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$EVWUDFW��This paper describes the infrastructure of the National Digital Library in Portugal. The requirements 
emerged from the definition of the resources to be manipulated and the services to be supported. It was given a 
special attention to scalability, as also to community building open standards, open solutions, and reusable and 
cost effective components. The structural metadata for the content resources is METS, and generic bibliographic 
metadata format is UNIMARC, EAD or Dublin Core. The resources identifiers are processed and resolved as 
simple but very effective PURL identifiers, supported by a specialized resolution service. The storage for 
immediate access is provided by open file systems, such as LUSTRE. The storage for long-term preservation it 
supported by ARCO, a locally developed solution. All the components can run on GNU/Linux systems. 
�
.H\�:RUGV�� 'LJLWDO� /LEUDULHV�� ,QIRUPDWLRQ� 6\VWHPV�� 6WUXFWXUDO� 0HWDGDWD�� 'HVFULSWLYH� 0HWDGDWD��
,QWHURSHUDELOLW\��'LJLWDO�3UHVHUYDWLRQ��'LJLWL]DWLRQ��2SHQ�6RXUFH� 
�
����,QWURGXFWLRQ�
The National Library of Portugal (BN - Biblioteca 
Nacional) is a patrimonial library.  Digital technology 
has been presenting new challenges to these 
institutions (mainly national libraries), mainly related 
with digitization; digital publishing; digital 
preservation; creation, processing, quality control and 
exchange of metadata; services for resource discovery, 
access and interoperability; etc. Each of these areas 
brings new expectations, but also new requirements 
for new skills and competencies, which BN has been 
identifying and mastering during recent years in trials 
and pilot initiatives. As a result, valuable expertise has 
been built, resulting in the actual initiative for the 
National Digital Library (BND - Biblioteca Nacional 
Digital). 
A key part of the BND initiative is the development of 
a technical infrastructure, here described. This action 
started in September of 2003, and the first stable 
versions of the services have been released during 
2005. This paper describes the main requirements and 
the global architecture for all of that. 
The paper starts with a description of the main 
technical and strategic requirements, followed by the 
description of the architecture. 
The most important elements of the overall model are 
the structural metadata (the "digital binding" for the 
information objects); the descriptive metadata (the 
description of the information objects); the names and 
identifiers (the references to the objects); and finally 
the repositories (storage and preservation). These 
issues are presented and discussed in the subsequent 
points, including the description of the main services 
to be supported by the related infrastructure. 

����5HTXLUHPHQWV�
The BND is an initiative with four simultaneous areas 
of activity: 

• Development of new digital resources 
• Services for deposit and registration of digital 

resources 
• Services for resource discovery and access 
• Services for long-term preservation 

 
Common to these areas is the building of a central 
infrastructure, which main technical and strategic 
requirements follow. 
 
���� 7HFKQLFDO�5HTXLUHPHQWV�
Creating digitized copies of manuscripts or printed 
items is one of the most interesting areas of actual 
investment for patrimonial libraries. As a result, 
multiple digitization projects are bringing for general 
access invaluable and so far inaccessible treasures. 
Besides these digitized objects, libraries have to 
consider also nowadays the new original and digital 
born objects, ranging for example from on-line 
journals and newspapers, published in a wide range of 
models, until innovative web sites representing new 
genres of resources, yet to be named. 
This scenario leads us to the main requirements for the 
architecture of BND: it has to be a framework to 
support services for deposit, registration, storage (for 
access and also for preservation), resource discovery, 
and access, all of this for a potentially large diversity 
of genres of information objects (in size, types, 
technical characteristics, conditions of use, etc.). Other 
issues for main requirements are cost, maintenance 
and scalability (also in dimension and in time). 
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��������5HTXLUHPHQWV�RI�'LJLWL]HG�2EMHFWV��
BND has promoted several digitization projects, 
covering a wide range of originals: newspapers, 
journals, posters, drawings, printed books, incunabula, 
manuscripts, maps, etc. 
Most of those images are digitized in high quality, 
with 24 bits in color depth and resolutions from 300 to 
600 dots per inch (dpi). These images are registered in 
master files in TIFF format, representing each one 
from a few kilobytes until a few gigabytes. 
Each digitized image can be also part of a specific 
work. Therefore, these works can range from one 
simple file of a few kilobytes until a collection of 
multiple files, comprising possibly several gigabytes 
in total. 
Most of these digitized works are in the public 
domain, since one of the main purposes of these 
digitization actions is to promote the access to that 
class of works. The high-quality master images are 
appropriate for reproduction and local fruition, but are 
not suitable for access by the Internet. For that, we 
produce lower resolution copies, in PNG, JPEG or 
GIF formats (reducing also the color depth). 
The digitized images rich in printed text are also 
submitted to automatic optical character recognition 
(OCR). This produces immediate text for automatic 
indexing, but for the works of high relevance, that text 
is also corrected by humans and made available as 
alternative transcript copies (the actual OCR 
technology stills producing a high level of errors for 
most of these originals, the major created before the 
end of the XIX century, making this human correction 
very expensive). 
As a result of this process, we have in the end of it, for 
each digitized work, a potential list of multiple copies. 
Those copies can range from a very simple object (just 
one image) until very complex objects, for books 
made for example of multiple chapters or parts, and 
digitized initially in hundreds or even thousands of 
image files. Figure 1 shows an example of an on-line 
record of one of those resources, representing a 
digitized book with copies ("Exemplar") in PDF, TXT 
and JPEG, besides a private master copy in TIFF. 
To manage this complexity, we need therefore to 
record also the logical structure of these works. For 
that purpose we started by developing a specific XML 
schema, named DPCreator [1][2], but during 2004 we 
changed to the METS [13], an alternative emerging 
schema with growing usage in digital libraries. 
Until the end of 2005 the BND will reach a total of 
nearly three thousand titles and one million of 
digitized images, all in more than 50 terabytes. These 
images are produced not only locally, but also by other 
digitization projects in the country that deposit their 
results at the BND, as a safeguard. 

