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Preface

Digital libraries represent the meeting point of a large number of technical ar-
eas within the field of informatics, i.e., information retrieval, document man-
agement, information systems, the Web, image processing, artificial intelligence,
human – computer interaction, mass-storage systems, and others. Moreover, dig-
ital libraries draw upon other disciplines beyond informatics, such as library
sciences, museum sciences, archives, sociology, psychology, etc. However, they
constitute a relatively young scientific field, whose life spans roughly the last
15 years. During these years the DELOS Network of Excellence on Digital Li-
braries (http://www.delos.info) has represented a constant presence aiming
to contribute to the consolidation of the field.

The activities of DELOS started many years ago, with the “DELOS Working
Group” at the end of the 1990s, and the DELOS Thematic Network, under the
Fifth Framework Program, from 2001 to 2003. Since the beginning, the main
objective of DELOS has been to advance the state of the art in the field of
digital libraries by coordinating the efforts of the major European research teams
conducting activities in the major fields of interest.

Every year DELOS organizes the All-Tasks meeting, the annual appointment
of the DELOS community where the scientific results achieved during the pre-
vious year are presented. Instead of the usual status reports from the various
DELOS Tasks, in 2006 it was decided to issue a Call for Papers, soliciting papers
reporting the scientific achievements of the DELOS members during 2006, and
to organize a conference. The first DELOS conference was held during February
13–14, 2007, at the Grand Hotel Continental in Tirrenia, Pisa, Italy.

The conference represented a good coverage of the 27 research tasks in DE-
LOS, with 38 papers being presented. In addition, two invited papers: “Seman-
tic Digital Libraries” (John Mylopoulos, University of Toronto) and “Digital
Libraries: From Proposals to Projects to Systems to Theory to Curricula” (Ed-
ward Fox, Virginia Tech) completed the program. The conference was open to
the larger digital library community and not just to the DELOS partners. About
120 people attended , half of whom were not from DELOS partners. We believe
that this is an indication of the increased interest in digital libraries, and the
recognition that the DELOS research activities have played and are playing an
important role in the European digital library scene.

This volume includes extended and revised versions of the papers presented
at the DELOS Conference. We believe that it should be of interest to a broad
audience potentially interested in the digital library research area. It has been
structured into 10 sections, corresponding to the different sessions in which the
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VI Preface

conference was structured, which in turn correspond to the major areas of re-
search where DELOS has focussed its attention recently.

October 2007 Costantino Thanos
Francesca Borri

Leonardo Candela
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MESSIF: Metric Similarity Search

Implementation Framework�

Michal Batko, David Novak, and Pavel Zezula

Masaryk University, Brno, Czech Republic
{xbatko,xnovak8,zezula}@fi.muni.cz

Abstract. The similarity search has become a fundamental computa-
tional task in many applications. One of the mathematical models of the
similarity – the metric space – has drawn attention of many researchers
resulting in several sophisticated metric-indexing techniques. An im-
portant part of a research in this area is typically a prototype imple-
mentation and subsequent experimental evaluation of the proposed data
structure. This paper describes an implementation framework called
MESSIF that eases the task of building such prototypes. It provides a
number of modules from basic storage management, over a wide support
for distributed processing, to automatic collecting of performance statis-
tics. Due to its open and modular design it is also easy to implement
additional modules, if necessary. The MESSIF also offers several ready-
to-use generic clients that allow to control and test the index structures.

1 Introduction

The mass usage of computer technology in a wide spectrum of human activities
brings the need of effective searching of many novel data types. The traditional
strict attribute-based search paradigm is not suitable for some of these types
since they exhibit complex relationships and cannot be meaningfully classified
and sorted according to simple attributes. A more suitable search model to be
used in this case is similarity search based directly on the very data content.

This research topic has been recently addressed using various approaches.
Some similarity search techniques are tailored to a specific data type and appli-
cation, others are based on general data models and are applicable to a variety
of data types. The metric space is a very general model of similarity which
seems to be suitable for various data and which is the only model applicable to
some important data types, e.g. in multimedia processing. This concept treats
the dataset as unstructured objects together with a distance (or dissimilarity)
measure computable for every pair of objects.

Number of researchers have recently focused on indexing and searching using
the metric space model of data. The effort resulted in general indexing principles

� This research has been funded by the following projects: Network of Excellence
on Digital Libraries (DELOS), national research project 1ET100300419, and Czech
Science Foundation grant No. 102/05/H050.

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 1–10, 2007.
c© Springer-Verlag Berlin Heidelberg 2007
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2 M. Batko, D. Novak, and P. Zezula

and fundamental main-memory structures, continued with designs of disk-based
structures, and also of distributed data-structures for efficient management of
very large data collections. An important part of research in this area is typi-
cally a prototype implementation and subsequent experimental evaluation of the
proposed data structure. Individual structures are often based on very similar
underlying principles or even exploit some existing structures on lower levels.
Therefore, the implementation calls for a uniform development platform that
would support a straightforward reusability of code. Such a framework would
also simplify the experimental evaluation and make the comparison more fair.

This reasoning led us to a development of MESSIF – The Metric Similarity
Search Implementation Framework, which brings the above mentioned benefits.
It is a purely modular system providing a basic support for indexing of metric
spaces, for building both centralized and distributed data structures and for
automatic measurement and collecting of various statistics.

The rest of the paper maps individual MESSIF components from basic man-
agement of metric data in Sections 2 and 3, over the support for the distributed
processing in Section 4, to the user interfaces in Section 5. Description of each
area which MESSIF supports is subdivided into three parts – the theoretical
background, specific assignment for the framework (MESSIF Specification), and
description of the currently available modules which provide the required func-
tionality (MESSIF Modules). The architecture of the framework is completely
open – new modules can be integrated into the system in a straightforward way.

2 Metric Space

The metric space is defined as a pair M = (D, d), where D is the domain of ob-
jects and d is the total distance function d : D×D −→ R satisfying the following
conditions for all objects x, y, z ∈ D: d(x, y) ≥ 0, d(x, y) = 0 iff x = y (non-
negativity), d(x, y) = d(y, x) (symmetry), and d(x, z) ≤ d(x, y)+d(y, z) (triangle
inequality). No additional information about the objects’ internal structure or
properties are required. For any algorithm, the function d is a black-box that
simply measures the (dis)similarity of any two objects and the algorithm can
rely only on the four metric postulates above.

MESSIF Specification. Our implementation framework is designed to work
with a generic metric space objects. The internal structure of the objects is
hidden and not used in any way except for the purposes of evaluation of the
metric function. In particular, every class of objects contains an implementation
of the metric function applicable to the class data.

For the purposes of quick addressing, every object is automatically assigned
a unique identifier OID. Since the metric objects are sometimes only simplified
representations of real objects (e.g. a color histogram of an image), the objects
also contain a URI locator address pointing to the original object – a web address
of an image for instance.
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MESSIF: Metric Similarity Search Implementation Framework 3

MESSIF Modules. Currently, there are two basic data types with different
metric functions: Vectors with Lp metric function, quadratic form distance
and some functions from MPEG7 standard; and Strings with (weighted) edit
distance and protein distance functions.

2.1 Collections and Queries

Let us have a collection of objects X ⊆ D that form the database. This collection
is dynamic – it can grow as new objects o ∈ D are inserted and it can shrink
by deletions. Our task is to evaluate queries over such a database, i.e. select
objects from the collection that meet some specified similarity criteria. There
are several types of similarity queries, but the two basic ones are the range
query Range(q, r) and the k-nearest neighbors query kNN(q, k).

Given an object q ∈ D and a maximal search radius r, range query Range(q, r)
selects a set SA ⊆ X of indexed objects: SA = {x ∈ X | d(q, x) ≤ r}.

Given an object q ∈ D and an integer k ≥ 1, k-nearest neighbors query
kNN(q, k) retrieves a set SA ⊆ X : |SA| = k, ∀x ∈ SA, ∀y ∈ X \ SA : d(q, x) ≤
d(q, y).

MESSIF Specification. In MESSIF, we introduce concept of operations to
encapsulate manipulations with a collection. An operation can either modify
the collection – insert or delete objects – or retrieve particular objects from it.
Every operation carries the necessary information for its execution (e.g. an object
to be inserted) and after its successful evaluation on the collection it provides
the results (e.g. a list of objects matching a range query). If the operation is
a query, it also provides an implementation of its basic evaluation algorithm –
the sequential scan. It is a straightforward application of the particular query
definition: given a collection of objects, the operation inspect them one by one
updating the result according to that particular query instance.

MESSIF Modules. At present time, MESSIF supports insert and delete op-
erations that allow addition or removal of objects from collections. To retrieve
similar objects, the basic metric-space range, kNN and incremental kNN
query operations are available.

3 Metric Data Management

We have explained the concept of the metric-based similarity search. In this
section, we will focus on efficient management and searching of metric data col-
lections. So far, we can use the aforementioned framework modules to design
a primitive data structure – it would execute the sequential scan implementa-
tion of a query on the whole collection of generic metric space objects. This
works for small and static data sets, but when the data is dynamic and its
volume can grow, more sophisticated effectiveness-aimed structures are needed.
The framework offers additional modules to simplify the task of implementing
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4 M. Batko, D. Novak, and P. Zezula

such structures – namely the data management support, reference objects choos-
ing (including partitioning) and the encapsulation envelope for algorithms that
provides support for operation execution.

A vital part of every implementation is its performance assessment. Without
any additional effort required, the framework automatically gathers many statis-
tic values from the summarizing information about the whole structure to the
details about local operation execution. In addition, every structure can define
its own statistics, which can take advantage of other framework modules.

3.1 Storing the Collections

Above, we have defined the collection as the finite subset of the metric domain
X ⊆ D. Practically, the collection is any list of objects of arbitrary length, which
is stored somewhere, e.g. the result of any query is a collection too. Moreover, a
union of two collections is also a collection and also its subset is a collection.

MESSIF Specification. The collections of objects can be stored in data areas
called buckets. A bucket represents a metric space partition or it is used just as
a generic object storage. The bucket provides methods for inserting one or more
objects, deleting them, retrieving all objects or just a particular one (providing its
OID). It also has a method for evaluating queries, which pushes all objects from
the bucket to the sequential scan implementation of the respective query. Every
bucket is also automatically assigned a unique identifier BID used for addressing
the bucket. An example of a bucket is shown in Figure 1b. The buckets have
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Fig. 1. Ball partitioning (a) and a bucket split (b)

usually limited capacity and MESSIF offers methods for splitting them if they
overflow as depicted by the figure.

MESSIF Modules. To physically store objects, MESSIF offers main memory
and disk storage buckets. The former is implemented as a linked list of objects
while the latter uses block organization with a cached directory.

3.2 Partitioning the Collections

As the data volume grows, the time needed to go through all objects becomes
unacceptable. Thus, we need to partition the data and access only the relevant
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MESSIF: Metric Similarity Search Implementation Framework 5

partitions at query time. To do this in a generic metric space, we need to select
some objects – we call them pivots – and using the distance between the pivots
and the objects, we divide the collection. The two basic partitioning principles
are called the ball partitioning and the generalized hyperplane partitioning [1]
and they can divide a set of objects into two parts – see an example of ball
partitioning in Figure 1a. Since the resulting partitions can be still too large, the
partitioning can be applied recursively until all the partitions are small enough.

At query time, the metric’s triangular inequality property is exploited to avoid
accessing some partitions completely. All the remaining partitions are searched
by the sequential scan. Even then, some distance-function evaluations can be
avoided provided we have stored some distances computed during object inser-
tion. We usually refer to this technique as the pivot filtering [2].

MESSIF Specification. One of the issues in the metric-space partitioning is
the selection of pivots, since it strongly affects the performance of the query
evaluation. There are several techniques [1] that suggests how to do the job and
the framework provides a generic interface allowing to choose an arbitrary num-
ber of pivots from a particular collection (usually a bucket or a set of buckets).
These pivots are usually selected so that effectiveness of a specific partitioning
or filtering is maximized.

MESSIF Modules. Automatic selection of reference objects can be currently
done by random, incremental or on-fly pivot choosers. The first select piv-
ots randomly while the second uses a sophisticated and good but time-consuming
method. The third is a low-cost chooser with slightly worse results.

3.3 Metric Index Structures

The previous sections provide the background necessary for building an efficient
metric index structure. We have the metric space objects with the distance
function abstraction, we can process and store dynamic collections of objects
using operations and we have tools for partitioning the space into smaller parts.
Thus, to implement a working metric index structure we only need to put all
these things together. Practically all algorithms proposed in the literature, see
for example surveys [3,1], can be easily built using MESSIF.

MESSIF Specification. The building of an index technique in MESSIF means
to implement the necessary internal structures (e.g. the navigation tree) and
create the operation evaluation algorithms. Since the buckets can evaluate oper-
ations themselves, the index must only pick the correct buckets according to the
technique used and the actual internal state of the index. A MESSIF internal
mechanism also automatically detect the operations implemented by an algo-
rithm (the algorithms do not necessarily implement available operations) and
also supports their parallel processing in threads.

To demonstrate the simplicity of the implementation, we provide an example
of a basic Vantage Point Tree (VPT) algorithm [1]. The structure builds a binary
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Fig. 2. Example of Vantage Point Tree structure

tree (see Figure 2), where every internal node of the tree divides the indexed data
into two partitions – specifically, the ball-partitioning depicted in Figure 1a is
used – and objects are stored in leaves. In MESSIF, we need to implement the
inner nodes, i.e. a data structure holding a pivot and a radius. Leaf nodes are
the MESSIF buckets, so no additional implementation effort is needed. Then,
the insert and range query operations are implemented, but this only involves a
simple condition-based traversal of the inner tree nodes. Once we reach the leaf
nodes, the MESSIF bucket’s processing takes over and provides the results.

MESSIF Modules. Several centralized metric indexing algorithms are imple-
mented using MESSIF: M-Tree [4], D-Index [5], aD-Index and VPT, that
can serve as an implementation tutorial.

3.4 Performance Measurement and Statistics

We have described the potential and the building blocks provided by the frame-
work for creating index structures. However, essential part of every index is the
performance statistics gathering. Statistics allow either automatic or manual
tuning of the index and that can also serve during the operation-cost estimation
(e.g. for a query optimizer). In the metric space, computation of the distances
can be quite time demanding. Therefore, the time necessary to complete a query
can vary significantly and it is also not comparable between different metric
spaces. Thus, not only the time statistics should be gathered, but also the dis-
tance computations of various operations should be counted.

MESSIF Specification. Framework provides an automatic collecting of var-
ious statistics during the lifetime of an index structure – no additional imple-
mentation effort is needed. Any other statistics required by a particular index
structure can be easily added. However, their querying interface is the same as
for the automatic ones and they are accessible in the same way.

Specifically, every MESSIF module contains several global statistical mea-
sures. These are usually counters that are incremented whenever a certain con-
dition occurs. For example, the distance computations counter is incremented
when a metric function is evaluated. Moreover, other statistics can be based on
the already defined ones – they can bind to an existing measure and then they
will be updated every time the parent statistic is modified.
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Another very important issue is the statistics gathering during evaluation
of operations, e.g. queries. Even though they can be executed simultaneously,
MESSIF separates the respective statistics correctly – the concept of binding is
used again, but the statistics are updated only locally within an operation.

MESSIF Modules. The MESSIF automatically gathers query operation
statistics (e.g. response time, number of distance computations, buckets ac-
cessed) bucket statistics (e.g. numbers of inserts/deletions in a bucket and a
sum of query statistics) and whole algorithm statistics.

4 Distributed Data Structures

The huge amounts of digital data produced nowadays make heavy demands
on scalability of data-oriented applications. The similarity search is inherently
expensive and even though sophisticated dynamic disk-oriented index structures
can reduce both computational and I/O costs, the similarity indexing approach
requires some radical changes if a swift processing of large datasets is required.

The distributed computing provides not only practically unlimited storage
capacity, but also significant augmentation of the computational power with
a potential of exploiting parallelism during query processing. The Structured
Peer-to-Peer Networks seem to be a suitable paradigm because of its inherent
dynamism and ability to exploit arbitrary amounts of resources with respect to
the size of the dataset managed by the system.

4.1 Computing Network

The objective of this part of the MESSIF platform is to provide the infrastruc-
ture necessary for the distributed data structures. The structured peer-to-peer
networks consist of units (peers) equal in functionality. Each peer has a storage
capacity and has access to the computational resources and to the communica-
tion interface. The concept of this basic infrastructure is depicted in Figure 3a.

The peer is identified by a unique address, and can communicate (using any
underlying computer network) directly with any other peer whose address it
knows. Peers can pose queries into the system. The request propagate arbitrarily
through the system and some peers answer to the originator. The framework
should provide support for this behavior.

MESSIF Specification. The MESSIF networking operates over the standard
internet or intranet using the family of IP protocols. Individual peers are iden-
tified by the IP address plus a port number. The entire communication is based
on messages using the TCP and UDP protocols.

Generally, every message originated by a peer is sent to an arbitrary number
of target peers. A receiver can either forward it further or reply to the originator
(or both). If the sender expects receiving some replies it generally waits for a set
of peers not known at the time message emission. To support this general mes-
sage propagation algorithm, each message carries information about the peers
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it wandered through. As the reply messages arrive to the sender, it can use the
message paths to manage the list of peers to await a reply from. The receiver is
also able to recognize when the set of responses is complete. Moreover, the com-
putational statistics (see Section 3.4) of the processing at individual peers are
collected automatically by the messages, thus overall statistics are also provided.

MESSIF Modules. The Message encapsulates the data and the routing infor-
mation. It also carries statistics collected from the visited peers. The Message
dispatcher module provides the message sending service using the TCP and
UDP protocols. Among others, it supports pooling of the TCP connections. The
management of a correct waiting for all replies to a particular request message
is ensured by the Reply receiver module.

4.2 Peer-to-Peer Metric Structures

The modules described in the previous section form the infrastructure necessary
for building peer-to-peer data structures. These distributed systems are com-
posed of nodes which consist of two logical components: (1) data storage – data
managed by a local index structure; (2) navigation structure – a set of addresses
of nodes in the system together with routing rules. Figure 3b depicts such an
overlay index and its utilization of the computing infrastructure. Every node is
hosted by a physical computer that provides the CPU, the memory (volatile and
persistent) and the network access. They maintain their local collections that
together form the overall data volume of the whole distributed structure.

Any node can issue an operation (e.g. to insert an object) that is processed by
the distributed index. The navigation mechanism is applied in order to route the
operation to the nodes responsible for the respective data (e.g. a node holding
the object’s space partition). In these nodes, the operation is executed locally
(e.g. the object is stored in the local data storage).

MESSIF Specification. The realization of the node concept in MESSIF fol-
lows its logical structure. The node’s data storage can employ buckets or any
centralized indexes available as MESSIF modules as defined in Section 3.1 or
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3.3, respectively. Therefore, the task of processing the operations locally is in-
herently available within the MESSIF functionality. The core of the distributed
index is thus the navigation logic. It is responsible for determining the addresses
of the nodes that should be reached by a specific operation. Once known, the
MESSIF communication interface is used to contact the nodes and to wait for
all the responses. The navigation needs not to be direct – several rerouting steps
can occur at the contacted nodes. However, the essence of every distributed nav-
igation algorithm is its ability to determine the correct address of the requested
data. Generally, the distributed structures built using MESSIF are aimed de-
veloping metric-based similarity search, but also classical distributed hash table
algorithms can be implemented.

MESSIF Modules. The following peer-to-peer structures for metric data man-
agement have been implemented using MESSIF: GHT ∗, VPT ∗, MCAN , M-
Chord [6]. Also, implementations of two distributed hash tables are available:
Chord and Skip Graphs [7,8].

5 MESSIF User Interfaces

Finally, let us briefly mention the interfaces that can be used by the user to con-
trol the index structures built using MESSIF. Since all structures use the same
application interface, we can control them uniformly. The designer can annotate
the published parts of a newly implemented structure to provide a unified de-
scription and help texts for the structure, its parameters, operations, etc. The
MESSIF can also automatically detect all operations that are supported by a
specific algorithm and offer them to be used by the user. All statistics gathered
by MESSIF are available to the users as well.

The MESSIF provides several user interfaces, capabilities of which vary from
the most simple ones allowing the user to write commands to a simple prompt
to a sophisticated graphical client, which offers comfortable manipulation with
the running structure along with an easy-to-read statistics presented by graphs.
In a distributed environment, the user interface (client) can connect to the peers
to control them. The MESSIF also includes a special monitoring interface for
distributed environment, allowing to show status of the running peers.

MESSIF Modules. The following user interfaces are currently available for
MESSIF: batch-run interface that can execute predefined batches of oper-
ations, telnet user interface offering a simple command prompt, web user
interface is a graphical applet that can connect to a running index structure,
and window user interface which is a full-featured client with wizards and
graphs for MESSIF statistics. Additionally, the web peer monitor allows mon-
itoring a distributed peer-to-peer network.
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6 Conclusions

The similarity search based on the metric space data-model has recently become
a standalone research stream, which arouses greater and greater interest.Since
we concern ourselves with this research area, we felt the need for a develop-
ment platform that would make the implementation easier.We have developed a
framework called MESSIF, which encapsulates the concept of the metric space
in a very general way. Further, it introduces the concept of an atomic metric
storage and supplies several implementations of these buckets. It provides a wide
support for distributed data structures, especially for those based on the peer-to-
peer paradigm. Various statistics are automatically collected and are available
for evaluation of the structures performance. The usability of our library was
confirmed by several data structures that have been successfully implemented
using the MESSIF.
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Abstract. Image similarity is typically evaluated by using low level features
such as color histograms, textures, and shapes. Image similarity search algorithms
require computing similarity between low level features of the query image and
those of the images in the database. Even if state of the art access methods for
similarity search reduce the set of features to be accessed and compared to the
query, similarity search has still an high cost.

In this paper we present a novel approach which processes image similarity
search queries by using a technique that takes inspiration from text retrieval. We
propose an approach that automatically indexes images by using visual terms
chosen from a visual lexicon.

Each visual term represents a typology of visual regions, according to various
criteria. The visual lexicon is obtained by analyzing a training set of images, to
infer which are the relevant typology of visual regions. We have defined a weight-
ing and matching schema that are able respectively to associate visual terms with
images and to compare images by means of the associated terms.

We show that the proposed approach do not lose performance, in terms of
effectiveness, with respect to other methods existing in literature, and at the same
time offers higher performance, in terms of efficiency, given the possibility of
using inverted files to support similarity searching.

1 Introduction

Retrieval of documents in digital libraries is obtained by either searching metadata as-
sociated with documents, or by searching the actual content of documents. In the first
case, a digital library system matches the query expressed by the user against metadata
produced by cataloguers, according to some specific format and schema. In the second
case the query of the user is matched against the actual content of documents managed
by the digital library system. This second type of search paradigm is typically referred
as content based retrieval.

In case of textual documents, the content based retrieval paradigm is quite intuitive:
words contained in a document are used to judge its pertinence to the user query [10].
On the other hand, image content base retrieval is not so obvious. In this case, image
retrieval is typically obtained by comparing low level features extracted from images,
such as color histograms, textures, shapes, etc. The assumption here is that if the low
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level features are similar then also the corresponding images are similar [5,8,11]. In
this paradigm a query consists of an image and the system is asked to search for other
images similar to the query image.

Various approaches were proposed in literature that can be used for efficient image
similarity search [4,1,2]. However, efficiency of image similarity techniques is currently
not comparable to the efficiency provided by text based retrieval techniques, used for
instance in large scale search engines such as web search engines.

In this paper, we present an approach to content based image retrieval that takes in-
spiration from text retrieval techniques, as in [3,12,6]: images are indexed and retrieved
by means of visual terms. In our approach a visual term is a prototype representing
a class of typical visual region that can be found in an image. Different visual terms
represent different classes of regions which contain regions related according to var-
ious criteria. For instance, classes might contain (and the corresponding visual term
represents) sets of regions containing very similar colors, other might contain similar
textures, shapes, etc.

The set of visual terms form the visual lexicon. Basically, the visual lexicon is a
set of prototypes of visual regions, that is a set of typical regions, which can be found
in images. Ideally, the visual terms contained in the visual lexicon should be able to
represent all regions that can be found in images.

An image is indexed by associating it with the set of visual terms that are judged
to be contained in it. In other words, a visual terms is associated with an image if the
image contains a region that can be represented by the visual term. This is similar to
text indexing, where a document is associated with the set of terms it contains.

In order to realize the proposed approach there are some issues that have to be care-
fully considered and addressed.

1. Visual lexicon generation: how the set of visual terms is built and how are terms
represented?

2. Image indexing: which visual terms are associated with an image and how we dis-
criminate the importance of terms in an image?

3. Image retrieval: how image queries are matched against indexed images?

In the following, Sections 2, 3, and 4 discuss these aspects. Section 5 evaluates the
proposed approach.

2 Visual Lexicon Generation

In our approach we index images by using visual terms, which in our proposal are
prototypes of visual regions. We perform image retrieval by checking the co-occurrence
of visual terms in the query and in the images of the database.

In order this approach to be realistic, the set of visual terms (prototypes of regions)
contained in the visual lexicon should be finite and well defined. However, by applying
a segmentation algorithm to a data set of images, the number of regions that will be
obtained is large and the probability to have ”exactly” the same region extracted in
different images i close to zero. This would imply that direct use of the extracted regions
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as terms of the visual lexicon, would not be helpful, since the probability of finding
regions co-occurring in the query and in images of the database is negligible.

Note, on the other hand, that very similar regions might play the same role and might
carry the same descriptive meaning, even if they are not identical. Accordingly, we
propose to group together similar regions and to represent them by representatives.

Here the approach is again similar to text indexing, where variations of the same
word are represented by a word-stem (consider for instance ”print”, ”printers”,
”printing”). In text retrieval systems there are well defined morphological rules to de-
cide which are the terms of the lexicon. However, in our context it is not obvious what is
the nature of a visual term. Intuitively, regions that play the same role have to be repre-
sented by the same visual term. Thus, we assume that visual similarity is an indication
of equivalence of descriptive meaning of visual regions.

We build the visual lexicon by choosing a training set of images and by using seg-
mentation to extract regions. We use a clustering algorithm to group together visually
similar regions. The representative of each obtained cluster is a visual term.

Let us describe this process more precisely. Visual similarity of regions is judged
by extracting low level features and by comparing the extracted features by means of
a similarity (or dissimilarity) function. There are several low lever features that can be
extracted from regions, which consider various aspects to judge the visual similarity.
Choosing different features may lead to different results of the clustering algorithms.
For instance, the use of color histograms groups together regions having similar colors,
while the use of shape descriptors groups together regions having the same shape.

We propose to group together regions according to various features so that we obtain
a multi-feature visual lexicon containing visual terms obtained by considering different
features. The multi-feature lexicon is the union of a number of mono-feature visual lex-
icons. For instance, there will be visual terms that represent group of regions having
similar shapes and terms that represent regions having similar colors. Specifically, the
clustering algorithm is applied multiple times to the training set. In each application a
different visual descriptor is used. Each application returns a mono-feature visual lexi-
con consisting of a set of prototypes representing regions that are judged to be similar,
according to one visual descriptor.

In our experiments, we have used the ITI Segmentation algorithm [7] to segment
the images. We used the five MPEG-7 visual descriptors [9] to represent the features
extracted from regions. Finally we have used the simple k-means algorithm to cluster
regions.

3 Image Indexing

Once we have a visual lexicon, we have to define how visual terms are associated with
images. In principle, a visual term should be associated with an image when the image
contains a region represented by the visual term.

To do that, every image is first segmented into regions and the low level features,
the same used for building the visual lexicon, are extracted from them. The terms are
chosen by selecting, for each extracted region, the n most similar visual terms in each
mono-feature visual lexicon, where n is a parameter that can be tuned to optimize the
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performance of the approach. Suppose the multi-feature visual lexicon is composed of
f mono-feature lexicons, each region is associated with n · f visual terms. The set of
terms corresponding to a region can be considered as different senses of the region.

To consider the relevance of a visual term in an image we also give a weight to
the selected visual terms. The weighting strategy that we use is again inspired to text
retrieval systems and specifically to the TF ∗IDF technique [10]. The TF factor gives
the importance of a terms in the document (its frequency in text retrieval systems). The
IDF factor represents the importance of a term with respect to the entire dataset (the
inverse of the frequency in the dataset).

We use the same terminology used in text retrieval systems and we re-define TF and
IDF according to our context. The weight (relevance) wI

t of term t in image I is

wI
t = TF I

t ∗ IDFt.

Intuitively, the TF I
t of term t in image I should be directly proportional to similar-

ity between a region and the visual term, and to the size of the region in the image.
In addition, it should be directly proportional to the number of regions, in the image,
represented by t. This can be expressed as

TF I
t =

∑

r∈Regions(I,t)

sim(r, t) ∗ cover(r, I),

where Regions(I, t) is the set of regions of I that are represented by t, sim(r, t)
gives the similarity of region r to the visual term t, according to the low level feature of
the lexicon of t, and cover(r, I) is the percentage of the area covered by r in I .

The IDFt is defined as in traditional text retrieval systems. It is the logarithm of the
ratio between the dataset size N and the number nt of images, which t is associated
with:

IDFt = loge

N

nt
.

Note that this indexing schema has the property to determine the most relevant terms
for an image in a given collection. Given that terms are obtained by using different
low level features (color histograms, textures, shapes, etc.), an implicit outcome of this
approach is that we are also able to automatically select and combine the most relevant
features for a given image in a given collection.

4 Image Retrieval

As previously discussed, we suppose that a query consist of a query image Iq . The task
of the search algorithm is to find the the k most similar images to the query image. In
our proposal we obtain this by appositively matching the visual terms associated with
the query image and those associated with the images in the database.

In order to realize this retrieval schema, the image Iq is first indexed as described in
previous section. The similarity between an image I of the dataset and the query image
Iq is then obtained by matching the terms respectively associated.
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More specifically, we use the vector space model [10] for doing that. In the vector
space mode, every indexed document is associated with a vector of weights W . The
vector contains an element for each term of the lexicon. Each element of the vector
contains the weight (relevance) of the term for the document. The weight of a term is 0
if the term is not associated with the document.

In our case, documents are images, terms are visual terms, and the weights in the
vectors are determined as discussed in previous section. Similarity between two images
I1, I2 is computed as the cosine of the angle αI1,I2 between the two vectors of weights
WI1 and WI2 . This can be obtained as:

cos(αI1,I2) =
WI1 · WI2

‖WI1‖ · ‖WI2‖

This indexing schema allows using inverted files, which are widely used for efficient
text retrieval, to perform image retrieval.

In our case the inverted file can be built by associating each visual term t, with a list
of pairs (Ii, w

Ii
t ). When the pair (Ii, w

Ii
t ) occurs in the list associated with t, it means

that image Ii contains the term t, and that term t has relevance wIi
t in image Ii.

Various techniques are available for efficiently retrieving the k best documents using
inverted files and the cosine similarity.

This, in addition to obvious efficiency advantage with respect to other access struc-
tures [4,1], has also the advantage to save memory space. In fact, with traditional tech-
niques all features extracted by all images have to be stored somewhere to be matched
against the query. In this case just the representation of the visual terms in the lexicon
should be stored, along with the weights of the regions in the images with a significant
reduction of required storage space.

5 Experiments

We have carried-out experiments to investigate the performance of our approach. Here
we briefly report the comparisons against the use of pure MPEG-7 [9], the SIMPLIcity
system [12], and KeyBlock [6]. For the comparison with the Simplicity system we have
re-implemented its indexing and retrieval schema using the segmentation and feature
extraction tools we have used. For the comparison with KeyBlock we have adopted
their segmentation and feature extraction techniques in our system.

5.1 Comparison with MPEG-7

In this test we compared our approach, according to various settings, with the direct
use of the MPEG-7 descriptors [9]. MPEG-7 offers five descriptors which take into
considerations different visual aspects in an image. Each descriptor is associated with
a similarity function which can be used to judge the similarity between two images
according to a specific descriptor. Image retrieval can be performed by extracting a
descriptor from a query image and by searching the k most similar images according to
the chosen descriptor. Our objective here is to compare our proposal with the direct use
of the specific MPEG-7 descriptors.
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Fig. 1. Comparing our technique with use of pure MPEG-7. In our method we used a lexicon of
size 1000 and each region was associated with 10 visual terms. For the MPEG-7 method we used
the Scalable Color descriptor, which resulted to be the best among all descriptor, in the dataset
that we used. Performance of our approach is comparable to the best MPEG-7 descriptor.

Description of the experiments. For this test we used a collection of 10000 images
(a subset of the Department of Water Resources in California Collection) stored in
JPEG format with size 384X256 or 256X384 containing scenes of various types. Our
approach was tested using various configurations according to various sizes of the lexi-
con, number of senses assigned to each region (see Section 3), and descriptors used. We
tested separately the various descriptors, and we also combined all descriptors together,
having our indexer determine the importance of the various descriptors.

The direct use of MPEG-7 was tested using all MPEG-7 descriptors independently.
Different descriptor might give different results according to different queries.

We used a TREC-like approach for executing the tests. Union of results obtained
by the various configurations of our approach and by the direct use of MPEG-7 were
ranked by a user and used to judge the performance of the various systems.

Experiment settings. The entire dataset was segmented using the ITI segmentation
algorithm [7]. The ITI algorithm was set to extract about 10 regions from each image.
From each region we extracted the five MPEG-7 visual descriptors (Scalable Color,
Edge Histogram, Dominant Color, Region Shape, Homogenous Texture), by using the
MPEG-7 reference software.

The regions belonging to a subset of 1000 images were used as the training set for
the clustering algorithm for the generation of the visual lexicon (see section 2). Two
different visual lexicons were generated. The first visual lexicon contains 100 visual
terms, the second one contains 1000 visual terms. Both lexicons were separately used
to index the entire dataset. More specifically, each lexicon was used to index the entire
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Fig. 2. Examples of images for each category

dataset multiple times according to different indexing parameters. The visual lexicon
of size 100 was used to independently index the dataset using 1, 5, and 10 senses (see
section 3) for each region. The visual lexicon of size 1000 was used to independently
index the dataset using 1, 5, 50 , and 100 senses for each region. Our approach was
tested by individually using the mono-feature visual lexicons and by combining the
mono-feature visual lexicons in a single multi-feature lexicon (combined method). We
used 15 different queries to perform the experiments. For each query, the union of the
first 40 retrieved images returned by each configuration and by the pure MPEG-7 re-
trieval techniques is considered to be the candidate set of relevant documents. This set
of documents is ranked by a user according to the relevance to the query. The obtained
ranking is used to compare the various configurations of our approach and the different
MPEG-7 based techniques. Precision and recall was used as a performance measure.

Results. We have observed that the combined method (the use of a multi-feature lexi-
con) offered better performance both in case of lexicons of size 100 and 1000. In case
of lexicon of size 100 the best performance was obtained using 5 senses per regions. In
case of lexicons of size 1000, the best performance was obtained with 10 senses per re-
gion. For what concerns the direct use of the MPEG-7 descriptors the best performance
was obtained with the scalable color descriptor. Figure 1 shows the comparison between
our combined method and the direct use of the scalable color MPEG-7 descriptor. Our
method results to be almost equivalent to it. The advantage in our case is that we do not
have to chose in advance the correct descriptor (scalable color in this case is the best),
given that our indexing method automatically adapts the weight of the various compo-
nents. In fact, the direct use of the other MPEG-7 descriptor present a performance that
is much worse than the scalable color descriptor.
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Fig. 3. Comparing our technique with Simplicity. In our method we used a lexicon of size 1000
and each region was associated with 10 visual terms. In Simplicity we used the MPEG-7 Scal-
able Color descriptor, which was the best among the MPEG-7 descriptors. Performance of our
approach is better than SIMPLIcity applied to the best MPEG-7 descriptor.

5.2 Comparison with Simplicity

Simplicity [12] is a system that also uses region based retrieval. Our objective here is
to compare Simplicity and our approach in terms of the pure indexing and retrieval
functionality.

Description of the experiments. We have performed two different tests. The first is
very similar to the comparison with the direct use of MPEG-7 descriptors. We have
used also in this case a TREC like approach to compare the two systems. In this case
the database that we have used is the COREL database.

The second test is exactly the same test executed in the Simplicity paper [12]. In
this test a subset of the COREL collection with images classified in different classes
was used. We measured how the two systems were able to retrieve images of specific
classes.

Experiment settings. In order to perform an objective comparison we have re-imple-
mented the Simplicity indexing and retrieval algorithms, however differently from the
original Simplicity system, we have used also in our Simplicity implementation the
ITI[7] segmentation tool and the MPEG-7 reference software to respectively extract
region and describe them in terms of visual features.

For the first experiment we have used the entire COREL collection, consisting of
about 60000 images. All images were segmented in at most 10 regions, and we used a
lexicon of 1000 visual terms obtained by clustering the regions extracted from a subset
of 1000 images. Indexing was performed by giving 10 senses to every visual term.
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For the second experiment we used the same subset of COREL used in the Simplicity
paper [12]. It consists of 1000 images classified into 10 classes. Each class contains 100
images. An example of images from each class is shown in Figure 2. Every image of the
dataset was used as a query and retrieval rank of all remaining imeges was recorded. A
retrieved image was considered a correct match if and only if it was in the same class of
the query. The two systems were compared by computing the precision within the first
100 retrieved images. The total number of semantically related images for each query
was fixed to 100, that is the size of each class. For this test we have used two different
settings for segmentation. We used a fine grained segmentation that returned about 30
regions per images, and a coarse grained segmentation that returned about 10 regions
per image. We have also generated two different lexicons containing respectively 100
and 1000 visual terms. In the Figure we just report the results with 1000 visual terms,
which returned the best results. We used 5 senses per region with the small lexicon and
10 senses per region with the large lexicon. The Simplicity system was tested with all 5
MPEG-7 descriptor separately.

Results. Simplicity obtained the best performance by using the Scalable Color MPEG-
7 visual descriptor. The result of the first test are reported in Figure 3. Here we report
the comparison of our approach using the combined (multi-feature lexicon) method and
Simplicity with the use of the Scalable Color. As it can be seen, our approach always
outperforms Simplicity.
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Fig. 4. Comparing our technique of weighting with SIMPLIcity and KeyBlock

The results of the second test are shown in Figure 4a. Here we compare our system
and Simplicity, with the use of the Scalable Color, under various configurations.

It is evident that the result varies in correspondence of different classes. The use of
a finer segmentation improves the performances in the both systems but especially in
our system, with the exception of Flowers categories for which the results with coarse
segmentation are better for both systems. Globally we can see that there is not a clear
winner between the two systems. In some cases our approach performs better, in some
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cases Simplicity performs better, in others they almost overlap. However a clear advan-
tage of our approach is that it requires much less storage memory. In fact, Simplicity
in order to obtain the score of an image with respect to a query has to compute the
similarity among their regions. This means that the descriptors of all regions in the
database have to be maintained. In our case, given that images are described in terms of
visual terms, and given that just a few visual terms are used in our tests, just the visual
descriptors of such visual terms should be stored.

5.3 Comparison with Keyblock

Here we compare our approach with that used by the KeyBlock system [6]. In KeyBlock
images are segmented by dividing them in blocks of the same size. RGB values of pixels
that compose a block are used as features of the block itself.

Description of the experiments. In order to compare our system with keyblock we
have again used the 1000 images from the COREL collection as described in previ-
ous section and we have performed the test that checks the ability to retrieve images
belonging to the same collection, as discussed in previous section.

Experiment settings. Given that the KeyBlock approach strongly depends on the seg-
mentation strategy and feature extraction, we have adopted their proposals also in our
system. Thus the images were partitioned into smaller blocks of fixed size. The fea-
tures extracted for each block corresponds to the RGB value of pixels that compose the
block. A subset of the obtained blocks was used to generate the lexicons used in our
approach. The tests for the comparison with KeyBlock was performed with block sizes
4X4, given that the authors of the KeyBlock strategy have proved that the performance
is good with this block size. Two lexicons were built one of size 256 and the other of
size 1000. We have chosen 5 as number of senses for regions for the small lexicon and
10 for the bigger lexicon.

Results. Figure 4b presents the results obtained comparing our approach and Key-
Block. The figure shows that there is not a clear winner in some cases we are better, in
others KeyBlock is better, and in others we are almost the same.

6 Conclusions

We have discussed a proposal for performing image similarity retrieval by means of
techniques inspired to text retrieval. The approach is promising given the reduced space
required for maintaining necessary data structures and for the possibility of using ef-
ficient techniques that have been tested in text retrieval systems. We have performed
some effectiveness tests and the results seems to be comparable and sometime better
than that obtained by other techniques, where much more storage space is required and
less efficiency can be obtained.
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Abstract. A reference architecture for a given domain provides an architectural
template which can be used as a starting point for designing the software archi-
tecture of a system in that domain. Despite the popularity of tools and systems
commonly termed “Digital Library”, very few attempts exist to set the foun-
dation governing their development thus making integration and reuse of third
party assets and results very difficult. This paper presents a reference architec-
ture for the Digital Library domain characterised by many, multidisciplinary and
distributed players, both resource providers and consumers, whose requirements
evolve along the time. The paper validates this reference architecture by describ-
ing the structure of two current systems, DILIGENT and DRIVER, facing the
problem to deliver large-scale digital libraries in two different contexts and with
diverse technologies.

1 Introduction

Digital Library is a complex area where a large number of heterogeneous disciplines
and fields converge. This highly multidisciplinary nature has created several concep-
tions of what a Digital Library is, each one influenced by the perspective of the primary
discipline of the conceiver(s) [1,2,3,4,5,6]. One of the consequences of this hetero-
geneity is that during the last fifteen years a lot of Digital Library Systems have been
pragmatically developed by specialized methodologies obtained by adapting techniques
borrowed from other disciplines. This kind of approach produced very many hetero-
geneous entities and systems, thus rendering the interoperability, reuse, sharing, and
cooperative development of digital libraries extremely difficult.

