhering to the whole or
to a subset of the MACE vocabulary.
Moreover, the MACE Project aims to not only collect (receive) metadata from repositories,
but also to share generated metadata from MACE. This allows users to find related content,
from other repositories. Collected and enriched metadata are shared with end users and
developers.
Finally, the technical effort to connect a repository is fairly limited in comparison with the
benefits that are offered by MACE.

More information
The public portal 7, which is still in development, allows visitors to try some of these
services, such as searching and tagging.
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