 
Fig. 1. The on-line record (home-page) of a digitized 
printed work, available in multiple digital copies. 
 
��������5HTXLUHPHQWV�RI�'LJLWDO�%RUQ�2EMHFWV��
Besides the digitized works, BND is also concerned 
with the new works, born digital. The deposit and 
registration of these objects represents a real social 
need, to assure their registration and dissemination, 
and especially their preservation, an issue under the 
scope of any patrimonial library. This means for BN 
the requirement to expand its scope as a deposit 
library, covering not only the traditional printing 
world but now also the new digital paradigm [4]. 
National libraries are generally mandated to maintain 
deposit collections of published documents, usually 
for the purpose of preservation of cultural heritage. 
Through this mission, those institutions are supposed 
to guarantee the long-term availability to those 
manifestations of intellectual works. 
Depending of the country, the deposit framework is 
defined usually based in Legal Deposit (a system 
legally enforced, whereby authors, publishers or other 
agents must deliver one or more copies of every 
publication to the deposit institution), Voluntary 
Deposit (a system usually based on agreements 
between the deposit institution and the publishers or 
authors, under which those agents deliver one or more 
copies of each publication for preservation) or 
Acquisitions (a system where the deposit institutions 
have to take the initiative to identify, select and 
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acquire the publications relevant for deposit, 
according to their mission and strategy). 
Portugal has a Legal Deposit law for printed works, 
but BN is not in favor of any change in this law toward 
mandatory scenarios for the deposit of digital born and 
online published resources. However, it is much in 
favor of any model that will give the right to harvest 
(acquire) those resources, as also to promote 
self-deposit by their creators (voluntary deposit). 
In this sense the BND will have to consider the deposit 
and storage of a wide range of digital born objects, 
from simple files (but possibly in several formats) 
until complex web sites. The requirements from this 
are on techniques and technology for web harvesting; 
services for voluntary deposit; and metadata for 
description, logical structures and access control. 
 
���� 6WUDWHJLF�5HTXLUHPHQWV�
Another important requirement is stability. BND is not 
anymore an experimental project, pursuing short-term 
results, but it has to be stable and trustworthy. That 
requires thinking seriously in proven models and 
long-term sustainable strategies for the developments 
and convergence with the traditional existing services 
in the library. Also, it has to be all done in accordance 
with the human and financial resources that BN will be 
able to commit for these new operational areas, taking 
especially in account long-term implications and 
dependencies. 
Finally, we must take in consideration that the 
challenge of developing new services and collections 
of digital resources are not specific of any particular 
library, but an actual generic issue for any library, 
archive, and even in museums. This generic challenge 
must be a motivation for cooperation, technology 
reuse and service’s integration (interoperability). 
As a result of these generic requirements it was taken 
the strategic decision for open standards and open 
source software solutions. 
 
������5HPDUNV�
This paper is focused on the generic technological 
issues and the generic technical framework of BND. 
We  must stress that several specific issues are not 
deeply addressed here, such as workflows, processes 
for deposit (harvesting and voluntary deposit 
scenarios), registration (creation of descriptive 
metadata, management of identifiers, etc.), storage (an 
issue were long-term preservation issues are very 
relevant) and access (especially models for terms and 
conditions). 
Also, important but not here addressed, is the issue of 
the deposit of complex digital born resources, such as 
for example newspapers published by sophisticated 
content management systems. We believe that the 

requirements of those scenarios will be able to be 
supported by the infrastructure here described, since 
the main problems will be found mainly in the external 
workflows, with implications in the creation and 
maintenance of the descriptive and structural 
metadata. However, it is not our intention to 
demonstrate that or discuss it now. 
 