The Digital Library community recognizes these drawbacks and expresses the needs
to invest in Architectures for Digital Library Systems (DLSs) and to implement generic
Digital Library Management Systems (DLMSs) having all the key features that appear
fundamental in supporting the entire spectrum of digital library functionality as it arises
in several possible contexts [3,4]. In particular, a DLMS should incorporate functional-
ity that is related to all generic issues as well as the generic components of all mixed
issues. Moreover, its design should allow for easy integration of sub-systems supporting
the specialized functionality required by each particular environment.

To speculate on this understanding, the DELOS Network of Excellence on Digital
Libraries promotes an activity aiming at setting the foundations for and identifying the

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 22–35, 2007.
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cornerstone concepts within the Digital Library universe in order to facilitate the inte-
gration of research results and propose better ways of developing appropriate systems.
The first outcome of this activity is The Digital Library Manifesto [7,8]. This docu-
ment offers a new vision of this universe by presenting it as populated by three different
“systems” and by carefully establishing the roles of these constituent “systems” and the
relationships among them. The three systems are the Digital Library (DL), the Digital
Library System (DLS), and the Digital Library Management System (DLMS), as de-
picted in Figure 1. In particular, the DL is the abstract system as perceived by end-users,
the DLS emerges as the software system providing all the functionality that is required
by a particular DL, while the DLMS is the software system that provides the infrastruc-
ture for producing and administering a DLS and integrates additional software offering
extra functionality.

Fig. 1. DL, DLS, and DLMS: A Three-Tier Framework

To realise this idea, the Manifesto proposes to implement a series of frameworks that
collectively concur to meet the initial goal, i.e. facilitate the implementation of digi-
tal library “systems”. These frameworks are: (i) a Reference Model, consisting of “a
minimal set of unifying concepts, axioms and relationships within a particular prob-
lem domain. It is independent of specific standards, technologies, implementations, or
other concrete details” [9]; (ii) one or more Reference Architectures, containing an ar-
chitectural design pattern indicating an abstract solution in implementing the concepts
and relationships identified in the Reference Model; and (iii) one or more Concrete Ar-
chitectures, containing additional elements that make the reference architecture more
concrete; e.g. it replaces the mechanisms envisaged in the Reference Architecture with
concrete standards and specifications.

This paper presents a first step toward the definition of a fully-fledged Reference
Architecture for a Digital Library domain characterised by many, multidisciplinary
and distributed players, both providing and consuming resources, whose requirements
evolve along the time. Essentially, such first attempt of reference architecture identifies
a consistent and comprehensive set of software components necessary for a DLS and
the interactions between them. It acts as a blueprint for the creation and management of
a DLS.

The remainder of this paper is organised as follows. Section 2 contextualises the work
by providing a survey of current and past effort spent in similar tasks. Section 3 presents
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the reference architecture. Section 4 validates the reference architecture by describing
the structure of two existing systems, namely DILIGENT and DRIVER, that rely on the
reference architecture. Finally, Section 5 presents the conclusion of this work and the
future research issues.

2 Related Work

In addition to the attempt presented in this paper, few other initiatives exist to tackle
the definition of Digital Library architectures especially in the framework of large-scale
DLSs, i.e. DLSs characterised by a huge number of distributed resources aiming at
serving one or more distributed communities. One of the first attempt is represented by
Dienst [10] in 1995. This DLS, developed at Cornell University, proposes tasks clearly
divided and specified by a protocol based on HTTP providing helpful abstractions to
its users, e.g. collections uniformly searchable without regard to objects locations. Al-
though technically sound, the approach underlying this system requires an investment
in software, methodology and support that some prospective users were not willing to
make. To reach interoperability in distributed DLSs two approaches exist: the federated
and the harvesting approaches. In the federated approach a number of organizations
agree on a number of service specifications, usually expressed as formal standards.
When establishing a federation, the problem to overcome is the effort required by each
organization to implement the services and keep them current with all the agreements.
For instance, many libraries have standardized on the Z39.50 protocol [11] to meet the
needs for record sharing and distributed search. On the other hand, the Open Archive
Initiative [12] promotes the harvesting model as the mechanism for building digital
library services over archives making their metadata available through a simple and
lightweight protocol. Suleman [13] proposes to extend the work of the OAI to sup-
port the inter-component interaction within a componentized DLS built by connecting
small software components that communicate through a family of lightweight proto-
cols. Gonçalves, Fox, Watson, and Kipp [14] introduced a formal framework based on
five fundamental abstractions, i.e. Streams, Structures, Spaces, Scenarios, and Societies,
to define digital libraries rigorously and usefully. In such a framework the architecture
of DLSs is expressed in terms of services by focusing on their behavioural descrip-
tion (scenarios) and on the possibility to model co-operating services (structures). An
exploitation of such a framework to implement DLSs is described in [15]. The JISC
Information Environment (JISC IE) technical architecture1 [16] specifies a set of stan-
dards and protocols that support the development and delivery of an integrated set of
networked services that allow the end-user to discover, access, use and publish resources
as part of their learning and research activities.

In parallel with the above initiatives, three systems architecture paradigms have
emerged in the last years: Service Oriented Architectures, Peer-to-Peer Architectures,
and Grid Infrastructures. In [17], a survey of these architectural paradigms and their
exploitation in current DLSs is reported. This study aims at identifying the similarities

1 JISC Information Environment Architecture
http://www.ukoln.ac.uk/distributed-systems/jisc-ie/arch/
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among these paradigms as well as their distinguishing peculiarities in fulfilling the var-
ious requirements arising in the Digital Library arena. The major outcome of this study
consists in the recognition of the complementary nature of these architectures and of the
needs to combine them in order to fruitfully exploit the available resources in different
contexts.

3 The Digital Library System Organization

The concept map presented in Figure 2 (extracted from the Reference Model [18])
shows the main entities and their relationships in modelling DLS architectures. In par-
ticular, this map captures the fact that the architecture of a software system is defined
as the organization or structure of the system’s significant components (Architectural
Component) interacting with each other through their interfaces. These components
may be in turn composed of smaller and smaller components and interfaces; however,
different Architectural Components may result incompatible each other, i.e. cannot co-
exist in the context of the same system. The term “component” is used to mean an
encapsulated part of a system, ideally a non-trivial, nearly independent, and replaceable
part of a system that fulfils a clear function in the context of a well-defined architecture.

Fig. 2. The Digital Library System Concept Map

Architectural Components are classified in Software Architecture Components and
System Architecture Components. The former are realised by Software Components,
i.e. components encapsulating the implementation of a portion of a software system.
The latter, i.e. System Architecture Components, are realised by Hosting Nodes and
Computational Components. A Hosting Node encapsulates the implementation of the
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environment needed to host and run software components. A Computational Compo-
nent represents the running instances of a Software Component active on a Hosting
Node.

Moreover, the Reference Model identifies the concept of Application Framework,
i.e. the software component available at the hosting nodes and providing the run-time
environment for the computational components.

Based on this conceptualization, Figure 3 shows the Digital Library System Ref-
erence Architecture that we propose in order to fulfil the needs of large-scale digital
libraries, i.e. digital libraries characterised by a large amount of resources and serving
one or more communities world-wide spanned, multidisciplinary and whose require-
ments evolve along the time.

Fig. 3. The Digital Library System Reference Architecture

As commonly recognised, DLSs are complex systems whose implementation and
management beneficiate by their decomposition into smaller and more manageable
parts. The Reference Architecture applies the decomposition technique and proposes
a loosely coupled component oriented approach. This approach is fundamental for the
purposes of the reference architecture since it allows for (i) easy design of the DLS
through component selection and replacement, (ii) reuse of the components in differ-
ent contexts, (iii) distributed installation and maintenance since each component can
be independently implemented and deployed, and (iv) easy supporting of heterogene-
ity issues by using or providing an appropriate component dealing with the particular
problem.

In addition to the component-oriented approach, this Reference Architecture adopts
a layered approach. This approach organizes components on three tiers: (i) the Appli-
cation Framework layer, i.e. the set of software libraries and subsystems supporting the
operation of the other DLS components; (ii) the Enabling Components layer, i.e. the
DLS components providing the functionality required to support the communication
and co-operation among the components implementing the DL application; (iii) the DL
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Application Components layer, i.e. the DL system components providing the end-user
specific DL functionality.

In the context of the Reference Model, a set of functionalities have been identified
and grouped in functional areas. DL Application Components are thus described and or-
ganized through these functional areas: (i) the Mediation area dealing with and provid-
ing access to third party information sources varying in their structure, format, media,
and physical representation as well as third party services; (ii) the Information Space
Management area implementing and managing the digital library information objects
by providing storage and preservation facilities; the (iii) Access area supporting discov-
ery of the DL information objects via search and browse facilities; the (iv) User Space

Table 1. The Digital Library System Reference Architecture: Mandatory Components

Mediation area

– Document Conformer
– Collection Virtualizer
– Ontology Aligner
– Metadata Schema Mapper
– Content Transformer
– Content Translator
– Service Wrapper

Information Space Management area

– Storage Component
– Repository Component

• Preservation Support Manager, In-
formation Object Management, In-
gest, Policy Enforce, Error Recovery,
IO Registry, Configuration Manager,
Metadata Generator, Storage Man-
ager, Validation

– Collection Manager
– Annotation Manager

Access area

– Search
• Query Parser, Query Optimizer,

Query Execution, Query Adapter,
Collection Selection, Collection
Description, Personalization

– Index
• Feature Extractor, Trigger

– Data Fusion

User Space Management area

– User Registry
• User Manager, Tracer, Registration,

User Profile Config Manager
– Group Registry

• Group Manager, Subscription,
Group Profile Config Manager

– Profile Repository
• Role Manager, Role Enforce, Role

Config Manager, Checker
– Policy Manager

DL Management area

– User Administration
– Publication Process Manager
– DL Monitoring
– Recommender
– Preservation Manager

Presentation area

– User Interface
– OAI-PMH Publisher
– API Interface

Enabling Components area

– Information Service
– Authentication, Authorization, and Audit-

ing (AAA)
– Broker
– Process Engine
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Management area providing support for registration and other activities concerning ad-
ministration of the users; (v) the DL Management area implementing the functionality
for the administration of the DL in terms of librarian activities, e.g. review processes,
policies management, preservation activities; and (vi) the Presentation area providing
users with friendly access to the DL information and services, namely the graphical
user interface.

By relying on the concepts identified in the Reference Model, the components re-
ported in Table 1 have been envisaged as the minimal pool needed to deliver the ex-
pected functionality. Openness, i.e. the possibility to add a new component or replace
an existing one with a new one, is one of the most important characteristics to ensure
the sustainability of the system. This characteristic is guaranteed by the presence of the
Enabling Components taking care of the management activity, aimed at ensuring the de-
sired quality of service. This is not a trivial task and the pool of services needed to reach
it may vary a lot dependently on the concrete application scenario. It involves many
functions such as: security, e.g. authorization of the request, encryption and decryption
as required, validation, etc.; deployment, e.g. dynamically redeployment (movement)
around the network of the services for achieving a better performance, a greater level of
redundancy, improving availability, etc.; logging for auditing, metering, etc.; dynamic
rerouting for fail over or load balancing and maintenance, i.e. management of new ver-
sions of a service or new services to satisfy new users needs.

The component-oriented approach of the DLS Reference Architecture makes it pos-
sible to design and implement DLMSs equipped with a DL Generator. This component
is in charge of automatically creating a DLS by appropriately selecting, aggregating
(and potentially deploying) a set of available components in order to fulfil the require-
ments of a certain community. This kind of DLMS allows delivering DLs according to
the Business on Demand Model (BoDM), a model created around the Internet rush that
became the de facto business model of the 21st century. The goal of this model is to
efficiently manage and synchronize resources to match fluctuating requirements and to
release the optimal service at an affordable cost via controlled resource sharing.

In the next section, the components and principles envisaged in the Reference Archi-
tecture are validated by describing the structure of two current systems, namely DILI-
GENT and DRIVER.

4 Applying the Reference Architecture

The Reference Architecture proposes an abstract architectural design pattern that can
have multiple instances once implemented in a concrete scenario. This section describes
two existing large-scale digital library systems using the reference architecture in dif-
ferent application contexts. Another exploitation of the Reference Architecture is rep-
resented by the DelosDLMS [19]. The goal of this system is to to deliver a prototype
of next-generation system by integrating various specialised DL functions provided by
partners of the DELOS Network of Excellence. For further details about this system
please refer to [20].
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4.1 DILIGENT A Digital Library Infrastructure on Grid ENabled Technologies

DILIGENT [21,22] is an ongoing EU IST project combining Digital Library and Grid
technologies in order to deliver an infrastructure servicing scientists in the definition
and operation of the supporting environment they are looking for, i.e. an integrated
working environment giving access to the data and the facilities needed to perform their
daily tasks. In this system the emphasis is on the exploitation of Grid facilities to gather
both computing and storage power on demand as well as on the dynamic organization
of the resources needed to operate a Digital Library on demand.

The DILIGENT architecture is depicted in Figure 4.

Fig. 4. The DILIGENT Architecture

The DILIGENT Application Framework layer is in charge of providing other com-
ponents with the hosting environment they needed to operate, thus it must provide
Grid facilities in the DILIGENT scenario. To this aim it hosts the gLite components
[23] needed to interact with the Grid infrastructure released by the EGEE project [24].
Moreover, all the services constituting the system are designed by relying on the facil-
ities provided by the WSRF specifications [25] in terms of dynamic service creation,
lifetime management, notification, manageability, naming and discovering of service
instances. As a consequence, the DILIGENT application framework layer hosts the con-
tainer implementing these functionalities realised by the Globus project [26]. Moreover,
the DILIGENT application framework layer hosts a pool of software libraries easing the
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interaction of the DILIGENT partaking services with the services forming the Enabling
Components layer.

Many services form the DILIGENT Enabling Components layer. These services are in
charge of providing the functionality for (i) ensuring that the other DILIGENT services
work together securely and correctly, (ii) enabling the definition and creation of DLs
by dynamically deploying and aggregating the needed resources, and (iii) enabling the
creation of advanced functionality by combining resources via processes.

The Information Service supports the discovery and real-time monitoring of DILI-
GENT resources. In particular it (i) provides an interface enabling the other services
to query for resources having certain characteristics and (ii) supports the subscrip-
tion/notification mechanism thus becoming a proactive component that autonomously
provides interested services with information about newly available resources or
changes in the resource status.

The Keeper Service acts as the “orchestrator” of the services which form a DLS
whilst assuring the Quality of Service required by the DLs definition criteria. To do
so, it monitors the status of services and resources during the lifetime of the DL and,
accordingly, re-designs its topology at runtime. This re-design consists in dynamically
deploying new service instances on available hosting nodes provided by the infrastruc-
ture. By relying on such facilities, the DILIGENT system is capable to maintain up and
running a series of DLs on a pool of shared resources and promote their optimal use.

The Broker and Matchmaker Service facilitates the efficient usage of the Grid infras-
tructure through an optimal distribution of services and resources across hosting nodes.
The service exploits and extends underlying grid middleware capabilities so as to match
the needs of the DLs hosted by DILIGENT.

The Dynamic Virtual Organisation Support (DVOS) Service is dedicated to the man-
agement of Virtual Organizations. A Virtual Organisation (VO) is a dynamic pool of
distributed resources shared by a dynamic set of users from one or more organizations
in a trusted way. In DILIGENT, Virtual Digital Libraries make use of the VO mechanism
to glue together users and resources in the trusted environment of the DL.

Finally, the Process Management provides functionality supporting the definition and
execution of advanced functionality via the definition of processes, i.e. combination of
existing services into more complex workflows that, once defined, can repeatedly be
executed. Moreover, this area is equipped with an execution engine that performs the
steps defined in each process in a Peer-to-Peer modality in order to take advantage from
the presence of distributed and replicated resources.

On top of these infrastructural services there resides the pool of those services de-
voted to deliver the functionality expected by end-users. According to the Reference
Architecture they are organised in the Information Space Management, Access, and
Presentation areas.

The Information Space Management area provides all the functionality required for
storing information objects and their associated metadata, organizing such information
objects into collections, and dealing with annotations. In order to take advantage from
the presence of the potentially huge storage capacity deriving from the Grid, this area is
also equipped with replication management facilities. These facilities automatically cre-
ate and distribute replicas of information objects, thereby significantly increasing their
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availability. Finally, a service taking care of applying watermark and encryption tech-
niques in order to protect the information objects from unauthorized accesses completes
this area. The latter aspect is particularly relevant since the storage facilities provided by
the Content Management service make use of Grid storage facilities, therefore it might
occurs that physical files are stored on third party devices that are not under the direct
control of the DILIGENT infrastructure.

The Access provides the functionality required to discover the DL information ob-
jects . The whole task is orchestrated by the Search service that exploits the capabilities
provided by (i) the Index Management, that builds and maintains various types of in-
dexes of the DL content; (ii) the Feature Extraction, that extracts different types of fea-
tures from different kinds of media; (iii) the Content Source Description & Selection,
that supports the discovery of the collections where to search in for a given cross col-
lection query by comparing collection content description with the query; (iv) the Data
Fusion, that supports the merging of the result sets resulting from querying the involved
collections; and (v) the Personalization, that enriches the query with user characteris-
tics for customizing the search results. All of them have been designed to co-operate by
relying on the Process Management facilities. Further details are reported in [27].

Finally, the Presentation provides the graphical user interface needed to make DILI-
GENT resources and functionality available in an intuitive and easy to use environment.
From a technological point of view, the required functionality is implemented via Por-
tal and Portlets technologies, where portlets are pluggable user interfaces that can be
managed and hosted in a portal via appropriate standards. In particular, the DILIGENT

infrastructure is equipped with a set of portlets, one for each service having a user in-
terface, and the WebSphere portal engine has been used to host them.

The principles and guidelines proposed in the context of the Reference Architecture
proved to be very useful in the context of a complex system like DILIGENT. The lay-
ered approach together with the component oriented one as well as the functional areas
proposed fitted very well the organization of DILIGENT.

4.2 DRIVER Digital Repository Vision for European Research

DRIVER [28] is an IST project co-funded by the European Commission under the
Framework 6 “Research Infrastructure” program. It officially started in June 2006 and
has a planned duration spanning across eighteen months. The goal of this project is to
develop an organization and a system as the first step towards a pan-European Digital
Repository Infrastructure, i.e. an European production-quality infrastructure integrat-
ing existing national, regional and thematic repositories in order to provide a virtually
centralized view over their distributed content. The project emphasis is therefore on
providing cross-repository services in a large-scale scenario. Despite previous attempts
have been implemented with a similar goal, e.g. the National Science Digital Library
in US [29] and the Dutch network of Digital Academic Repositories (DARE) [30],
they potentially suffer of the sustainability problem because in their context, like in the
DRIVER one, consumers are world-wide, heterogeneous, multidisciplinary and evolv-
ing. To overcome this problem the DRIVER architecture has taken advantage from the
Reference Architecture and, in particular, by the loosely coupled component oriented
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Fig. 5. The DRIVER Architecture

approach giving the possibility to easily replace one piece of the system and thus to
adapt it to novel requirements.

The DRIVER architecture is depicted in Figure 5. All the components are realized as
Web services. These services represent classes of services that co-exist and interact in
multiple running instances in the DRIVER infrastructure. As a consequence the DRIVER

Application Framework is equipped with a hosting environment implementing the Web
Service standards. Moreover, it is provided with a pool of software libraries supporting
hosted services in accessing the rest of the services forming the system.

In accordance with the Reference Architecture, the DRIVER Enabling Components
layer offers the functionalities required to support the co-operation among the service
running instances. These functionalities are: (i) controlled access to the pool of DRIVER

resources, (ii) discovering of the pool of the dynamic pool of DRIVER resources, and
(iii) orchestration of family of services to deliver complex functionality.

The Authentication and Authorization Service addresses security, i.e. the service
guarantees that access to services occurs according to the established policies and that
only recognized and authorized consumers “consume” them; the service adopts the
eXtensible Access Control Markup Language (XACML) standard;

The Information Service addresses discoverability, i.e. the service acts as the registry
of the service oriented architecture providing functions to register new resources, to find
the services that respect specific capabilities or properties, and to notify the appropriate
services when specific events affect the lifetime of the registered services;

Finally, the Manager Service addresses orchestration, i.e. the service automatically
(i) orchestrates the interaction of services, by instructing them on the specific tasks they
should accomplish, and (ii) monitors the status of all services running in the infras-
tructure. This activity is performed to safeguard the infrastructure Quality-of-Service
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by taking corrective actions any time faults, errors or malicious accesses threaten the
proper infrastructural behavior.

On top of these infrastructural services there resides the pool of services devoted to
deliver the functionality expected by end-users. According to the Reference Architec-
ture they are organised in the Mediation, Information Domain Management, Access,
User Management, and Presentation areas.

The Mediation area implements the functionality needed to collect content from ex-
ternal information sources and populate the DRIVER information space. In particular,
the Aggregator Service gathers content from external sources and makes it available to
the other services [31].

The Information Domain Management area implements the DRIVER information
space. In particular, the MD Store stores collected metadata while the Collection Ser-
vice supports the organization of the gathered content into dynamic collections.

The Access area offers functionality to discover objects forming the Information
Space. Index Service provides appropriate data structures supporting content retrieval
while Search & Browse Service provides facilities enabling content discovery.

The User Management area implements facilities for dealing with end-users. In par-
ticular, User Communities Service supports the management of users and groups; Pro-
filing Service collects information about registered users that are employed to customize
the system behaviour; Recommendation Service notifies registered users each time an
event the user is interested in occurs.

Finally, the Presentation area offers the interfaces needed to interact with the system.
In particular, the User Interface Service implements the graphical user interface pro-
viding users with access to the system functionality while the OAI-Publisher Service
implements the OAI-PMH making DRIVER an open archive data provider [12,31].

The approaches proposed by the Reference Architecture have proved their usefulness
in a distributed and large-scale system like DRIVER. The component oriented approach
as well as the identification of the three layers and the functional areas is demonstrated
in a context characterised by many, multidisciplinary and distributed players, both pro-
viding and consuming resources, whose requirements evolve along the time.

5 Conclusion and Future Trends

Many Digital Library Systems are still poorly designed and implemented from scratch
by focusing on the specific problems and requirements the system have to deal with. We
argue for a development process based on general purpose DLMSs capable to deliver
classes of DLSs fulfilling end-user requirements. To support such a view we presented
a first step toward a Reference Architecture for Digital Library Systems adopting a
component oriented approach and establishing the organization of such components
in functional areas. Such reference architecture promotes component reuse as well as
plug-ability of novel and specialized components to fulfil specific requirements. This
development process complies with the Business on Demand Model supporting an ef-
ficient management of available resources.

Despites the proposed guidelines and principles proved to be very useful and ap-
propriate to the context they are envisaged for, i.e. Digital Library Systems serving
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communities whose requirements evolve along the time and characterised by many,
multidisciplinary and distributed players, both providing and consuming resources, fur-
ther effort must be invested in providing additional details and abstract solutions having
a fine-grained granularity. As a consequence, the until now envisaged components can
be split in minor components as to promote component sharing and reuse in a fine
grained scenario. We are well aware of the “distance” between the current Reference
Architecture and the form that it should have to be easily used to realise Concrete Archi-
tectures. However, the until now proposed guidelines and approaches have proven to be
appropriate for organising and describing concrete and complex systems as DILIGENT,
DRIVER and the DelosDLMS. This suggest to continue in this direction and to propose
additional patterns and solution to be included in the next versions of the framework.
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lence on Digital Libraries (IST-507618). Special thanks go to Maria Bruna Baldacci for
her valuable help in improving the readability of the paper.
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Abstract. DelosDLMS is a prototype of a next-generation Digital Li-
brary (DL) management system. It is realized by combining various spe-
cialized DL functionalities provided by partners of the DELOS network
of excellence. Currently, DelosDLMS combines text and audio-visual
searching, offers new information visualization and relevance feedback
tools, provides novel interfaces, allows retrieved information to be anno-
tated and processed, integrates and processes sensor data streams, and
finally, from a systems engineering point of view, is easily configured and
adapted while being reliable and scalable. The prototype is based on the
OSIRIS/ISIS platform, a middleware environment developed by ETH
Zürich and now being extended at the University of Basel.

Keywords: Digital Library Management System, SOA.

1 Introduction

The overall goal of the DelosDLMS is the implementation of a prototype of a
next-generation Digital Library management system [1]. This system combines
text and audio-visual searching, offers personalized browsing using new informa-
tion visualization and relevance feedback tools, provides novel interfaces, allows
retrieved information to be annotated and processed, integrates and processes
sensor data streams, and finally, from a systems engineering point of view, is
easily configured and adapted while being reliable and scalable.

Previous work in the DELOS network has mainly focused on improving Dig-
ital Libraries (DLs) by developing independent, powerful and highly sophisti-
cated prototype systems in cooperation of few partners. In addition, a dedicated
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DELOS activity is the definition of a Reference Model for Digital Libraries [2].
The goal of the DELOS integration activities is twofold. First, it aims at inte-
grating these prototype systems as building blocks into OSIRIS/ISIS, an existing
middleware environment that was developed at ETH Zurich. The result of the in-
tegration – that is, the middleware infrastructure together with all the advanced
DL functionality – constitutes the DelosDLMS prototype. Second, DelosDLMS
will serve as a partial implementation of the DELOS Reference Model.

This paper reports on the integration of DL functionality which includes au-
dio (TU Vienna) and 3D features (Univ. Florence), a new paper-based interface
(iPaper from ETH Zürich), a SOM visualization of the feature space (Univ. Kon-
stanz), and an annotation service (FAST, Univ. Padua) which have been added
to DelosDLMS and the integration of DelosDLMS into the Daffodil interface.

The paper is organized as follows. Section 2 introduces the ISIS/OSIRIS mid-
dleware which is the basis for DelosDLMS. Section 3 presents in detail the ser-
vices and DL functionality that has been added. Section 4 concludes.

2 OSIRIS/ISIS Middleware

OSIRIS (Open Service Infrastructure for Reliable and Integrated process Sup-
port) is a platform that allows for combining different distributed services into
processes [3]. The OSIRIS platform itself does not provide any application
functionality but, by combining specialized application services, supports the def-
inition and reliable execution of dedicated processes (also known as ”programm-
ing-in-the-large”). When different specialized DL application services are made
available to the OSIRIS platform, users can define and run powerful Digital Li-
brary processes by making use of these services. This is realized by a set of generic
(application-independent) services that include the registration of services and
processes, interfaces for application development, an engine for decentralized
execution of processes, and services for load balancing. OSIRIS processes them-
selves are wrapped by a service interface. Therefore, a process can be invoked
just like any other service (and used in other processes as well).

OSIRIS distinguishes between system services and application services. Sys-
tem services are used internally for coordinating the execution of processes in
a distributed way, without relying on a central execution engine/scheduler. For
application services, OSIRIS further distinguishes between loosely coupled and
tightly coupled services. Usually, a part of the distributed OSIRIS middleware
(called OSIRIS layer) runs on each host providing application services. This is
the case for tightly coupled services. Loosely coupled application services are
those that have to be called remotely, without a local ORISIS layer available.
The integration/invocation is done via WSDL for service description and SOAP
for invocation. The system architecture of OSIRIS is depicted in Figure 1. An-
other focus of OSIRIS is scalability of process execution. OSIRIS’ decentralized
peer-to-peer approach for process execution, which is realized by sophisticated
replication mechanisms for control flow dependencies, avoids any single point
of failure during process execution and provides a high degree of scalability.
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Fig. 1. The OSIRIS Middleware at a Glance

Peer-to-peer process execution also incorporates sophisticated load balancing in
order to distribute process load among available, suitable peers.

Finally, OSIRIS is equipped with the O’GRAPE (Osiris GRAphical Process
Editor) user interface for process definition. In addition, O’GRAPE supports the
integration of existing application services via existing Web service standards
(SOAP and WSDL).

The core of OSIRIS has been developed at ETH Zürich and is currently being
extended at the University of Basel. There are two versions of OSIRIS: one
is implemented in C++ and runs on Microsoft platforms, the other version is
implemented in Java.

ISIS (Interactive SImilarity Search) is a prototype application for information
retrieval in multimedia collections [4]. It supports content-based retrieval of im-
ages, audio and video content, and the combination of any of these media types
with text retrieval. Basically, ISIS consists of a set of pre-defined processes and
several application services (like feature extraction, index management, index
access, relevance feedback, etc.) that have been developed on the basis of the
OSIRIS middleware. ISIS includes a sophisticated index structure (VA-file) for
similarity search, which is particularly well suited for high-dimensional vector
spaces. It also provides basic support for relevance feedback and visualization.

With the DelosDLMS, existing ISIS services are significantly enriched by other
specialized DL services that have been developed within the DELOS network.
This is achieved by integrating these services into the OSIRIS infrastructure,
thereby combining them with other ISIS and non-ISIS services into advanced,
process-based DL applications.

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



DelosDLMS - The Integrated DELOS DL Management System 39

FAST
(U Padua)

Anno-
tation

Manage-
ment

Images Video Audio

ISIS / OSIRIS
(ETH / U. Basel)

OSIRIS

ISIS

Vis
Index

… RF

Audio
Retrieval
(TU Vienna)

Audio

Audio
Retrieval

3D
Retrieval
(U. Firenze)

3D

3D
Retrieval

SOM
(U. Kon-
stanz)

Visua-
lization

iPaper
(ETHZ)

Active
Paper

Daffodil
(U Duis-

burg)

Text
Search,
Author
Search,

…

Fig. 2. Overview of Systems which have been integrated into DelosDLMS

3 Integration Activities

The starting point for the DelosDLMS integration activities is illustrated in
Figure 2. In what follows, all these components are presented in more detail.

3.1 Content-Based 3D Retrieval

Histograms of surface curvature have been used to support global description
and retrieval of 3D objects. However, since histograms do not include any spa-
tial information, they are liable to false positives. To overcome such problems,
we used curvature correlograms as a model for representation and retrieval of 3D
objects [5,6]. Correlograms have been previously used with success for retrieval
of images based on colour content [7]. In particular, with respect to description
based on histograms of local features, correlograms enable also encoding of in-
formation about the relative position of local features. Correlograms are used to
encode information about curvature values and their localization on the object
surface. For this peculiarity, description of 3D objects based on correlograms
of curvature proves to be effective for the purpose of content based retrieval
of 3D objects. In order to compute curvature correlograms of a 3D object, the
principal curvatures are computed for every vertices of the mesh. Values of the
mean curvature are then derived from principal curvature, and quantized into N
classes of discrete values. For this purpose, the mean curvature value is processed
through a stair-step function so that many neighbouring values are mapped to
one output value.

The proposed retrieval approach has been applied to the models included in
the Princeton Shape Benchmark database [8]. This archive includes 1814 models
categorized in a hierarchy of classes. In DelosDLMS, the curvature correlograms
of the Princeton 3D-collection have been extracted and indexed with ISIS’ VA-
file and a Web service offering online feature extraction by Delos DLMS has been
developed.
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Fig. 3. Correlograms of 3 Models from 2 distinct Categories (Statue & Dinosaur)

3.2 Audio Retrieval

TU Vienna has developed three different feature sets for content-based music
retrieval. These feature sets for musical content description – Rhythm Patterns,
Statistical Spectrum Descriptors and Rhythm Histograms – are integrated into
DelosDLMS. The feature extraction algorithm is as follows:

In a pre-processing step the audio signal is converted to a mono signal and
segmented into chunks of approximately 6 seconds. Typically, the first and last
one or two segments are skipped and from the remaining segments every third
one is processed.

For each segment the spectrogram of the audio is computed using the short
time Fast Fourier Transform (STFT). The Bark scale, a perceptual scale which
groups frequencies to critical bands according to perceptive pitch regions, is
applied to the spectrogram, aggregating it to 24 frequency bands.

From this representation of perceived loudness statistical measures (mean,
median, variance, skewness, kurtosis, min and max) are computed per critical
band, in order to describe fluctuations within the bands extensively. The se result
is a Statistical Spectrum Descriptor.

In a further step, the varying energy on the critical bands of the Bark scale
Sonogram is regarded as a modulation of the amplitude over time. Using a
Fourier Transform, the spectrum of this modulation signal is retrieved. The re-
sult is a time-invariant signal that contains magnitudes of modulation per mod-
ulation frequency per critical band. This matrix represents a Rhythm Pattern,
indicating occurrence of rhythm as vertical bars, but also describing smaller fluc-
tuations on all frequency bands of the human auditory range. Subsequent to the
Fourier Transform, modulation amplitudes are weighted according to a function
of human sensation of modulation frequency, accentuating values around 4 Hz.
The application of a gradient filter and Gaussian smoothing potentially improves
similarity of Rhythm Patterns which is useful in classification and retrieval tasks.

A Rhythm Histogram is constructed by aggregating the critical bands of the
Rhythm Pattern (before weighting and smoothing), resulting in a histogram of
rhythmic energy for 60 modulation frequencies. The feature vectors are computed
for a piece of audio by taking the median of the descriptors of its segments.
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Fig. 4. Left: SOM for DelosDLMS Database Content; Right: SOM-Based Database
Browsing and Exploration Concept

3.3 SOM-Based Retrieval Support

A standard method to visualize the result set of a user query in a DL is to display
a sorted list of answer objects. Visualizing multiple object sets at once, as well
as their structure and interrelationships between each other, possibly in different
feature spaces, is feasible with projections from high-dimensional feature space
to low-dimensional (2D) display space. Among other algorithms such as Prin-
cipal Component Analysis and Multidimensional Scaling, the Self-Organizing
Map (SOM) algorithm is a projection and vector quantization algorithm with
interesting theoretical and practical properties, which is also highly suited for
visualization. Previous work done at the University of Constance has focused on
the application of the SOM algorithm for effective retrieval and visual analysis
in multimedia databases. For DELOS, this work was leveraged in computing
SOM projections for an image database described in different feature spaces. A
web service was developed, which, based on the offline calculated maps, is able
to render two basic SOM views. Query and result objects are marked on the
map. The overall goal of this visualization is to support the user in analyzing
and comparing the relationships between query and result sets, possibly under
different feature representations. Furthermore, the visualization allows the user
to effectively explore the contents and structure of a previously unknown data
repository (visual analysis and scatter browsing).

3.4 Daffodil

The DL system Daffodil is a front-end system for Digital Libraries, targeted at
strategic support of users during the information search process. For searching,
exploring, and managing DL objects it provides user-customisable information
seeking patterns over a federation of heterogeneous DLs. Searching with Daffodil
makes a broad range of information sources easily accessible and enables quick
access to a rich information space. Daffodil already provides a broad range of
tools to help the user in query formulation, e.g. a thesaurus, a spell-checker, a
classification browser, and a related-term service. For the user interface design,
Daffodil implements a tool-based design paradigm, where objects resulting from
the interaction with one tool can be dragged to other tools for further processing.
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Based on this metaphor, Daffodil implements the user-oriented integration of DL
tools in the DelosDLMS, thus complementing the system-oriented integration
performed by the OSIRIS middleware.

As a first reference implementation, the Daffodil system was extended by
an image search tool connecting to the ISIS system described above. For this
purpose, the Daffodil system was extended by two special functions: (i.) Query
by Example: Given any picture link from the Web, similar pictures are searched.
The similarity feature can be chosen, e.g. colour histograms. A set of answers
pictures is returned. The pictures can then be used for further searching. (ii.)
Query by Keyword: Given a specific keyword, the system is able to search for
pictures, which are indexed with this keyword.

A feedback list is implemented in both functions. The user is able to specify
relevant or non-relevant pictures in order to refine the answer set of searched pic-
tures. The communication between OSIRIS and Daffodil is handled by HTTP
and based on the processes given by the ISIS picture search. Through the inte-
gration within the Daffodil system, users can also apply other tools on queries
and retrieved images, like maintaining a search history, storing queries and im-
ages within their personal libraries, sharing them with other users or adding
annotations (see Section 3.6).

3.5 iPaper

Information managed by the DelosDLMS can be accessed by a variety of dig-
ital user interfaces. The goal of the iPaper extension for the DelosDLMS was
to enhance existing paper documents with functionality offered by DelosDLMS
thereby bridging the gap between paper documents and services offered by Dig-
ital Library management systems.

We developed an interactive printed museum guide as a physical user interface
to the DelosDLMS. The system is based on a Bluetooth-enabled digital pen that
can track user interactions within paper documents or any other surface covered
with a special printed Anoto pattern consisting of tiny, almost invisible dots.
Active paper areas can be defined within paper documents and linked to digital
information or services. In the case of the interactive museum guide shown in
Figure 5, existing printed text components and images, as well as some new
interface components in the form of blue “paper buttons” have been associated
with specific ISIS queries.

A first query that can be formulated based on the paper interface is retrieving
images based on a set of given keywords. A user can either select specific under-
lined words within the text, which is similar to selecting hyperlinks on the Web,
or they can enter specific words in a special keyword input area. Any keywords
entered in the keyword area are transformed to a text string by an Intelligent
Character Recognition (ICR) process. As soon as the user selects the ’Search’
button with the digital pen, a query consisting of the set of keywords is sent to
ISIS and a list of images matching these keywords is returned. Another type of
query is based on finding image similarities. By touching images in the museum
guide with the digital pen, a user can add them to the set of images to be used
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Fig. 5. Paper-based DelosDLMS Query Interface

in a similarity search. After selecting the ’Search’ button, a query with the set of
selected images as parameter is sent to ISIS and a list of best matching images
is returned. Note that the keyword and image-based searches may be combined
and queries containing keywords as well as images can be formulated. Finally,
there are some paper buttons to configure specific query parameters such as the
preferred size of the result set (from 1 up to 100 images).

The iPaper infrastructure [9,10] used to implement the paper-based interface
for DelosDLMS was developed by the Global Information Systems (GlobIS) re-
search group at ETH Zürich. It is based on a general cross-media information
management server (iServer) [11] enabling the integration of arbitrary digital
and physical resources.

3.6 FAST Annotation

FAST [12] is a flexible system designed to support both various architectural
paradigms and a wide range of different DLMSs. In order to achieve the desired
flexibility: (i.) FAST is a stand-alone system, i.e., it is not part of any particular
DLMS; (ii.) the core functionalities of the annotation service are separated from
the functionalities needed to integrate it into different DLMSs. The flexibility
of FAST and its independence from any particular DLMS are key features to
provide users with a uniform way of interaction with annotation functionalities.
In this way, users do not need to change their annotative practices only because
they work with different DLMSs.

Within FAST, annotations are composite multimedia objects, which can an-
notate multiple part of a given digital object and can relate this annotated digital
object to various other digital objects, if needed. Furthermore, once it has been
created, an annotation is considered as a first class digital object, so that it can
be annotated too. In this way, users can create not only sets of annotations con-
cerning a digital object, but also threads of annotations, i.e., annotations which
reply to one another. These threads of annotations are the basis for actively
involving users with the system and for enabling collaboration.
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From a functional point of view, FAST offers annotation management func-
tionalities, such as creation, access, and so on. Furthermore it supports collab-
oration among user by introducing scopes of annotation and groups of users:
annotations can be private, shared or public; public; if an annotation is shared,
different groups of users can share it with different permissions, e.g., one group
can only read the annotation while another can also modify it. Finally, FAST
offers advanced search functionalities based on annotations by exploiting anno-
tations as a useful context in order to search and retrieve relevant documents
for a user query [13,14]. The aim is to retrieve more documents that are relevant
and to have them ranked in a way which is better than a system that does not
makes use of annotations.

3.7 Summary of Integration Activities

All integration activities of the first phase are summarized in Figure 6. Audio
and 3D features have been added to the VA-file index of DelosDLMS. The FAST
annotation management and the SOM visualization are available as web services
and have been loosely integrated into DelosDLMS. For this, OSIRIS processes
have been extended accordingly in order to make use of these new services. The
iPaper front-end creates a query which is sent and executed in DelosDLMS.
Similarly, the Daffodil client generates a query which is sent to DelosDLMS.

4 Summary and Outlook

The DelosDLMS prototype development will first continue with a tight integra-
tion of services already coupled in a loosely way. Second, functionality (espacially
for feature extraction) which has been integrated off-line will be made online as
dedicated Web service. It will then be possible to create OSIRIS processes that
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allow for the upload and indexing of new objects and/or for searching with
objects that are not yet indexed. Third, new functionality will be added. This
includes personalisation, term extraction, query support for XML documents, se-
mantic video services, video annotation, and video retrieval, P2P search, natural
language and speech interfaces and further visualizations.