����6\VWHP�$UFKLWHFWXUH�
The main requirements of this problem lead us to 
design the architecture for the BND, which main 
generic components are shown in a very simple way in 
the Figure 2. 
The main services that this infrastructure is expected 
to support are, from the professional and management 
perspective, the deposit and registration of resources, 
their storage in the appropriated repositories, as also 
the need to manage and resolve their identifiers. 
From the public perspective, the main services are the 
search and browsing (resource discovery), as also the 
access to the resources. 
 

 
Fig. 2. A simple generic model of the main 

components of the architecture of the BND. 
 
����'HSRVLW�DQG�5HJLVWUDWLRQ�
The cases of deposit and registration comprise mainly 
the creation of metadata for the resources, the 
registration of that metadata, and the submission of the 
resources to their appropriate repositories. 
 
������6WUXFWXUDO�0HWDGDWD�
All the objects sent to the repository are structured 
according to the METS schema. The METS metadata 
records can vary in detail according the object type. 
For example, a specific profile is used for the 
self-deposited digital born objects, for which we 
create automatically a simple but very useful record, 
with the descriptive and technical information. For 
harvested on-line resources (typically websites) a 
limited structural map is also automatically created. 
On the other side, for digitized objects it is possible, in 
most of the cases, to create very rich detailed structural 
maps and descriptive information. 
The creating of structural metadata is supported by a 
framework named ContentE [6]. This can be used to 

Access Search and 
Browsing 

Deposit and 
Registration 

Descriptive 
metadata 

Name 
Resolving 

Repository 
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create very rich METS files, with structural 
descriptions for digitized objects, as shown in Figure 
3. ContentE exists in two versions: as a standalone 
tool, for human operation, with the interface shown in 
Figure 4 (to edit the automatically created metadata of 
the digital born objects.); and as web service (offering 
functionalities to other applications and services). 
ContentE is released by BN as an open-source tool, 
being already used in Portugal by several libraries and 
archives. 
In the METS files it is possible to include or make 
reference to descriptive metadata. The METS 
community defined also the METSRights schema for 
terms and conditions, which is also used in BND. 
 

Fig. 3. An example of a METS structural file, created 
by ContentE for the work available at http://purl.pt/1. 
 

 
Fig. 4. The ContentE tool in its standalone version. 

���� 9ROXQWDU\�'HSRVLW�
For Voluntary Deposit services we developed the 
DEPTAL framework [5]. DEPTAL is a 
collection-centric solution that can manage collections 
of documents in multiple copies and types, where each 
object is organized as an HTML site. It can manage 
also users and groups of users, it supports authority 
control (subjects, authors, etc.), and can interoperate 
by interfaces such as OAI-PMH [17], Z39.50 and SRU 
[14], and customized web services. DEPTAL 
recognizes descriptive metadata (UNIMARC, Dublin 
Core), and organizes the information objects in 
METS. 
DEPTAL is especially focused for institutional 
repositories [11], being already used not only by 
services of the BND but also by several universities in 
Portugal. 
 
���� 5HVRXUFH�'HVFULSWLRQ�
The digital objects with bibliographic characteristics 
have standard descriptive records in PORBASE, the 
national union catalogue. PORBASE is a traditional 
bibliographic catalogue, based in UNIMARC [10]. It 
holds more than one million of bibliographic records, 
and half of a million of authoritative structured records 
of authors, families, organizations and subjects. 
Other resources with archival characteristics, 
especially if they were already registered in the BN 
archiving system, can be processed in EAD [12]. 
Complex and unusual objects or collections, such as 
deposited or harvested groups of "blogs", archived 
mailing lists, etc., which traditional cataloguing or 
description would be not immediately effective, can 
be registered in Dublin Core [7]. 
 
�� ,GHQWLILHUV�DQG�1DPH�5HVROYLQJ�
The Name Resolving service is based on the PURL 
concept [18], which ensures that the URL made for 
these objects will still be valid in the future. This 
service has three main components: 

• An HTTP proxy that translates each PURL into 
the real URLs where the object must be 
accessible (which can change dynamically from 
access to access, or from user to user); 

• A web user interface for the human access and 
back-office maintenance of the service; 

• A web service interface used by other 
applications for resolution of identifiers and also 
management of the information. 

 
�� 5HSRVLWRU\�
The Repository has two main objectives: to assure the 
safe storage and preservation of the resources; and to 
assure the access to the resources. 
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Budget constraints, prior experiences and long-term 
maintenance concerns limited our solutions to the use 
of commodity hardware and free software like 
GNU/Linux. 
The use of commodity hardware, like ATA disks, is 
considered a possibility thanks to the standardization 
of technology that allows inspection of environmental 
and operation conditions of these devices. This 
includes temperature sensors, working errors, log of 
failures for IDE disks (through the SMART interface), 
etc. This ability to watch the environment and detect 
errors before they can affect the data gives us the 
minimum assurance needed on such a critical project. 
A final requirement was that the system had to be 
thought out to allow also the use of heterogeneous 
hardware configurations, to make it possible an easy 
and natural long-term scalability of the storage space. 
After these considerations, we decided to design a 
solution that would fulfill all these requirements. 
The preservation repository is implemented by a local 
solution named ARCO. This is basically a GRID 
solution, where terabytes of data can be stored in 
clusters built of commodity components [9][8]. 
One ARCO installation is a uniform storage space of 
several storage nodes and one metadata server. Each 
resource object is stored under a directory, without any 
data encodings or transformations. 
The objects are also replicated in two nodes, providing 
mirror security. Each copy is always stored entirely in 
one storage node, allowing the full recover not only 
after a failure of a node but even in the catastrophic 
scenario of the lost of the metadata server. 
The access repository uses the LUSTRE file system 
for its low level data storage [16]. LUSTRE is a highly 
scalable POSIX compliant file system designed for 
high-performance computing using also clusters of 
commodity hardware and GNU/Linux. It is a very 
scalable system, providing a fast access if necessary 
(depending of the characteristics of the hardware). 
 
�� 'HSRVLW�DQG�5HJLVWUDWLRQ�
The services for deposit and registration support the 
workflows for the verification, cataloguing or 
description, and storage of the objects. 
Besides the deposit of the digitized works and of the 
digital born works developed by BN itself, BND has 
been promoting several specific projects, such as the 
self-deposit of thesis and dissertations [3], the deposit 
of periodical publications, in specific scenarios [4], or 
associated to other initiatives such as LOCKSS [15]. 
This includes also cases for the deposit of full 
collections, such as the Gutenberg collection, 
deposited at BN [19]. 
 

�� 6HDUFK�DQG�%URZVLQJ�
The service for search and browsing offers several 
indexes for browsing, an OPAC for the search in the 
digital collection (using the descriptive metadata, as 
shown in Figure 5). The indexes are built 
automatically by the PURL service, using the subject 
indexing information, authors and dates in the 
descriptive metadata, as shown in Figure 6. 
The search engine, MITRA, is based on LUCENE 
[20]. This is a "Google like", but more "intelligent" 
search engine, able to index not only the full content of 
a wide range of text rich formats, but also the 
UNIMARC and Dublin Core metadata records (other 
schemas, such as EAD, are being added). 
MITRA can index web sites and objects in any XML 
schema. This provides innovative added value, since it 
indexes the content of the objects as also their 
metadata structures, bringing together the best from 
the two worlds. 
Other search and interoperability interfaces are 
provided by SRU, Z39.50 [14], and OAI-PMH [17]. 
 

 
Fig. 5. The OPAC (On-line Public Access Catalogue) 
at the BND. 
 

 
Figure 6. Indexes for browsing at the BND. 
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�� $FFHVV�
The access service must provide the access to the 
information objects, interoperating with the search and 
browsing services. This includes a user workspace, 
where registered users can maintain private virtual 
collections, made out of their own indexes of 
references for the objects they’ve visited and marked. 
Based on the profile of the user, the access service can 
provide also privileged access to special copies for 
some of the objects. This is made possible by the terms 
and conditions registered in the METSRights structure 
of each object and of each of its components. An 
example of an advanced service is, for example, the 
opportunity to order a collection on a CD-ROM or 
DVD, choosing probably from the different available 
versions (such as a higher resolution for the images, in 
JPEG or even in TIFF format). 
The service that allows the users to order a virtual 
collection on a CD-ROM or DVD also uses the 
information represented in the METS structural 
metadata. The structural map of the object can be 
presented to the user has a tree, making it possible to 
choose only the relevant parts of the object, if desired. 
Additionally, all the access services use the 
information registered at the METSRights structure to 
check whether the objects, or some of their parts, are 
available or not for access or reproduction. 
 
�����&RQFOXVLRQV�
The development of the BND presents a unique class 
of challenges. This paper reports work in progress 
according with a pragmatic but efficient and flexible 
strategy that has been proved to be feasible. The 
results reached so far, comprising working versions of 
all the components and services, give us the necessary 
conviction to expect a successful project. 
Several of the components, such as ContentE, MITRA 
and DEPTAL, are already available (and widely used 
in Portugal) for non-commercial purposes to who will 
be interested in reusing them. 
�
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