References

1. Schek, H.J., Schuldt, H.: DelosDLMS - Infrastructure for the Next Generation of
Digital Library Management Systems. ERCIM, Special Issue on European Digital
Library 66 (July 2006)

2. Candela, L., Castelli, D., Pagano, P., Thanos, C., Ioannidis, Y., Koutrika, G.,
Ross, S., Schek, H.J., Schuldt, H.: Setting the Foundations of Digital Libraries:
The DELOS Manifesto. D-Lib Magazine 13 (2007)

3. Schuler, C., Türker, C., Schek, H.J., Weber, R., Schuldt, H.: Scalable Peer-to-Peer
Process Management. International Journal of Business Process Integration and
Management (IJBPIM) 1(2), 129–142 (2006)

4. Mlivoncic, M., Schuler, C., Türker, C.: Hyperdatabase Infrastructure for Manage-
ment and Search of Multimedia Collections. In: Proc. DELOS Workshop (2004)

5. Antini, G., Berretti, S., Bimbo, A.D., Pala, P.: Curvature Correlograms for Content
Based Retrieval of 3D Objects. In: Roli, F., Vitulano, S. (eds.) ICIAP 2005. LNCS,
vol. 3617, Springer, Heidelberg (2005)

6. Antini, G., Berretti, S., Bimbo, A.D., Pala, P.: Retrieval of 3D Objects using Cur-
vature Correlograms. In: Proc. ICME 2005, Amsterdam, The Netherlands (2005)

7. Huang, J., Kumar, R., Mitra, M., Zhu, W.J., Zabils, R.: Spatial Color Indexing
and Application. International Journal of Computer Vision 35, 245–268 (1999)

8. Shilane, P., Kazhdan, M., Min, P., Funkhouser, T.: The Princeton Shape Bench-
mark, Shape Modeling International, Genova, Italy (2004)

9. Norrie, M., Signer, B., Weibel, N.: General Framework for the Rapid Development
of Interactive Paper Applications. In: Proc. CoPADD 2006, Banff, Canada (2006)

10. Norrie, M.C., Palinginis, A., Signer, B.: Content publishing framework for interac-
tive paper documents. In: ACM Symp. on Document Engineering (2005)

11. Norrie, M.C., Signer, B.: Information Server for highly-connected cross-media Pub-
lishing. Inf. Syst. 30(7), 526–542 (2005)

12. Agosti, M., Ferro, N.: A System Architecture as a Support to a Flexible Annotation
Service. In: Proc. of the 6th Thematic DELOS Workshop, pp. 147–166 (2005)

13. Agosti, M., Ferro, N.: Annotations as Context for Searching Documents. In:
Crestani, F., Ruthven, I. (eds.) CoLIS 2005. LNCS, vol. 3507, Springer, Heidel-
berg (2005)

14. Agosti, M., Ferro, N.: Search Strategies for Finding Annotations and Annotated
Documents: The FAST Service. In: Larsen, H.L., Pasi, G., Ortiz-Arroyo, D., An-
dreasen, T., Christiansen, H. (eds.) FQAS 2006. LNCS (LNAI), vol. 4027, Springer,
Heidelberg (2006)

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



ISIS and OSIRIS: A Process-Based Digital

Library Application on Top of a Distributed
Process Support Middleware

Gert Brettlecker1, Diego Milano1,2, Paola Ranaldi1,2, Hans-Jörg Schek2,
Heiko Schuldt1, and Michael Springmann1

1 Database and Information Systems Group, University of Basel, Switzerland
2 Database and Information Systems Group, University of Constance, Germany

Abstract. Future information spaces such as Digital Libraries require
new infrastructures that allow to use and to combine various kinds of
functions in a unified and reliable way. The paradigm of service-oriented
architectures (SoA) allows providing application functionality in a mod-
ular, self-contained way and to individually combine this functionality.
The paper presents the ISIS/OSIRIS system which consists of a generic
infrastructure for the reliable execution of distributed service-based ap-
plications (OSIRIS) and a set of dedicated Digital Library application
services (ISIS) that provide, among others, content-based search in mul-
timedia collections.

Keywords: Distributed Process Management, Content-based Multime-
dia Retrieval, Service-oriented Architecture.

1 Introduction

Seven years ago the Database Group at ETH Zürich developed a vision [1,2] for
future research in information systems (taken from [2]):

“In the past, we talked about single information systems. In the future, we ex-
pect an ever increasing number of information systems and data sources, reaching
from traditional databases and large document collections, information sources
contained in web pages, down to information systems in mobile devices as they
will occur in a pervasive computing environment. Therefore not only the im-
mense amount of information demands new thoughts but also the number of
different information sources. Essentially, their coordination poses a great chal-
lenge for the development of future tools that will be suitable to access, process,
and maintain information. We talk about the continuous, ‘infinite’ information,
shortly called the ‘information space’. Information in this space is distributed,
heterogeneous and undergoes continuous changes. So, the infrastructure for in-
formation spaces must provide convenient tools for accessing information, for
developing applications for analyzing, mining, classifying, and processing infor-
mation, and for transactional processes that ensure consistent propagation of in-
formation changes and simultaneous invocations of several (web) services within

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 46–55, 2007.
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a transactional workflow. As far as possible, the infrastructure should avoid global
components. Rather, a peer-to-peer decentralized coordination middleware must
be provided that has some self-configuration and adaptation features”.

Under the label “hyperdatabase” research, we started developing OSIRIS
and ISIS as a concrete implementation of parts of this vision. Meanwhile the
paradigm of service-oriented architectures (SoA) helped in further pursuing these
ideas on a much broader scale. SoA supports the provision of application func-
tionality in a modular, self-contained way and their individual combination and
is thus increasingly becoming important for the design and development of DLs.

ISIS (Interactive SImilarity Search) is a set of Digital Library services (like
feature extraction, index management, index access, relevance feedback, etc.).
In addition, it encompasses a set of specialized processes in which some of these
services are combined for the definition of complex DL applications.

The latter functionality, i.e., the definition and execution of DL processes
based on existing services is provided by the OSIRIS middleware (Open Service
Infrastructure for Reliable and Integrated process Support). In OSIRIS, we distin-
guish between system services and application services. System services are used
internally for coordinating the execution of processes in a distributed way, with-
out relying on a central execution engine. In addition, the distributed architec-
ture of OSIRIS allows for reliable peer-to-peer process management and sophis-
ticated failure handling and is able to balance the load among several providers
of the same service. For application services, we distinguish between loosely
coupled and tightly coupled services. Usually, a part of the distributed OSIRIS
middleware (called OSIRIS layer) runs on each host providing application ser-
vices. These application services are considered as tightly coupled since, in case
information on their transactional properties like compensation or re-invocation
(retriability) is available, dedicated transactional guarantees for processes can be
provided. Loosely-coupled application services are those that have to be called
remotely, without a local ORISIS layer available. The integration/invocation is
done via WSDL for service description and SOAP for invocation.

The core of OSIRIS and ISIS has been developed at ETH Zürich. Currently,
both systems are being extended at the University of Basel. There are two ver-
sions of OSIRIS: one is implemented in C++ and runs on Microsoft platforms,
the other version is implemented in Java. Both systems also built the backbone
of DelosDLMS, the integrated DELOS prototype of a next-generation Digital
Library (DL) management system [3].

The paper is organized as follows. Section 2 introduces the OSIRIS middleware
that supports the execution of composite services in a reliable way. Section 3
presents the ISIS DL services which are deployed and used on top of the OSIRIS
platform. Section 4 concludes.

2 OSIRIS: Distributed Infrastructure for Processes

OSIRIS [4,5] is a platform that allows combining different distributed services
into processes. The OSIRIS platform itself does not provide any application
functionality but, by combining specialized application services, supports the
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definition and reliable execution of dedicated processes (this is also known as
“programming-in-the-large”). OSIRIS processes themselves are wrapped by a
service interface. Therefore, a process can be invoked just like any other service
(and used in other processes as well).

Following the model of transactional processes [6], processes in OSIRIS con-
tain two orders on their constituent services: a (partial) precedence order speci-
fies regular execution while the precedence order is defined for failure handling
purposes (alternative executions). Data flow between services of a process can
be defined independently of control flow. Activities in a process are invocations
of application services. Ideally, the transactional behaviour of each application
service is known. This transactional behaviour includes information on compen-
sation (how can the effects of a service execution be semantically undone in case
of a failure) and on whether a failed service can be re-invoked (retriability).

In addition to transactional guarantees and reliability, OSIRIS focuses on scal-
ability of process execution. The decentralized peer-to-peer approach for process
execution in OSIRIS, which is realized by sophisticated replication mechanisms
for control flow dependencies, avoids any single point of failure during process
execution and provides a high degree of scalability. Peer-to-peer process execu-
tion also incorporates sophisticated load balancing in order to distribute process
load among available, suitable peers.

Finally, OSIRIS is equipped with the O’GRAPE (OSIRIS GRAphical Process
Editor) user interface for process definition which also supports the integration of
existing application services via existing Web service standards (SOAP, WSDL).

2.1 System Services and Their Functionality

Among the system services, the global repositories are important since they store
all necessary information for process execution. The OSIRIS layer of each node
offers a replication service with is in charge of replicating sufficient information
in order to allow for decentralized and decoupled process execution. Additional
system services support tasks like process management, replication, messaging,
routing, and load balancing.

Global Repository Services. The Process Repository holds the global defini-
tions of all processes types (DL applications). Process definitions are decomposed
into pairs of subsequent activities within the control flow, called execution units.
Execution units are tuples containing process ID, ID of current activity, ID of
subsequent activity/activities in control flow, and event type. On termination
of the current activity, the OSIRIS layer produces an event to indicate the sta-
tus of current activity execution. For example, if the current activity has not
terminated gracefully, an error event is produced. The event type allows for dif-
ferent control flows for regular execution and for failure handling. In addition,
an activity may have multiple direct successors in the control flow for the same
event type, which corresponds to a split in the process execution. Therefore, in
OSIRIS only execution units are replicated from the process repository where
the first activity corresponds to a service available at the local provider.
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The Service Registry keeps a list of all available (tightly coupled) services,
offered by all providers in the OSIRIS network.

The Load Repository stores information on the current load situation of
providers in the OSIRIS network. Additionally, freshness parameters on sub-
scriptions are used to avoid unnecessary propagation of minor load updates.

The UDDI Registry is in charge of keeping a registry of loosely coupled services
together with their WSDL descriptions, since loosely coupled services do not
register themselves at the service repository. This registry is necessary to keep
the OSIRIS infrastructure informed about available loosely coupled services.

All these repositories do not require a centralized service implementation. If
the number of nodes in the OSIRIS network is increasing, additional repositories
of same kind can reduce the load (i.e., by applying horizontal partitioning).
Figure 1 illustrates the OSIRIS architecture. It shows the upload of a sample
process to the process repository. After the upload, the process description is
divided into execution units. These execution units are replicated to the local
OSIRIS layers of nodes providing participating tightly coupled services. Also
necessary load and available service information is replicated from load and
subscription repositories. Finally, after replication, sufficient process and service
meta information is locally available to allow for peer-to-peer process execution.

Functionality of the Local OSIRIS Layer. The local OSIRIS layer allows
for a reliable exchange of messages between all nodes of the OSIRIS network.

The Horus component is responsible for activation and deactivation of local
services. External communication is done via two pipelines for incoming and
outgoing messages, respectively. Pluggable handlers are applied to the pipeline
and offer specific processing support for messages.

Process execution is done by exchanging process messages, which are processed
by a dedicated process handler. It is plugged in the incoming message pipeline of the
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Horus and executes local process activities (i.e., locally invokes a service) based on
information in process messages and replicated execution units of the current pro-
cess. After local activity execution, the process message is updated (e.g., with re-
sults of a service invocation) and forwarded to all subsequent activities (providers).

The local replication manager is keeping local replicas of the global repository
consistent according to configured subscription settings. Replication manage-
ment is based on publish/subscribe techniques. The primary copy resides at the
global repository. Each local OSIRIS layer as client that needs replicas has to sub-
scribe for the selected information. As a result of this subscription, the repository
publishes the current information. Whenever the primary copy changes, updates
are published to all subscribed clients. Update messages only contain changed
parts of the subscribed information to reduce replication overhead. In addition,
freshness predicates of subscriptions may skip updates of marginal changes. As
long as the replica is sufficiently close (in terms of the freshness predicate) to
the primary copy, no update is needed.

The routing handler is a handler in the outgoing message pipeline of the Horus
and responsible for selection of an appropriate provider as destination of outgoing
messages. If multiple providers are able to process the corresponding message,
the best suitable according to current load (the locally replicated approximation)
is selected (load balancing).

The SOAP component is an OSIRIS system service managed by the Horus,
which is in charge of the invocation of SOAP calls for the interaction with loosely
coupled services. This component wraps an OSIRIS service call into a standard-
ized Web service invocation.

The Web component is a local system service managed by the Horus, which
is in charge of making OSIRIS functionality accessible by standard Internet
protocols like HTTP/HTML and offers an HTML interface for user interaction.

Finally, the process component is a local OSIRIS system service managed by
the Horus, which is in charge of starting the execution of a process within the
OSIRIS network.

2.2 Application Services and Their Integration

Based on the system services presented in the previous section, a Digital Library
architect needs to integrate user-defined application-specific services within Dig-
ital Library processes. These application-specific services are called application
services. There are two possibilities to integrate application services into the
OSIRIS infrastructure. Firstly, they can be integrated as tightly coupled services,
which offer more functionality for process management. Secondly, they can be
integrated as loosely coupled services which do not require a local OSIRIS layer
at the provider’s host.

Tightly Coupled Services. follow a proprietary OSIRIS service specifica-
tion and offer additional interfaces to allow controlling the life-cycle of service
instances and to retrieve information about the current state of the service in-
stance (e.g., load situation, reliability and correctness of service invocations)
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which is needed for load balancing and failure handling of processes. Currently
evolving Web standards like WSRF address these additional service specification
demands, e.g. life-cycle and resource management. Future versions of OSIRIS
will consider these standards as replacement for proprietary formats. Tightly
coupled application services behave in the same way as system services and can
be directly called as activities within OSIRIS processes.

Loosely Coupled Services. provide the fastest and easiest way to integrate
application-specific services into OSIRIS-based processes via OSIRIS’ SOAP
component. Loosely coupled services are built upon the existing Web service
standards, i.e., SOAP and WSDL. However, due to the loose coupling, these
services cannot benefit from load balancing, and advanced failure handling.

3 ISIS: Services for Content-Based Multimedia Retrieval

ISIS (Interactice SImilarity Search) is a prototype application for information
retrieval in multimedia collections [7]. It supports content-based retrieval of im-
ages, audio and video content, and the combination of any of these media types
with sophisticated text retrieval [8]. The screenshots in Figure 2 show a combined
search for flowers. Starting point is the query front-end, depicted in Figure 2(a),
where keyword and reference image can be specified. Figure 2(b) then shows the
query results for this combined query.

One of the main considerations in designing ISIS was to ensure high scalability
and flexibility. Therefore, instead of implementing one monolithic application,
ISIS consists of a set of specialized application services for similarity search
which are combined by the OSIRIS middleware. The ISIS services can be easily
distributed among several nodes in a network [9]. The query presented in Fig-
ure 2 is therefore implemented as a process. It is important to note that the
process specification just contains the details of all application services it en-
compasses (WSDL description) and their order of invocation. The actual service
providers are determined at run-time. Therefore, information on the location of
these providers is not part of the process description. Hence, each step of the
process can be executed by any node providing the required service. After issuing
the query a first time, a user can refine and re-issue her query. The query process
(including user feedback) consists of the steps Query Reformulation (based on
relevance feedback the user has issued), Query Execution (index access), and
Result Filtering (which may again take user feedback into account). In Figure 3,
this process is shown in the design view of the O’GRAPE tool.

In order to process complex content-based similarity queries effectively and
efficiently, ISIS makes use of the VA-file index structure [10]. In addition, indexes
are replicated on several nodes to serve more requests in parallel and to balance
the load between these nodes. While replication helps to cope with query load, it
increases complexity of modifying a collection by inserting, deleting, or updating
objects since the updates of all indexes have to be coordinated to ensure consis-
tency. In ISIS, this is done by appropriate system processes, i.e., processes that
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(a) Query (b) Result

Fig. 2. Combined Text and Images Similarity Search

have been designed by system administrator and which run automatically to
guarantee consistency over several replicas of the index. ISIS attempts to divide
the insertion of multimedia objects in several sub-tasks which are executed on
different nodes while relying on OSIRIS to ensure correctness of the distributed
execution [11]. The process used in ISIS to insert new objects is depicted in
Figure 4. ISIS comprises a collection of more than 600’000 images.

3.1 Collection Management

Each object contained in the Digital Library is assigned a unique identifer (OID)
within the collection. The Meta Database component maintains the association
of an OID and the object. In addition, each object has an object type (OType),
which can be image, audio, video, video sequence, or text and can be associated
with several locations, e.g., the original URL from which the object has been
downloaded, the filename of the local copy, or the address of a thumbnail image.
Further meta data like size in bytes of the file or whether the object is copyrighted
is stored.

Storage service is able to deliver the file content of the object and monitor
changes in a directory of the file system. In case a change is detected, an OSIRIS
process is started. The storage service heavily uses the underlying OSIRIS mid-
dleware also for other tasks, e.g., to transfer objects from one node to another.

The Web Crawler service periodically monitors websites for modifications.
For fast access, a local copy is stored and updated in case of modifications. If
a new link is found and this link is qualified for inclusion, the crawler follows
this link and inserts the new object. Similar to the Storage service, processes are
triggered according to modification events. The only difference is that here it is
also necessary to specify at what time and in which intervals the crawler should
visit the websites, inclusion and exclusion patterns need to be defined, etc.

3.2 Search Interface and Query Processing

ISIS provides a web interface to the user to issue searches. The design is stored
in HTML template files extended by a tag library using XSLT. The OSIRIS
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Fig. 3. Design View of an ISIS Search Process in O’GRAPE

Web component automatically applies those templates to visualize the results or
error messages. This makes the customization of a Digital Library an easy task.

The Session Management service provides the basic handling of the user inter-
actions. Each query issued by the user is executed as a new process as displayed
in Figure 4. The result of the process is handed over to the Web component,
which will layout the result based on the templates.

The Relevance Feedback component evaluates the feedback that a user can
issue for previously executed queries. As identified in the search process, this
may take place in two execution steps: (i.) before the query is executed, it can be
re-formulated, e.g., by adding more reference objects to the query or modifying
their weights, (ii.) after the query has been executed, it can filter out some
unwanted objects or rearrange the position within the result.

The Indexing service is used to answer queries efficiently. A sample query pro-
cess is depicted in Figure 3. Several types of indexes are supported. The first two,
attribute and set indexes, use relational databases. The difference between the two
is that attribute indexes are build on one particular value, e.g., the size of an object
in number of bytes. This can be handled easily by the functionality that common
RDBMS provide. Set indexes, in contrast, can contain multiple values, e.g., used
to provide text retrieval in vector space model, for which term frequencies and doc-
ument frequencies are needed to measure relevance. Query processing of these two
indexes is optimized by the used database. For high-dimensional feature spaces,
e.g., if colour histograms of images are used, additional indexes are stored outside
the RDBMS. The Indexing component optimizes and executes queries on these
index types. When complex queries are used, it is also necessary to aggregate the
results delivered by the individual indexes [7].

3.3 Feature Extraction

Content-based information retrieval for multimedia data employs features that
have been extracted from the objects prior to search. Depending on the type of
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features to extract, this can be computationally expensive (e.g., the analysis of
audio files or shot detection in video material).

There are many different features supported in ISIS, which are offered by a
couple of different services. To ease the handling, feature extractors that are
implemented as tightly coupled services share a common interface for extraction
and for registering to the ISIS system. In order to support several types of
features, an administration tool exists in ISIS that automatically generates a
sub-process within the activity “Extract Features” for the process in Figure 3,
where the administrator simply has to select which features should be extracted
and indexed. At registration time of a service, it is possible to specify the storage
format, dependencies on other features, and a preferred distance measure for
similarity evaluation.

The general Feature Extractor component provides the following features: (i.)
Colour histogram in RGB color space, (ii.) color moments in HCL and Lab
colour space, and (iii.) Gabor texture moments on luminance. All of these can
be applied on the image as a whole, on overlapping rectangles, or on “5 fuzzy
regions”, which basically is one region starting in each corner and a ellipse in the
image centre where a membership function defines for each pixel of the image
its influence on the feature of the region.

The Face Detector offers several algorithms to analyze images to identify re-
gions that contain a face. It returns the number of face found and a bounding box
for each. The Audio Feature Extractor uses the MARSYAS library to extract the
features “beat” and “pitch”, which are again feature vectors. The Hypertext Fea-
ture Extractor analyzes HTML documents for embedded links. It also identifies
images and assigns the surrounding text to it.

The Term Frequency Extractor is applied to plain text, in particular to the
output of the Hypertext Feature Extractor. It returns a list of all found terms
and the number of their occurrences. This feature is stored as a set index and
used for Boolean and vector space retrieval. The sample ISIS process illustrated
in Figure 4 shows all necessary activities for inserting a new multimedia object
into the ISIS Digital Library. Activities, like Extract Features, may itself be
complex processes again using a composition of services, e.g., a colour histogram
service, a face detector service, and a segmentation service. Activities may be
system services, e.g., storing some meta-data tuples in a database, or storing an
image in a file system, but also application specific services like a face detector.
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4 Summary and Outlook

Service-oriented architectures have a very strong influence on DLs and Digital
Library Management Systems (DLMS). In particular, they significantly change
the way future DL applications will be built. Instead of having complex mono-
lithic applications, DL functionality is made available by means of services and
can be combined in an application-specific way by using processes. This paper
has presented ISIS and OSIRIS, a prototype implementation of a DLMS that
combines dedicated DL services (ISIS) with a flexible and reliable platform for
service composition (OSIRIS). ISIS and OSIRIS build the core part of Delos-
DLMS, the integrated DELOS prototype of a next-generation DLMS.
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Abstract. We present a solution to the problem of sharing metadata be-
tween different archives spread across a geographic region. In particular
we consider the Italian Veneto Region archives. Initially we analyze the
Veneto Region information system based on a domain gateway system
called “SIRV-INTEROP project” and we propose a solution to provide
advanced services against the regional archives. We deal with these is-
sues in the context of the SIAR – Regional Archival Information System
– project.

The aim of this work is to integrate different archive realities in or-
der to provide unique public access to archival information. Moreover
we propose a non-intrusive, flexible and scalable solution that preserves
archives identity and autonomy.

1 Introduction

The experience gained in the context of the DELOS cooperative activities on
service architectures for Digital Library Systems (DLSs) has enabled the launch
and participation in a new project of interest to the Italian Veneto Region for
the management of metadata on public archives distributed throughout the re-
gion. The project has been named Sistema Informativo Archivistico Regionale
(SIAR) and is a project for the design and development of a prototype able to
manage metadata of interest for the building of a “Regional Archival Informa-
tion System”. In fact the aim of SIAR is to offer access to archival information
which is maintained in several repositories spread across the Veneto Region.

In this study, we discuss how to address the problem of sharing archival meta-
data stored in different repositories geographically distant from each other.

The Veneto Region archives belong to different kinds of institutions, such as
Municipalities; they are managed by different Information Management Systems
(IMSs). In this context, we have to satisfy a strong requirement for cooperation
and inter-operability, while at the same time preserving not only the autonomy
of all these institutions, but also their way of managing and organizing their
archives. As a consequence, the different IMSs have to be considered as legacy
systems and cannot be modified or changed in order to be integrated together.

Moreover, a central service has to be provided to give external users the
possibility of accessing and obtaining archival metadata stored in the regional
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archives. This service should save a coherent way of accessing the archival infor-
mation and should preserve users from having to physically visit an archive.

Finally, the system proposed has to be integrated into the national telem-
atic infrastructure for the Public Administration, which is being developed in
order to provide the inter-operation between different applications of the public
administrations.

The paper is organized as follows: Section 2 reports on the Italian National
telematic infrastructure for the public administrations which is based on domain
gateways, it explains also how SIRV-INTEROP works; this is a project developed
by the Veneto Region. Section 3 addresses the design of the SIAR infrastruc-
ture and presents a conceptual system architecture which involves the Veneto
Region and the regional territory archive keepers. Section 4 presents SIRV-PMH
architecture. Section 5 draws some conclusions.

2 The National Telematic Infrastructure for the Public
Administration

The Veneto Region participates in the creation of the Italian National Net of
services which enables an infrastructure for the interconnection of public ad-
ministrations. The Veneto Region participates to the National Net by means
of its SIRV-INTEROP project. SIRV-INTEROP project implements a Domain
Gateway System based on Applicatory Cooperation principles [3]. Through this
system the Veneto Region is able to participate in the Italian National Net of
services. The Italian National Net improves cooperation and integration between
the various administrations and provides various services to external users.

The main goal of the domain gateway system is to integrate the service of
different administrations. A highly important issue for this system is to main-
tain the independence of each cooperative information system. In this way any
system that wants to fulfill a service to the Net community could maintain its
internal structure unchanged. We define as domain a particular organization
set of resources and policies. The domain is also considered the organization
responsibility boundary. The National Net is conceived as a domains federation.
Communication takes place through uniform entities (domains) and the main
goal of the cooperative architecture is to enable the integration of policies of the
informative objects (e.g. data and procedures) and the different domains.

The fundamental element of this system is represented by the modalities
through which a server domain exports its services for the clients domains. The
technological element for realizing this system is a Domain gateway; it has a
resources access proxy function. A domain gateway represents the summa of all
things necessary for accessing the domain resources, as shown in figure 1(a).

From an architectural point of view, domain gateways are seen as adaptors
which enable cooperation between the National Net and many different infor-
mation systems, as shown in figure 1(b). Domain gateways are divided into two
main classes:
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(a) Architectural Overview

(b) Internal Structure

Fig. 1. Domain Gateway System

– Applicative Gateway: This is the domain gateway which grants services;
every domain which can distribute services carries out this function through
this gateway. Information systems are connected by applicative gateway
through a particular module called Wrapper ;

– Delegate Gateway: Is the domain gateway that requests services to ap-
plication gateways. Delegate gateway is realized by the information systems
that use net services to realize the collaboration.

From a logical point of view, every domain gateway is composed of two main
components:

– Cooperation: Realizes data communications generical functions;
– Integration: Realizes the adaptation towards the information systems and

guarantees that the applicatory content respects formats and coding policies.

Cooperation components depend on the National Net standards; in contrast
integration components depend both on the National Net standards and the
characteristics of the information system they have to integrate.

Communication and data exchanges between Applicative and Delegate gate-
ways take place by means of Simple Object Access Protocol (SOAP), protocol
which use eXtensible Markup Language (XML) technologies to define an exten-
sible messaging framework [4].

Through SIRV-INTEROP project the Veneto Region is able to share services
and information between many public administrations. The SIRV-INTEROP
project guarantees interoperability, in this way different public administrations
can use different information systems.
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3 The SIAR Infrastructure

The SIAR project backdrop is characterized by the presence of different insti-
tutional needs. To design the SIAR system we have to consider each of these
needs. On the one hand we have to guarantee that the local bodies maintain the
management autonomy of their archives. On the other hand, however, we have
to build-up regional coordination so that we can have an integrated global vision
of the local archives participating in SIAR; for this reason the Veneto Region
has to define a set of useful rules for the coordination and integration of local
archival bodies present in the Region.

We need to guarantee the different juridical subjects autonomy with regard to
the archival and information system choices; a possible solution could be a net of
autonomous archives which share regional authority lists together with a protocol
for metadata exchange. With this kind of solution local archives would exchange
with SIAR only the metadata describing their archival resources, SIAR would
store the harvested metadata in a central repository. This central repository
would constitute the basis of unique access portal to the regional archives. This
system would enable a user to identify a particular archival resource and SIAR
would provide the information enabling the user to physically or virtually reach
the archive containing the resource.

3.1 Integration Requirements

SIAR is constituted by a federation of autonomous archives characterized by
unique access point. It will supply advanced research and integration services
granting a common starting point; these services could also be implemented at
a later date. However, it is important to identify some basic pre-requisites which
are fundamental to the integration process:

Authority lists are the first requirement. It is mandatory for local archive
coordination and integration. The definition of authority lists is a necessary
tool to enable data exchange and integration between two or more subjects.
An authority list enable the unique identification of the particular entity it
describes. Moreover, authority lists supply an entity shared description; in
this way identification and description are common to all the users using the
same authority list.

The first step towards integrated access to the resources distributed across
the Region is the utilization of a set of authority lists created and defined by
the archival conservation subjects (archive keepers) with the coordination of
the Veneto Region. SIAR will supply a common access point to the different
archival resources distributed through the Veneto Region. It will be a portal
which enables an integrated view of the Veneto Region’s archival resources
and it will be a unique public access point.

Protocol for metadata exchange is another essential requirement. In gen-
eral, a protocol for data exchange is a protocol that defines a rules set which
fixes the data format, the channel and the means of communication. A part

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



60 M. Agosti, N. Ferro, and G. Silvello

of this requirement is the data format choice, which is useful for the metadata
exchange between archive keepers and the Veneto Region.

Collaboration of local bodies. Different archive keepers could obtain a ben-
efit from the common authority lists defined by the Veneto Region. More-
over, they should form metadata following the rules defined by the common
protocol chosen by the Veneto Region.

3.2 Conceptual Architecture

We have to consider that SIAR is an institutional project and that there has
been a recent digital administration legal framework. Also for these reasons, we
think it is important to propose an architecture based on standards and on open
source softwares. Standards enable the development of interoperable systems
which are also based on a methodological study which guarantees a long lifetime
to the project itself. The use of open source tools is desirable both because it is
consistent with the most recent legal dispositions about digital administration
and because it is supported by a community of developers and users which
guarantee its development and analysis in a continuous way.

As we have just mentioned, the international initiative called Open Archives
Initiative (OAI) is very important in an archival context. The main goal of OAI is
to develop and promote interoperability standards to facilitate the dissemination
of content, in this case the archival contents. The SIAR project is an occasion to
promote local archives to disseminate their contents. In this context OAI could
be the right choice for setting up the methodological and technological equipment
useful for designing a system which manages and shares archival contents.

Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH) [2]
allows us to achieve a technological integration of the information systems par-
ticipating in the SIAR project. OAI-PMH is based on the distinction between
the roles of the participants; they can be a Data Provider or a Service Provider.
In our case study the Veneto Region is the Service Provider, because it is the
subject which gives advanced services such as data and public access to them.
Archive keepers are seen as Data Providers because they supply archive meta-
data. These metadata will be harvested, stored and probably indexed by the
Veneto Region in order to provide services.

As we can see in Figure 2 the Veneto Region has to get harvester software, in-
stead archive keepers have to get repository software which answers the harvester
requests. Repository software has to prepare and send metadata in a specific and
agreed format.

As we have just seen, archive keepers autonomy is very important, in this way
there could be the presence and the co-existence of many different archive man-
agement information systems. There will be the need to propose an automatic or
manual procedure to import metadata from the different keepers systems inside
repositories which will be harvested by the Veneto Region harvester software.

Moreover, archival integration between the different archive keepers will be
fundamental; this is possible by means of the Veneto Region guidelines which
have to be shared between them. The Veneto region has to define the standards
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Fig. 2. Conceptual Architecture of SIAR

for the archival descriptions and it has to produce and keep the authority lists.
Authority list sharing assures a first degree of integration, this could be used not
only for metadata aggregation but also for constituting a common public access
point to the Veneto Region archive information. In this context archive keepers
need a mechanism enabling them to obtain the authority lists. OAI-PMH could
be used on this occasion too; archive keepers would have harvester software
whereas the Veneto Region would have repository software for managing the
authority files. In this system the Veneto Region would be a Service Provider
when it offers advanced services on metadata and a Data Provider when it keeps
and delivers authority files to the archive keepers. We can see these peculiarities
in the conceptual architecture design in Figure 2.

4 Integration of OAI-PMH into the National Telematic
Infrastructure

In this section we propose a solution capable of adapting OAI-PMH functionali-
ties to the domain gateway system. We perform OAI Data and Service Provider
as domain gateways, in this way the two systems can be adapted to each other
without any particular modification.

The main idea is that the Service Provider works as a delegate gateway which
takes user requests and requires services to the various applicative gateways.
Users require archive metadata by means of a portal system and so the delegate
gateway harvests metadata records from the various repositories using the six
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Fig. 3. OAI-PMH over National Net: General View

OAI-PMH verbs. We can say that the delegate gateway harvests the repositories
which look like applicative gateways. OAI Data Providers are seen as applicative
gateways which supply services; in this context they answer to the six verbs of the
metadata harvesting protocol. Metadata requests and responses occur between
applicative and delegate gateways through the SOAP protocol [4]. From this
point of view, archives are open to the OAI-PMH and participate in the National
Net of services.

In Figure 3 we can see how the National Net, which is based on the exchange of
XML messages, could be used to harvest metadata by means of OAI-PMH. Ser-
vice/data providers and domain gateway communication takes place by HTTP
post/get method. In contrast data communication between domain gateways
takes place by means of a SOAP protocol. This consideration shows that the
two systems do not change their internal functioning, indeed they always use
their default transport protocols.

We have to make a few additions to the Veneto Region system: we have to
add a delegate gateway for the service provider and an applicative gateway for
each repository participating in the system. We utilize an applicative gateway for
each repository because different repositories constitute different domains and
different domains implicate different domain gateways. In this way, repositories
participating in the National Net can offer other services besides those provided
by OAI-PMH. In addition, the service provider maintains its OAI-PMH functions
and the delegate gateway works as an “adaptor” between OAI-PMH requests and
the National Net. The delegate gateway harvests metadata; it crowns OAI-PMH
requests inside XML SOAP messages. The applicative gateway is connected to
the data provider and offers services to the National Net by means of wrappers
around the information systems which are the base of a specific service; in this
context applicative gateways interface data providers.

4.1 A Conceptual Architecture

The biggest issue for integrating OAI-PMH inside the National Net is to carry
OAI-PMH requests by SOAP protocol and to do the same with the responses.

In this case the principal role of domain gateways is to encapsulate the requests
or the responses into SOAP envelopes. On the other hand, domain gateways have
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Fig. 4. The Role of Integration and Cooperation Components

to extract OAI-PMH requests and responses from their SOAP envelope. Domain
gateways are composed of two main components: cooperation and integration.
These two parts are helpful for addressing our problem; Figure 4 is a visual
representation of how they act and shows how cooperation and integration com-
ponents work as interfaces between the National Net and OAI Data/Service
providers.

Now we have to consider how to implement solutions to integrate OAI-PMH
with the National Net without making any substantial modifications to the two
systems; the fundamental idea is to use OAI-PMH as a layer over SOAP [1].

4.2 SIRV-PMH Design

SIRV-PMH represents the joining of the SIRV-INTEROP project and OAI-
PMH. Integration is a logical component which on the one hand acts as OAI Data
Provider and on the other hand acts as an OAI Service Provider. In particular,
the Integration component in the Delegate Gateway is composed of:

– OAI Data Provider: Receives OAI requests and answers with the required
metadata;

– OAI-SIRV Wrapper: Encapsulates the OAI request inside a SOAP mes-
sage consistent with the National Net.

Instead the Integration component in Applicative Gateways is composed of:

– OAI-SIRV Wrapper: Extracts the OAI request from the SOAP
envelopment;

– OAI Service Provider: Sends OAI requests to the OAI Data Provider and
receives the required metadata.
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Fig. 5. SIRV-PMH Functioning

We can see how this system works by analyzing how OAI Service and Data
Provider exchange metadata between each other.

The Applicative Gateway has to receive an XML SOAP message using the
cooperation component ; by the use of the OAI-SIRV wrapper it has to remove
SOAP tags from the message and extract the OAI-PMH request. The extracted
request is sent by means of the OAI Service Provider Integration component to
the OAI Data Provider which has to process the OAI-PMH request and query
the repository to obtain the required information. Afterwards, it has to build
up an OAI-PMH response. When the response is ready, it has passed again to
the Applicative Gateway which has to receive the response, add SOAP tags and
send the XML SOAP message through the National Net.

The delegate Gateway and Service Provider have a similar role and more or
less work in the same manner. In fact the Service Provider has to formalize an
OAI-PMH request and pass it to the Delegate Gateway. The Delegate Gateway
has to receive the OAI request, encapsulate the OAI-PMH request inside an
XML SOAP message and send it to the Applicative Gateway by means of the
National Net. Moreover, the Delegate Gateway has to receive the answer message
by the Applicative Gateway, remove SOAP tags, extract the OAI-PMH response
and send it to the OAI Service Provider.

If we consider a typical OAI-PMH request, for example a ListIdentifier [2]
which harvests records headers from a repository, we can see how this request
goes from the OAI Service Provider to the OAI Data Provider: an OAI Service
Provider builds up a ListIdentifier request and sends it to the Delegate Gateway.
The Delegate Gateway receives the request by means of its integration compo-
nent. The OAI-SIRV Wrapper adds SOAP tags to the request so that it can be
sent to the correct Applicative Gateway through the National Net. When the
Applicative Gateway receives the request, it can extract the OAI-PMH request
which can then be sent to the specificated Data Provider by means of a Service
Provider. The Data Provider processes the request and builds up the response
which follows the inverse procedure to reach the Service Provider. We can see
SIRV-PMH functioning in Figure 5.

In this way the metadata contained in Data Providers can also be harvested
by the Service Providers which do not participate in the National Net of services.
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5 Conclusions

In this work we have presented an information system which addresses the prob-
lem of sharing archive metadata between different repositories geographically
distant from each other. With this system, we can both preserve the autonomy
of archive systems and provide a unique central public access point to the infor-
mation they contain. We proposed a solution which integrates the Veneto Region
system with an advanced, flexible and widely adopted protocol which is OAI-
PMH. Moreover, we have seen how OAI-PMH can be adopted to work within
SOAP and with different information systems. This system is called SIRV-PMH
and would enable broad access to archive information which otherwise could only
be reached by physically visiting the archives. SIRV-PMH does not modify the
internal functioning of OAI-PMH and the SIRV-INTEROP project; it integrates
these systems to provide advanced services on archives.

Now we have to implement the OAI-SIRV wrapper module and experimentally
verify the efficiency of the SIRV-PMH system. The Data and Service Provider
softwares also need to be taken into account, and we are evaluating Online
Computer Library Center (OCLC) OAICat1 and OCLC Harvester22 open source
software tools. We have to verify if these software tools are truly effective for
our purposes and if there is the need to adapt, add or change some of their
functionalities.
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Abstract. Data Stream Management (DSM) addresses the continu-
ous processing of sensor data. DSM requires the combination of stream
operators, which may run on different distributed devices, into stream
processes. Due to the recent advantages in sensor technologies and wire-
less communication, the amount of information generated by DSM will
increase significantly. In order to efficiently deal with this streaming
information, Digital Library (DL) systems have to merge with DSM
systems. Especially in healthcare, the continuous monitoring of patients
at home (telemonitoring) will generate a significant amount of infor-
mation stored in an e-health digital library (electronic patient record).
In order to stream-enable DL systems, we present an integrated data
stream management and Digital Library infrastructure in this work. A
vital requirement for healthcare applications is however that this infras-
tructure provides a high degree of reliability. In this paper, we present
novel approaches to reliable DSM within a DL infrastructure. In par-
ticular, we propose information filtering operators, a declarative query
engine called MXQuery, and efficient operator checkpointing to main-
tain high result quality of DSM. Furthermore, we present a demonstra-
tor implementation of the integrated DSM and DL infrastructure, called
OSIRIS-SE. OSIRIS-SE supports flexible and efficient failure handling
to ensures complete and consistent continuous data stream processing
and execution of DL processes even in the case of multiple failures.

1 Introduction

Recent trends in pervasive computing, together with new (wearable) sensor
technologies, powerful mobile devices, and wearable computers strongly support
novel types of applications. In the healthcare domain, for instance, applications
make use of this new technology in order to improve the quality of treatment
and care for patients and the elderly. Continuous data streams generated by
(wearable/mobile) sensors have to be processed online in order to detect critical
situations. For this purpose, usually different streams (generated by different
types of sensors) have to be combined. This is done by making use of specialized
operators. An infrastructure for data stream management (DSM) has to be able
to reliably combine these operators in an application-specific way. In general,
the area of DSM is very challenging for several reasons. First, the number of

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 66–76, 2007.
c© Springer-Verlag Berlin Heidelberg 2007

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



Integration of Reliable Sensor Data Stream Management into DL 67

(hardware and/or software) sensors for continuous data generation is continu-
ously increasing. These sensors produce vast amounts of data which needs to be
processed, analyzed and managed online and in a reliable way. Generally, sensor
data streams are feeding and constantly modifying data kept in Digital Libraries.
Thus, having an appropriate infrastructure for both digital library management
and data stream management [1] is crucial. This integrated infrastructure allows
for data generated by sensor information (e.g., after aggregating data over a cer-
tain time window or outliers with special semantics which have been detected in
a stream) to be added to a DL. In the healthcare example, this means to store
aggregated stream data and critical health states detected in the sensor signals
in an eHealth Digital Library [2] (electronic health record). Therefore, the infras-
tructure for data stream management has to consider i.) operators which deal
with continuous streams of data and ii.) discrete operators/services which allow
for the interaction between DSM and Digital Libraries. Additionally, Digital Li-
braries affect also DSM, e.g., automatic adaptation of data stream processing
when new laboratory results are arriving in the patients electronic health record.

Example applications are monitoring and managing road traffic. Most of the
existing systems only cover specific ”hot-spot” areas with a lot of traffic due to
the high cost of deploying fixed sensors, the necessary communications systems
and the complex control and indicator systems. Additionally, new mobile and
embedded street and vehicle sensors can built up a distributed sensor network
which depends on a reliable DSM infrastructure.

Another important field of application is eHealth. In particular telemonitoring
applications enable healthcare institutions to take care of their patients while
they are out of hospital, which is especially useful for managing various chronic
diseases as well as for measuring the effects of treatments under real-life con-
ditions. In addition, they serve as instrument for performing research and for
accomplishing medical studies with incorporation of information from medical
Digital Libraries. As a consequence, the patient’s disease will be better managed
with less hospitalization (which usually has physical and emotional impact) and
higher quality of life. In the EU, 23 million adults are suffering from diabetes [3].
As a vision for the future, caregiver are able to equip their patients with wear-
able telemonitoring systems (e.g., consisting of a smart shirt [4] and a glucose
measuring watch [5]). This setup will allow for unobtrusive monitoring As Fig-
ure 1 illustrates, the body sensors will wirelessly communicate with his home
automation system in order to exchange data. Beside that, the telemonitoring
infrastructure also aggregate additional context measurements received from the
patient’s smart-home infrastructure. Roughly estimated all data acquired about
a single patient will likely exceed one GByte per day. Typically a caregiver will
have to monitor thousands of patients. Therefore an efficient and reliable Digi-
tal Library infrastructure is needed, which will provide the services to analyze
the data accumulated, to extract, filter, and to forward relevant information to
the patient and the care provider in charge and additionally offer storing and
analysis of information within an e-Health DL.
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Fig. 1. Example of Distributed Data Stream Processing for Telemonitoring

This document is organized as follows: Sect. 2 presents a core data stream ser-
vice of the infrastructure, called Information Filter System, developed at ETH.
Sect. 3 introduces OSIRIS-SE, a reliable, stream-enabled Digital Library man-
agement infrastructure [1]. Sect. 4 discusses related work and Sect. 5 concludes.

2 Overview on the Context-Aware Information Filter
System

Information Filters play an important role in processing streams of events, both
for filtering as well as routing events based on their content. An information
filter connects sources and sinks of information using profiles. Parties interested
in receiving information (sinks) submit a profile of their interest to the informa-
tion filter, while parties interested in disseminating information (sources) send
messages to the information filter. Sources are often sensors or data derived from
sensors. A context-aware information filter has two input streams: (a) a stream
of messages (e.g., blood pressure readings) that need to be routed and (b) a
stream of context updates such as the position or activity of a person.

2.1 Information Filters in Data Streams

Information Filters allow loose coupling of data producers and consumers via
content-based profiles, which is particularly useful in the medical and traffic
scenarios in this document:

– Support for personalized information delivery by profiles, e.g. delivering news
about medical progress to patients and doctors based on the illnesses of the
patients.

– Forwarding/retaining of sensor data from a patient to other systems depend-
ing on the context: a heart rate above 130 is OK for a young person doing
sports, but indicates problems otherwise.
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– Routing of medical events to the nearest/best fitting medical supplier/
treatment institution, based on the location of patients, ambulances and
also the preliminary medical analysis.

To support these functionalities, information filters should be integrated at the
various stages of the architecture: mobile devices, home PCs/gateways, health-
care and service providers.

A demonstrator is targeted towards large number of profiles, high message
rates and high context update rates [6], also supporting batched handling of
messages to increase message throughput [7]. In addition, the information filter
system has support for high availability and reliability. On the basis of this
information filter system, a QoS study has been performed, focusing on the
impact of processing strategies [8].

A significant amount of streaming data is already in XML format. Therefore,
MXQuery [9] is an open-source, lightweight implementation of an XML infor-
mation filter based on the web-service enabled XQueryP [10] and the streaming
extensions developed at ETH. MXQuery has been implemented very efficiently,
giving comparable performance to specialized relational implementations like
Aurora [11]. Efficient and reliable Information Filters are core data stream ser-
vices of the integrated stream-enabled Digital Library management infrastruc-
ture OSIRIS-SE.

3 Data Stream Processing and Failure Handling with
OSIRIS-SE

DSM is done by combining dedicated data stream operators into stream pro-
cesses. These operators might run on different distributed devices (e.g., sensor
signal filtering at a PDA while sophisticated analysis and correlation operators
are hosted by a more powerful server). Especially in healthcare, the continu-
ous telemonitoring of patients and integrating this information in an e-Health
DL (electronic patient record) is becoming more and more important. A vital
requirement in telemonitoring is that the infrastructure for distributed DSM
provides a high degree of reliability and availability, since it can potentially be
life-saving (e.g., a patient is equipped with a wearable telemonitoring system as
described in Figure 1). A telemonitoring infrastructure offers distributed DSM,
supports the analysis of the sensory data accumulated, and allows to extract
and forward relevant information to the healthcare provider in charge and offers
integration into Digital Libraries for long term storage and analysis. No data
stream elements are allowed to be omitted from processing since the infrastruc-
ture is in charge of detecting critical situations or even anticipating them. In
this work, we focus on the reliability of an integrated data stream management
and Digital Library infrastructure. In particular, we investigate algorithms for
the reliable execution of data stream operators within a stream process based
on coordinated and efficient checkpointing of operator states.
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3.1 OSIRIS-SE

OSIRIS (Open Service Infrastructure for Reliable and Integrated process Sup-
port) [12,13,14,15] is a prototype Digital Library infrastructure developed at
ETH Zurich and the basis of the Delos Digital Library Management infrastruc-
ture (DelosDLMS) [1]. OSIRIS controls the execution of traditional processes as
needed for DL applications. We refer to traditional processes as partially ordered
sets of well defined activities which correspond to the invocation of services in
a request/reply style. Furthermore, OSIRIS allows for reliable and distributed
process execution in a peer-to-peer style without centralized control in a shared-
nothing network. According to this, a node of the OSIRIS network works off its
part of a process based on locally replicated meta-data about the process defi-
nition and then directly migrates the process instance data to a node offering a
suitable service for the next activity in the process. For this reason, the OSIRIS
architecture consists of two parts (see Fig. 2): i.) a software layer on each node
(OSIRIS layer), and ii.) core services offering repositories for meta-data. Due to
the invocation of discrete services, these processes are not able to perform data
stream processing.

We have extended OSIRIS to OSIRIS-SE (Stream Edition) [16,17,18,19],
which supports DSM. Similar to process execution in OSIRIS, the execution
of DSM processes, called stream processes, is based on locally replicated meta-
data. Additional information in core repositories is needed for stream processing,
like available operators and providers, and stream process definitions. Also the
reliable FIFO-transfer of stream elements and duplicate elimination is added for
DSM.

3.2 Data Stream Model and Failure Handling

The basis of the proposed reliable data stream management is the operator
and failure model, we present in this section. All definitions are based on data

Fig. 2. OSIRIS-SE Architecture
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streams, which are defined as a continuous transmission of sequentially ordered
data elements. Each data element contains several data items as payload infor-
mation and has discrete time context, e.g., a sequence number.

Operators (Fig.3) are the basic building blocks of data stream management.
Running operator instances consume input elements from one ore more input
streams and/or produce output elements (marked in grey color in Fig. 3) for one
or more output streams during the execution of an atomic processing step, while
performing a state transition. Produced output elements are stored in output
queues for downstream operators. A node in the DSM infrastructure hosting a
running operator is also called provider. With respect to the investigated appli-
cation scenario, we consider operators as stateful and deterministic machines,
for example considering an operator calculating an average value over heart rate
measurement readings of the last hour. Essentially, every operator produces the
same output stream and result into the same operator state when provided with
the same input stream starting from the same operator state. Optionally, the pro-
cessing step may produce a side effect, e.g., performing a backup of the current
operator state. A stream process is a well defined set of logically linked opera-
tors continuously processing the selected input data streams, thereby producing
results and having side effects. Figure 5 illustrates a stream process which con-
tinuously monitors ECG and blood pressure of a patient. Each box in Figure 4
contains a full-fledged operator of Fig. 3.

Failure Handling for Reliable Data Stream Management. In general,
reliable and fault-tolerant DSM implies that stream processes have to be exe-
cuted in a way that the process specification is met, even in case of failures,
i.e., to correctly execute all operators in proper order without generating gaps,
duplicates, or wrong elements in the result stream. The definition based on our
deterministic operator model reads as follows: Reliable DSM produces a result
stream and side effects, which are equal to the result stream and side effects pro-
duced by an ideal, faultless DSM system. In this work, our approach supports
the following failure scenarios for reliable DSM: single or multiple fail-stop fail-
ures of operator instances or their providers and single or multiple network fail-
ures. Multiple failures are a sequence of single failures within the recovery time.
With respect to failure handling, we apply the following failure classification:
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Temporary failures, e.g., a temporary network disconnection (loss of messages)
or a temporary failure of a provider which is able to recover within the max-
imum allowed delay time dmax, are compensated by the output buffers of the
upstream provider. For recovery, the upstream provider resends the data stream
elements and receives an acknowledge message. Failures exceeding dmax become
permanent failures. Permanent failures, e.g., a permanent network disconnection
or failure of a provider, require to migrate the operator instance with its aggre-
gated operator state from the affected provider to another suitable provider.
Operator migration implies the continuation of an operator instance from a re-
cent checkpoint on a new provider in order to allow for seamless continuation of
DSM, and eventually the stopping of an old running operator instance. Further
details on failure detection in OSIRIS-SE can be found in [16,17,18,19].

Whereas for temporary failures no further failure handling by the OSIRIS-
SE infrastructure is needed, the infrastructure has different possibilities to deal
with permanent failures: Firstly, we have transparent failure handling, which
is done by OSIRIS-SE without any application-specific behavior. Transparent
failure handling is automatically applied by the infrastructure if a permanent
failure occurs. Failure handling is done by operator migration based on recent
and consistent operator state backups. Permanent failures cause the unavail-
ability of one or more operator instances of a running stream process. In or-
der to replace the unavailable (failed) operators and seamlessly continue stream
processing, the infrastructure creates new operator instances running on still
available providers and initializes the newly created operators with recent op-
erator state backups. The efficient and coordinated checkpointing (ECOC) al-
gorithm applied by OSIRIS-SE guarantees the availability of a recent and con-
sistent operator state backup even in the case of multiple failures occurring at
the same time [17,18,19]. Furthermore, if transparent failure handling is not
applicable, there are two more application-specific failure handling mechanisms
available in OSIRIS-SE. Firstly, the application designer, which is graphically
creating the stream process, is able to define alternative execution branches. In
case of failure, the infrastructure is able to move to an alternative execution
branch, which is using a different set of operators, in order to continue stream
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processing. For example, for patient Fred it could be sufficient to derive only the
heart rate from the ECG and do no further ECG signal analysis in case of limited
available computing resources. Secondly, if also alternative execution branches
are not applicable, the OSIRIS-SE infrastructure is able to generate application
specific alarm processes. These alarm processes are traditional discrete processes
as used for DL application and can generate information for the e-Health DL or
inform physicians, emergency services, and patients. For example, if the patient
is leaving the house and therefore continuous telemonitoring is unavailable, the
OSIRIS-SE infrastructure will feed this information into the e-Health DL in or-
der to maintain unmonitored periods for the analysis of the physician and may
additionally inform Fred, that he is currently unmonitored.

The OSIRIS-SE prototype is programmed in Java and runs on various plat-
forms, including also PDAs with MS Windows Mobile 2003. The demonstration
scenario includes mobile devices (PDA), a smart ECG sensor and blood pressure
senors in order to demonstrate the usability for telemonitoring. Additional con-
text information is produced by a webcam and motion sensor. Fig. 5 illustrates
the demo setup and the process editor O’Grape [15].

patient with electrodes

process editor

base stations

ECG sensor

webcam
patient‘s PDA

physician‘s PDA & smartphone

blood pressure 
sensor

Fig. 5. The Data Stream Demonstrator Setup

4 Related Work

Data Stream Management has received quite some attention recently. Although
only few work is focusing on aspects of availability and reliability.

Aurora [11] is one of the major DSM project that also focus on high avail-
ability of stream processing [20]. In contrast to our work, this work addresses
reliability at the level of the whole stream processing engine running on the af-
fected node whereas we focus on reliability at the level of operator execution.
Further work [21] presented in the context of Borealis, an extension of Aurora,
allows for reduced result quality which is not applicable considering our indented
healthcare application scenario.
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TelegraphCQ [22] is another major DSM project with focus on load balanc-
ing and fault tolerance. Flux [23] is providing adaptive partitioning of operator
execution over multiple network nodes. This is realized by placing Flux between
producer/consumer pairs. Therefore, contrarily to our approach, Flux describes
an active-standby approach, where parts of stream processing are partitioned to
be reliably executed in parallel. This active approach is not applicable to our in-
tended healthcare monitoring scenario, where hardware resources at the patient
homes are limited.

5 Conclusion and Outlook

In this paper, we have reported on the prototype system for integrated data
stream processing and process management into Digital Libraries that has been
jointly developed. Starting with an evaluation of use cases for managing and
processing continuous streams of data, two core parts of the stream-enabled
Digital Library infrastructure have been developed. First, information filtering
operators allow for analysis of data streams and extracting relevant information.
Second, it contains a reliable infrastructure for combining data stream operators
and (traditional) discrete web services. This document has described in details
the concepts of these demonstrators, their implementation, and also how these
demonstrators can be used. In future work, this prototype DL system will be
refined and more functionality will be added. From the point of view of the DL
infrastructure, we will emphasize on the performance of complex stream pro-
cesses with intra-process parallelism, i.e., on data stream processes containing
join and split operators, and stream processes with cyclic data stream processing
flows. From a user’s point of view, it is planned to add the support for person-
alizing operators and stream processes. This means that based on individual
profiles, different sensor measurements should be interpreted differently for dif-
ferent users (e.g., in the eHealth applications: high blood pressure for an athlete
while engaging in strenuous training does not need to raise an alarm, whereas
for a patient that has already suffered a heart attack, such a reading might
indicate hypertension). This also affects information filtering in that queries,
filters, and alarm triggers need to be personalized. Finally, support for using
historic data from Digital Libraries for data stream processing will be added.
Various telemonitoring applications require the comparison of current stream
data to historic data. This is, for instance, important when changes to the diur-
nal biorhythm have to be detected (e.g., as it is required for monitoring patients
with cognitive disabilities).
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Abstract. This paper describes the possible use of advanced content-
based recommendation methods in the area of Digital Libraries. Content-
based recommenders analyze documents previously rated by a target
user, and build a profile exploited to recommend new interesting docu-
ments. One of the main limitations of traditional keyword-based
approaches is that they are unable to capture the semantics of the user in-
terests, due to the natural language ambiguity. We developed a semantic
recommender system, called ITem Recommender, able to disambiguate
documents before using them to learn the user profile. The Conference
Participant Advisor service relies on the profiles learned by ITem Rec-
ommender to build a personalized conference program, in which relevant
talks are highlighted according to the participant’s interests.

Keywords: H.3 [Information Storage and Retrieval]: H.3.1 Content
Analysis and Indexing, H.3.3 Information Search and Retrieval, H.3.7
Digital Libraries.

1 Introduction

Personalizationhas become an important topic for Digital Libraries to take a more
active role in dynamically tailoring its information and service offer to individuals
in order to better meet their needs [2]. Most of the work on personalized informa-
tion access focuses on the use of machine learning algorithms for the automated
induction of a structured model of a users interests, referred to as user profile, from
labeled text documents [9]. Keyword-based user profiles suffer from problems of
polysemy and synonymy. The result is that, due to synonymy, relevant informa-
tion can be missed if the profile does not contain the exact keywords occurring in
the documents and, due to polysemy, wrong documents could be deemed as rele-
vant. This work explores a possible solution for this kind of issues: the adoption of
semantic user profiles that capture key concepts representing users’ interests from
relevant documents. Semantic profiles will contain references to concepts defined
in lexicons like WordNet [8] or ontologies. The solution is implemented in the ITem
Recommender (ITR) system which induces semantic user profiles from documents
represented by using WordNet [4]. An example of intelligent personalized recom-
mendation service based on ITR will be shown.

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 77–86, 2007.
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2 Related Work

Our research was mainly inspired by the following works. Syskill & Webert [11]
is an agent that learns a user profile exploited to identify interesting Web pages.
The learning process is performed by first converting HTML source into pos-
itive and negative examples, represented as keyword vectors, and then using
learning algorithms like Bayesian classifiers, a nearest neighbor algorithm and
a decision tree learner. Personal WebWatcher [9] is a Web browsing recommen-
dation service that generates a user profile based on the content analysis of the
requested pages. Learning is done by a näıve Bayes classifier where documents
are represented as weighted keyword vectors, and classes are interesting and not
interesting. Mooney & Roy [10] adopt a text categorization method in their Li-
bra system that performs content-based book recommendations by exploiting
product descriptions obtained from the Web pages of the Amazon online digital
store. Also in this case, documents are represented by using keywords and a
näıve Bayes text classifier is adopted. The main limitation of these approaches is
that they represent items by using keywords. The objective of our research is to
create accurate semantic user profiles. Among the state-of-the-art systems that
produce semantic user profiles, SiteIF [6] is a personal agent for a multilingual
news web site that exploits a sense-based representation to build a user profile
as a semantic network, whose nodes represent senses of the words in documents
requested by the user. The role of linguistic ontologies in knowledge-retrieval
systems is explored in OntoSeek [5], a system designed for content-based infor-
mation retrieval from online yellow pages and product catalogs. OntoSeek com-
bines an ontology-driven content-matching mechanism based on WordNet with
a moderately expressive representation formalism. The approach has shown that
structured content representations coupled with linguistic ontologies can increase
both recall and precision of content-based retrieval. We adopted a content-based
method able to learn user profiles from documents represented by using senses
of words obtained by a word sense disambiguation strategy that exploits the
WordNet IS-A hierarchy.

3 ITem Recommender: A framework for the Design of
Services for Intelligent Information Access

The framework is bases on the idea that the problem of learning user profiles can
be cast as a binary text categorization task: Each document has to be classified
as interesting or not on the ground of the user preferences. The set of categories is
C = {c+, c−}, where c+ is the positive class (user-likes) and c− the negative one
(user-dislikes). In our approach, a näıve Bayes algorithm learns sense-based user
profiles as binary text classifiers (user-likes and user-dislikes) from documents
disambiguated by means of a semantic indexing procedure. The idea of learning
user profiles from disambiguated documents was successfully introduced in [4].

The conceptual architecture of ITR is depicted in Figure 1. The Content Ana-
lyzer allows introducing semantics in the recommendation process by analyzing
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documents in order to identify relevant concepts representing the content. The
core of the Content Analyzer is a procedure for assigning senses to words. Here,
sense is used as a synonym of meaning. This task is known as Word Sense Disam-
biguation (WSD) and consists in determining , among all the possible meanings
(senses) of an ambiguous word, the correct one according to the context in which
the word appears. [7].

In this way, documents are represented using concepts instead of keywords,
in an attempt to overcome the problems of the natural language ambiguity. The
final outcome of the preprocessing step is a repository of disambiguated docu-
ments. This semantic indexing is strongly based on natural language processing
techniques, such as Word Sense Disambiguation, and heavily relies on linguistic
knowledge stored in the WordNet lexical ontology.

Positive
Examples

Negative
Examples

Document
Collection

WordNet
WebService

Indexed
Training

Documents

Indexed
Testing

Documents

User
Profiles

Ranked List
recommended docs

Content
Profiler

Content Analyzer
(Indexing)

Content-based
Recomender

(Document-profile matching)

Relevance feedback

Fig. 1. The conceptual architecture of ITR

The Profile Learner implements a supervised learning technique for inferring
a probabilistic model of the interests of a (target) user by learning from dis-
ambiguated documents rated according to her interests. This model represents
the semantic profile, which includes those concepts that turn out to be most
indicative of the user’s preferences.

The Recommender exploits the user profile to suggest relevant documents, by
matching concepts contained in the semantic profile against those contained in
the documents to be recommended.

In the scientific congress scenario, the participant profile is learned from rated
papers in the ISWC 2002 and 2003 paper repository. Then, the profile is matched
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against all ISWC 2004 accepted papers in order to identify the most relevant ones
(which will be highlighted in the participant’s personalized conference program).

The remainder of this paper describes the details of the process that leads to
build semantic user profiles and the conference programs (properly) personalized
for those profiles.

3.1 The Word Sense Disambiguation Algorithm

The goal of a WSD algorithm is to associate the appropriate meaning (or sense)
s to a word wi in document d, by exploiting its (window of) context C, that
is a set of words that precede and follow wi. The sense s is selected from a
predefined set of possibilities, usually known as sense inventory. In our system,
the sense inventory is obtained from WordNet (version 1.7.1)1. WordNet was
designed to establish connections between four types of Parts of Speech (POS):
Noun, verb, adjective, and adverb. The basic building block for WordNet is the
synset (synonym set), which represents a specific meaning of a word. The spe-
cific meaning of one word under one type of POS is called a sense. Synsets are
equivalent to senses, which are structures containing sets of words with synony-
mous meanings. Each synset has a gloss, a short textual description that defines
the concept represented by the synset. For example, the words night, nighttime
and dark constitute a single synset that has the following gloss: “the time af-
ter sunset and before sunrise while it is dark outside”. Synsets are connected
through a series of relations: Antonymy (opposites), hyponymy/hypernymy (is-
a), meronymy (part-of), etc.

JIGSAW is the WSD algorithm implemented by the Content Analyzer. It is
based on the idea of combining three different strategies to disambiguate nouns,
verbs, adjectives and adverbs. In this section we will describe the main idea
behind the proposed approach. A more detailed description of the algorithm
can be found in [14]. An adaptation of Lesk’s dictionary-based WSD algorithm
has been used to disambiguate adjectives and adverbs [1], an adaptation of the
Resnik algorithm has been used to disambiguate nouns [12], while the algorithm
we developed for disambiguating verbs exploits the nouns in the context of the
verb and the nouns both in the glosses and in the phrases that WordNet utilizes
to describe the usage of the verb. The algorithm disambiguates only words which
belong to at least one synset.

The motivation behind our approach is that the performance of the WSD al-
gorithms change in accordance to the POS tag of the word to be disambiguated.
JIGSAW algorithm takes as input a document d = {w1, w2, . . . , wh} and will
output a list of WordNet synsets X = {s1, s2, . . . , sk} (k ≤ h) in which each
element si is obtained by disambiguating the target word wi based on the in-
formation obtained from WordNet about a few immediately surrounding words.
We define the context C of the target word to be a window of n words to the
left and another n words to the right, for a total of 2n surrounding words. The
algorithm is based on three different procedures for nouns, verbs, adverbs and

1 http://wordnet.princeton.edu
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adjectives, called JIGSAWnouns, JIGSAWverbs, JIGSAWothers, respectively.
The POS tag of each word to be disambiguated is computed by the HMM-based
tagger ACOPOST t32.

JIGSAW proceeds in several iterations by using the disambiguation results
of the previous iteration to reduce the complexity of the next one. First, JIG-
SAW performs noun disambiguation by executing the JIGSAWnouns proce-
dure. Then, verbs are disambiguated by JIGSAWverbs by exploiting the words
already disambiguated by JIGSAWnouns. Finally, the JIGSAWothers proce-
dure is executed. The WSD procedure is used to obtain a synset-based vector
space representation that we called Bag-Of-Synsets (BOS), described in the next
section.

3.2 Semantic Document Indexing: Keyword-Based and
Synset-Based Document Representation

In the Bag-Of-Synsets model (BOS), each document is represented by the vector
of synsets recognized by the JIGSAW algorithm, rather than a vector of words,
as in the classical Bag-Of-Words (BOW) model [13]. Another characteristic of
the approach is that each document is represented by a set of slots. Each slot is a
textual field corresponding to a specific feature of the document, in an attempt to
take into account its structure. In our application scenario, in which documents
are scientific papers, we selected three slots: title, authors, abstract (Figure 2).
The text in each slot is represented according to the BOS model by counting
separately the occurrences of a synset in the slots in which it appears.

Fig. 2. The description of a paper structured in three slots

An example of BOW-represented document is depicted in Figure 3. The BOS-
representation of the same document is presented in Figure 4.

Our hypothesis is that the BOS model helps to obtain profiles able to recom-
mend documents semantically closer to the user interests. The difference with
respect to keyword-based profiles is that synset unique identifiers are used in-
stead of words. The next section describes the learning algorithm adopted to
build semantic user profiles, starting from the BOS document representation.

2 http://acopost.sourceforge.net/
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title: {document: 1; categorization: 1; classification: 1}
authors: {sam: 1; scott: 1}
abstract: {categorization: 2; learning: 1; classification: 1; AI: 1;

artificial: 1; intelligence: 1}

Fig. 3. An example of document represented using the Bag-of-Words model. Each slot
contains terms and their corresponding occurrences in the original text.

title: {06424377 [text file, document] ((computer science) a computer
file that contains text (and possibly formatting instructions)
using seven-bit ASCII characters): 1

00998694} [categorization, categorisation, classification,
compartmentalization, compartmentalisation, assortment]
-- (the act of distributing things into classes or categories
of the same type): 2}

authors: {sam_scott}

abstract: {00998694 [categorization, categorisation, classification,
compartmentalization, compartmentalisation, assortment]
(the act of distributing things into classes or categories of
the same type): 3

06052624 [artificial intelligence, AI] (the branch of computer science
that deal with writing computer programs that can solve problems
creatively; "workers in AI hope to imitate or duplicate intelligence
in computers and robots"): 2

00590335 [learn, larn, acquire] (gain knowledge or skills;
"She learned dancing from her sister"; "I learned Sanskrit";
"Children acquire language at an amazing rate"): 1}

Fig. 4. An example of document represented using the Bag-of-Synsets model. Each
slot contains the synsets associated by JIGSAW to the words in the original text. For
the sake of readability, the synset descriptions (that are not included in the actual BOS
representation) are also reported.

3.3 Profile Learner and Recommender

Services implemented by using the ITR framework are able to recommend items
by learning from their textual descriptions and ratings given by users. The Pro-
file Learner implements the näıve Bayes classifier, a popular algorithm in text
classification applications. It is able to classify documents as interesting or unin-
teresting for a particular user by exploiting a probabilistic model, learned from
training examples represented according to the BOS model described in the pre-
vious section. The final outcome of the learning process is a probabilistic model
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used to classify a new document as interesting or uninteresting. The model is
used as a personal profile including those concepts (synsets) that turn out to be
most indicative of the users preferences, according to the value of the param-
eters of the model. The Recommender performs the matching between profiles
and testing documents and assigns a score representing the degree of interest
of the user on those documents by using the Bayes classification formula. As a
proof of concepts, we integrated the ITR functionalities to develop a service for
supporting users to plan the participation to a scientific congress.

4 An Intelligent Service for Digital Libraries

The Conference Participant Advisor service is based on ITR and provides per-
sonalized support for conference participation planning. The semantic profile of
each test user registered to the service is exploited to suggest the most interesting
talks to be attended at the conference by producing a one-to-one personalized
conference program. The prototype has been realized for the International Se-
mantic Web Conference 2004, by adding to the conference homepage (a copy of
the official web site) a login/registration form to access the service.

The registered user can browse the whole document repository or search for
papers presented during 2002 and 2003 ISWC events, in order to provide ratings.
The search engine used to select the training examples relies on the BOS model
in order to allow users to perform a semantic search and to reduce the overload
in providing the system with appropriate training examples. Let us suppose that
the user now submits the query categorization to the paper retrieval system. The
search engine analyzes the query and shows the sense inventory corresponding
to the keyword. Among all the possible senses listed, the user can choose one
or more of them according to her wishes. In the proposed scenario, the user is
interested in papers about text categorization, which is the task of assigning
documents to a list of predefined categories. Therefore, the most appropriate
sense for the query is the third one in the sense inventory (Figure 5).

Notice that the word matching against the query, highlighted by the search
engine, is different from the one in the query issued by the user. This is due to
the fact that the two words are in the same synset, thus the system was able to
realize a semantic matching by exploiting the synonymy relation in WordNet.
This semantic search allows for a more accurate selection of training examples:
the document retrieved in the aforementioned example would not have been
retrieved by using a traditional keyword search.

Given a sufficient number of ratings (at present the minimum number of
training documents is set to 20), the system learns the semantic profile of the
participant. In the profile, concepts representing the participants research in-
terests are stored. ISWC 2004 accepted papers are classified using the learned
profile to obtain a personalized list of recommended papers and talks, which
is sent by email to the participant. Recommended talks are highlighted in the
personalized electronic program (Figure 7).
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Fig. 5. The user selects the most appropriate sense for the keyword “categorization”

Fig. 6. A paper retrieved by the semantic search provided by ITR and the rating scale
for collecting the user feedback

An experimental evaluation of semantic profiles was carried out on ISWC
papers in order to estimate if the BOS version of ITR improves the performance
with respect to the BOW one. Experiments were carried out on a collection of
100 papers rated by 11 real users. Classification effectiveness was evaluated in
terms of precision and recall [Sebastiani02]. We obtained an improvement both
in precision (+1%) and recall (+2%) of the BOS-generated profiles with respect
to the BOW-generated ones [3].
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Fig. 7. The personalized program sent to the user

5 Conclusions and Future Work

We presented the ITR framework exploiting a bayesian learning method to in-
duce semantic user profiles from documents represented using WordNet synsets.
Our hypothesis is that replacing words with synsets in the indexing phase pro-
duces a more accurate document representation to infer more accurate profiles.
This is confirmed by the experiments carried out to evaluate the effectiveness of
the “Conference Participant Advisor” service and can be explained by the fact
that synset-based classification allows to select documents within a Digital Li-
brary with a high degree of semantic coherence, not guaranteed by word-based
classification. As a future work, we plan to also exploit domain ontologies to
realize a more powerful document indexing.
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Abstract. In this paper we present CoCoMA, an integrated platform,
developed in the framework of the DELOS II European Network of Excel-
lence on Digital Libraries, aiming at the unification of the most important
aspects of multimedia management and multimedia presentation. The
paramount goal of CoCoMA is to maximize the added value from task
and data integration by the identification and exploitation of connection
points and inherent workflow similarities. The paper provides a brief
description of the involved research fields, suggests an architecture for
integrated multimedia consumption and presentation, and discusses the
most prominent connection points. Problems and solutions are discussed
jointly, and illustrated by the components of the application prototype
developed for the DELOS project.

1 Introduction

Multimedia presentations containing interactive media content go through a
number of processing steps before they arrive at the user interface. Media streams
are captured and manually or (semi-)automatically annotated on various levels
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Fig. 1. The CoCoMA project for integrated multimedia presentation design

of semantics. Single media items are spatio-temporally organized and authored
to interactive presentations. During delivery, the content of media streams is
adapted to technical requirements and personalized to user requirements.

In this paper we describe an approach to integrate these processing steps. We
present the CoCoMA task of the DELOS II European Network of Excellence
on Digital Libraries (www.delos.info). CoCoMA aims at a solution for the
provision of content- and context-aware rich interactive multimedia presentations
by controlling data fusion and metadata reuse.

Figure 1 sketches the basic idea. We focus on four major functions: generic
presentation authoring, content-based and semantics-based annotation and re-
trieval, content adaptation and media personalization. For the sake of simplicity,
the latter two areas are distinguished in this paper by the following attribution.
Content adaptation summarizes all single and multi-media manipulation opera-
tions that are targeted towards technical requirements (e.g. network bandwidth).
Media personalization denotes all manipulation operations targeted towards user
requirements (e.g. special interests).

We believe that each of the four considered functions can benefit significantly
from data collected and generated by the other functions. Content-based meta-
data (features like color histograms, camera motion, and cepstral audio features)
may provide valuable control data for the content adaptation function (especially,
in mobile environments). For example, such metadata can be employed to skip
irrelevant information during encoding, or to select less restrictive quantization
schemes for sensitive content (content with high motion activity). Semantically
represented annotations (based on ontologies) and content-based metadata can
jointly be used for interactive media querying in multimedia presentations. A
common foundation could, e.g., be provided by the MPEG-7 standard [1]. The
integration of the media annotation function with presentation authoring and
presentation personalization allows for the seamless integration of the search
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functions. This way, personal experiences by non-linear movement through mul-
timedia presentations become possible. Furthermore, search functions can be
employed to provide novel means of presentation authoring and personalization.
For example, we propose a novel presentation item that describes media objects
bycontent-based queries instead of links to media files. Queries are executed at
run-time (enriched with user knowledge) and the results are integrated with
static presentation elements. This flexible way of personalization decides the
presentation contents at view-time hand in hand with the user. Eventually, the
application of constraint-based presentation authoring methods allows for flexi-
ble presentation personalization. The spatio-temporal relationships of CoCoMA
presentations are not defined statically but by space and time operators. This
paradigm reduces the burden of a layout on the presentation personalization
to a minimum. Media objects can be added, exchanged and removed easily, if
appropriate spatial and/or temporal rules for these operations are provided.

The CoCoMA project comprises of three steps. First, the exploitation of the
fundamental idea and the identification of chances for integration. Second, the
closer investigation of promising starting points and the design of solutions. In
the second step, a complicating factor is that CoCoMA should possibly be based
on earlier work by the involved research groups. Hence, the design process must
consider architectural requirements and constraints of existing solutions. The
last step is the implementation of the proposed design in a proof of concept
prototype, and the construction of an application demonstrator. Suitable appli-
cations can, e.g., be identified in the sports domain such as summary presen-
tations of soccer transmissions and various cultural domains like virtual tourist
applications, preservation and cultural heritage applications. In summary, the
CoCoMA activity aims at meeting in the middle, the integration of related func-
tions of multimedia presentation design where promising starting points can be
identified. The project addresses different research areas such as semantic mul-
timedia retrieval, personalized multimedia authoring and presentations, which
are integrated in the the CoCoMA activity.

The paper is organized as follows. Section 2 gives background information
on the involved research areas and illuminates starting points for integration.
In Sect. 3 we present the architecture and building blocks of the proof of con-
cept prototype. Section 4 focuses on challenging research questions. Solutions
are illustrated by samples from the CoCoMA prototype. Due to the limitation
of space we focus on presenting the integrated architecture and the related chal-
lenges for multimedia research. For details on the related work and own previous
work in the different fields we would like to point the interested reader to [2].

2 Research Areas and Starting Points for Integration

2.1 Content-Based Retrieval

Content-based Retrieval means retrieval of media objects by their perceivable
content: in case of image or video this means visual cues such as colors or shapes
and in case of audio, retrieval is done by audible cues like sound or loudness.
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Multi-modal retrieval combines various media types such as text, image, audio
and video. State-of-the-art in content-based retrieval bases on the representa-
tion of audio and video by features. Meaningful features are extracted from the
media objects and the actual retrieval step is performed by similarity measure-
ment among media objects according to the extracted features. The difficulty to
express high-level concepts with low-level features is called the semantic gap [3].
There exist various audio-visual features, similarity measures and retrieval mod-
els. Probabilistic models employ user relevance feedback information for retrieval
(e.g., Binary Independence Retrieval). On the other hand, the most commonly
applied approach is the Vector Space Model whereby media objects are repre-
sented by their feature vector and similarity is given as a distance measure (e.g.,
Euclidean distance) in the feature space [4].

2.2 Semantics-Based Retrieval

Semantics-based retrieval for multimedia content relies on the metadata describ-
ing the content semantics, and it is often based on MPEG-7 [1], which is the
dominant standard in multimedia content description. Although MPEG-7 al-
lows, in the MPEG-7 MDS, the semantic description of the multimedia content
using both keywords and structured semantic metadata, several systems follow
the keyword-based approach [5,6,7], which is limiting, as it results in reduced
precision of the multimedia content retrieval. This problem may be solved, at
least at some extent, if the structured semantic description capabilities provided
by MPEG-7 are exploited. Domain knowledge, captured in domain ontologies
expressed using MPEG-7 constructs, is systematically integrated in semantic
MPEG-7 descriptions in [8]. In addition, a methodology for the integration of
OWL domain ontologies in MPEG-7 has been developed in [9,10], in order to
allow the utilization of existing OWL domain ontologies, which make interop-
erability support within user communities easier. However, structured semantic
content descriptions cannot be fully exploited by keyword-based user preferences.
In order to address this issue, a semantic user preference model for MPEG-7/21
has been proposed in [11], for expressing preferences about every aspect of an
MPEG-7 multimedia content description. Finally, another limitation is due to
the lack of a transparent and unified multimedia content retrieval framework
that allows exploiting all the aspects of the MPEG-7 multimedia content de-
scriptions. A proposal for solving this problem is made in [11], where a powerful
query language for querying MPEG-7 descriptions, called MP7QL, is presented.
The MP7QL queries may utilize the user preferences as context, thus allowing
for personalized multimedia content retrieval.

2.3 Presentation Modeling

A multimedia presentation may be considered as a graph, where each node cor-
responds to a set of heterogeneous multimedia objects (e.g., text, images, audio
and video files), grouped depending on their content relationships and organized
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according to a given spatial and temporal disposition. By contrast, the edges con-
necting the nodes denote the execution flow of the presentationi.e., the sequence
according to which the objects in each node are displayed to the user. Multimedia
presentation modeling then concerns two main issues: representing the presen-
tation structure (i.e., the presentation graph) and representing the spatial and
temporal disposition of objects in each node. The available approaches can be
grouped into two main classes, operational and constraint-based, depending on
how the spatial and temporal disposition of objects is represented. In operational
approaches, a presentation is specified by describing its final form; thus, they
have the advantage of being easy to implement, but they are not user-friendly. In
constraint-based approaches the final presentation is generated starting from a
specification where constraints are used to represent the spatial and temporal
relations existing among objects. As a consequence, constraint-based systems are
more flexible and user-friendly than operational ones, although they are more
complex, due to the fact that they must carry out the presentation generation
task. Independently from their differences, both operational and constraint-based
approaches are designed for building presentations using a fixed structure (usu-
ally modeled as a tree with one or more branches) and a fixed set of objects.
In order to address this issue, a multimedia presentation authoring model has
been developed, described in [12], where content relationships among objects are
used to identify the objects associated with each node of the presentation and
to build automatically different execution flows of the same presentation.

2.4 Content Adaptation

In [13] the architecture of an adaptive proxy for MPEG-4 visual streams is de-
scribed which adapts MPEG-4 resources according to device capabilities and
network characteristics. To this end, an adaptor chain concept has been intro-
duced enabling the concatenation of several adaptation steps. The information
of when an adaptor has to be invoked is hard coded in the proxy. Thus, this
approach lacks extensibility in the sense that new adaptors can only be in-
tegrated into the existing system by re-compilation of the whole adaptation
engine. The MPEG-21 framework also supports tools for multimedia adapta-
tion. This work is based on Bitstream Syntax Descriptions (BSD) [14,15], i.e.,
an additional metadata layer which describes the high-level structure of a me-
dia bitstream. The main limitation of this approach is that one can only per-
form editing-style adaptation operations like removing, inserting, or updating
parts of the bitstream. Another adaptation tool defined in the MPEG-21 frame-
work is Adaptation QoS (AQoS) [15,16] which enables users to describe the
device and network quality of service (QoS). AQoS specifies the relationship
between environmental constraints, media quality, and feasible adaptation op-
erations. Adaptation engines can then perform look-ups in the AQoS table to
ascertain adaptation operations for the multimedia content. Therefore, AQoS
can provide hints for an adaptation decision taking engine. Only few projects
are known at the moment that try to exploit the extended metadata annotation
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possibilities available with the new MPEG standards; examples are the ViTooKi
Video Tool Kit project (vitooki.sourceforge.net) [17,13] or the work de-
scribed in [18].

2.5 Presentation Personalization

Personalization of multimedia presentations can be understood as the creation of
multimedia content reflecting the specific preferences, interests, background and
situational context of a user—captured in a user profile. Even though one could
prepare different presentations for each targeted user, this would quickly become
too laborious for many different user profiles. Hence, a dynamic creation of per-
sonalized content lies near at hand. Here, we find different approaches in the field.
A research approach towards the dynamic generation of multimedia presenta-
tions based on constraints and logic programming is the Cuypers system [19].
Within the Opéra project, a generic architecture for the automated construction
of multimedia presentations based on transformation sheets and constraints is
developed [20]. This work is continued within the WAM project with the focus
on a negotiation and adaptation architecture for mobile multimedia services [21].
As shown, these and other existing research solutions typically use declarative
descriptions like rules, constraints, style sheets and the like to express the dy-
namic multimedia content creation. However, only those presentation adaptation
problems can be solved that can be covered by such a declarative specification.
Whenever a complex and application-specific personalization task is required,
the systems find their limit and need additional programming. Approaches that
base on XSLT would generally allow for a computationally complete transforma-
tion process. However, they find their limitations in the manageability of large
personalization applications. Consequently, we find with the MM4U framework
a software engineering approach for the multimedia content adaptation and pre-
sentation [22,23]. This framework provides application developers with a general,
domain independent support for the creation of personalized multimedia content
by exploiting the different approaches for multimedia content adaptation. In or-
der to be able to create multimedia content that is personalized for a certain user
one needs multimedia content that can be used for the different users. Hence,
retrieval of media content based on semantics, access to user profiles and the
availability of adaptive content are prerequisites for building an integrated mul-
timedia information system.

3 System Design and Building Blocks

In this section, we present the component architecture of CoCoMA. The de-
sign falls in the two groups presentation creation and presentation consumption.
Section 3.1 provides an overview of the project. The detailed discussions of de-
sign issues of presentation consumption and creation in Sect. 3.2 and 3.3 are
structured by the involved components, mostly stemming from our earlier work.
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3.1 The Component-Based Architecture of CoCoMA

Above we have sketched the overall goal of the CoCoMA activity, the integration
of major aspects of multimedia presentation design. In detail, we endeavor to
answer to the following major research questions:

1. How can the authoring process be enhanced by semantics-based and content-
based media descriptions?

2. How can media metadata—in particular, content-based descriptions—be em-
ployed to achieve sophisticated content adaptation?

3. How can personalization and querying based on media metadata be inte-
grated seamlessly? Is it possible to exploit the knowledge enveloped in the
metadata for on-demand personalization?

4. How can semantics-based (e.g., ontology-based) and content-based metadata
be merged and queried together?

5. Can we identify a constraint-based authoring process and presentation de-
scription scheme that simplifies personalization by offering the required de-
grees of freedom?

Obviously, all questions are targeted towards efficient metadata unification
and reuse. Hence, design of metadata management is the central topic of the
CoCoMA activity.

The building blocks that produce and consume the metadata are the same as
named in the introduction: authoring, content-based annotation, semantics-based
annotation, content adaptation and personalization. Figure 2 structures their re-
lationships and their interfaces to the outside world. The presentation author and
media annotator interacts with the authoring building block and the semantic an-
notation interface. A knowledge base of ontologies supports the annotation pro-
cess. The presentation consumer interacts exclusivelywith the personalization and
delivery component. Content-based annotation and content adaptation have no
external interfaces. Content-based annotation is controlled by the authoring pro-
cess. Content adaptation is triggered by the presentation engine.

Media data and media metadata are organized in two major databases. The me-
dia database holds the temporal (e.g., audio, video) and non-temporal (e.g., text,
image) media content specific to the presentation context. The metadata database
stores a variety of media-related metadata, user knowledge and system parame-
ters. Metadata includes non-temporal data (e.g., textual media segment descrip-
tions, domain ontologies, presentation constraints) and temporal data (e.g., mo-
tion descriptions, spectral audio descriptions). The metadata database is mostly
filled by the two annotation building blocks and by the authoring process. Meta-
data is consumed by the content adaptation function (e.g., low-level color models,
high-level relevance estimations) and by the personalization building block (e.g.,
merged with user knowledge for content-based media selection).

Apart from the research issues listed above, the integration process consti-
tutes some engineering problems that have to be solved properly. An important
prerequisite is that the CoCoMA design should—as far as possible—be based
on existing solutions provided by the project participants. Hence, the integra-
tion process should—similarly to enterprise application integration—focus on
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Fig. 2. CoCoMA building blocks and workflow

appropriate metadata formats. In this context, a prominent role is played by
the MPEG-7 standard for multimedia content description [1]. MPEG-7 pro-
vides structures for textual annotation and content-based annotation. These
structures are employed for single media and multimedia descriptions. In addi-
tion, extensions are implemented where necessary (e.g., for ontology integration,
MPEG-21-based media stream description, etc.). See Sect. 4 for details.

The remainder of this section discusses the building blocks of the CoCoMA
design.

3.2 Presentation Consumption

MM4U for Personalized Multimedia Presentations. The overall goal of
the MM4U framework [22,23] is to simplify and to improve the development
process of personalized multimedia applications. For this, the framework pro-
vides application developers with an extensive support for creating personalized
multimedia content. This support comprises assistance for the access to media
elements and associated metadata as well as user profile information and con-
textual information.

The framework provides for the selection, composition, and transformation
of media elements into a coherent multimedia presentation. For supporting the
different tasks of the general multimedia personalization process, we developed a
layered architecture. Each layer provides modular support for the different tasks
of the multimedia personalization process such as access to user profile infor-
mation and media elements, composition of the multimedia presentation in an
internal multimedia content representation model, its later transformation into
the concrete presentation output formats, and the rendering of the multimedia
presentation on the end device. To be most flexible in regard of the different
requirements of concrete personalized multimedia applications, the framework’s
layer allow for extending and adapting the functionality of the MM4U framework
towards particular requirements that can occur in the development of personal-
ized multimedia applications.
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KoMMA for Multimedia Content Adaptation. Intelligent adaptation of
multimedia resources is becoming increasingly important and challenging for two
reasons. First, the market continuously brings up new mobile end-user devices
to which the content has to be adapted as these devices support different dis-
play formats and operate on various types of networks. On the other hand, with
the help of metadata annotations, which are now available in the MPEG-7 and
MPEG-21 standard, advanced forms of resource adaptations on the content level
become possible. As none of the existing multimedia transformation tools and
libraries can support all these different forms of basic and advanced adaptation
operations, an intelligent multimedia adaptation node has to integrate such ex-
ternal tools and algorithms and perform an adequate sequence of adaptation
operations on the original resource before sending it to the client [24].

In order to compute an adequate sequence of adaptation operations, we utilize
a knowledge-based planning approach [25]. In general, a planner computes a plan
by applying actions on an initial state to reach a goal state. In the context of
multimedia adaptation, the initial state corresponds to the original multimedia
resource, which can be described by means of MPEG-7 descriptions. The goal
state is the adapted multimedia content according to the usage context which
is, e.g., terminal capabilities or usage environment. The usage context can be
expressed by means of MPEG-21 descriptions. Finally, actions are adaptation
operations that have to be applied on the original multimedia content in order
to meet the usage context.

In the implementation of the multimedia adaptation node, the described
planner—referred to as the adaptation decision-taking engine—acts as prepro-
cessing module for the adaptation engine. Upon a client request, the adaptation
decision-taking engine computes an adaptation plan which is later executed by
the adaptation engine [26].

3.3 Presentation Creation

VizIR for Content-based Media Annotation and Retrieval. VizIR is an
open framework providing common ground functionalities and strategies for the
development of multimedia applications that benefit from multimedia retrieval
techniques [27]. The framework provides a comprehensive collection of classes
for all major multimedia retrieval tasks, such as storage and management of
media and annotated metadata [28], and it allows for the textual annotation
of semantic information about the content as well as content-based metadata
directly extracted from the media content. The core item of the VizIR system
is the strong and flexible querying and retrieval component. It comprises al-
gorithms for automatic feature extraction and similarity measurement among
media objects based on the derived media descriptions. Furthermore, the VizIR
framework contains a set of user interfaces for browsing the media databases,
query formulation (by example or sketch) and query refinement and a couple
visualization tools. The framework provides implementations of various content-
based descriptors for image, audio and video data, and it incorporates a set of
state-of-the-art audio descriptors from various application domains [29].
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VizIR allows for the usage of arbitrary features and querying models, by us-
ing a generic querying language developed for this purpose [30]. Depending on
the underlying querying model that is used the formulation of queries happens
on different levels of abstraction. This means that it is either possible to state
queries on a very low-level by defining explicitly the low-level features and the
used querying scheme or to define queries on a semantically high level. Thereby,
the querying component uses models to break down the high-level query and
translates it to a lower level that can be solved. Moreover, the combination of
features of different type (audio, video, text) is possible, which lays the foun-
dation for multi-modal retrieval. The retrieval component in general and the
querying language in particular may as well be adapted to take semantics-based
annotations into account. For this purpose, the VizIR framework contains an im-
plementation of the full MPEG-7 Multimedia Description Schemes to describe
and annotate multimedia data [31].

DS-MIRF for Semantics-based Media Annotation and Retrieval. The
DS-MIRF (Domain-Specific Multimedia Indexing, Retrieval and Filtering)
Framework [9,8,10] aims to facilitate the development of knowledge-based mul-
timedia applications (including multimedia information retrieval, information
filtering, user behavior description, multimedia content segmentation, multime-
dia information extraction and multimedia browsing and interaction) utilizing
and extending the MPEG-7 and MPEG-21 standards. The major components
of the DS-MIRF framework are the following. The first component is the DS-
MIRF Metadata Repository, where domain ontologies and multimedia content
descriptions are stored in MPEG-7 format. In addition to the current MPEG-
7/21 metadata, the DS-MIRF Metadata Repository allows the management of
semantic user preferences as described in [11]. Semantic queries are supported on
top of the DS-MIRF metadata repository. The repository is accessed by the end-
users through appropriate application interfaces that utilize the expressive power
of the MP7QL query language [11]. The second component is the DS-MIRF On-
tological Infrastructure [9,10], which includes: (1) An OWL Upper Ontology that
fully captures the MPEG-7 MDS and the MPEG-21 DIA Architecture (the latter
has been developed in the context of CoCoMA). (2) OWL Application Ontolo-
gies that provide additional functionality in OWL that either makes easier the
use of the MPEG-7 MDS from the users (like a typed relationship ontology based
on the MPEG-7 MDS textual description) or allows the provision of advanced
multimedia content services (like a semantic user preference ontology that fa-
cilitates semantics-based filtering and retrieval). (3) OWL Domain Ontologies
that extend both the Upper Ontology and the Application Ontologies with do-
main knowledge (e.g. sports ontologies, educational ontologies etc.). The third
major component is GraphOnto [32], an ontology-based semantic annotation
tool. GraphOnto facilitates both OWL ontology editing and OWL/RDF meta-
data definition and allows transforming both domain ontologies and metadata
to MPEG-7 metadata descriptions. The MPEG-7 metadata may be stored in
files or in the DS-MIRF Metadata Repository.
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SyMPA for Content-based Multimedia Presentation Authoring and
Generation. The presentation specification and generation component of the
CoCoMA architecture, referred to as SyMPA, is based on the multimedia presen-
tation model described in [12], which allows authors to group semantically related
objects into independent sets representing each one a topic. This is obtained by
using a new class of constraints, called content constraints, that allow the author
to define high-level, content-related semantic relations among objects, in order
to build different presentation topics and the interconnections among them. In
SyMPA, content constraints are not explicitly specified by the presentation au-
thor, but inferred from the annotations possibly associated with multimedia
objects. Authors annotate objects using multiple metadata vocabularies (which
may be plain sets of descriptors, conceptual hierarchies, and ontologies), concern-
ing both high- and low-level features. Then they make use of content metadata
in order to define the main topic of a presentation. Based on this, SyMPA re-
trieves the objects satisfying the query, and it groups them into nested subsets,
determining both the nodes of the presentation and its structure. The author
may then revise the presentation by modifying the presentation structure, the
contents of each node of the presentation, and/or the spatio-temporal disposi-
tion of objects. This approach has two main advantages. First, it can be easily
applied to large repositories of multimedia objects (such as digital libraries),
where multiple authors can annotate objects in a collaborative way and objects
can be added and removed dynamically. Second, the content-based clustering of
objects outlined above automatically returns all the possible execution flows of a
presentation, which can be selected by end-users depending on their preferences.
Besides presentation specification and generation, SyMPA is designed also as
a system for the management and annotation of multimedia objects stored in
distributed repositories.

4 Integration Challenges and Solutions

This section describes how the individual CoCoMA components are merged and
how the components are employed for the benefit of others. Figure 3 sketches the
components and the neuralgic connection points (mostly characterized by usage
relationships). Sections 4.1 to 4.5 explicate the five major points of integration.

4.1 Integration of Content-Based and Semantics-Based Retrieval

An important issue is the integration of CBR (Content-based Retrieval—based
on low-level features) with SBR (Semantics-based Retrieval). A lot of indepen-
dent research exists for both the approaches, but there are several real-life sit-
uations where none of the approaches can work by itself at a satisfactory level.
Consider, as an example, a user interested in art who wants to get a drawing
containing a girl who wears a hat. The user also remembers that the black colour
dominates in the drawing. In this case, if the user uses SBR only, he will receive
all the drawings containing a girl who wears a hat and the user has to browse
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Fig. 3. CoCoMA integration challenges

the results in order to locate the one he has in mind. Using CBR only, the user
would request the drawings where black dominates and the user has to browse
the results in order to locate the one he has in mind. A more convenient approach
would be to allow the user to pose queries having both semantic components and
visual feature components and use one technique (e.g., SBR) for pre-filtering and
the other (e.g., CBR) for refinement.

In order to support the above approach, we are working on the support of
Semantic and Content Based Retrieval (SCBR), which allows for providing Se-
mantic and Content Based Queries (SCBQs). These queries allow the specifi-
cation of preference values (in the range [−100, 100]) for their constituents and
may contain boolean operators, and they can be expressed using the MP7QL
syntax [11].

4.2 Content-Based and Semantics-Based Metadata for Content
Adaptation

The knowledge-based multimedia adaptation node within the CoCOMA archi-
tecture is designed as a proxy server, which forwards incoming client requests to
the multimedia server. The server transfers the requested content together with
the MPEG-7 description to the adaptation proxy which then adapts the content
based on the client’s usage context which is described by means of MPEG-21
metadata. Finally, the adapted content is streamed to the client together with
the adapted MPEG-7 descriptions.

The main concept of the adaptation decision-taking engine is to describe mul-
timedia adaptation operations semantically by their inputs, outputs, precondi-
tions, and effects (IOPE). The operation’s preconditions express the conditions
that must hold before an operation can be applied. Typical preconditions for
an image grey scale operation are, e.g., “the multimedia content is a JPEG im-
age” and “the image is colored.” Effects express the changes after applying an
adaptation operation. The effect of a grey scale operation might be “the out-
put image is grey.” The semantics of an adaptation operation like, for instance,
“JPEG image” is introduced by referencing MPEG-7 and MPEG-21 metadata
which enables content-aware media adaptation.
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The content-aware approach offers a wide range of possibilities for media
adaptation, starting with general adaptation to meet the client’s usage context
and up to new sophisticated CBR-based content adaptation. Content adaptation
based on CBR means that content-based features (as extracted for retrieval) are
employed in the adaptation process. For example, it would be thinkable to use
motion features to judge the visual complexity of scenes and adapt the encoding
accordingly. On a semantically higher level, content-based features could be used
to summarize scenes, skip irrelevant scenes and save bandwidth. Audio features
could be employed to estimate the type of content (speech, music, etc.) and
choose the encoding appropriately.

4.3 Authoring Based on Content-Based and Semantics-Based
Metadata

The availability of content-based and semantic metadata, associated with multi-
media objects, can be used by SyMPA to automatically carry out the presenta-
tion specification task. In particular, such metadata can be used in our authoring
model to infer the content relationships existing among objects, which will then
determine the set of objects associated with each node of the presentation and
the presentation structure itself. Author’s intervention is required for carrying
out two main tasks: (a) determining the spatial and temporal disposition of ob-
jects in each node of the presentation, and (b) selecting the objects to be actually
used, based on their relevance. The presentation specification process consists
of the following steps. First, an author specifies a presentation by defining a
set of topics in terms of the semantic metadata available in the system. Based
on this, the system returns the set of objects belonging to each node; then the
author decides which objects will be used, and their spatial and temporal dis-
position. Finally, the possible execution flows of the presentation are obtained
evaluating the semantic relationships existing among the selected objects. In
order to integrate this authoring approach into CoCoMA, SyMPA has been ex-
tended with an interface allowing the exploitation of the features provided by
the DS-MIRF framework. More precisely, the MPEG-7/21 metadata stored in
the DS-MIRF Metadata Repository, which are associated with multimedia ob-
jects, are utilized to automatically carry out the presentation specification task
in SyMPA. In addition, the DS-MIRF Metadata Repository is used (a) for stor-
ing multimedia presentations and object annotations defined using SyMPA, (b)
for locating multimedia objects that will be utilized in the presentations (using
the semantic retrieval capabilities of the DS-MIRF framework), and (c) for re-
trieving the metadata associated with the multimedia objects, which are used
by the authoring model to infer the content relationships that exist among ob-
jects. The user preferences stored in the DS-MIRF Metadata Repository will be
utilized systematically in order to allow presentation personalization. Finally,
the DS-MIRF ontological infrastructure is utilized by SyMPA as a set of meta-
data vocabularies for the selection of knowledge domain and topic of interest,
and will be extended with an ontology about ‘art’. The integration actvities
involving SyMPA end the DS-MIRF framework are described in detail in [33].
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4.4 Adaptive Streaming in Personalized Multimedia Presentations

The MM4U framework for the dynamic creation of personalized multimedia
presentations has been integrated with the KoMMA framework for adaptive
streaming of video content. During the presentation of a personalized multime-
dia document the adaptive streaming framework delivers the continuous media
stream that best meets the current presentation situation. During the compo-
sition phase of the multimedia document, the media access layer of the MM4U
framework searches the underlying media store and includes a reference to the
content into the document. The profile that drives the composition of the per-
sonalized presentation provides the parameters that apply to the adaptive video
streaming. During the personalized composition of the multimedia document,
those parameters from the user profile that affect the presentation such as de-
vice configuration, bandwidth, etc., are included as an MPEG-21 description
into the document. For the later access to the media content the media locator
also includes the location of the KoMMA proxy that finally creates and delivers
the adapted stream. Hence, the parameters relevant for the adaptation are se-
lected during the composition process of the MM4U framework and inserted in
the presentation. After the composition of the multimedia content, a transforma-
tion into the final presentation format such as SMIL, SVG, or Flash is executed.
When the presentation is delivered to the user and is rendered the player actually
accesses the media content. Here, the reference to the media content is resolved
and the player accesses the KoMMA adaptation proxy to receive the adapted
media content. This request includes the presentation context parameters which
are used by the KoMMA framework to dynamically adapt the streaming media
content to the client’s presentation requirements.

4.5 Personalized Presentation Composition Based on
Content-Based Retrieval

Besides the integration with adaptive streaming framework for video content, the
MM4U framework has also been integrated with the visual information retrieval
framework VizIR. The VizIR framework provides a generic querying language
and allows for different query models. For the integration of the MM4U and
VizIR frameworks, the k-nearest neighbor model is used. The interfaces between
the frameworks are kept generic such that they allow for future adaptation and
extension to different models. A new media connector for the MM4U framework
has been developed using a generic query object that provides for content-based
retrieval queries to the VizIR framework. The querying object is passed from the
MM4U framework to the VizIR framework. The VizIR framework determines
a ranked list of the most suitable media elements and returns the query result
back to the media connector. The retrieved query result is then converted within
the media connector of the VizIR framework to a MM4U compliant representa-
tion of the media elements for multimedia composition and personalization. The
MM4U framework can use the content-based retrieval functionality of the VizIR
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framework in different usage scenarios. However, no knowledge about content-
based querying is required from the user; especially no feature-selection needs
to be conducted by the user. The MM4U framework uses a set of predefined
or default values for the querying parameter, e.g., by appropriate descriptors
identifying the type of the query like “sunset” or “landscape”. Here, the MM4U
framework exploits the users profile information to optimize the content-based
querying.

5 Conclusions and Future Work

The CoCoMA task of the DELOS II European Network of Excellence on Digital
Libraries endeavors to integrate traditionally independent components of multi-
media systems. The integration of content-based retrieval and semantics-based
retrieval results in more precise retrieval results. Employing content-based and
semantics-based retrieval methods for multimedia authoring, content adapta-
tion, and personalization provides additional degrees of freedom for the media
designer and leads to richer multimedia applications with higher flexibility. Even-
tually, the consideration of personalization issues in the multimedia authoring
process refines it to a user-centered activity expressed in presentation-specific
constraints. In this paper, we described the vision of CoCoMA, briefly sketch
the involved research areas, state the major integration problems, and illustrate
novel paths to solve them. CoCoMA is work in progress with a clear focus on
methodological integration. Currently, we are designing a service-oriented ar-
chitecture where the individual components act as services and are integrated
by a workflow management system. Following this scheme, our future work will
be the implementation and user-based evaluation of a full-featured CoCoMA
infrastructure.
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21. Lemlouma, T., Layäıda, N.: Context-aware adaptation for mobile devices. In: IEEE
MDM 2004, pp. 106–111. IEEE Computer Society Press, Los Alamitos (2004)

22. Scherp, A., Boll, S.: MM4U: A framework for creating personalized multimedia
content. In: Srinivasan, U., Nepal, S. (eds.) Managing Multimedia Semantics, pp.
246–287. IRM Press (2005)

23. Scherp, A., Boll, S.: Paving the last mile for multi-channel multimedia presentation
generation. In: MMM 2005, pp. 190–197 (2005)

24. Leopold, K., Jannach, D., Hellwagner, H.: A knowledge and component based
multimedia adaptation framework. In: IEEE MSE 2004, pp. 10–17. IEEE Computer
Society Press, Los Alamitos (2004)

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



Integrated Authoring, Annotation, Retrieval, Adaptation, Personalization 103

25. Jannach, D., Leopold, K., Timmerer, C., Hellwagner, H.: A knowledge-based frame-
work for multimedia adaptation. Applied Intelligence 24(2) (2006)

26. Jannach, D., Leopold, K.: Knowledge-based multimedia adaptation for ubiquitous
multimedia consumption. Journal of Network and Computer Applications 30(3),
958–982 (2007)

27. Eidenberger, H., Breiteneder, C.: VizIR – A framework for visual information re-
trieval. Journal of Visual Languages and Computing 14(5), 443–469 (2003)

28. Eidenberger, H., Divotkey, R.: A data management layer for visual information
retrieval. In: ACM MDM Workshop, ACM Press, New York (2004)

29. Mitrovic, D., Zeppelzauer, M., Eidenberger, H.: Analysis of the data quality of
audio descriptors of environmental sounds. In: WMS 2006, pp. 70–79 (2006)

30. Divotkey, D., Eidenberger, H., Divotkey, R.: Artificial intelligence and query execu-
tion methods in the VizIR framework. Journal of the Austrian Artificial Intelligence
Society 24(2), 17–27 (2005)

31. Salembier, P.: MPEG-7 multimedia description schemes. IEEE Trans. on Circuits
and Systems for Video Technology 11(6), 748–759 (2001)

32. Polydoros, P., Tsinaraki, C., Christodoulakis, S.: GraphOnto: OWL-based ontology
management and multimedia annotation in the DS-MIRF framework. In: WMS
2006 (2006)

33. Tsinaraki, C., Perego, A., Polydoros, P., Syntzanaki, A., Martin, A.,
Christodoulakis, S.: Semantic, constraint & preference based multimedia presenta-
tion authoring. Journal of Digital Information Management 4(4), 207–213 (2006)

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



Gathering and Mining Information from

Web Log Files

Maristella Agosti and Giorgio Maria Di Nunzio

Department of Information Engineering, University of Padua, Italy
{agosti,dinunzio}@dei.unipd.it

Abstract. In this paper, a general methodology for gathering and min-
ing information from Web log files is proposed. A series of tools to re-
trieve, store, and analyze the data extracted from log files have been
designed and implemented. The aim is to form general methods by ab-
stracting from the analysis of logs which use a well-defined standard
format, such as the Extended Log File Format proposed by W3C. The
methodology has been experimented on the Web log files of The Euro-
pean Library portal; the experimental analyses led to personal, technical,
geographical and temporal findings about the usage and traffic load. Con-
siderations about a more accurate tracking of users and users profiles,
and a better management of crawler accesses using authentication are
presented.

1 Introduction

From the point of view of users, the Web is a growing collection of a large
amount of information, and usually a great amount of time is needed to look
for and find the appropriate information. Personalization is a possibility for
the successful evolution of a Web infrastructure. For this reason, Web sites are
created and adapted to make contents more easily accessible, using profiles to
make recommendations or to target users with ad hoc advertising. An ideal
environment would have at its disposal the exact history and information about
a user, thus informing us about his tastes and needs. This goal may be achieved
using user authentication, or cookie files with an identifier. But this is not always
possible: privacy issues step in, and this kind of information may not be available,
considering that some users are not willing to subscribe to a site to use its
services.

Web log file analysis began with the purpose of offering to Web site admin-
istrators a way to ensure adequate bandwidth and server capacity to their or-
ganization. This field of analysis made great advances with the passing of time,
and now e-companies seek ways to use Web log files to obtain information about
visitor profiles and buyer activities. The analysis of Web logs may offer advice
about a better way to improve the offer, information about problems occurring
to the users, and even about problems for the security of the site. Traces about
hacker attacks or heavy use in particular intervals of time may be really useful
for configuring the server and adjusting the Web site.

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 104–113, 2007.
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The collaboration with The European Library1, the organization which has
designed and manages the portal created to offer access to the digital and/or
bibliographical resources of many European National libraries, gave us the pos-
sibility to access the data contained in the logs of their Web servers. The aim
of this work is to propose a methodology for acquiring and managing data from
Web log files by abstracting from the analysis of the Web logs of The European
Library. A series of tools to retrieve, store, and analyze the data extracted from
these Web logs have been designed and implemented, in order to give advice on
the development of the portal from the point of view of both the security and
the improvement of personalization.

In Sect. 2 we introduce this methodology, giving an overview on the parser and
on the database designed and developed; in particular, the conceptual level of
the database design process is presented. In Sect. 3 we show some of the results,
with some observations regarding them, with particular reference to the trends
discovered about visits. In Sect. 4 we draw conclusions, giving some advice for
the future continuation of the work.

2 A Methodology for Acquiring and Managing Data
from Web Log Files

The term log is used today in the context of a systematic and chronological
collection of events. Different types of logs are currently used: user logs, system
logs, and server logs. This last type of log is the one we are interested in for this
research. A server log file is a file which stores information on an application
server activity. A typical example may be a Web server log that stores the
chronology of the Web pages requested. In this paper we use the name “Web
server log” for the log file that contains the HyperText Transfer Protocol (HTTP)
requests made from clients to the Web server of a Web site.

Several formats are available for servers to build their log files, but the most
used is the World Wide Web Consortium Extended Log File Format2. As the
name says it extends the Common Log File Format3, overthrowing its main
limitation, which was the fixed amount of information about each transaction.
The Extended Log File Format permits the control of recorded data and the
customization of the choice of the fields of the record of a log to be stored.

Therefore, we have at our disposal a great source of information in the log
files, but the format is not optimized for search and retrieval: usually log files
come in a text file format. In the methodology for acquiring data from Web log
files we propose, two problems have been identified:

– gathering the information;
– storing the information.

1 http://www.theeuropeanlibrary.org/
2 http://www.w3.org/TR/WD-logfile
3 http://www.w3.org/Daemon/User/Config/Logging.html#common-logfile-format
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A possible solution for the problem of gathering information from a log file is the
creation of a parser. The use of a parser requires a well-defined standard format
in order to recognize each single field of a record of a log, such as the Extended
Log File Format. A solution for the problem of storing the information contained
in a log file is the use of a database application. With a database application it is
possible to better organize and structure log fields in order to perform queries and
to obtain statistical information useful for the development of the site.

The proposed methodology is general and can be applied in any situation
where the W3C Extended Log File Format [1] is used to format Web server log
files. The logs of The European Library are compliant with this format, so the
methodology can be successfully applied.

In Sect. 2.1, we present the methodology for gathering information from a Web
log file, and also some important considerations on how to parse log files. In Sect.
2.2, we present the design of the database that manages the data extracted from
log files.

2.1 Gathering Data from Web Logs

The Extended Log File Format defines the structure of a record of a log, which
contains a specific request performed by a client in a particular instant of time.
Nevertheless, this format allows the possibility both to set a specific order of the
fields of the record and to decide whether to include optional fields. Therefore,
the building of a parser to read data from Web logs requires particular attention,
including the study of the sequences of fields that may be different depending
on the choices of Web administrators.

Table 1 presents the choice of fields included in the Web log files we have
studied, and the presentation order is the same which appears in the files. Table 2
shows the initial part of some records of the current logs of The European Library
we inspected.

In the following sections, we analyze in detail three particular fields of the
logs that needed specific attention for the scope of our research: date-time and
the user agent fields.

Date and Time: Building Timestamps. The first thing to observe is that
in the log files there are several entries with the same date and time (see for
example the second and third line of the extract of the log shown in Tab. 2).
This is because the precision is limited to seconds, and therefore it is not possible
to discriminate between requests made with a smaller temporal gap. In general,
a Timestamp structure is of the following type: YYYY-MM-DD hh:mm:ss.lll,
with l as digit for milliseconds. In the logs, we have only the date with structure
YYYY-MM-DD and the time with structure hh:mm:ss. But if we observe that
the log entries are chronologically ordered (the last log record is inserted as the
last record of the text file), we can obtain the chronological chain of events,
even with small temporal gaps. The problem regarding the sensibility limited to
seconds on the time field can be overcome by adding an incremental value for
the milliseconds field.
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Table 1. Fields used in the Web log files of The European Library

date: Date, in the form of yyyy-mm-dd
time: Time, in the form of hh:mm:ss
s-ip: The IP of the server
cs-method: The requested action. Usually GET for common users
cs-uri-stem: The URI-Stem of the request
cs-uri-query: The URI-Query, where requested
s-port: The port of the server for the transaction
cs-username: The username for identification of the user
c-ip: The IP address of the client
cs(User-Agent): The User-Agent of the Client
cs(Referer): The site where the link followed by the user was located
sc-status: HTTP status of the request, i.e. the response of the server
sc-substatus: The substatus error code
sc-win32-status: The Windows status code

Table 2. Initial part of some records of the Web log file under study. Client IP addresses
are obscured for privacy reasons.

2005-11-30 23:00:37 192.87.31.35 GET /index.htm - 80 - 152.xxx.xxx.xxx Mozilla/4.0+(comp...
2005-11-30 23:00:38 192.87.31.35 GET /portal/index.htm - 80 - 152.xxx.xxx.xxx Mozilla/4.0+...
2005-11-30 23:00:38 192.87.31.35 GET /portal/scripts/Hashtable.js - 80 - 152.xxx.xxx.xxx...
2005-11-30 23:00:44 192.87.31.35 GET /portal/scripts/Session.js - 80 - 152.xxx.xxx.xxx...
2005-11-30 23:00:46 192.87.31.35 GET /portal/scripts/Query.js - 80 - 152.xxx.xxx.xxx...
2005-11-30 23:00:47 192.87.31.35 GET /portal/scripts/Search.js - 80 - 152.xxx.xxx.xxx...

User Agent Field. The user agent string may offer a great amount of informa-
tion useful for optimizing and personalizing Web sites. It is a valuable source that
gives hints about browsers, operating systems used by users, and even analyzes
the activity of crawlers. The user agent provides all these kinds of information,
but there are no standards that define it. Indeed, it is a string of characters,
which may even be empty, and which requires a specific parser to extract the
data contained in it. A user agent parser should therefore extract: information
like the browser, the operating system and their respective versions, when a
standard definition is found; identify a crawler with its name, or its owner, when
a non-standard sequence of characters is found. A more detailed report on the
possible use of the user agent string is reported in [2].

2.2 Storing Web Log Information

The extraction of the data from Web logs gives access to information that has to
be managed efficiently in order to be able to exploit it for analyses. The solution
we propose for storing the information contained in a Web log file is based on
database methods and technology. With a database approach the fields of a log
file can be organized in such a way that it is possible to perform queries that
emerge during the working out of the research, for example to obtain statistical
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Fig. 1. Conceptual Level. Only the attributes that identify each entity are shown.

information useful for the development of the site and to allow subsequent mining
of the managed data.

The design of the database application began with the analysis of the raw
log files and followed with the identification of each entity with a top-down ap-
proach. The name of each entity is written in small capital letters to highlight
it. The analysis has identified the entity request as a central one from which
to start the design of the conceptual schema of the application. Relevant entities
identified during the analysis are: client, useragent, request, uristem, and
server. Please consider that a URI stem represents the local address of the re-
source requested to the server (for example /portal/images/grey arrow.gif),
and that the notion of user agent includes both browsers and crawlers. More-
over, we added two more entities to model the results of the analysis on the
identification of sessions according to different heuristics: session, heuristic.
A detailed description of sessions and heuristics is given in Sect. 3.

Figure 1 presents the conceptual schema that was designed at the end of
the conceptual design step, the Entity-Relationship model was used to design
the schema [3]. The client, identified by its IP address, is in relation with
useragent and request. This relation (named r1 in Fig. 1) expresses the fact
that the same user can make different requests with different browsers.

A request is identified by the Timestamp. A request participates in all the
relations involved with it – with the exception of r4 – with cardinality (1, 1)
since there can only be one client, with its user agent, one server and one URI
stem involved in a single request.

A useragent is identified by the user agent string, a server by its IP ad-
dress, and the uristem by the string that localizes the resource.

Now, we consider the entities that are not physically present in the log files
but that have been introduced during the analysis of the data in order to perform
a deep study on the available data.
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A session is identified by a unique code, such as the heuristic. It is worth
noticing that the cardinality between the entity request and the association
r4 is (0, N) because a request may be contained in different sessions according
to what heuristic has been chosen. For example, request-1 may be included in
session-1 for the heuristic-1 and also in session-5 for the heuristic-3. On the other
hand, a specific session may be created by only one heuristic.

3 Analysis of Experimental Data

In this Section, we present the most relevant results on the log files of The
European Library which were carried out. More details can be found in [4], [5],
and [6].

The analysis was performed on the Web log files, and correspond to seven
months of The European Library Web log files, starting from October 1st 2006
to April 30th 2007. As mentioned above, the structure of the log file record
conforms to the W3C Extended Log File Format.

The analyses presented in the following subsections cover the following as-
pects: accesses, operating systems and browsers used by clients; sessions; tem-
poral and geographical analyses.

3.1 Accesses, Operating Systems and Browsers

A total of 22,458,350 HTTP requests were recorded during the analyzed period
with:

– a monthly average of 3,208,336 HTTP requests,
– a daily average of 105,936 requests,
– and an hourly average of 4,414 requests.

Figures 2a and 2b show the distribution of the operating systems and the
browsers used by visitors respectively on the basis of the number of recorded
HTTP requests.

It is possible to see how the products of Microsoft are by far the most used by
visitors of The European Library portal: Windows alone is used by about 74%
of the users; this tendency also affects the situation found in Figure 2b, with
Internet Explorer as the most used browser, since it is used by 60% of users.
However, we noticed an increase in the use of Mozilla Firefox, compared to the
findings of a preliminary analysis of a sample of the initial months of the logs
(from November 2005 to January 2006) as reported in [2]; in the reported period
Mozilla Firefox was used by 13% of users.

3.2 Sessions

A session refers to a set of HTTP requests that are performed by a single user
during the browsing activity. Since a user is supposed to access the portal more
then once during the analysed period, a time-out is applied to distinguish dif-
ferent sessions of the same user.
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Fig. 2. Web log general results based on HTTP requests

Table 3. Number of sessions per groups of HTTP requests, October 2006 - April 2007

HTTP requests per session number of sessions % of number sessions

<= 25 535,035 77.44%
> 25, <= 50 54,363 7.87%
> 50, <= 75 29,510 4.27%
> 75, <= 100 17,418 2.52%
> 100 54,553 7.90%

Total 690,879 100.00%

The reconstruction of sessions is an important process that allows the iden-
tification of single users (either human or software-agent), their tracking during
the portal navigation and eventually their grouping on the basis of similar be-
haviors. In order to reconstruct a session, we used a heuristic that identifies a
single user with the pair IP address and user-agent, and permits only a fixed gap
of time between two consecutive requests. In particular, a new request is put in
an existing session if two conditions are valid:

– the IP address and the user-agent are the same as the requests already
inserted in the session [7],

– the request is made less than fifteen minutes after the last request inserted [8].

The reason for the choice of the couple of IP addresses and user-agent as
identifiers is to distinguish different users coming from the same proxy. Different
people using the same proxy appear in requests made by the same IP, despite the
real identity of the clients. Taking into consideration the user-agent also enables
the source of requests to be more clearly differentiated.

During the reported period, according to the heuristic we chose, 690,879 ses-
sions were reconstructed. Table 3 presents the distribution of absolute number
and percentage number of sessions per number of HTTP requests.

There is a sizeable number of sessions which last more than 60 seconds regard-
less of the number of requests per session. Therefore, an analysis of the sessions
with more than 100 requests has been computed separately, since we believe that
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Fig. 3. Sessions (heuristic) which last more than 60 seconds with a number of requests
per session > 100

these sessions are valuable for the analysis of users for personalization purposes.
The results are shown in Figure 3.

3.3 Temporal and Geographical Analyses

In relation to the data reported in Sect. 3.1, since The European Library service
is a 7 days and 24 hour service, it can be considered a busy service that answers
an average of 74 requests per second, 7 days/24 hours.

An analysis of the distribution of requests per hour of day[2] shows that this
distribution follows the one expected for European countries, considering that
the time recorded by the server refers to the Central European Time: a higher
activity during the day compared to the one during the night.

With the available data, it is possible to focus on the geographic location
of the accesses and to study the amount of traffic performed by either human
users or automatic crawlers. For this kind of analysis, it is possible to use freely
available databases containing the associations between IP ranges and nations4

to map an IP address to a country.
It is important to remember that in order to have valuable data for user

profiling we need to discriminate between human users and crawlers for the
analysis of the distributions of the accesses per country. In one of the analyses,
we compared the geographical origin of the requests with the pattern of the
4 See for example: http://software77.net/cgi-bin/ip-country/geo-ip.pl
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network traffic per time unit, and we found a mismatch between the large number
of visits coming from IP addresses that belong to the United States and the
time distribution of the requests. We identified a possible explanation of this
behavior in the IP addresses that result as a “.com” when looking at the Domain
Name System, but that may be indeed European addresses or may be part of
Multinationals operating in the European area.

4 Conclusions

In this paper, a general methodology for gathering and mining information from
Web log files was proposed and a series of tools to retrieve, store, and analyze
the data extracted from Web logs has been designed and implemented.

The aim was to form general methods by abstracting from the analysis of the
Web logs of The European Library in order to give advice about the development
of a portal from the point of view of both the security and the improvement of
personalization.

In order to gather information from a log file a parser and a well-defined
standard format for logs, such as the Extended Log File Format proposed by
W3C, are required. With a database application it is possible to manage and
mine data extracted from the Web log files.

With the initial experimental analysis carried out on the Web log files of The
European Library, important findings and future directions can be drawn about:

– the number of users and accesses to the Web site;
– the browsers and operating systems used by visitors;
– the pattern of the network traffic per time unit;
– the geographical origin of the requests.

The heuristics used to identify users and sessions suggested that authentica-
tion would be required since it would allow Web servers to identify users, track
their requests, and more importantly create profiles to tailor specific needs. This
would be particularly important for the portal of The European Library since it
deals with resources of different cultures and languages that may require specific
attentions for each class of users.

Moreover, authentication would also help to resolve the problem concerning
crawler accesses, granting access to some sections of the Web site only to regis-
tered users, and blocking crawlers using faked user agents. In fact, we identified
more than three hundred different crawlers visiting The European Library for a
total of a 50% of sessions.
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Abstract. Even though the Dublin Core Metadata Element Set is well
accepted as a general solution, it fails to describe more complex infor-
mation assets and their cross-correlation. These include data from po-
litical history, history of arts and sciences, archaeology or observational
data from natural history or geosciences. Therefore IFLA and ICOM
are merging their core ontologies, an important step towards semantic
interoperability of metadata schemata across all archives, libraries and
museums. It opens new prospects for advanced global information inte-
gration services. The first draft of the combined model was published in
June 2006.

1 Introduction

Semantic interoperability of Digital Libraries, Library- and Collection Manage-
ment Systems requires compatibility of both the employed Knowledge Orga-
nization Systems (KOS; eg classification systems, terminologies, authority files,
gazetteers) and of the employed data and metadata schemata. Currently, the no-
tion and scope of Digital Libraries covers not only traditional publications, but
also scientific and cultural heritage data. The difference between traditional pub-
lication in text form and structured data in form of databases is more and more
blurring, with databases containing texts in XML form, texts and multimedia
data being described by structured metadata records, and Natural Language
Processing techniques extracting structured information from free texts. The
grand vision is to see all these data integrated so that users are effectively sup-
ported in searching for and analyzing data across all domains. Even though the
Dublin Core Metadata Element Set is well accepted as a general solution, it fails
to describe more complex information assets and their cross-correlation. These
include data from political history, history of arts and sciences, archaeology or
observational data from natural history or geosciences etc.

Core ontologies describing the semantics of metadata schemata are the most
effective tool to drive global schema and information integration [1], and provide
a more robust, scalable solution than tailored ‘cross-walks’ between individual
schemata. Information and queries are mapped to and from the core ontology,
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which serves as a virtual global schema and has the capability to integrate com-
plementary information from more restricted schemata. This is an important
step beyond metadata serving just as finding aids for objects that share some
common characteristics. Many scientists question the feasibility of such a global
ontology across domains. On the other side, schemata like Dublin Core reveal
the existence of overarching concepts. Ideally, the envisaged European Digital
Library would be based on one sufficiently expressive core ontology, not by se-
lecting arbitrarily one out of a set of alternatives, but by harmonization and
integration of all relevant alternatives. The challenge is to practically explore
the limits of harmonizing conceptualizations from coming from different domains
which maintain data that support relevant cross-domain search scenarios.

2 The CIDOC Conceptual Reference Model

The CIDOC Conceptual Reference Model (CRM) has been developed since 1996
under the auspices of the International Committee on Documentation (CIDOC)
of the International Council for Museums (ICOM) Documentation Standards
Working Group. ICS-FORTH, Heraklion plays a leading role in this activity.
The CRM has been accepted as ISO standard (ISO 21127:2006) in September
2006. It is a core ontology aiming to integrate cultural heritage information [2]cid.
It already generalizes over most data structures used by highly diverse museum
disciplines, archives, and site and monument records. Even the common library
format MARC (‘MAchine Readable Cataloguing’) can be adequately mapped to
it [9]. Four ideas are central to the CRM (see fig 1)

Fig. 1. Top-level Entities of the CIDOC CRM

1. The possible ambiguity of the relationship between entities and the iden-
tifiers (”Appellations”) that are used to refer to the entities are a part of
the historical reality to be described by the ontology rather than a prob-
lem to be resolved in advance. Therefore, the CRM distinguishes the nodes
representing a real item from the nodes representing only the names of an
item.
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2. “Types” and classification systems are not only a means to structure in-
formation about reality from an external point of view, but also part of
the historical reality in their nature as human inventions. As such they fall
under “Conceptual Objects”, inheriting properties of creation, use etc. Sim-
ilarly, all documentation is seen as part of the reality, and may be described
together with the documented content itself.

3. The normal human way to analyze the past is to split up the evolution of
matters into discrete events in space and time. Thus the documented past
can be formulated as series of events involving “Persistent Items” (also called
endurants, see [2]) like “E18 Physical Things” and Persons. The involvement
can be of different nature, but it implies at least the presence of the respective
items. The linking of items, places and time through events creates a notion
of history as “world-lines” of things meeting in space and time (see fig 2).
Events, seen as processes of arbitrary scale, are generalized as “Periods”
and further as “E2 Temporal Entities” (also called perdurants [2]). Only the
latter two classes are directly connected to space and time in the ontology.
The Temporal Entities have fuzzy spatiotemporal boundaries which can be
approximated by outer and inner bounds. E18 Physical Things may be found
on a E53 Place as result of an event such as a move or its creation.

4. Immaterial objects (“E28 Conceptual Objects”) are items that can be cre-
ated but can reside on more than one physical carrier at the same time,
including human brains. Immaterial items can be present in events through
the respective physical information carriers. (see fig 3) Immaterial items
cannot be destroyed, but they disappear when the last carrier is lost.

3 The FRBR Model

Quite independently, the FRBR model (’Functional Requirements for Biblio-
graphic Records’) was designed as an entity-relationship model by a study group
appointed by the International Federation of Library Associations and Institu-
tions (IFLA) during the period 1991-1997. It was published in 1998. Its focus is
domain-independent and can be regarded as the most advanced formulation of
library conceptualization [3]ifl. Its innovation is to cluster publications and other
items around the notion of a common conceptual origin - the ’Work’ - in order
to support information retrieval. It distinguishes four levels of abstraction from
conception to the book in my hands in terms of the entities: Work, Expression,
Manifestation, Item (See fig 2). The definition of each entity is an elaborate
explanation of meaning and intended use. Here an extract [8]:

1. Work is “a distinct intellectual or artistic creation. A work is an abstract
entity; there is no single material object one can point to as the work. We
recognize the work through individual realizations or expressions of the work,
but the work itself exists only in the commonality of content between and
among the various expressions of the work .

2. Expression is “the intellectual or artistic realization of a work in the form
of alpha-numeric, musical, or choreographic notation, sound, image, object,
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Fig. 2. Top-level Entities of FRBR

movement, etc., or any combination of such forms. An expression is the spe-
cific intellectual or artistic form that a work takes each time it is ‘realized’.”.

3. Manifestation is “the physical embodiment of an expression of a work. The
entity defined as manifestation encompasses a wide range of materials, in-
cluding manuscripts, books, periodicals, maps, posters, sound recordings,
films, video recordings, CD-ROMs, multimedia kits, etc. As an entity, man-
ifestation represents all the physical objects that bear the same characteris-
tics, in respect to both intellectual content and physical form”.

4. Item is “a single exemplar of a manifestation. The entity defined as item is
a concrete entity. (e.g., a copy of a one-volume monograph, a single audio
cassette, a monograph issued as two separately bound volumes, a recording
issued on three separate compact discs, etc.).

Besides that, FRBR describes a rich set of attributes for those entities to capture
all relevant bibliographic information for cataloguing and finding literature. It
defines in particular the construction of identifiers needed for the entities Work
and Expression that are newly required for the bibliographic practice.

4 The Harmonization Project

Initial contacts in 2000 between the two communities eventually led to the for-
mation in 2003 of the International Working Group on FRBR/CIDOC CRM
Harmonisation. The common goals were to express the IFLA FRBR model with
the concepts, ontological methodology and notation conventions provided by the
CIDOC CRM, and to merge the two object-oriented models thus obtained. Al-
though both communities have to deal with collections pertaining to cultural
heritage, those collections are of course very different in nature, and that differ-
ence is reflected in significant variations in focus between the two models. Most of
library holdings are non-unique copies of “publications,” i.e., non-unique exem-
plars of products obtained as the result of more or less industrialised processes.
FRBR focuses therefore on the “abstract” characteristics that all copies of a
single publication should typically display in order to be recognised as a copy
of that publication. The cultural context in which either those physical copies
or their immaterial content came into being is not regarded as particularly rel-
evant in library catalogues and is therefore widely ignored in the FRBR model.
Of course, libraries do also hold unique items, such as manuscripts; but there
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are no internationally agreed standards to deal with such materials, and FRBR
mentions them but does not account for them in a very detailed way.

Museums, on the other hand, are mainly concerned with unique items - the
uniqueness of which is counterpoised by a focus on the cultural circumstances un-
der which they were produced and through which they are interrelated. CIDOC
CRM highlights therefore the physical description of singular items, the context
in which they were produced, and the multiple ways in which they can be related
to other singular items, categories of items, or even just ideological systems or
cultural trends. Of course, museums may also have to deal with exemplars of
industrially produced series of artefacts, but CIDOC CRM covers that notion
just with the multi-purpose E55 Type class. Most interesting are the relations
between museum and library objects that are not automatically covered by a set
of homogenous metadata elements for both: Museum objects may be referred to
in literature kept in libraries. Museum objects may illustrate subjects described
in literature. Literature and objects may be created by the same persons or in
the same wider activities.

The Working Group has published the first complete draft of FRBRoo, ie
the object-oriented version of FRBR, harmonized with CIDOC CRM, in June
2006. This formal ontology is intended to capture and represent the underlying
semantics of bibliographic information and to facilitate the integration, media-
tion and interchange of bibliographic and museum information. The intellectual
rigour of the methodology of the CIDOC CRM demanded clarification and ex-
plication of many notions more vaguely specified in FRBR. After that, FRBRoo
could completely be formulated as a specialization of the CRM, some smaller,
upwards-compatible modifications of the CRM not withstanding. In its draft
version summer 2007 [10], the object-oriented definition of FRBR amounts to 39
classes and 55 properties, and re-uses 44 classes and 45 properties from CIDOC
CRM. This version will undergo a final internal review Dec. 2007 and then be
submitted to IFLA and CIDOC for approval.

5 Selected Results

The process of developing this model turned out to be very demanding. The
combined model on one side enriches the CIDOC CRM with notions of the
stages of intellection creation and refines the model of the CRM of identifiers
and the associated discourse. On the other side, it makes available to FRBR the
general model of historical events and context of creation contained in the CRM.
FRBR is not event-aware. As a consequence, many attributes are attached to
entities they do not causally belong to, and the precise semantics remain unclear.
E.g., it was a surprise that in reality the date and place of publication is not
necessarily related to the event of printing a book.

But at the heart of the work, the major innovation is a realistic, explicit model
of the intellectual creation process (see fig 3), which should still be developed
further in the future for the benefit of librarians and scholars from the various
museum disciplines. FRBRoo makes the following distinctions:
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Fig. 3. Partial model of the intellectual creation process

– The substance of Work is the concepts or internal representations of our
mind. The unity of a Work is given by the intellectual coherence of its con-
cepts. Work can be created by multiple people together, and be understood
and continued by other people, such as by translation, derivation, comple-
tion. A stage or part of a Work is regarded as an Individual Work, if it
is complete from its elaboration and logical coherence of its content, or re-
garded as a complete unit by its author. Otherwise it is a Complex Work,
which may consist of a set or sequence of self-contained versions or compo-
nents in no particular temporal order.

– The substance of Expression is signs or symbols. It is only representation. It
has no direct intellectual qualities, but humans can interpret the signs and
recognize the Work behind. Consequently, an Expression cannot be trans-
lated, but only be used as a basis for the translator to access or “grasp” the
ideational content of the Work it represents, and render that ideational con-
tent in a different language (similarly, music notation embodied in a score
serves as a basis for the performer to study what the sonic features of the
musical Work represented by the notation were presumably meant to be,
and elaborate a performance on that basis). Expressions can be complete in
the sense, that they represent an Individual Work. Then they are regarded
as Self-Contained Expressions. Else they are Expression Fragments.

– “Manifestation” as defined in FRBR can be interpreted as covering two
completely different things: Either it is a Manifestation Product Type, an
industrial product, i.e., a class of things, such as a particular car model, or
it is a Manifestation Singleton, a Physical Man-Made Thing in terms of the
CRM, that was produced as a unique carrier of an Expression. Industrially
printed books belong to the first category, and are indirectly related to the
main author’s original creations.

The idea is that products of our mind, as long as they stay in one person’s mind
only, are relatively volatile and not evident, but may already exist as parts of a
Work. Even though a person may claim having conceived a Work at a certain
date, it is not before the Work is “externalized” for the first time that its creation
becomes evident. Further, we all have experienced how thought takes shape dur-
ing communicating it to others, or even during the very process of writing it
down. Therefore we basically tie the intellectual creation with the event of “first
externalization”, the Expression Creation, which comes after the Work Concep-
tion, if there is any evidence for the latter. In practical terms, externalization
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means that the expression must be transferred to another physical carrier. This
can be just another person’s memory, as in the case of oral tradition (the CRM
regards persons as physical objects), or more usually a paper manuscript or, in
these days, a computer disc.

The transfer to another carrier is a physical process, which leaves more or
less material traces. In terms of documentation, we would normally regard that
a manuscript is produced as a new object. However, if we do not use raw writ-
ing material, but scribble a text on a wall, the object is rather modified than
produced. In the CRM, E11 Modification is a generalization of E12 Production.
Therefore we model the FRBRoo concept Expression Creation as a specializa-
tion of the CRM classes E65 Creation for immaterial items (such as Expressions)
and E11 Modification for the modification or production of a physical carrier.
To our knowledge, this is the first time that the material and immaterial aspects
of intellectual creation are modelled explicitly. The CRM has no particular con-
struct how both aspects relate. Also, explicitly modelling oral tradition may be
worthwhile doing.

Another important part of the discussion had to do with works consisting of
other, pre-existing works, such as anthologies. In the course of discussion however
it was recognized that virtually any book is composed of multiple, distinct works:
the text, the illustrations, the editors work on lay-out, type phase etc. The
latter was widely ignored in FRBR (just like in library practice, which tends
traditionally to reduce publishers’ role to a minimum and does not acknowledge
publishers’ and producers’ actual interference in the processes of intellectual
and artistic creation), and discussions tend to confuse the question of which
contribution and work is the most relevant part with how to make the necessary
distinctions in a model. This situation demanded a general model explicating
both the individual contribution and the unity of the integrated product. The
FRBRoo solution considers that the Work itself does not contain any other work.
Rather, the containment happens at the Expression level, the signs. In other
terms, in a collection of poems, the final overall Expression is a representation of
the collector’s work, and contains expressions of the collected works. This does
not imply that the concepts represented in each of the collected expressions are
“part” of the concepts of the collection itself as a Work (e.g., an editor who selects
for an anthology of poems the sonnet that begins with the famous line “Tired
with all these, for restful death I cry” does not express his or her own suicidal
tendencies; the concepts expressed in Shakespeare’s sonnet are not endorsed by
the anthology itself, the purpose of which is entirely distinct from Shakespeare’s
purpose when he wrote the sonnet). The overall Expression is not separable into
the different contributions: If all poems are cut out, the collection is not properly
expressed by the - potentially empty - rest (i.e., although the concepts conveyed
by the words “Tired with all these, for restful death I cry” are not a component
part of the concepts conveyed by the anthology, those words themselves are an
indispensable part of the text of the anthology). In the further elaboration of the
model we found that Work incorporating expressions of other Works are a very
fundamental intellectual process - different from derivation - that takes many
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shapes. For instance, a graphics designer incorporates the text of a manuscript
in a publication; a movie text book may incorporate texts of a theatre play, the
actors’ speech incorporates the movie text book, the recording incorporates the
actors’ speech.

Finally, library practice has a lot to do with complex identifiers with mean-
ingful parts. Librarians work from bottom to top: They draw from the item
at hand conclusions about the Manifestation, Expression, and Work. This im-
plies detailed rules for the creation of unique associated identifiers. The CRM
will benefit from an explicit model of constructing identifiers from parts, so far
ignored by the CRM.

The harmonization work covered a complete reinterpretation of the FRBR
entities, attributes and relationships in terms of a formal ontology extending the
CRM. FRBR promoters claim that the model is applicable to any intellectual
production process, including performing arts. The Working Group separated the
issues. The argumentation was first deliberately restricted to written material -
notions well understood in the typical library context - in order to avoid over-
generalizing from the very beginning. Then, a convincing equivalence of material
publishing to electronic publishing could be established, the basic idea being that
the individual copy of a file on a particular machine corresponds to the creation
of an Item, such as “the book in my hands”.

The equivalences to performing arts appeared to be more demanding, since
a performance is basically an event, which leaves material traces and memo-
ries but cannot be stored. What libraries strive to preserve can only be those
physical traces left by performances and rehearsals (such as: promptbooks, cos-
tumes, sketches, stage set models, etc.), and elaborations based on those perfor-
mances (such as: accounts for memories, critical appraisals, studies, photographs,
recordings, etc.); library documentation about performances themselves cannot
be compared with library documentation about physical holdings, it can only
serve to identify what unites those physical traces and elaborations, what makes
them interrelated. The Working Group is now finalizing in FRBRoo a model of
performance, the Expressions they employ and recording to capture these as-
pects in a way relevant to cultural documentation. The current draft contains
this model, a complete mapping of FRBR constructs to FRBRoo concepts and
the subset of concepts employed from the CRM.

6 Conclusions and Future Work

The potential impact of the combined models can be very high. The domains
explicitly covered by the models are already immense. Further, they seem to be
applicable to the experimental and observational scientific record for e-science
applications and documentation for Digital Preservation. From a methodolog-
ical perspective, the endeavour of core ontology harmonization experimentally
proves the feasibility of finding viable common conceptual grounds even if the
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initial conceptualizations seem incompatible [3]doe:hun:lag. Characteristically, a
number of experts from both sides questioned in the beginning the feasibility of
this harmonization process. Even though this process is intellectually demanding
and time-consuming, we hope the tremendous benefits of nearly global models
will encourage more integration work on the core-ontology level. A recent prac-
tical application of these models is the derivation of the CRM Core Metadata
schema [5]crm, which is compatible and similar in coverage and complexity to
Dublin Core, but much more powerful. It allows for a minimal description of
complex processes, scientific and archaeological data, and is widely extensible in
a consistent way by the CRM-FRBR concepts. CRM Core can be easily used by
Digital Libraries. The FRBRoo Working Group intends now to develop a similar
FRBR core model to capture the fundamental relationships between intellectual
products as identified by FRBRoo, since the current form is not easy to digest
and too detailed for light-weighted systems.

The Working Group intends to promote the standardization process further:
FRBRoo will be submitted to IFLA for review and approval by the end of 2007.
We hope that IFLA will take up this work in appropriate form to inform their
standardization efforts. CIDOC will propose an amendment for the CIDOC CRM
to ISO to incorporate the improvements motivated by the analysis of FRBR con-
cepts and required for complete compatibility of FRBRoo. Then the way will be
open to standardize a common library and museum model. In contrast to the
CRM, which describes current museum documentation, FRBR does not com-
pletely reflect current library practice, but the intended future library practice.
Therefore some time will be needed for developing proof-of-concept systems and
testing the new concepts before a real standard based on FRBR / FRBRoo is
proposed. We further intend a similar collaboration with ICA, the International
Council of Archives, on a common conceptual model.
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Abstract. The domination of XML in the Internet for data exchange has led to 
the development of standards with XML Schema syntax for several application 
domains. Advanced semantic support, provided by domain ontologies and se-
mantic Web tools like logic-based reasoners, is still very useful for many appli-
cations. In order to provide it, interoperability between XML Schema and OWL 
is necessary so that XML schemas can be converted to OWL. This way, the 
semantics of the standards can be enriched with domain knowledge encoded in 
OWL domain ontologies and further semantic processing may take place. In or-
der to achieve interoperability between XML Schema and OWL, we have de-
veloped XS2OWL, a model and a system that are presented in this paper and 
enable the automatic transformation of XML Schemas in OWL-DL. XS2OWL 
also enables the consistent transformation of the derived knowledge (individu-
als) from OWL-DL to XML constructs that obey the original XML Schemas.  

Keywords: Interoperability, Standards, XML Schema, OWL, Ontologies. 

1   Introduction 

Web applications and services have formed an open environment, where the applica-
tions developed by different vendors interoperate on the basis of the emergent stan-
dards. The dominant data exchange standard in the Internet today is the eXtensible 
Markup Language (XML) [2]. The XML documents are usually structured according 
to schemas expressed in XML Schema Language [5] syntax. XML Schema uses XML 
syntax, supports very rich structures and datatypes for XML documents and plays a 
central role in the data exchange in the Internet. As a consequence, important stan-
dards in different application domains have been specified in XML Schema such as 
the MPEG-7 [4] and the MPEG-21 [14] for multimedia, the IEEE LOM [10] and 
SCORM [1] in e-learning, the METS [9] for Digital Libraries etc. 

Advanced semantic support, though, would be very useful for several standard-
based applications that need to integrate domain knowledge expressed in domain 
ontologies and perform semantic processing (including reasoning) within the con-
structs of the standards. As an example, consider the MPEG-7 based multimedia ap-
plications. MPEG-7 provides rich multimedia content description capabilities and has 
been specified using XML Schema syntax, like many other standards. MPEG-7 based 
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services (e.g. retrieval, filtering etc.) would benefit from domain knowledge integra-
tion. MPEG-7 provides general-purpose constructs that could be used for domain 
knowledge description [18], but the developers that are going to integrate domain 
knowledge in MPEG-7 are likely to be more familiar with the Web Ontology Lan-
guage (OWL) [13] than with the domain knowledge description mechanisms of 
MPEG-7. In addition, some applications of MPEG-7, like the (semi-)automatic mul-
timedia content annotation may greatly benefit from using logic-based reasoners for 
OWL. As a consequence, the capability to work with the semantics of MPEG-7 ex-
pressed in OWL and integrated with OWL domain ontologies is beneficial for such 
applications. Since other MPEG-7 applications may work with the XML Schema 
version of MPEG-7, the derived knowledge should be converted back to standard 
MPEG-7/XML constructs. 

We present in this paper the XS2OWL transformation model that allows to trans-
form the XML Schema constructs in OWL, so that applications using XML Schema 
based standards will be able to use the Semantic Web methodologies and tools. 
XS2OWL also supports the conversion of the OWL-based constructs back to the 
XML Schema based constructs in order to maintain the compatibility with the XML 
schema versions of the standards. XS2OWL has been implemented as an XML 
Stylesheet Transformation Language (XSLT) [7] stylesheet and transforms every 
XML Schema based standard in an OWL-DL Main Ontology. This way, the con-
structs of the standard become first class Semantic Web objects and may be integrated 
with domain knowledge expressed as OWL domain ontologies. In addition, all the 
OWL-based Semantic Web tools, including reasoners, can be used with the standard-
based descriptions. In addition, a Mapping Ontology is generated for each XML 
Schema, which allows encoding all the knowledge needed to transform the individu-
als generated or added later on to the main ontology back to XML syntax valid ac-
cording to the original XML Schema. 

The research conducted in the support of interoperability between XML Schema 
and OWL is limited. We had observed the need for such support for the MPEG-7 
standard in the context of the DS-MIRF framework [16, 17, 18]. In order to achieve it, 
we first defined manually an Upper OWL-DL ontology capturing the MPEG-7 Mul-
timedia Description Schemes (MDS) [12] and the MPEG-21 Digital Item Adaptation 
(DIA) Architecture [11]. This way, domain knowledge expressed in OWL domain 
ontologies could be integrated with the semantics of the standards captured in the 
Upper ontology, as was done with ontologies for soccer and Formula 1. Finally, we 
developed a set of transformation rules for transforming the OWL individuals that 
describe the multimedia content and have been defined using the Upper ontology and 
the domain ontologies back to the original MPEG-7/21 constructs. The transformation 
rules rely on a mapping ontology that systematically captures the semantics of 
MPEG-7/21 that cannot be captured in the Upper ontology. This work is an important 
motivating example for the need of the general-purpose mechanism described here. 

The automatic transformation of XML Schema constructs to OWL constructs has 
been proposed in [6]. According to this methodology, an XML Schema is transformed 
to an OWL-Full ontology that partially captures the XML Schema semantics. This 
way, information is lost during the transformation from XML Schema to OWL, and 
no support is provided in order to transform OWL individuals obeying the ontologies 
produced back to XML syntax valid according to the original XML Schemas. Finally 
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some XML Schema construct transformations of to OWL in [6] do not follow closely 
the XML Schema semantics. The XS2OWL model presented in this paper allows 
automatically transforming XML Schema constructs to OWL-DL constructs (not 
OWL-Full) without loosing any information. This way, computational completeness 
and decidability of reasoning are guaranteed in the OWL ontologies produced and 
back transformations are supported. 

The rest of the paper is structured as follows: In section 2 we provide background 
information. The proposed model for transforming XML Schema constructs in OWL-
DL is presented in section 3. The mapping ontologies that represent the XML Schema 
semantics that cannot be directly transformed in OWL-DL are described in section 4. 
In section 5 we present the realization of the XS2OWL model, so that the transforma-
tions are carried out automatically. The paper conclusions are presented in section 6. 

2   Background 

In this section we present the background information needed in other parts of the 
paper. In particular, we present in brief the XML Schema Language and the Web On-
tology Language (OWL). 

The XML Schema Language. The XML Schema Language [5] allows the definition 
of classes of XML documents using XML syntax and provides datatypes and rich 
structuring capabilities. An XML document is composed of elements, with the root 
element delimiting the beginning and the end of the document. Reuse of the element 
definitions is supported by the substitutionGroup attribute, which states that the cur-
rent element is a specialization of another element. The elements may either have a 
predefined order (forming XML Schema sequences) or be unordered (forming XML 
Schema choices). Both sequences and choices may be nested. The minimum and 
maximum number of occurrences of the elements, choices and sequences are speci-
fied, respectively, in the minOccurs and maxOccurs attributes (absent “minOccurs” 
and/or “maxOccurs” attributes correspond to values of 1). Reusable complex struc-
tures, combining sequences and choices, may be defined as model groups.  

The XML Schema language allows for the definition of both complex and simple 
elements. Complex elements belong to complex types, which may include other ele-
ments and carry attributes that describe their features. Simple elements belong to 
simple types, which are usually defined as restrictions of the basic datatypes provided 
by XML Schema (i.e. strings, integers, floats, tokens etc.). Simple types can neither 
contain other elements nor carry attributes. Inheritance and constraints are supported 
for both simple and complex types. Sets of attributes that should be used simultane-
ously may form attribute groups. Default and fixed values may be specified for XML 
Schema attributes and simple type elements.  

The top-level XML Schema constructs (attributes, elements, simple and complex 
types, attribute and model groups) have unique names (specified in their “name” at-
tribute), while the nested types and groups are unnamed. All the XML Schema con-
structs may have unique identifiers (specified in their “id” attribute). The top-level 
constructs may be referenced by other constructs using the “ref” attribute. 
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The Web Ontology Language (OWL). The Web Ontology Language (OWL) [13] is 
the dominant standard in ontology definition. OWL has followed the description lo-
gics paradigm and uses RDF (Resource Description Framework)/RDFS (Resource 
Description Framework Schema) [8, 3] syntax. Three OWL species of increasing 
descriptive power have been specified: OWL-Lite, which is intended for lightweight 
reasoning but has limited expressive power, OWL-DL, which provides description 
logics expressivity and guarantees computational completeness and decidability of 
reasoning, and OWL-Full, which has more flexible syntax than OWL-DL, but does 
not guarantee computational completeness and decidability of reasoning.  

The basic functionality provided by OWL is: (a) Import of XML Schema 
Datatypes, that represent simple types extending or restricting the basic datatypes (e.g. 
ranges etc.). The imported datatypes have to be declared, as RDFS datatypes, in the 
ontologies they are used; (b) Definition of OWL Classes, organized in subclass hierar-
chies, for the representation of sets of individuals sharing some properties. Complex 
OWL classes can be defined via set operators (intersection, union or complement of 
other classes) or via direct enumeration of their members; (c) Definition of OWL 
Individuals, essentially instances of the OWL classes, following the restrictions im-
posed on the class in which they belong; and (d) Definition of OWL Properties, which 
may form property hierarchies, for the representation of the features of the OWL class 
individuals. Two kinds of properties are provided by OWL: (i) Object Properties, 
which relate individuals of one OWL class (the property domain) with individuals of 
another OWL class (the property range); and (ii) Datatype Properties, which relate 
individuals belonging to one OWL class (the property domain) with values of a given 
datatype (the property range). Restrictions may be defined on OWL class properties, 
including type, cardinality and value restrictions. OWL classes, properties and indi-
viduals are identified by unique identifiers specified in their “rdf:ID” attributes. 

3   Transformation of XML Schema Constructs to OWL-DL 

We present in this section a model for the direct transformation of the XML Schema 
constructs in OWL-DL. The result of the transformation of a source XML Schema is 
a main ontology, an OWL-DL ontology that captures the semantics of the XML 
Schema constructs. The transformations of the individuals XML Schema constructs 
are presented in the next paragraphs. 

Simple XML Schema Datatypes. OWL does not directly support the definition of 
simple datatypes; it only allows importing simple datatypes. Existing XML Schema 
datatypes may be used in OWL ontologies if they have been declared in them. 
XS2OWL organizes all the simple XML Schema datatype definitions in the 
“datatypes” XML Schema and for each of them it generates an OWL datatype decla-
ration. Let st(name, id, body) be an XML Schema simple datatype, where body is the 
body of the definition of st, id is the (optional) identifier of st and name is the name of 
st. st is transformed into: (a) The st'(name', id, body) simple datatype, which is stored 
in the “datatypes” XML Schema; and (b) the dd(about, is_defined_by, label) datatype 
declaration in the main ontology. 

The st' simple type has the same body and id with st, while name' is formed as fol-
lows: If st is a top-level simple type, name' has the name value. If st is a simple type 
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nested in the ae XML Schema construct (that may be an attribute or an element), 
name' has the value (a) id if st has a non-null identifier; and (b) the result of concate-
nate(ct_name, '_', ae_name, '_UNType') if st has a null identifier, where: (i) The con-
catenate(…) algorithm takes as input an arbitrary number of strings and returns their 
concatenation; and (ii) ct_name is the name of the complex type containing ae. If ae 
is a top-level attribute or element, ct_name has the ‘NS’ string as value.; and (iii) 
ae_name is the name of the property that represents ae. 

The dd datatype declaration carries the following semantics: (a) about is the identi-
fier referenced by the datatype declaration and is of the form concatenate(url,name'), 
where url is the URL of the “datatypes” XML Schema; (b) is_defined_by specifies 
where the datatype definition is located and has the url value; and (c) label is the label 
of dd and has name' as value. 

As an example, consider the nested simple datatype of Fig. 1, which is defined in 
the “a1” attribute of the “ct1” complex type. It is transformed to the top-level simple 
datatype shown in Fig. 2, and the OWL datatype declaration shown in Fig. 3. 

 <xs:complexType name="ct1">
 <xs:simpleContent> 
  <xs:extension base="xs:integer"> 
   <xs:attribute name="a1"> 
    <xs:simpleType> 
     <xs:restriction base="xs:string"/> 
    </xs:simpleType> 
   </xs:attribute> 
  </xs:extension> 
 </xs:simpleContent> 
</xs:complexType>  

Fig. 1. Definition of a nested simple datatype  

 <simpleType name="ct1_a1_UNType">
 <restriction base="xs:string"/> 
</simpleType>  

Fig. 2. Top-level simple datatype representing the nested datatype of Fig. 1 

 <rdfs:Datatype rdf:about="&datatypes;ct1_a1_UNType">
 <rdfs:isDefinedBy rdf:resource="&datatypes;"/> 
 <rdfs:label>ct1_a1_UNType</rdfs:label> 
</rdfs:Datatype>  

Fig. 3. OWL Declaration of the simple datatype of Fig. 2 

Attributes. XML Schema attributes describe features with values of simple type. The 
OWL construct that can represent such features is the datatype property. Thus, 
XS2OWL transforms the XML Schema attributes into OWL datatype properties. 

Let a(name, aid, type, annot, ct_name, fixed, default) be an XML Schema attribute, 
where name is the name of a, aid is the identifier of a, type is the type of a, annot is 
an (optional) annotation element of a, ct_name is the name of the complex XML 
Schema type c_type in the context of which a is defined (if a is a top-level attribute, 
ct_name has the null value), fixed is the (optional) fixed value of a and default is the 
(optional) default value of a. XS2OWL, transforms a into the OWL datatype property 
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dp(id, range, domain, label, comment), where: (a) id is the unique rdf:ID of dp and 
has concatenate(name, ‘__’, type) as value; (b) range is the range of dp and has type 
as value; (c) domain is the domain of dp and has ct_name as value; (d) label is the 
label of dp and has name as value; and (e) comment is the textual description of dp 
and has annot as value. If any of the features of a is absent, the corresponding feature 
of dp is also absent. Note that: (a) If a fixed value of a is specified, it is represented as 
a value restriction in the definition of the OWL class c that represents c_type; and (b) 
If a default value of a is specified, it cannot be represented in the main ontology. 

As an example, consider the “a1” attribute, shown in Fig. 1, which is transformed 
to the OWL datatype property shown in Fig. 4. 

 <owl:DatatypeProperty rdf:ID="a1__ct1_a1_UNType">
 <rdfs:domain rdf:resource="#ct1"/> 
 <rdfs:range rdf:resource="&datatypes;ct1_a1_UNType"/> 
 <rdfs:label>a1</rdfs:label> 
</owl:DatatypeProperty>  

Fig. 4. The OWL datatype property representing the “a1” attribute of Fig. 1 

Elements. XML Schema elements represent features of complex XML Schema types 
and are transformed into OWL properties: The simple type elements are represented 
as OWL datatype properties and the complex type elements are represented as OWL 
object properties. Let e(name, type, eid, annot, ct_name, substitution_group) be an 
XML Schema element, where name is the name of e, eid is the identifier of e, type is 
the type of e, annot is an annotation element of e, ct_name is the name of the complex 
XML Schema type c_type in the context of which e is defined (if e is a top-level at-
tribute, ct_name has the null value) and substitution_group is an (optional) element 
being extended by e. We represent e in OWL as a (datatype or object) property p(id, 
range, domain, label, comment, super_property), where: (a) id is the unique rdf:ID of 
p and has concatenate(name, ‘__’, type) as value; (b) range is the range of p and has 
type as value; (c) domain is the domain of p and has ct_name as value; (d) label is the 
label of p and has name as value; (e) comment is the textual description of p and has 
annot as value; and (f) super_property is the specification of the property specialized 
by p and has substitution_group as value. 

As an example, consider the “e” element, shown in Fig. 5, of type “c_t2”, defined 
in the context of the complex type “c_t1”. The “e” element is transformed to the 
OWL object property shown in Fig. 6. 

 <xs:element name="e" type="c_t2"/>  

Fig. 5. Definition of the “e” element, nested in the complex type “c_t1” 

 <owl:ObjectProperty rdf:ID="e__c_t2">
 <rdfs:domain rdf:resource="#c_t1"/> 
 <rdfs:range rdf:resource="#c_t2"/> 
 <rdfs:label>e</rdfs:label> 
</owl:ObjectProperty>  

Fig. 6. The OWL object property representing the “e” element of Fig. 5 
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Complex Types. The XML Schema complex types represent classes of XML in-
stances that have common features, just as the OWL classes represent sets of indi-
viduals with common properties. Thus XS2OWL transforms the XML Schema com-
plex types into OWL classes. Let ct(name, cid, base, annot, attributes, sequences, 
choices) be an XML Schema complex type, where: (a) name is the name of ct; (b) aid 
is the identifier of ct; (c) base is the (simple or complex) type extended by ct; (d) 
annot is an annotation element of ct; (e) attributes is the list of the attributes of ct; (f) 
sequences is the list of the ct sequences; and (g) choices is the list of the ct choices. 

If ct extends a complex type, XS2OWL transforms it to the OWL class c(id, su-
per_class, label, comment, value_restrictions, cardinality_restrictions), where: (a) id 
is the unique rdf:ID of c and has name as value if ct is a top-level complex type. If ct 
is a complex type nested within the definition of an element e, name is a unique, 
automatically generated name of the form concatenate(ct_name, '_', element_name, 
'_UNType'), where ct_name is the name of the complex type containing e and ele-
ment_name is the name of e. If e is a top-level element, ct_name has the ‘NS’ value; 
(b) super_class states which class is extended by ct and has base as value; (c) label is 
the label of ct and has name as value; (d) comment is the textual description of ct and 
has annot as value; (e) value_restrictions is the set of the value restrictions holding 
for the properties of c; and (f) cardinality_restrictions is the set of the cardinality 
restrictions assigned to the properties representing the ct attributes and the ct se-
quence/choice elements.  

 <owl:Class rdf:ID="ct1"> 
 <rdfs:subClassOf> 
  <owl:Restriction> 
   <owl:onProperty rdf:resource="#a1__ct1_a1_UNType"/> 
   <owl:maxCardinality rdf:datatype="&xsd;integer">1</owl:maxCardinality> 
  </owl:Restriction> 
 </rdfs:subClassOf> 
 <rdfs:subClassOf> 
  <owl:Restriction> 
   <owl:onProperty rdf:resource="#content__xs_integer"/> 
   <owl:cardinality rdf:datatype="&xsd;integer">1</owl:cardinality> 
  </owl:Restriction> 
 </rdfs:subClassOf> 
 <rdfs:label>ct1</rdfs:label> 
</owl:Class> 
<owl:DatatypeProperty rdf:ID="content__xs_integer"> 
 <rdfs:domain rdf:resource="#ct1"/> 
 <rdfs:range rdf:resource="&xs;integer"/> 
</owl:DatatypeProperty>  

Fig. 7. OWL class representing the “ct1” complex type of Fig. 1 

If ct extends a simple type, XS2OWL transforms it to the OWL class c(id, label, 
comment, value_restrictions, cardinality_restrictions), with the same semantics with 
the classes representing complex types that extend complex types on the correspond-
ing items. The extension of the simple type is represented by the datatype property 
ep(eid, erange, edomain) of cardinality 1, where: (a) eid is the unique rdf:ID of ep and 
has concatenate(base, ‘_content’) as value; (b) range is the range of ep and has base 
as value; and (c) domain is the domain of ep and takes as value the id of c. 

The attributes and the elements that are defined or referenced in ct are transformed 
to the corresponding OWL-DL constructs. 
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As an example, consider the complex type “ct1”, shown in Fig. 1. The “ct1” complex 
type is represented by the “ct” OWL class, shown in Fig. 7, together with the “con-
tent__xs_integer” datatype property, which states that “ct1” is an extension of xs:integer. 

Sequences and Choices. The XML Schema sequences and choices essentially are 
XML element containers, defined in the context of complex types and model groups. 
The main difference between sequences and choices is that the sequences are ordered, 
while the choices are unordered. XS2OWL transforms both the sequences and the 
choices to unnamed OWL-DL classes featuring complex cardinality restrictions on 
the sequence/choice items (elements, sequences and choices) and places them in the 
definition of the classes that represent the complex types where the sequences/choices 
are referenced or defined. 

The lower bound of the minimum cardinality of the construct that represents a se-
quence/choice item has the value i_min_occurs*s_min_occurs and the upper bound of 
the construct maximum cardinality has the value i_max_occurs*s_max_occurs, 
where: (a) i_min_occurs is the value of the “minOccurs” attribute of the item; (b) 
s_min_occurs is the value of the “minOccurs” attribute of the sequence; (c) 
i_max_occurs is the value of the “maxOccurs” attribute of the item; and (d) 
s_max_occurs is the value of the “maxOccurs” attribute of the sequence. In addition, 
the cardinality of the sequence/choice items must always be a multiple in the range 
[i_min_occurs – i_max_occurs]. 

Sequence items must appear in their order. Thus, the sequences are transformed to 
unnamed classes, formed as the intersection of the cardinality restrictions of their 
items. Notice that the exact sequence cardinalities cannot be computed when a se-
quence item is contained in a sequence with unbounded maximum number of occur-
rences and the item has no maximum cardinality restriction. In addition, information 
regarding the sequence element ordering cannot be represented in OWL. 

 <xs:sequence minOccurs="2" maxOccurs="2">
 <xs:element name="e1" type="xs:string"/> 
 <xs:element name="e2" type="xs:string" maxOccurs="3"/> 
</xs:sequence>  

Fig. 8. Sequence defined in the context of the Complex Type “c_type1” 

 <owl:Class>
 <owl:intersectionOf rdf:parseType="Collection"> 
  <owl:Restriction> 
   <owl:onProperty rdf:resource="#e1__xs_string"/> 
   <owl:cardinality rdf:datatype="&xsd;integer">2</owl:cardinality> 
  </owl:Restriction> 
  <owl:Restriction> 
   <owl:onProperty rdf:resource="#e2__xs_string"/> 
   <owl:minCardinality 
rdf:datatype="&xsd;integer">2</owl:minCardinality> 
  </owl:Restriction> 
  <owl:Restriction> 
   <owl:onProperty rdf:resource="#e2__xs_string"/> 
   <owl:maxCardinality 
rdf:datatype="&xsd;integer">6</owl:maxCardinality> 
  </owl:Restriction> 
 </owl:intersectionOf> 
</owl:Class>  

Fig. 9. OWL Representation of the sequence shown in Fig. 8 
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As an example, consider the sequence shown in Fig. 8, which is defined in the con-
text of the complex type “c_t1”. The sequence is represented, in the “c_t1” class defi-
nition, by the unnamed class shown in Fig. 9. 

The choice items may appear at any order. Thus, the choices are transformed to 
unnamed classes, formed as the union of the allowed combinations of the cardinality 
restrictions of the choice elements. Notice that the exact choice cardinalities cannot be 
computed when a choice item is contained in a choice with unbounded maximum 
number of occurrences. 

The unnamed classes that represent XML Schema sequences and choices are pro-
duced using the algorithms outlined above, that are available at [15]. It must be noted 
that, if the maximum number of occurrences of a sequence/choice has a large value 
(but is not unbounded), the manual generation of the restrictions is tedious and time-
consuming and thus becomes error-prone and practically impossible. 

References. XML Schema attributes, attribute groups, elements and model groups 
that are referenced in complex type definitions are transformed into OWL-DL 
datatype (if they are or contain attributes or simple type elements) or object (if they 
contain complex type elements) properties. Let ref(ae) be a reference, in a complex 
type ct, to the ae XML attribute or element. The reference is represented by the 
(datatype or object) property rp(id, domain), where id is the rdf:ID of rp and has as 
value the value of the rdf:ID of the property that represents ae, and domain is the 
domain of rp and has the rdf:ID of the OWL class c that represents ct as value. 

4   Mapping Ontologies 

In section 0 we mentioned that some XML Schema semantics cannot be represented 
in OWL during the XML Schema to OWL transformation. These semantics do not 
affect the domain ontologies that may extend the main ontology and they are not used 
by the OWL reasoners; however, they are important when the individuals defined 
according to the main ontology have to be transformed back to valid XML descrip-
tions compliant with the source XML Schema. In order to support this functionality, 
we have defined a model that allows transforming the OWL constructs back to XML 
Schema constructs. This model captures the XML Schema semantics that cannot be 
represented in OWL and is expressed as an OWL-DL ontology, the OWL2XMLRules 
Ontology (available at http://elikonas.ced.tuc.gr/ontologies/OWL2XMLRules/ 
OWL2XMLRules). For a particular XML Schema that is transformed to OWL-DL, 
XS2OWL generates a Mapping Ontology that extends the OWL2XMLRules ontology 
with individuals and represents the semantics of the schema that are lost during the 
transformation to OWL.  

In the following paragraphs, we present the classes of the OWL2XMLRules ontol-
ogy as well as the model for the generation of individuals of the classes of the 
OWL2XMLRules ontology during the transformation of specific XML Schemas. 

DatatypePropertyInfoType Class. It captures information about the datatype prop-
erties lost during the XML Schema to OWL transformation. This information in-
cludes the names of the XML constructs (elements, attributes) transformed to the 
datatype properties, the default values and the origins of the datatype properties, since 
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an OWL datatype property may be the result of the transformation of an attribute, an 
element or it may state that a complex type extends a simple type. 

Let ae(name, ae_id, c_type, default) be an attribute or a simple type element, where 
name is the name of ae, ae_id is the identifier of ae, c_type is the complex type in 
which ae has been defined and default is the default value of ae. ae is transformed 
into the DatatypePropertyInfoType individual dpi(id, did, xml_name, dpi_type, 
def_val), where: (a) id is the unique rdf:ID of dpi and has concatenate(ct_name, ‘_’, 
name, ‘__’, type) as value, where ct_name is the name of the class that represents 
c_type in the main ontology; (b) did is the rdf:ID of the dp datatype property that 
represents ae in the main ontology; (c) xml_name is the name of ae and has name as 
value; (d) dpi_type represents the construct which has been mapped to dp and has the 
value ‘Attribute’ if ae is an attribute and the value and ‘Element’ if ae is an element; 
and (e) def_val represents the default value of ae and has default as value. 

If a datatype property dp states that a complex type extends a simple type, a 
DatatypePropertyInfoType individual dpi(id, did, dpi_type) is generated for dp, where 
id and did have the semantics defined above and dpi_type has the ‘Extension’ value. 

ElementInfoType Class. It captures information about the XML Schema elements 
that is lost during the XML Schema to OWL transformation. This information in-
cludes the names of the elements and, if they are parts of sequences, their ordering. 

Let e(eid, name, c_type, default, min, max, pos) be an element, where name is the 
name of e, eid is the identifier of e, c_type is the complex type in which e has been 
defined, default is the default value of e, min is the minimum number of occurrences 
of e, max is the maximum number of occurrences of e and pos is the position of e if e 
is a sequence element. e is represented in the mapping ontology by the ElementInfo-
Type individual ei(id, pid, xml_name, def_val, min_occ, max_occ, position), where: 
(a) id is the unique rdf:ID of ei and has concatenate(ct_name, ‘_’, name, ‘__’, type) as 
value, where ct_name is the name of the class that represents c_type in the main on-
tology; (b) pid is the rdf:ID of the p property that represents e in the main ontology; 
(c) xml_name is the name of e and has name as value; (d) dpi_type represents the 
construct which has been transformed to p and has the ‘Element’ value; (e) def_val 
represents the default value of e and has default as value; (f) min_occ represents the 
minimum number of occurrences of e and has min as value; (g) max_occ represents 
the maximum number of occurrences of e and has max as value; and (h) position 
represents the position of e if e is a sequence element. 

ComplexTypeInfoType Class. It captures information lost during the XML Schema 
to OWL transformation about a complex type that has name as name. This informa-
tion includes information about the datatype properties associated with the corre-
sponding OWL class in the main ontology and the cardinality and ordering of the 
elements contained in the complex type. 

Let ct(name, ct_id, att_list, seq_list, cho_list) be a complex type, where name is the 
name of ct, ct_id is the identifier of ct, att_list is the list of the ct attributes, seq_list is 
the list of the ct sequences and cho_list is the list of the ct choices. ct is represented in 
the mapping ontology by the ComplexTypeInfoType individual ct(id, type_id, dpi_list, 
container_list), where: (a) id is the unique rdf:ID of ct and has name as value; (b) 
type_id represents the identifier of the OWL class c that represents ct in the main 
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ontology; (c) dpi_list is the list of the representations of the datatype properties of c; 
and (d) container_list is the list of the representations of the sc containers. 

ChoiceType and SequenceType Classes. They capture, respectively, information 
about the exact cardinalities and the structure of XML Schema choices and sequences 
that is lost during the XML Schema to OWL transformation. 

Let sc(sc_id, c_type, min, max, elements) be a sequence or choice, where sc_id is 
the identifier of sc, c_type is the complex type in which sc has been defined, min is 
the minimum number of occurrences of sc, max is the maximum number of occur-
rences of sc and elements is the list of the elements of sc. We represent sc in the map-
ping ontology by the (SequenceType if sc is a sequence, ChoiceType if sc is a choice) 
individual st(id, min_occ, max_occ, e_rep), where: (a) id is the unique rdf:ID of st and 
has concatenate(ct_name, ‘__’, i) as value, where ct_name is the name of the class 
that represents c_type in the main ontology and i is the index of sc in c_type; (b) 
min_occ represents the minimum number of occurrences of sc and has min as value; 
(c) max_occ represents the maximum number of occurrences of sc and has max as 
value; and (d) e_rep is the list of the representations of the elements of sc. 

As an example, consider the complex type “ct1”, shown in Fig. 1. ct1 is repre-
sented in the mapping ontology as shown in Fig. 10. 

 <ox:XSDComplexTypeInfoType rdf:ID="ct1">
 <ox:typeID>ct1</ox:typeID> 
 <ox:DatatypePropertyInfo> 
  <ox:DatatypePropertyInfoType rdf:ID="ct1_a1__ct1_a1_UNType"> 
   <ox:datatypePropertyID>a1__ct1_a1_UNType</ox:datatypePropertyID> 
   <ox:XMLConstructID>a1</ox:XMLConstructID> 
   <ox:datatypePropertyType>Attribute</ox:datatypePropertyType> 
  </ox:DatatypePropertyInfoType> 
 </ox:DatatypePropertyInfo> 
 <ox:DatatypePropertyInfoType rdf:ID="ct1_content__xs_integer"> 
  <ox:datatypePropertyID>content__xs_integer</ox:datatypePropertyID> 
  <ox:datatypePropertyType>Extension</ox:datatypePropertyType> 
 </ox:DatatypePropertyInfoType> 
</ox:XSDComplexTypeInfoType>  

Fig. 10. Representation of the complex type “ct” of Fig. 1 in the mapping ontology 

5   Realization and Evaluation of the XS2OWL Model 

We present in this section the design and implementation of the XS2OWL system, 
which transforms automatically XML Schemas into OWL-DL ontologies and gener-
ates their mapping ontologies. According to the XS2OWL model, an XML Schema is 
transformed into: (a) A main OWL-DL ontology that directly captures the XML 
Schema semantics using OWL-DL constructs; (b) A mapping OWL-DL ontology that 
systematically captures the semantics of the XML Schema constructs that cannot be 
captured in the main ontology; and (c) A datatypes XML Schema containing the sim-
ple XML Schema datatypes defined in the source XML Schema, which are imported 
in the main ontology. 

The XS2OWL transformation model has been implemented as an XSLT stylesheet. 
The information flow during the transformation is shown in Fig. 11. As shown in  
Fig. 11, the source XML Schema and the XS2OWL stylesheet are given as input to an 
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Fig. 11. The Information Flow in XS2OWL 

XSLT processor, and the output comprises of the main ontology, the mapping ontol-
ogy and the datatypes XML Schema.  

In order to acquire extensive empirical evidence, we applied XS2OWL to several 
very large and well-accepted standards expressed in XML Schema: The MPEG-7 
Multimedia Description Schemes (MDS) and the MPEG-21 Digital Item Adaptation 
(DIA) Architecture in the multimedia domain, the IEEE LOM and the SCORM in the 
e-learning domain and the METS standard for Digital Libraries. The XML Schema 
constructs of these standards have been automatically converted to OWL for each of 
those standards. We then produced individuals following the ontologies. Finally, we 
converted the individuals to XML syntax, valid with respect to the source XML 
Schemas. The transformations were successful for these standards and we found that 
in all cases the semantics of the standards were fully captured in the main and map-
ping ontologies generated by the XS2OWL system. 

6   Conclusions 

We have presented in this paper the XS2OWL formal model that allows to automati-
cally transform XML Schemas into OWL-DL ontologies. This transformation allows 
domain ontologies in OWL to be integrated and logic-based reasoners to be used for 
various applications, as for example for knowledge extraction from multimedia data. 
XS2OWL allows the conversion of the generated OWL information back to XML. 
We have presented also the XS2OWL system that implements the XS2OWL model. 
We have used the implemented system to validate our approach with a number of 
well-accepted and extensive standards expressed in XML Schema. The automatically 
created ontologies have been found to accurately capture the semantics of the source 
XML Schemas. 
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Abstract. One of the most important applications of Digital Libraries (DL) is 
learning. In order to enable the development of eLearning applications that 
easily exploit DL contents it is crucial to bridge the interoperability gap 
between DL and eLearning applications. For this purpose, a generic 
interoperability framework has been developed that could also be applied to 
other types of applications which are built on top of DL, although this paper 
focuses on eLearning applications. In this context, a framework for supporting 
pedagogy-driven personalization in eLearning applications has been developed 
that performs automatic creation of personalized learning experiences using 
reusable (audiovisual) learning objects, taking into account the learner profiles 
and a set of abstract training scenarios (pedagogical templates). From a 
technical point of view, all the framework components have been organized 
into a service-oriented Architecture that Supports Interoperability between 
Digital Libraries and ELearning Applications (ASIDE). A prototype of the 
ASIDE Framework has been implemented. 

Keywords: Digital Libraries, eLearning, Interoperability, Personalization. 

1   Introduction 

Digital Libraries (DL) are an important source for the provision of eLearning 
resources [9]. However, digital library metadata standards and eLearning metadata 
standards have been developing independently, which has as result the existence of 
interoperability problems between digital libraries and eLearning applications. This is 
a complex and multi-level problem which is often encountered between digital 
libraries and several types of applications that run on top of digital libraries. It can be 
seen as coming from the existence of a stack of conceptual layers where each one is 
built on top of the previous one (left part of Fig. 1): There are different data 
representations, objects, concepts, domains, contexts and metacontexts in the layer 
stack that should be efficiently managed in a standardized way.  Metadata models are 
languages that are used to represent the knowledge in a particular application area. 
Each metadata model is shown as a vertical bar on this stack to cover a specific region 
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that represents the parts that the model tries to capture and describe in a standard way. 
If we place different metadata models besides this stack, we may identify gaps and 
intersection regions so that it becomes apparent where the interoperability problems 
among these models occur. Interoperability problems exist also in the overlapping 
areas, but there the problem of interoperability can be easier solved with standard 
methods (e.g. by means of mappings). The major problems arise in the areas with no 
overlaps between the two metadata standards. The right part of Fig. 1 shows such a 
picture in the case of MPEG7 and SCORM, the major metadata standards in the 
audiovisual and eLearning domains respectively. It is apparent from this graphical 
presentation that MPEG7 and SCORM are not completely overlapping meaning that 
we need additional models to provide interoperability mechanisms between them.  

 

Fig. 1. The multilevel problem of interoperability 

For example, SCORM contains an educational part that cannot be mapped, directly 
or indirectly, completely or partially, to MPEG7 elements. That is because MPEG7 
does not include information about possible educational use of audiovisual (A/V) 
objects because it is not an application-specific context metadata standard. However, 
educational information is very important in the case that MPEG7 (and generally an 
A/V digital library) is used for educational purposes. On the other hand, MPEG7 
offers a comprehensive set of audiovisual Description Tools to guide the creation of 
audiovisual content descriptions, which will form the basis for applications that 
provide the needed effective and efficient access to audiovisual content, which can 
not be represented in SCORM. Modifying the above standards (e.g. mixing parts of 
them) is not acceptable, since they have been developed to satisfy the needs of 
different communities. To overcome them and fill in the gaps between SCORM and 
MPEG7 we have to use a higher level metadata model that is able to encapsulate both 
SCORM and MPEG7 in the context of a digital library. 
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The above considerations lead to a concrete framework and architecture that 
address the identified interoperability problems and offer a generic framework for the 
automatic creation of personalized learning experiences using reusable audiovisual 
learning objects. In the next sections we will firstly propose a methodology for 
supporting multiple-contexts views of digital objects and its application in the case of 
A/V learning objects, without loss of important information (educational or A/V) 
(Section 2), and thereafter a generic architecture that supports interoperability 
problem between eLearning applications and digital libraries will be presented 
(Section 3). The implementation of this architecture also offers a generic framework 
for the automatic creation of personalized learning experiences using reusable A/V 
learning objects which is also presented. A review of the related literature is presented 
afterwards (Section 4) and the paper ends with some concluding remarks. 

2   Supporting Multiple-Contexts Views of Digital Objects 

In general, a digital object can be described in many ways and delivered to many 
applications (upper part of Fig. 2). Usually, digital objects have a source metadata 
description that is appropriately transformed to a target metadata description when 
this object should be delivered to an application. However, performing just a 
transformation between the source metadata scheme and the target metadata scheme 
is not always applicable as standards do not always completely overlap.  

 

Fig. 2. Supporting multiple-contexts views of a digital object using METS 

For example, an audiovisual digital object that resides in a digital library and is 
described with MPEG7 can be used in eLearning or eScience applications. However, 
the pure MPEG7 description does not say anything about the educational use (e.g. 
learning objectives) of the digital object nor contains any information useful for 
eScience applications. Performing just a transformation between the source metadata 
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scheme and the target metadata scheme does not solve the problem. So, we need a 
way to incorporate in a digital object description both source metadata (domain) and 
target metadata (context). We should have multiple descriptions (source metadata 
(domain), target metadata (context) - pairs) for a digital object showing possible 
views of the object. Context and domain information should reside in different levels, 
where context information is above domain information. 

A flexible model that satisfies the above needs is the Metadata Encoding and 
Transmission Standard (METS). METS is a widely-accepted digital library standard 
that is intended primarily as a flexible, but tightly structured, container for all 
metadata necessary to describe, navigate and maintain a digital object: descriptive, 
administrative and structural metadata. Each type of metadata is described in a 
separate section, which is linked to its counterparts by a comprehensive system of 
internal identifiers. The metadata (any preferred scheme) itself may be held inline in 
the METS file or in external files and referenced from within the METS document. 

 

Fig. 3. Combining METS, LOM and MPEG7 to build audiovisual learning objects 

Using METS we can create different views of a digital object pointing to both 
source metadata description and target metadata description (context) in different 
levels [2]. The methodology is illustrated in the lower part of Fig. 2. Using the 
DMDID attribute of the <div> elements of the structMap section where the structure 
of the digital object is described we can point to an appropriate metadata scheme 
creating a context (view) of this object and its parts (e.g. using LOM). In parallel, 
using the DMDID attribute of the <file> elements of the fileSec section, where all 
files comprising this digital object are listed, we can point to a source metadata 
scheme that describes the lower level features or the semantics of this object (e.g. 
using MPEG7). This is useful when applications want to further filter the resulted 
objects according to their multimedia characteristics. Here, we combine METS, 
MPEG7 and LOM to give to the audiovisual objects and their parts educational 
characteristics constructing this way audiovisual learning objects (Fig. 3). The 
DMDID attribute of the <file> element is used to reference the MPEG7 metadata 
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(domain metadata) describing the audiovisual object referenced by FLocat element. In 
an upper level we put the Context Metadata (in our case educational metadata) using 
the DMDID attribute of the div element to reference LOM metadata. The video 
decomposition to segments is described through the METS document (as a complex 
object) and there is no need to be described in a MPEG7 document using for example 
the TemporalDecomposition element. 

3   The ASIDE Architecture 

The previous section presented a framework for the representation and description of 
digital objects that reside in a digital library in order to support multiple-context views 
so that these objects can be retrieved from different applications (in this case 
eLearning applications). This section presents an Architecture for Supporting 
Interoperability between Digital Libraries and ELearning Applications (ASIDE). 

The architecture addresses the identified interoperability problems in a layered 
manner where eLearning (and other) applications are built on top of digital libraries 
and utilize their content. ASIDE [2] also offers a generic framework for the automatic 
creation of pedagogy-driven personalized learning experiences using reusable A/V 
learning objects. It is service-oriented and conforms to the IMS Digital Repositories 
Interoperability (IMS DRI) Specification, which provides recommendations for the 
interoperation of the most common repository functions: search/expose, submit/store, 
gather/expose and request/deliver. 

Fig. 4 illustrates the architecture components, which are the following: 

• The Digital Library, where digital objects are described using METS integrating 
LOM (eLearning context), and MPEG7 (A/V descriptions) thus building 
interoperable A/V learning objects, which can be transformed to SCORM and 
exploited by eLearning applications. Regarding the MPEG7 descriptions, the 
methodology described in [11] is used for extending MPEG7 with domain-specific 
knowledge descriptions expressed in OWL (domain ontologies). 

• Learning Designs are abstract training scenarios (pedagogical templates) in a 
certain instructional domain built according to an instructional ontology, which can 
be applied to the construction of learning experiences. 

•  The Middleware consists of the following parts: 
− The METS/SCORM transformation component, which is responsible for the 

transformation of the METS integrated descriptions to SCORM Packages [6]. 
The type of the files is taken into account and, if needed, intermediate html 
pages are constructed with links to these files (e.g. in case of video files).  

− The Personalized Learning Experiences Assembler (PALEA), which, taking into 
account the knowledge provided by the Learning Designs (abstract training 
scenarios) and the Learner Profiles, constructs personalized learning experiences 
and delivers them in the form of SCORM Packages. The dashed arrow in the 
left side of PALEA indicates that using this component is optional and that 
digital library services can be directly accessed (e.g. a teacher wants to find 
appropriate learning objects to construct manually a learning experience). 

 

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



142 P. Arapi et al. 

 

Fig. 4. The ASIDE architecture 

• Applications (Agents in terms of IMS DRI, like Learning Content Management 
Systems, Learning Management Systems) that discover, access and use the A/V 
content of the digital library through appropriate services (resource utilizers).  

• The Learner Profiles constructed using the vocabulary given in a Learner Profile 
Ontology. 

3.1   Learning Designs and the Instructional Ontology 

Learning Designs are abstract training scenarios that are constructed according to an 
instructional ontology coded in OWL (Fig. 5).  This ontology has the important 
characteristic that learning objects are not bound to the training scenarios at design 
time, as in current eLearning standards and specifications (e.g. IMS Learning Design 
and SCORM). Whereas, pedagogy is separated and independent from content 
achieving this way reusability of Learning Designs or parts of them that can be used  
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Fig. 5. The instructional ontology 

from the systems for the construction of “real” personalized learning experiences, 
where appropriate learning objects according to the Learner Profile are bound to the 
learning experience at run-time taking into account several parameters of the Learner 
Profile. This is possible, since the model makes possible to specify in each Activity 
the learning objects’ requirements, instead of binding the learning objects themselves. 

A Training is a collection of TrainingMethods that refer to the different ways the 
same subject can be taught depending on the LearningStyle, the EducationalLevel of 
the Learner and the preferred difficulty. There are several categorizations of Learning 
Styles and Educational Levels, thus these elements are flexible so that being able to 
point to values of different taxonomies. A TrainingMethod consists of a hierarchy of 
reusable ActivityStructures built from reusable Activities. Each Training, 
ActivityStructure and Activity has a LearningObjective. Each LearningObjective is 
defined in a formal way1 composed of: a) a learningobjective_verb, taken from 
Bloom's Taxonomy [3]) and b) a learningobjective_topic that indicates the topic that 
the Learning Objective is about, referencing a concept or individual of a domain 
ontology. The LearningObjectType is used to describe the desired learning object 
characteristics without binding specific objects with Activities at design time. Via 
the related_with property we can further restrict the preferred learning objects 
according to their constituent parts (if they are semantically annotated) connecting 
them with DomainConcepts which refer to concepts or individuals from a domain 
ontology. 
                                                           
1 In learning objects descriptions expressed in LOM we also incorporate Learning Objectives 

info this way exploiting its classification element. 
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3.2   The Learner Profiles 

Our intention here is to focus on the elements that should be included in a Learner 
Model in order to support pedagogy-driven personalization within the framework 
presented in this paper. These elements could be mapped in appropriate elements of 
the IEEE PAPI and IMS LIP learner profiles standards using extensions.  

A Learner can have many LearnerGoals. A LearnerGoal is expressed in terms of 
LearningObjectives using the structure that was presented above in the instructional 
ontology. A LearnerGoal has a status property (float in [0, 1]) indicating the 
satisfaction level of the goal (0 represents no satisfaction, 1 fully satisfied). Using this 
information one can also infer the previous knowledge of the Learner. The Learner 
can also define a priority for each LearnerGoal. The Learner can have several types 
of Preferences: EducationalLevel and LearningStyle matching with the corresponding 
elements of the instructional ontology, Language, LearningProvider (the author or 
organization making available the learning objects), LearningPlanner (the person that 
develops Learning Designs) and Technical preferences. These parameters affect both 
the construction of an appropriate learning path for a specific Learner according to 
existing Learning Designs and the selection of learning objects that are thereafter 
bound at run-time to the learning path to form the resulting learning experience. 

3.3   The Personalized Learning Experiences Assembler (PALEA) 

The Personalized Learning Experiences Assembler (PALEA) takes into account the 
knowledge provided by the Learning Designs and the Learner Profiles and constructs 
personalized learning experiences that are delivered next to eLearning applications in 
the form of SCORM packages.  The goal is to find an appropriate Learning Design 
that will be used thereafter to construct a learning experience adapted to the Learner’s 
needs. Learning objects are bound to the learning scenario at run-time. 

The procedure of constructing an adaptive learning experience is the following: 

1. At the beginning, the component tries to find an appropriate Learning Design 
(Training in terms of the instructional ontology presented) taking into account the 
Learner’s Learning Objectives, Learning Style, Educational Level, preferred 
Difficulty, and preferred Planner (optional). 

2. When an appropriate Learning Design is found its structure is retrieved 
(Training(T), Activity Structures (AS), Activities(A)) and an appropriate Training 
Method of this Learning Design is selected, according to the Learner’s Learning 
Style, Educational Level and preferred Difficulty.  

3. The structure of this Training Method is further refined, by removing from it 
Activity Structures and Activities with Learning Objectives that have been satisfied 
by the Learner (the Learner can define a threshold value t, so that Learning 
Objectives with satisfaction value>t are considered as satisfied).  

4. Finally, appropriate learning objects are retrieved and bound to each node 
(Activity) of this structure constructing the learning experience.  Here, the 
Learning Object Type describing the characteristics of appropriate learning objects 
for each Activity is taken into account along with other learner’s preferences (e.g. 
content provider, technical preferences). The resulted learning experience is 
transformed to SCORM (Transformation Component) and delivered to the Learner. 
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4   Related Work 

Efforts trying to integrate or use in cooperation eLearning standards and A/V 
standards include the Video Asset Description (VAD) Project [4] the MultImedia 
Learning Object Server [1] and the Virtual Entrepreneurship Lab (VEL) [8]. Most of 
these approaches [1, 8] use mappings between standards (e.g. MPEG7 and LOM) or 
propose adding MPEG7 elements to SCORM elements [4]. As already discussed, 
using mappings is not enough to solve the interoperability problem between DL and 
eLearning applications. Extending SCORM is again not acceptable as a general 
interoperability solution. It results in a model that is not standard and cannot be 
interoperable with standard SCORM compliant applications and systems. The 
approach proposed here is more general and provides and interoperable framework of 
educational and application specific metadata so that eLearning applications can 
easily use and reuse DL objects in multiple contexts.  

Automatic construction of personalized learning experiences is also supported, 
using and reusing learning designs and learning resources. In [5] a similar approach is 
followed to represent pedagogy in order to support run-time resource binding. Our 
approach differs in that it takes into account the learning style, the educational level 
and learning goals of the learners, supporting the representation of different learning 
paths (Training Methods) for training in a specific subject. In [10], although the need 
for supporting different training methods for the same subject is recognized, these 
methods are not connected as in our approach with the learning styles and educational 
levels of the learners. Moreover, description of appropriate learning objects 
characteristics beyond semantics is not supported. An alternative approach is 
presented in [7] regarding automatic course sequencing, where learning paths are not 
constructed based on pedagogical models, but are extracted from a directed acyclic 
graph that is the result of merging the knowledge space (domain model) and the 
media space (learning objects and their relation) using minimum learning time as an 
optimization criteria. However, since this approach is highly based on the domain 
model that does not necessarily imply an instructional model and on the relations of 
learning objects and their aggregation level, the result of the sequencing process may 
be not always “pedagogically-right” adapted to the learners’ needs. 

5   Conclusions 

We have presented a framework for the representation and description of digital 
objects that reside in a DL in order to support multiple-context views so that these 
objects can be retrieved from different applications (in this case eLearning 
applications). We have also presented ASIDE, an architecture that supports 
interoperability between DL and eLearning applications so that eLearning 
applications can easily use and reuse DL objects in multiple contexts and outlined the 
various aspects of its implementation. Special emphasis has been placed in the 
definition and implementation of a software engineering framework for supporting 
personalization in the ASIDE architecture that performs automatic creation of 
personalized learning experiences using reusable (audiovisual) learning objects, 
taking into account the learner profiles and a set of learning designs. This work 
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provides the basis of a generic architectural framework for integrating diverse 
application classes on top of DL so that DL objects are also reused across application 
classes that have been built on top of digital libraries.  
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Abstract. Evaluation of digital libraries assesses their effectiveness,
quality and overall impact. In this paper we propose to use the Daffodil
system as an experimental framework for the evaluation and research of
interactive IR and digital libraries. The system already provides a rich
set of working services and available information sources. These services
and sources can be used as a foundation for further research going be-
yond basic functionalities. Besides the services and sources, the system
supports a logging scheme for comparison of user behavior. In addition,
the system can easily be extended regarding both services and sources.
Daffodil’s highly flexible and extensible agent-based architecture allows
for easy integration of additional components, and access to all existing
services. Finally, the system provides a user-friendly graphical interface
and facilitating services for log generation and analysis. The experimen-
tal framework can serve as a joint theoretical and practical platform for
the evaluation of DLs, with the long-term goal of creating a community
centered on interactive IR and DL evaluation.

1 Introduction

Evaluation of digital libraries assesses their effectiveness, quality and overall
impact. In order to push evaluation and research on evaluation of digital libraries
along, community agreements need to be reached. Within the DELOS Network
of Excellence we currently work on setting up a complete evaluation framework.
It is our goal to provide guidelines, instruments and help for all stakeholders
of digital libraries, like content providers, librarians, developers, researcher or
end-users.

Such guidelines will be based on current evaluation models, like [10]. For
structuring evaluation activities, the use of the Evaluation Computer1 is recom-
mended. All evaluation data, questionnaires, videos and transaction logs will be
shared within the community in an anonymized format for comparison and meta
evaluation. As an instrument for implementing and executing these evaluation,
we propose the existing Daffodil system as an experimental framework for the
evaluation and research of interactive IR and digital libraries. In the following
1 http://www.delos.info/eventlist/wp7_ws_2004/Micsik.pdf
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sections we propose Daffodil as a well-suited instrument for evaluation of digital
libraries, and give a short overview of current and future evaluation activities
using Daffodil. The summary closes this paper.

2 Using Daffodil as an Instrument for Evaluation

2.1 The Graphical User Interface and Existing Services

Daffodil (see [11], [8] and [1]) is a virtual DL targeted at strategic support of
users during the information search process. For searching, exploring, and man-
aging DL objects, Daffodil provides information seeking patterns that can be
customised by the user for searching over a federation of heterogeneous digital
libraries. Searching with Daffodil makes a broad range of information sources
easily accessible and enables quick access to a rich information space.

The Daffodil framework consists of two major parts: the graphical user client,
depicted in Figure 1, and a set of agent-based services in the back-end.

Graphical user client. The graphical client combines a set of high-level search
activities as integrated tools according to the WOB model for user interface
design (see [7]). The current Daffodil system for the domain of computer science
provides a variaty of tools and functions such as:

– A search tool that allows the user to specify the search domain, set filters
and compose queries. The queries are broadcasted to a set of distributed

Fig. 1. The Daffodil Desktop
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information services via agents and wrappers. Integrated result lists are dis-
played for navigation and detail inspection by the user.

– A collaborative personal library that stores DL objects in personal or group
folders and supports sharing and annotation of stored objects.

– A classification browser that provides hierarchical, topic-driven access to the
information space and enables browsing of classification schemes such as the
ACM Computing Classification System.

– A thesaurus browser helps in finding broader, narrower or related terms. In
addition, subject-specific or web-based thesauri such as WordNet are pro-
vided for identifiying related terms.

– A author network browser that supports browsing of social networks based
on the co-author relation.

– A journal and conference browser that searches for a journal or conference
title by browsing many directories, often with direct access either to the
metadata or the full-text of articles.

More functionalities and tools exist or are currently under development,
among them tools for inter-user communication, collaboration, pro-active help,
or recommendation.

The front-end client is deployed to the user via Java Webstart technology.
New tools can be easily integrated into the desktop, as long as they are written
or wrapped in the Java programming language.

The back-end services. On the back-end side, each front-end tool is repre-
sented by one or more agent-based services, also written in the Java programming
language, that provide the actual functionality. Currently, more than 30 services
and 15 wrapper agents are used by the Daffodil system. The agent framework
itself is modelled very simplistically for high performance and provides parallel
threads for each user.

2.2 Logging Facility and Logging Schema

In any actual evaluation the collection of sometimes massive amounts of usage
and user data is necessary to validate or invalidate the research hypothesis. This
data consists usually of observations, questionnaires and transaction logs. Within
Daffodil we provide an integrated questionnaire tool as well as extensive logging
facilities to help gathering this data.

The questionnaire is part of the user desktop and can be used by researchers
to ask standard questions, allowing for simple yes/no answers, selecting from
different options, answers on a Likert scale, or free-form answers. The questions
can also be made conditional, depending on previous answers, thus allowing for
most of the freedom of paper-based questionnaires. In addition, the question-
naire tool can be used to select appropriate questions dynamically, fitting to the
current context of the user or the state of her search. Questions and answers are
stored in a database.
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Fig. 2. Logging Service Model

Since Daffodil is a Java application, the framework allows for full access of
all input and interaction events by the user, as well as access to system trig-
gered events, thus avoiding the problems often encountered when trying to gen-
erate complete transaction logs for web-based DL systems. The logging facility,
depicted in Figure 2, is simplistic: the Daffodil user interface client and each
Daffodil back-end service can send an event to the event logging service, which
handles and stores the event.

Currently, Daffodil handles over 40 different events. The main groups of events
are search, navigate and browse events which are generated by users working with
the tools provided. Result events are generated by each of the system services
(e.g., the thesaurus, the journal and conference browser, or the metadata search
tool). The personal library supports events for storing or manipulating data
within the folder hierarchy, as well as events involving annotation or authoring
of an object.

To facilitate the comparison of different evaluations, to allow the re-use of
evaluation data and to support evaluations in general a common logging schema
was proposed in [5] and [4] and implemented within Daffodil. When using trans-
action logs for evaluation, the main participants under survey are the user and
the system, as well as the content that is being searched, read, manipulated, or
created. The interaction between the system and the user can be examined and
captured at various levels of abstraction:

– System parameters
– User-system interaction

• UI events (keystrokes, mouse movement, etc.)
• Interface action events (data entry, menu selections, etc.)
• Service events (use of specific DL services)
• Conceptual events (generic actions)

– User behaviour

On a very low level, researchers or developers might be interested in getting
information about key presses, mouse clicks and movements, and similar con-
crete interactive events. These can be grouped together into more meaningful
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interactive events with specific graphical tools or interface elements, several of
which in turn might comprise an interaction with a digital library service like
a citation search service. For all three of these levels of abstractions a common
logging schema will help in comparison, e.g. of the usability of specific interfaces
or services between different digital libraries.

An additional level of abstraction, that will be called the conceptual level, can
be seen as an abstraction away from the concrete services of specific digital library
systems towards generalised actions that users can take in using a DL system.
Several generic services that could be captured at this level have been proposed
in [3] and [2]. In [5] we suggest a modified and expanded version of this selection.

By separating the log data into user data, system data and different abstrac-
tion levels of interaction – all connected by timestamps and identifiers linking
a specific user with each event – the transaction logs can be used for follow-
ing a users actions chronologically along a specific tier of the model. On the
other hand, a comprehensive analysis of what exactly happens during a search
action of the user across the various tiers is also possible. Of course a digital
library system might only capture data on a low level of abstraction to minimise
the overhead incured by the logging, and use a mapping of UI events to more
abstract events for later analysis.

In order to analyze logged events, we have assumed that different stakeholders
need different views of the logging data, requiring a variety of tools for analysis.
System owners, content providers, system administration, librarians, developers,
scientific researchers, and end-users were identified as stakeholders of a DL. For
each of these stakeholders, different questions should be answered by the analyt-
ical tool set. A number of tools for facilitating analysis on log data in the new
scheme have already been implemented. The example statistics shown in Figures
3a and 3b were produced with the help of these tools.

For visual inspection of individual log sessions, a special log viewer for search
histories using the common log schema has been integrated into the Daffodil
desktop. It provides visualisations of a single search session, allowing researchers
to analyse user behaviour, but also providing end-users with a view of their
own search history (see Figures 4 and 5). The tool can be used to retrace the
steps of a search, re-issue or store specific queries, or highlight interesting parts
of a search, and is to be extended with other functionalities aiding researchers

(a) Inspected objects (b) Hourly overview

Fig. 3. Evaluation graphs
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Fig. 4. Graph View

Fig. 5. Tree View

and end-users alike. In case of already existing logs of other DLs help for the
conversion of these logs to this logging schema can be provided in order to use
these tools.

2.3 Test Collections

Many evaluations suffer from lack of available test collections. Daffodil currently
allows for searching in the domain of computer science. More than 12 different on-
line information sources are connected, e.g. ACM digital library, CiteSeer, DBLP,
HCIBib, Springer Online, and others. This gives researchers a basis for real world
evaluation tasks. Another source is currently integrated, the European national
libraries, also accessible by The European Library. Other domains can easily be
employed by implementing wrappers for available web sources of documents.

Within the INitiative for the Evaluation of XML Retrieval 2005 (INEX)2 Daf-
fodil was used as baseline system [9]. Here the evaluators used static information
sources drawing on articles of the IEEE Computer Society’s publications. A new

2 http://inex.is.informatik.uni-duisburg.de
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wrapper was developed and optimized for this corpus. In addition in INEX 2006
the complete XML Wikipedia is added as test collection for searching and eval-
uating access to Digital Libraries.

2.4 Flexible and Extensible Architecture

By using an agent-based architecture, Daffodil becomes very flexible and easily
extensible. In Figure 6 the Daffodil architecture is depicted. The blue frame
corresponds with the back-end services. The red frame shows the graphical user
client serving as Daffodil’s front-end. In the middle (green frame) the connection
between internal and external agents is shown; the user clients are one example
of external agents. In this middle layer resides the message transfer agent (MTA),
which handles communication between the outside (using HTTP messages) and
the Daffodil back-end (using CORBA messages).

Fig. 6. Daffodil Communictation Architecture

Based on this architecture researchers and evaluators can integrate

– a new service using an agent within the Daffodil back-end, and providing a
new tool as part of the GUI; this service can be made stand-alone and will
not be reliant on any other Daffodil service;

– an enhanced service, adding value to or replacing an existing service;
– a client service, manipulating data on the client side and presenting it with

the help of a new or an existing tool of the Daffodil desktop, providing added
value to search results;

– a new analytical tool, using the extensive transaction and interaction log
data collected by Daffodil.
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3 Possibilities for Evaluations

Currently a number of evaluations using Daffodil are being prepared or under
discussion.

The European Library. Currently, wrappers for the European national DL
are being developed and integrated into Daffodil in preparation of a compar-
ative evaluation between the TEL1 and the Daffodil user interface. The goal
of the analytical evaluation is to assess the functional similarities and differ-
ences between the existing TEL search tool and the Daffodil-based search
interface. The goal of the empirical evaluation is to evaluate how well each
tool supports the users needs.

Natural Language Interface. In the process of research on natural language
query interfaces, the intergration of a new tool for the graphical client is
being discussed, that would allow entering natural language queries. Those
will then transformed into Daffodil queries and processed. A comparative
evaluation of the baseline query interface with the natural language interface
could show improvements.

Recommendation. Based on user specific transaction logs, stored documents,
and additional log information about Daffodil users, profound recommenda-
tions could be generated and evaluated.

Collaboration. A chat tool for direct user-user communication and object ex-
change has been integrated into Daffodil, as well as a collaborative white-
board that allows for structured, graphical discussions on specific topics be-
tween users seperated in place. A number of research questions have been
proposed regarding collaborative searching and work with Daffodil, some of
which are going to be addressed in an empirical evaluation based on typical
real-life information seeking tasks.

4 Discussion

The evaluation effort in the area of Digital Libraries is in general very high,
complex and costly. The reasons for this is the need of participants or users who
perform the evaluation, a system with the functionality under evaluation, the
content to present within the DL and the actual time in preparation, conduction
and pre-evaluation by the evaluator.

Within the Daffodil project, master theses, the INEX project and joint-work
with the MPI more than seven different evaluations were performed using the
Daffodil system as evaluation framework. The main evaluations are described
here:

User-interface evaluation. Beside several smaller formative evaluations on
the user interface and backend system the first evaluation was conducted in
2002 and presented in Fuhr et alii 2002. Here a heuristic evaluation of the
user-interface and a questionare based evaluation of the functionality was
performed. The outcome were many improvements on the graphical user-
interface and sustainability and performance of the functionality.
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Strategic support evaluation. In 2004 are large evaluation on strategic sup-
port was accomplished and presented in [6]. The outcome was that the foun-
dation and models used in Daffodil yield a high efficiency and effectiveness
in the information retrieval process. Regarding efficiency, only very simple
tasks can be solved faster with other systems, whereas Daffodil clearly beats
competing systems on more complex tasks. For effectiveness, we could show,
that Daffodil’s high quality visualisation and the integration of different ser-
vices provide a useful toolbox and lead to a high user satisfaction.

Deep-Web recommendations. Also in 2004 a joint-work evaluation of Daf-
fodil with the BINGO! focused crawler was conducted and presended in
[12]. The information stored in a folder of the personal library is used to
search for further information on the WWW. A system-oriented evaluation
showed, how flexible and extensible the Daffodil framework is, by integrating
the BINGO! crawler into the system.

Active support for query formulation. The investigation on active support
during query formulation in [11]. A master student integrated in the graph-
ical user-interface and the backend-system special functions for syntax and
semantic checking of user queries.

INEX 2004, 2005 and 2006. Besides the just mentioned evaluation activities
in the years 2004, 2005 and 2006 the INEX evaluation on XML retrieval used
the Daffodil-system as baseline-system. For each years new interactive trec
the user-interface evolved because of the prior evaluation and usualy needed
to be extended due to new used XML content. In INEX 2004 the collection
consisted of 12,107 articles of the IEEE Computer Society’s magazines and
transactions, in INEX 2005 the Lonely-Planet collection was added and in
INEX 2006 the complete Wikipedia is used for evaluation. For each new
content new wrapper were integrated into the system. The INEX-Daffodil-
system maintainance, user-interface changes and the integration of new data
sources is done by only one person.

The presented evaluations show the variety of possibilities the Daffodil-system
can offer researchers to focus on their research instead of re-inventing everything
again. From the three major components of a digital library – content, system,
and usage – Daffodil allows for easy variation of the first two. Especially, the
INEX case shows that new content can be easily integrated in the system.

5 Summary and Outlook

The research of DL is in need of accepted standards, as well as a community that
can add value to this field. If the various DL stakeholders can form a community
and agree upon models, dimensions, definitions and common sense criteria for
the evaluation of DL systems, the process of evaluation will gain impetus among
DL researchers.

As an experimental platform for evaluation both within and across DL sys-
tems, application of the Daffodil framework can substantially advance this re-
search area, since it currently provides functions and services that are based on a
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solid theoretical foundation and well known models. Daffodil3 offers researchers
and evaluators a large number of possibilities, and allows to concentrate on new
development and evaluation, instead of reinventing the wheel again.
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Abstract. Information Retrieval system evaluation campaigns produce
valuable scientific data, which should be preserved carefully so that they
can be available for further studies. A complete record should be main-
tained of all analyses and interpretations in order to ensure that they are
reusable in attempts to replicate particular results or in new research and
so that they can be referred to or cited at any time.

In this paper, we describe the data curation approach for the sci-
entific data produced by evaluation campaigns. The medium/long-term
aim is to create a large-scale Digital Library System (DLS) of scientific
data which supports services for the creation, interpretation and use of
multidisciplinary and multilingual digital content.

1 Introduction

The experimental evaluation of Information Retrieval (IR) systems is usually
carried out in important international evaluation campaigns, such as Text RE-
trieval Conference (TREC)1, Cross-Language Evaluation Forum (CLEF)2, and
NII-NACSIS Test Collection for IR Systems (NTCIR)3, which bring research
groups together, providing them with the means to compare the performances
of their systems, and discuss their results. This paper examines the approach
traditionally adopted for experimental evaluation in the IR research field in the
light of the challenges posed by the recent recognition of the importance of a
correct management, preservation and access to scientific data. We discuss how
the increasing attention being given to this question impacts on both IR evalua-
tion methodology and on the way in which the data of the evaluation campaigns
are organized and maintained over time.

The paper is organized as follows: Section 2 introduces the motivations and
the objectives of our research work. Section 3 discusses possible ways of extend-
ing the current evaluation methodology both from the point of view of the the
conceptual model of the information space involved and a software infrastructure
for evaluation campaigns. Section 4 draws some conclusions.

1 http://trec.nist.gov/
2 http://www.clef-campaign.org/
3 http://research.nii.ac.jp/ntcir/index-en.html
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2 Evaluation Campaigns and IR Experimental Evaluation

Much IR system evaluation is based on a comparative evaluation approach in
which system performances are compared according to the Cranfield methodol-
ogy, which makes use of test collections [1]. A test collection C allows the compar-
ison of information access systems according to measurements which quantify
their performances. The main goals of a test collection are to provide a com-
mon test-bed to be indexed and searched by information access systems and to
guarantee the possibility of replicating the experiments.

2.1 Methodology

If we consider the Cranfield evaluation methodology and the achievements and
outcomes of the evaluation campaigns in which it is used, it is clear that we are
dealing with different kinds of valuable scientific data. The test collections and
the experiments represent our primary scientific data and the starting point of
our investigation. Using the test data, we produce different performance mea-
surements, such as precision and recall, in order to evaluate the performances of
IR systems for a given experiment. Starting from these performance measure-
ments, we compute descriptive statistics, such as mean or median, which can
be used to summarize the overall performances achieved by an experiment or
by a collection of experiments. Finally, we perform hypothesis tests and other
statistical analyses in order to conduct in-depth studies and comparisons over a
set of experiments.

We can frame the above mentioned scientific data in the context of the Data,
Information, Knowledge, Wisdom (DIKW) hierarchy [2,3]:

– data: the test collections and the experiments correspond to the “data level”
in the hierarchy, since they are the raw, basic elements needed for any further
investigation and have little meaning by themselves. An experiment and the
results obtained by conducting it are almost useless without knowledge of
the test collection used for the experiment; these data constitute the basis
for any subsequent computation;

– information: the performance measurements correspond to the “informa-
tion level” in the hierarchy, since they are the result of computations and
processing on the data; in this way, we can give meaning to the data via
certain relations. For example, precision and recall measures are obtained
by relating the list of results contained in an experiment with the relevance
judgements J ;

– knowledge: the descriptive statistics and the hypothesis tests correspond to
the “knowledge level” in the hierarchy, since they represent further pro-
cessing of the information provided by the performance measurements and
provide us with some insights about the experiments;

– wisdom: theories, models, algorithms, techniques, and observations, which are
usually communicated by means of papers, talks, and seminars, correspond
to the “wisdom level” in the hierarchy, since they provide interpretation,
explanation, and formalization of the content of the previous levels.
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As observed by [3], “while data and information (being components) can be gen-
erated per se, i.e. without direct human interpretation, knowledge and wisdom
(being relations) cannot: they are human- and context-dependent and cannot
be contemplated without involving human (not machine) comparison, decision
making and judgement”. This observation also fits the case of IR system exper-
imental evaluation. In fact, experiments (data) and performance measurements
(information) are usually generated automatically by programs, and tools for
performance assessment. However, statistical analyses (knowledge) and models
and algorithms (wisdom) require a deep involvement of researchers in order to
be conducted and developed.

This view of IR system experimental evaluation raises the question of whether
the Cranfield methodology is able to support an approach where the whole pro-
cess from data to wisdom is taken into account. This question is made more
compelling by the fact that, when we deal with scientific data, “the lineage
(provenance) of the data must be tracked, since a scientist needs to know where
the data came from [. . . ] and what cleaning, rescaling, or modelling was done to
arrive at the data to be interpreted” [4]. Moreover, as pointed out by [5], prove-
nance is “important in judging the quality and applicability of information for a
given use and for determining when changes at sources require revising derived
information”. Furthermore, when scientific data are maintained for further and
future use, they are liable to be enriched and, sometimes, the enrichment of a
portion of scientific data implies a citation so that useful information can be ex-
plicitly mentioned and referenced [6,7]. Finally, [8] highlights that “digital data
collections enable analysis at unprecedented levels of accuracy and sophistication
and provide novel insights through innovative information integration”. Thus,
the question is not only to which degree the Cranfield methodology supports
passing from data to wisdom, but also whether correct strategies are adopted to
ensure the provenance, the enrichment, the citation, and the interpretation of
the scientific data.

2.2 Infrastructure

There is a growing interest in the proper management of scientific data by di-
verse world organizations, among them the European Commission (EC), the
US National Scientific Board, and the Australian Working Group on Data for
Science. The EC in the i2010 Digital Library Initiative clearly states that “digi-
tal repositories of scientific information are essential elements to build European
eInfrastructure for knowledge sharing and transfer, feeding the cycles of scientific
research and innovation up-take” [9]. The US National Scientific Board points
out that “organizations make choices on behalf of the current and future user
community on issues such as collection access; collection structure; technical
standards and processes for data curation; ontology development; annotation;
and peer review”. Moreover, those organizations “are uniquely positioned to
take leadership roles in developing a comprehensive strategy for long-lived dig-
ital data collections” [8]. The Australian Working Group on Data for Science
suggests to establishing “a nationally supported long-term strategic framework
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for scientific data management, including guiding principles, policies, best prac-
tices and infrastructure”, that “standards and standards-based technologies be
adopted and that their use be widely promoted to ensure interoperability be-
tween data, metadata, and data management systems”, and that “the principle
of open equitable access to publicly-funded scientific data be adopted wherever
possible [. . . ] As part of this strategy, and to enable current and future data and
information resources to be shared, mechanisms to enable the discovery of, and
access to, data and information resources must be encouraged” [10].

These observations suggest that considering the IR system experimental eval-
uation as a source of scientific data entails not only re-thinking the evaluation
methodology itself, but also re-considering the way in which this methodology
is applied and how the evaluation campaigns are organized. Indeed, changes to
IR system evaluation methodology need to be correctly supported by organiza-
tional, hardware, and software infrastructure which allow for the management,
search, access, curation, enrichment, and citation of the scientific data produced.

Such changes will also impact on the organizations which run the evaluation
campaigns, since they have not only to provide the infrastructure but also to
participate in the design and development of it. In fact, as highlighted by [8],
they should take a leadership role in developing a comprehensive strategy for the
preservation of digital data collections and drive the research community through
this process in order to improve the way of doing research. As a consequence,
the aim and the reach of an evaluation campaign would be widened because,
besides bringing research groups together and providing them with the means
for discussing and comparing their work, an evaluation campaign should also
take care of defining guiding principles, policies, best practices for making use
of the scientific data produced during the evaluation campaign itself.

3 Extending the Approach to IR Evaluation

As observed in the previous section, scientific data, their curation, enrichment,
and interpretation are essential components of scientific research. These issues
are better faced and framed in the wider context of the curation of scientific
data, which plays an important role in the systematic definition of an appropri-
ate methodology to manage and promote the use of data. The e-Science Data
Curation Report gives the following definition of data curation [11]: “the activity
of managing and promoting the use of data from its point of creation, to ensure
it is fit for contemporary purposes, and available for discovery and re-use. For
dynamic datasets this may mean continuous enrichment or updating to keep
it fit for purpose”. This definition implies that we have to take into considera-
tion the possibility of information enrichment of scientific data; this means that
we must archive and preserve scientific data so that experiments, records, and
observations will be available for future research, together with information on
provenance, curation, and citation of scientific data items. The benefits of this
approach include the growing involvement of scientists in international research
projects and forums and increased interest in comparative research activities.
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There are many reasons why the preservation of the data resulting from an eval-
uation campaign is important, for example: the re-use of data for new research,
including collection-based research to generate new science; retention of unique
observational data which is impossible to re-create; retention of expensively gen-
erated data which is cheaper to maintain than to re-generate; enhancement of
existing data available for research projects; validation of published research re-
sults. However, it should be remembered that the Cranfield methodology was
developed to create comparable experiments and evaluate the performances of IR
systems rather than to model, manage, and curate the scientific data produced
during an evaluation campaign.

In the following sections, we discuss some key points to be taken into consid-
eration when extending the current evaluation methodology in order to give
evaluation campaigns a leadership role in driving research on IR evaluation
methodologies.

3.1 Conceptual Model and Metadata

If we consider the definition of experimental collection, it does not take into
consideration any kind of conceptual model, neither the experimental collection
as a whole nor its constituent parts. In contrast, the information space implied
by an evaluation campaign needs an appropriate conceptual model which takes
into consideration and describes all the entities involved by the evaluation cam-
paign. In fact, an appropriate conceptual model is the necessary basis to make
the scientific data produced during the evaluation an active part of all those in-
formation enrichments, as data provenance and citation. The conceptual model
can also be translated into an appropriate logical model in order to manage
the information of an evaluation campaign by using a robust data management
technology. Finally, from this conceptual model we can also derive appropriate
data formats for exchanging information among organizers and participants.

Moreover, [12] points out that “metadata descriptions are as important as
the data values in providing meaning to the data, and thereby enabling sharing
and potential future useful access”. Since there is no conceptual model for an
experimental collection, metadata schemes for describing it are also lacking.
Consider that there are almost no metadata:

– which describe a collection of documents D; useful metadata would con-
cern, at least, the creator, the creation date, a description, the context the
collection refers to, and how the collection has been created;

– about the topics T ; useful metadata would regard the creators and the cre-
ation date, how the creation process has taken place, if there were any issues,
what the documents the creators have found relevant for a given topic are,
and so on;

– which describe the relevance judgements J ; examples of such metadata con-
cern creators and the creation date, what were the criteria which led the
creation of the relevance judgements, what problems have been faced by the
assessors when dealing with difficult topics.
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The situation is a little bit less problematic when it comes to experiments for
which some kind of metadata may be collected, such as which topic fields were
used to create the query, whether the query was automatically or manually con-
structed from the topics and, in some tracks of TREC, some information about
the hardware used to run the experiments. Nevertheless, a better description of
the experiments could be achieved if we take into consideration what retrieval
model was applied, what algorithms and techniques were adopted, what kind of
stop word removal and/or stemming was performed, what tunings were carried
out.

A good attempt in this direction is the Reliable Information Access (RIA)
Workshop [13], organized by the US National Institute of Standards and
Technology (NIST) in 2003, where an in-depth study and failure analysis of the
conducted experiments were performed and valuable information about them
was collected. However, the existence of a commonly agreed conceptual model
and metadata schemas would have helped in defining and gathering the infor-
mation to be kept.

Similar considerations hold also for the performance measurements, the de-
scriptive statistics, and the statistical analyses which are not explicitly modeled
and for which no metadata schema is defined. It would be useful to define at
least the metadata that are necessary to describe which software and which
version of the software were used to compute a performance measure, which rel-
evance judgements were used to compute a performance measure, and when the
performance measure was computed. Similar metadata could be useful also for
descriptive statistics and statistical analyses.

3.2 Unique Identification Mechanism

The lack of a conceptual model causes another relevant consequence: there is no
common mechanism to uniquely identify the different digital objects involved
in an evaluation campaign, i.e. there is no way to uniquely identify and refer-
ence collections of documents, topics, relevance judgements, experiments, and
statistical analyses.

The absence of a mechanism to uniquely identify and reference the digital
objects of an evaluation campaign prevent us from directly citing those digital
objects. Indeed, as recognized by [11], the possibility of citing scientific data and
their further elaboration is an effective way of making scientists and researchers
an active part of the digital curation process. Moreover, this opportunity would
strengthen the passing from data to wisdom, discussed in Section 2, because
experimental collections and experiments would become citable and accessible
just like any other item in the reference list of a paper.

Over the past years, various syntaxes, mechanisms, and systems have been
developed to provide unique identifiers for digital objects, among them the fol-
lowing are candidates to be adopted in the unique identification of the dif-
ferent digital objects involved in an evaluation campaign: Uniform Resource
Identifier (URI) [14], Digital Object Identifier (DOI) [15], OpenURL [16], and
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Persistent URL (PURL)4. An important aspect of all the identification mech-
anisms described above is that all of them provide facilities for resolving the
identifiers. This means that all those mechanisms enable a direct access to each
identified digital object starting from its identifier, in this way giving an inter-
ested researcher direct access to the referenced digital object together with all
the information concerning it.

The DOI constitutes a valuable possibility for identifying and referencing the
digital objects of an evaluation campaign, since there have already been success-
ful attempts to apply it to scientific data and it makes possible the association
of metadata with the identified digital objects [17,18].

3.3 Statistical Analyses

[19] points out that in order to evaluate retrieval performances, we need not only
an experimental collection and measures for quantifying retrieval performances,
but also a statistical methodology for judging whether measured differences be-
tween retrieval methods can be considered statistically significant.

To address this issue, evaluation campaigns have traditionally supported and
carried out statistical analyses, which provide participants with an overview anal-
ysis of the submitted experiments. Furthermore, participants may conduct sta-
tistical analyses on their own experiments by using either ad-hoc packages, such
as IR-STAT-PAK5, or generally available software tools with statistical analysis
capabilities, like R6, SPSS7, or MATLAB8. However, the choice of whether to
perform a statical analysis or not is left up to each participant who may even
not have all the skills and resources needed to perform such analyses. More-
over, when participants perform statistical analyses using their own tools, the
comparability among these analyses could not be fully granted, in fact, different
statistical tests can be employed to analyze the data, or different choices and
approximations for the various parameters of the same statistical test can be
made.

In developing an infrastructure for improving the support given to participants
by an evaluation campaign, it could be advisable to add some form of support
and guide to participants for adopting a more uniform way of performing sta-
tistical analyses on their own experiments. If this support is added, participants
can not only benefit from standard experimental collections which make their
experiments comparable, but they can also exploit standard tools for the anal-
ysis of the experimental results, which would make the analysis and assessment
of their experiments comparable too.

As recalled in Section 2, scientific data, their enrichment and interpretation
are essential components of scientific research. The Cranfield methodology traces

4 http://purl.oclc.org/
5 http://users.cs.dal.ca/∼jamie/pubs/IRSP-overview.html
6 http://www.r-project.org/
7 http://www.spss.com/
8 http://www.mathworks.com/
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out how these scientific data have to be produced, while the statistical analy-
sis of experiments provides the means for further elaborating and interpreting
the experimental results. Nevertheless, the current methodologies do not require
any particular coordination or synchronization between the basic scientific data
and the analyses on them, which are treated as almost separate items. However,
researchers would greatly benefit from an integrated vision of them, where the
access to a scientific data item could also offer the possibility of retrieving all
the analyses and interpretations on it. Furthermore, it should be possible to en-
rich the basic scientific data in an incremental way, progressively adding further
analyses and interpretations on them.

3.4 IR Evaluation and Digital Library Systems

We consider all the abovementioned key points as requirements that should be
taken into account when designing an evaluation campaign which will take on a
twofold role. Firstly, an evaluation campaign aims at promoting research in the
IR field by highlighting valuable areas which need to be explored and by offering
the means for conducting, comparing, and discussing experiments. Secondly,
an evaluation campaign has to make the management and the curation of the
produced scientific data an integral part of the IR research process. Therefore,
an evaluation campaign has to provide guidelines, best practices, conceptual and
logical models for data representation and exchange, preservation and curation
of the produced scientific data, and support for passing through the whole DIKW
hierarchy.

As a consequence, an evaluation campaign has to provide a software infras-
tructure suitable for carrying out this second new role. In this context, DLSs
are the natural choice for managing, making accessible, citing, curating, enrich-
ing, and preserving all the information resources produced during an evaluation
campaign. Indeed, [5] points out how information enrichment should be one
of the activities supported by a DLS and, among the different kinds of them,
considers provenance as “important in judging the quality and applicability of
information for a given use and for determining when changes at sources require
revising derived information”. In addition, [5] observes that citation, intended
as the possibility of explicitly mentioning and making references to portions of a
given digital object, should also be part of the information enrichment strategies
supported by a DLS.

In addition, the evaluation of complex systems, such as a DLS, is a non trivial
issue which should analyze different aspects, among which: architecture, infor-
mation access and extraction capabilities, management of multimedia content,
interaction with users, and so on [20]. Since there are so many aspects to take
into consideration, a DLS, which is used as an infrastructure for an evaluation
campaign, should be constituted by different and cooperating services, each one
focused on supporting the evaluation of one of the aspects mentioned above. This
approach to the design of such DLSs is coherent with the guidelines proposed
in [5], who traces out the service-based design as one of the key points in the
scientific development of DLSs.
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In conclusion, DLSs can act as the systems of choice to support evaluation
campaigns in making a step forward; they are able to both address the key points
highlighted above and provide a more mature way of dealing with the scientific
data produced during the IR experimental evaluation.

4 Conclusion

This study has addressed the methodology currently adopted for the experi-
mental evaluation in the IR field, and it has proposed extending it to include a
proper management, curation, archiving, and enrichment of the scientific data
that are produced while conducting an experimental evaluation in the context
of evaluation campaigns. We described the approach for maintaining in a DLS
the scientific output of an evaluation campaign, in order to ensure long-term
preservation, curation of data, and accessibility over time both by humans and
automatic systems. The aim is to create a large-scale Digital Library (DL) of
scientific data which supports services for the creation, interpretation and use of
multidisciplinary and multilingual digital content.
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Abstract. This study addresses the lack of an adequate test collection
that can be used to evaluate search systems that exploit annotations to
increase the retrieval effectiveness of an information search tool. In par-
ticular, a new approach is proposed that enables the automatic creation
of multiple test collections without human effort. This approach takes
advantage of the human relevance assessments contained in an already
existing test collection and it introduces content-level annotations in that
collection.

1 Introduction

The topic of annotations is focusing researchers’ attention in both the Digital
Library (DL) and Information Retrieval (IR) fields. In DLs, annotations are used
to facilitate cooperation between users [1], to enrich the content of documents
or to easily describe documents in media different from plain text, like video
or audio. In IR, new and better algorithms which aim to improve the system
retrieval effectiveness using annotations has been proposed. In fact, annotations
offer an interesting opportunity to improve the retrieval performance: the addi-
tional information contained in the annotations and the hypertext which con-
nects annotations to documents enable the definition of search strategies which
merge multiple sources of evidence in order to increase the system effectiveness.
In this perspective, two approaches have been proposed in [2] and [3]. The for-
mer presents a theoretical model and discusses how it exploits annotations and
the hypertext that documents and annotations constitute in the retrieval pro-
cess. The latter exploits annotations as a rich source of evidence to augment the
content of each document with the content of its attached annotations.

The evaluation of the effectiveness of these approaches is a necessary step
that enables not only understanding of their effective performance but also, at a
more general level, confirmation that annotations can play an important role in
improving system effectiveness. In [2] the authors stressed that an obstacle to the
complete evaluation of these kinds of systems was the lack of an experimental
test collection. In [3] an effort in this direction has been made with the manual
creation of a small test collection that is used to evaluate their own approach.
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The greatest difficulty encountered by the author during the creation process was
the need to cope with limited resources for the relevance judgement creation.

The creation of an experimental test collection is a consolidated process in IR
and an overview of this process and related problems is given in [4]. Despite this,
when it comes to the creation of a test collection with annotated documents, the
problems which need to be addressed are demanding. To summarize, the creation
of a test collection with annotated documents requires the finding of a suitable
set of documents that have to satisfy required characteristics, the manual cre-
ation of the annotations over these documents, the creation of the topics contain-
ing the information that have to be searched and, finally, the evaluation of the
document relevance to each topic. Moreover, as we will discuss in greater detail
in Section 2, different views of the annotations can lead to the need for different
test collections; therefore a different approach to test collections creation would be
suitable to cope with this aspect. Instead of using the limited resources to obtain
human relevance assessments, an entirely automatic technique can be envisaged.
Therefore, the problem of setting an adequate experimental test-bed for search
algorithms which exploit annotations was addressed. A flexible strategy to create
test collections with annotated documents was identified that, starting from an
already existing test collection, brings to the surface the hidden work made by
the assessors during the creation of relevance assessments. An interesting feature
of this strategy is that it is not limited to the creation of a single test collection,
rather by using as a starting point collections with different characteristics, it al-
lows the creation of new collections with the same characteristics as the original
one (monolingual or multilingual, general or specialized). An initial proposal was
made in [5] and the progress was reported in [6].

The final aim of the research is to establish a framework reusable for the eval-
uation of different information search tools. This paper reports on the proposed
approach and the so called subtopic view of the graph that is the starting point for
a new algorithm, proposed in [7], which enables the construction of a less sparsely
annotated test collection that could be used to evaluate Information Retrieval Sys-
tems(IRSs) under different testing conditions. This paper and [7] can be consid-
ered complementary as they both report on the general approach of constructing a
test collection to be used for evaluating search tools that use annotations together
with the original documents to solve users information needs. To reach the objec-
tive of the study, Section 2 presents an introductory overview on the annotation
concepts. Section 3 reports on the adopted approach and Section 4 uses the ap-
proach to describe an algorithm that exploits relevance assessments to introduce
annotations in the original test collection. Section 5 discusses the obtained test
collection. Conclusions and future work are presented in Section 6.

2 Overview on Annotations

The concept of annotation is not limited to the action of a scholar who annotates
a text passage writing annotations as it is a rather more complex and multifaceted
concept; the concept has been addressed at length and an extensive study is [8].
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An intrinsic dualism exists in annotations. Are annotations a content enrich-
ment or are they stand-alone documents? If they simply enrich the content of the
original document, then the annotations can be merged to that document and then
annotation and document become an atomic document. The approach to the test
collection creation described in [3] adopted this view. As a result, annotations are
not autonomous entities, but rely on previously existing information resources to
justify their existence. The approach to retrieval adopted in [2] considers the anno-
tations as autonomous objects. Stand-alone annotations can be evaluated relevant
to a topic regardless to the document relevance. These two opposite approaches
stress how broad the concept of annotation can be and, as a consequence, how
hard it can be to build a test collection that enables the evaluation of systems that
use annotations.

An important characteristic of annotations is their heterogeneity. Annotations
over documents can be created at different times and by different authors each
with a different background. The user who annotates a document may know re-
cent information about the topic that the document author did not know. He may
disagree with the document content and might like to communicate his different
opinion. The author of the document can clarify or modify some text passage. This
heterogeneity is a key-point that allows a dynamic improvement in the content of
the document and by using this new information it is possible to better estimate
the relationship between documents and query, a feature which is so important in
document retrieval.

Summing up, the goal of the approach presented in the following Section is to
enable the creation of test collections that respect the different aspects of annota-
tions without the need for extensive human effort.

3 The Proposed Approach

3.1 Overview

When building a test collection from scratch finding a suitable set of documents,
creating the topics and evaluating the document relevance to each topic are re-
quired. All these tasks are not trivial [4] and need an accurate evaluation to avoid
the introduction of too many biases in the test collection. The task that we are go-
ing to address is even more difficult. The creation of annotations over the selected
documents is a very expensive practice. Moreover, it is not possible to use asses-
sors to create the annotations because, to maintain their heterogeneous nature, a
wide range of annotations written by different authors in different periods of time
would be needed. The pooling method is a consolidated practice that reduces as-
sessor effort during the creation of the relevance judgments. This method requires
the assessment of only a reduced number of document for each topic – i.e. 1000.The
pooling method relies on a certain number of experiments that are performed with
different Information Retrieval Systems (IRSs) but the number of systems that use
annotations is currently too small to allow the creation of a sufficient number of
experiments and this prevents us from using this method. Finally, if we were able
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to overcome these limitations the standard collection creation process would still
be expensive and time consuming.

Our approach avoids all these problems and proposes a different strategy that
involves the use of an already existing test collection as a starting point and the au-
tomatic construction of a parallel collection of related annotations. This strategy
has the following advantages:

1. it reduces the overall effort needed to create the test collection;
2. the results obtained evaluating systems with the new collection are comparable

with the previous results obtained on the original test collection; this allows
the direct performance comparison between systems that use annotations and
systems that do not use them;

3. it exploits the existing pool to deal with a sufficient number of experiments;
4. it allows the creation of multiple collections with different characteristics and

the consequent evaluation of the system behavior in different contexts.

The idea is to use as a starting point a test collection that contains documents
that are naturally separated in two or more different sets and to use the relevance
judgments of the human assessors to link documents that belong to different sets. If
document di and document âj were both judged relevant to the topic tz by a human
assessor then we know that these documents are put in relation by the content of
the topic. We then use the topic as the motivation for the document âj to annotate
the document di. In this way a set of annotated documents can be created whose
relevance to the topics has already been judged in the original test collection.

3.2 The Modelling

The starting test collection can be represented as a triple C = (D, T, J) where D is
the set of documents, T is the set of topics and J is the set of relevance assessments
defined as J = D × T × {0, 1} (binary relevance). The documents D of the chosen
test collection must be divisible in two disjoint sets, D1 and Â, where D = D1 ∪ Â
and D1 ∩ Â = ∅. We have conducted preliminary experiments where D1 were
newspaper articles and Â were agency news of the same year [5]. The annotated
collection is C′ = (D′

1, T, J), where D′
1 contains exactly the same documents as

D1 with the addition of annotations over these documents. Topics and relevance
assessments are exactly the same. In C′ we use a subset A of Â to annotate the
documents in D1, thus Â is the set of candidate annotations and A is the set of
actual annotations. The goal is then to find which candidate annotations can be
used to correctly annotate documents in D1 and create the annotation hypertext
over these documents. To identify these relationships we take advantage of the fact
that in C the topics are made over both D1 and Â (thus their relevance to each topic
has been judged): if in C both a candidate annotation and a document have been
judged relevant to the same topic then we infer that it is possible to annotate that
document with that candidate annotation. Referring to Figure 2, these couples
(document, annotation) are those connected by a two-edge path in the undirected
graphG1 = (V1, E1)where V1 = D1∪T ∪Â and E1 = (D1∪Â)×T . In G1 each edge
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represents a human assessment i.e. a path between annotation âj and document
di passing through topic tz means that a person assessed both âj and di relevant
to tz. This relevance property creates a path between documents and candidate
annotations that is used in Section 4 to introduce annotations in C′. The intuition
is that the strength of these paths allows the use of candidate annotations as real
annotations for connected documents and that these annotations reflect human
annotative behaviour.

The proposed approach respects the so called annotation constraint : each an-
notation can annotate one and only one document or annotation; this means that
each annotation is written for exactly one Digital Object (DO) but it can still be
linked to more DOs [2,8]. This constraint has been introduced to better simulate
the annotative behaviour of a user who usually writes an annotation only after
the reading of a specific DO. As a consequence of this constraint, the set of docu-
ments and annotations become a forest and it is possible, starting from an annota-
tion, to identify the root document of an annotation thread. Consider, for example,
Figure 1 where annotation a7 belongs to the tree rooted in d1 and note that this
would not be possible if a7 could annotate also a3. This constraint also has the
advantage of allowing the identification for each annotation, independently of its
depth, of a single root document.

4 Exploiting the Relevance Assessments to Annotate
Documents

Once graph G1 = (V1, E1) is given, the problem of matching a candidate anno-
tation with a suitable document can be addressed. The matches should respect
the annotation constraint that one annotation can annotate only one document.
This section describes an algorithm which makes use of the positive relevance as-
sessments to match a candidate annotation with a document. The first aim of the
algorithm is to match each candidate annotation with the most suitable document.
When more than one match is possible, the algorithm heuristically tends to choose
matches which maximize the number of annotated documents—indeed, maximiz-
ing the number of annotated documents is the second aim of the algorithm.
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The algorithm works in two phases. In the first phase it constructs a weighted
bipartite graph Gb on the basis of G1, i.e. the graph whose edges represent positive
relevance assessments. In the second phase the algorithm works on the weighted
bipartite graph Gb to properly match a candidate annotation with a document.

The construction of the weighted bipartite graph Gb = (Vb, Eb) is immediate:
the vertices of Gb are all the vertices of G1 which represent documents or candidate
annotations, that is Vb = D1∪Â, and an edge between candidate annotation â and
document d exists if and only if â and d have been judged relevant to at least one
common topic, that is t ∈ T exists such that edges â-t and t-d are in E1. Moreover,
a weight is assigned to each edge â-d in Eb, which gives the number of common
topics between â and d. These weights take account of the fact that when â and
d are assessed as relevant to more than one common topic at the same time, it is
reasonable to suppose that the bond between the candidate annotation â and the
document d will be strengthened. In Figure 2 simple examples of the construction
of Gb, starting from G1, are given.

Once Gb is constructed, the algorithm works only on Gb to properly match a
candidate annotation with a document. It is this second phase of the algorithm
that has the two aims described above. The first aim is that of matching the best
possible annotation with a document: this is done considering first the edges with
the highest weight. The second aim is that of trying to annotate the maximum
number of documents, once the best possible annotations have been considered.

The first aim is achieved by first analysing only the edges with the maximum
weight and using all of them to match candidate annotations with their suitable
documents. After all the edges with the maximum weight have been analysed, only
the edges of immediately lower weight are analysed and so on, until all the edges
with a positive weight have been analysed. In other words, the algorithm considers
each different layer of edge weight separately—the higher the layer, the higher the
quality of the matches. When a layerwith a certain weight is considered, only edges
with that specific weight are analysed.

The second aim, i.e. trying to annotate the maximum number of documents, is
achieved by the conceptual application, layer by layer, of two operators, Oconflicts
and Orandom. The first operator is applied to match a candidate annotation with a
document, and also has the task of resolving conflicts like those in Figure 3a, where
if â1 were matched with d2 it would no longer be possible to annotate document
d1, while the best choice is to match â1 with d1 and â2 to d2.
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Fig. 3. On the left example of a conflict, on the right example of a deadlock. Note that
all edges have the same weight w.

To avoid these conflicts operator Oconflicts first selects all the couples â-d for
which â can annotate only one document, like the couple â2-d2 in Figure 3a. Then
Oconflicts matches candidate annotations with documents in order to annotate the
maximum number of documents: for instance, in the case of Figure 3a, â1 will be
matched with d1, since d2 has already been annotated. Once an edge â-d is used in
a match, it is marked with the negative weight −1, and all the other edges which
are incident with the same candidate annotation â are deleted from the graph and
no longer considered. Oconflicts is iterated until it resolves all possible conflicts.
However, in some cases Oconflicts cannot find a match, since no preferable match
is suggested by the topology of the graph. This occurs, for instance, when a kind
of deadlock exists (see Figure 3b).

In this case an operator Orandom is applied, which randomly selects one of the
possible matches between a candidate annotation and a document. As usual, when
a match, that is an edge â-d, is selected, that edge is marked with the negative
weight −1, and all the other edges which are incident with â are deleted. The al-
gorithm applies iteratively Oconflicts and Orandom operators until all the edges
with the weight under consideration have been examined. Then a lower weight is
examined and so on, until all positive weights have been examined.

Finally, edges marked with the negative weight −1 give the desired matches of
candidate annotations with documents.

In figure 4 one possible solution of a deadlock problem is proposed. There are
four equiprobable edges and if Oconflicts cannot match any annotation to docu-
ment then Orandom is applied and deletes one edge with probability 0.25. In the
example, after the deletion of edge d1 − â2, it is possible to annotate d2 with an-
notation â2. In the next execution step Oconflicts is reapplied that now can match
â1 with d1, and not â1 with d2 because d2 with respect to d1 is already annotated.
Note that by applying Orandom it is no longer possible to find a unique solution to
the matching problem, but this is not relevant with respect to our aim of finding
the maximum number of matches.

5 Discussion

The proposed approach is completely automated and allows the creation of a test
collection containing a number of documents equal to the cardinality of D and
a certain number of annotations over these documents. The number of topics is
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Fig. 4. Example of application of O operators

equal to the cardinality of T while the number of annotations depends on the struc-
ture of the graph Gb. Because the graph Gb is build starting from the relevance
assessments, it is clear that the number of annotations that this method can intro-
duce strongly depends on the number and distribution of relevance assessments.
In this way it is possible to match only the annotations that are assessed relevant
to at least one topic. This relationship causes that number to slightly change us-
ing different collections and we can state that the test collection obtained with
the method presented in Section 4 can be used to simulate a collection with a lim-
ited number of annotations with respect to the number of documents. From the
point of view of the evaluation, this result is already a good starting point that
should enable an initial evaluation of the change in effectiveness of IRSs that use
annotations.

The previous algorithm cannot decide anything about candidate annotations
that are still in the pool but are not relevant to any topic, because, for construc-
tion, in graph G1 they are not connected to any topic. Despite this, in the original
collection there still exists a certain number of candidate annotations that could
be correctly used to annotate documents in D. This Section presents a practical
justification for their existence. The idea is to build the graph using not only the
relevance assessments but also all the information contained in the original test
collection, like the information on the documents that entered the pool, the con-
tent of both documents and annotations, and, if they exist, metadata about the
documents.

We define A2 as the set of effective annotations identified with the previous al-
gorithm and E2 as the edges incident to A2. We define G2 = G(V/A2, E/E2)
where G2 is the graph obtained using the whole pool for each topic in the origi-
nal collection and removing, due to the annotation constraint, all the candidate
annotations already matched. In this new graph we have, for each topic, a set of
documents and annotations that are no longer judged relevant to the topic, since
those relevant were already assigned by the previous algorithm, but that are still
valuable. Consider the graph that represents all documents of G2 inserted in the
pool for a single topic. It is possible to group the vertex of the graph in subsets on
the basis of the document contents. For each subset a new topic is ideally created.
These new topics are called subtopic S1, S2, . . . , Sk. The attention is no longer fo-
cused on the relevance of documents or annotations to the original topic – since we
know by construction that it is not possible – but is focused on finding the couples
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Fig. 5. Subtopic creation

(document, annotation) that are somehow relevant to the same subtopic, like
(d1, â1) and (d2, â1) in Figure 5.

The following example from a CLEF1 collection can help to better understand
the concept of subtopic. The original topic t is about “Alberto Tomba’s skiing vic-
tories”. The IRSs used to create the pool with the pooling method introduced in the
pool for this topic not only relevant documents but also not relevant ones. These
not relevant documents can be grouped on the basis of their content in subtopics
like “Documents about skiing competitions where Alberto Tomba does not partic-
ipates” (S1), “Documents about skiing competitions where Alberto Tomba par-
ticipates without winning” (S2) or ‘Documents about the social life of Alberto
Tomba” (S3).

It would be useful to find the documents di ∈ D, âj ∈ Â where both di and
âj are incident to the same subtopic Sk. Then the candidate annotations âj could
be used to correctly annotate documents di. It is important to stress that the goal
is not to identify these subtopics, but to find documents that belong to the same
cluster. The existence of these subtopics can be used as a practical justification for
the algorithm proposed in [7]. Clearly, it is not trivial to find documents and anno-
tations relevant to the same subtopic without knowing these subtopics and to this
aim the previous algorithm cannot be used because it relies on human assessments
that simply do not exist for subtopics.

6 Conclusions and Future Work

In this paper we pointed out the lack of adequate test collections as the main cause
for the incomplete evaluation of IRSs that use annotations to increase system ef-
fectiveness. A new and completely automated approach to the creation of nec-
essary test collections has been proposed. The approach is based on an already
existing test collection, without annotations, and automatically adds annotations
to the collection documents. The reliability of the created test collection is based on
the reliability of relevance assessments made by human assessors and hence it has
the same quality as the original test collection. The approach is not confined to the
creation of a single test collection, but it can be used to create different test col-
lections with different characteristics. The natural continuation of this work is the
evaluation of existing systems with the final aim of understanding whether or not
the annotations can play an important role in increasing the IRSs effectiveness.
1 http://www.clef-campaign.org/
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Abstract. We describe an expert evaluation for user requirement elicitation of 
an annotation system  - The Digital Library Annotation Service, DiLAS, that 
facilitates collaborative information access and sharing. An analytical 
evaluation was conducted as a Participatory Group Evaluation, which involved 
presentation beyond the written papers of the objectives and rationale behind 
the development of the prototype. The empirical evaluation of DiLAS consisted 
of two experiments. The first evaluation experiment was a bottom up evaluation 
of the usability of the interface using a qualitative approach. The second stage 
of our evaluation moved towards a broader work context with a User and Work 
Centred Evaluation involving an entire, collaborative task situation, which 
required knowledge sharing on a common real life work task. This paper 
describes a first evaluation stage in an iterative evaluation process, and the 
preliminary result is a set of requirements that will inform the next stage of the 
DiLAS. 

Keywords: Collaborative Knowledge Sharing, Evaluation, Work Task, 
Annotation, Design, Usability, Requirement Elicitation. 

1   Introduction 

Most contemporary digital libraries are repositories of information items whose 
contents can be searched or browsed by the user. However, when the users’ activity is 
part of a larger problem solving or work process, searching and browsing of 
repositories is often not sufficient, since complex problem solving tasks often requires 
collaboration and sharing of knowledge with other users. Accordingly, a digital 
library should actively support activities such as collaboration and communication 
among users through implementing particular facilities and services to improve 
collaborative knowledge creation and sharing during work.  

A digital library can support problem solving and work tasks in many different 
ways and one such facility for an active support of collaboration, communication and 
knowledge sharing in digital libraries is the availability of annotation functions. An 

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



178 P. Hansen, A.M. Pejtersen, and H. Albrechtsen 

annotation functions may allow the users to collaborate naturally without loosing 
support from the digital library. Furthermore, it may also provide the users with the 
option of managing annotations across different digital libraries, i.e. independently of 
a particular digital library.  

A more in-depth understanding of different user and task-related aspects such as 
domain and task knowledge and user-related experience and preferences of the use of 
the annotation system for collaborative information sharing through empirical 
investigation is needed. User requirement elicitation is usually performed prior to the 
main design phase, or at least in the beginning stages if the design of a prototype 
version of a system or a system component. An empirical user requirement elicitation 
and evaluation of DiLAS prototypes with user and with work-tasks studies in focus, 
will therefore inform the design as an ongoing, iterative process, concurrently with 
the development of the next prototypes in response to the users’ evaluations of each 
new design. The DiLAS prototype will be developed as an iterative process using a 
participatory design and evaluation process with the participation of users, 
developers, designers and evaluators. 

This paper describes a first evaluation stage in a iterative evaluation process, and 
the results should be considered as preliminary and as a first part that will be 
concluded by a future end-user evaluation The result is a set of requirements that will 
inform the next stage of the DiLAS. 

2   Digital Libraries and Annotations 

2.1   Annotations 

Annotations [e.g. 1, 2, 3, 4, 5 and 6] may be considered as a more or less structured 
interactive user input to a document or a set of documents. This input could be in 
different forms and is considered as new content of the digital library. In a Digital 
Library, this annotation may be done by the author of the content or by any other 
person using the digital library, driven by a number of different motivations. 
Annotations gives explanations, comments and even personal remarks to a certain 
document or specific section or sentence and word. Annotation work can also be more 
or less structured user information on a research topic for which documents are 
searched and annotations are made. Constructing or answering annotations are not an 
isolated task; on the contrary, it is embedded in the work task and therefore the 
construction of an annotation not be separated from the actual task at hand.  

Two examples of systems that have developed annotation functionality are: 
Collate, a Collaboratory for Annotation, Indexing and Retrieval of Digitized 
Historical Archive Material1, that has a collaborative annotation function similar to 
DiLAS. The model for knowledge sharing of annotation content has been adopted 
from linguistic discourse theories [7, 8 and 9]. The second example is taken from 
empirical analysis of the role of annotations within a large worldwide software 
company. The project was about studying collaborative aspects of a combined 
recommendation and annotation tool. The goal was to enhance a business system with 
a tool for more effective collaboration and cooperation within a specific work-group 
                                                           
1 www.collate.de 
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such as assigning and searching for experts and knowledgeable people. The purpose 
was to collect data on: potential expert users: characteristics and needs; different 
tasks: goals, workflows, current practices, etc. [10 and 11]. 

2.2   Collaborations and Information Sharing 

In order to establish and implement a networked and distributed collaborative 
annotation system, it is necessary to investigate how the interaction of sharing 
knowledge on documents and knowledge on work tasks can be facilitated. The 
sharing of information and collaboration between users is performed in a distributed 
environment with users that have different domain and task knowledge and different 
experiences and preferences as well as different social and cultural backgrounds. A 
more in-depth understanding of these user and task-related aspects of the annotation 
system for collaborative information sharing are needed through empirical studies. 
Furthermore, one prevailing assumption is that information access activities are 
viewed as an individual activity and that people are acting in isolation. Sharing and 
handling information in digital libraries can actually lead to social activities [12] is 
described and [13] discusses sharing information and sharing search results within 
group situations at four levels: sharing results with other members of a team; self-
initiated broadcasting of interesting information; acting as a consultant and handling 
search requests made by others; and archiving potentially useful information into 
group repositories. A set of data collection methods used in a real life work setting 
investigating the information seeking and retrieval processes performed by patent 
engineers is described in [11]. Some results were that the patent engineers were 
involved in activities such as collaboration related to internal or external activities and 
related to individual or group related activities. The importance of providing support 
for people when searching information systems is reported in [14]. Two case studies 
were conducted involving engineers and the authors found that people searched for 
documents to find people and searched for people to obtain documents. Furthermore, 
they interacted socially to acquire information without engaging in any explicit search 
activity. It is necessary to consider that there is a need to consult people with specific 
competencies and experiences. These findings provide further knowledge on that 
people do engage in collaborative information seeking and retrieval activities.  

2.3   DL Systems and Evaluation  

In a model of a DL that includes annotation facilities, the system is not only used as a 
information retrieval and storage device, but can more be described as a collaborative 
and sharing environment, which is intended to support a more dynamic usage of 
digital assets by providing annotation functionality. In general, there are 2 types of 
evaluation approaches that may be applied in a design process: the formative and the 
summative evaluation approach. The former evaluation approach involves a close 
cooperation with the design process in order e.g. to check that the ideas applied are 
still working with focus on usability and usefulness during the design process. The 
summative approach is generally product-oriented and is applied in the end of a 
project when a product has been developed. The evaluation of the DiLAS annotation 
system will be performed as a formative user-centered evaluation. By definition,  
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user-centered design techniques focus on potential users and their characteristics, their 
tasks, and their environment whose work is to be supported by an application. This 
means that functional requirements will be developed based on the user’s viewpoint 
and are referred as user requirements.  

Heuristic evaluation [15] enables the evaluators to detect usability problems in an 
interface based on screen mock-ups or a running system. Heuristic evaluation 
recommends that a small group of evaluators inspect the system. In addition, Nielsen 
has found that the effectiveness of heuristic evaluation can be substantially improved 
by having usability specialists as evaluators. Cognitive Walkthrough [16) usually 
involves the simulation of a user’s problem-solving process in a human-computer 
dialog. Cognitive Walkthrough belongs to a group of usability inspection methods, 
and is more oriented towards evaluation of an interface, but may also highlight larger 
issues such as how to support user tasks on the functionality level [17]. The goal is to 
detect problems early in the design process so that they may be attended to in good 
time. Cognitive Walkthrough is a structured and systematic usability inspection 
method in contrast to for example to heuristic evaluation methods. Walkthroughs of 
software code follow a standard procedure with a sequence of actions for checking up 
on particular characteristics and conventions for the code. One important aspect of a 
Cognitive Walkthrough is the development of a scenario [17] description. Such a 
scenario may be divided into a sequence of subtasks and actions to be followed. In 
this way, Cognitive Walkthrough is usually scenario-driven and is ultimately aimed to 
answer questions about utility and usability of the functionality and design 
components. Participatory design originated in Scandinavia in the 1970s as an 
approach to involving users directly into the design of information systems [18 and 
19]. Participatory Design differs from the related approach of user-centered design in 
that Participatory Design is design by users, whereas user-centered design is for users 
[20]. Participatory Evaluation emphasises the relationship and mutual understanding 
between the actors in the design process, i.e. between the designers and the 
prospective users, as well as the designers’ and users’ individual and inter-subjective 
reflections about the design process. The evaluators’ role is to some degree an 
instrumental one: to understand the users’ needs (through field studies and field 
experiments) and the developers’ ideas and constraints for design. Pejtersen & 
Rasmussen’s work-based evaluation framework [21] attaches primary importance to 
evaluation of the match between what the system provides and what users need. 

In conclusion, it is important to be aware that it is rare for an evaluation or design 
process to adopt only one method. It is usually a combination of several different 
methods and evaluation techniques. This is also what is reported in this study.  

3   Digital Library Annotations System - DiLAS 

The overall goal of DELOS project is to contribute to the development of services for 
social infrastructures in digital libraries, in terms of services for users’ knowledge 
creation, knowledge sharing and interactive communication. The DiLAS Annotation 
Service has been integrated into DAFFODIL2 and MADCOW [22]. The DiLAS 

                                                           
2 www.daffodil.de/ 
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prototype1 is developed as an add-on facility to the agent-based Daffodil front-end 
and the MADCOW interface. Daffodil (Distributed Agents for User-Friendly Access 
of Digital Libraries [4] is targeted at the support of the digital library life cycle. 
Besides publications, users can access and manage relevant conferences, journals and 
also persons and can be extended with new functionality and services. MADCOW 
(Multimedia Annotation of Digital Content Over the Web) is the only system that 
has the functionality of searching annotations, and this function that is accessible in 
DiLAS. As the design of MADCOW separates platform-independent from platform 
specific components, it can be implemented as an integration of different browsers 
(on the client side) and different web servers (on the server side).  

In the first stage The DiLAS prototype 1 will serve individual and collaborative 
work in the Computer Science and Information Science area. For example, the 
following work tasks may be supported by an annotation functionality: a) writing a 
thesis and organize relevant literature (summaries and comments); b) collaboratively 
prepare a submission of a project proposal; and c) reviewing articles. The annotation 
system of the digital library becomes an open and dynamic work environment. The 
users are free to choose their own communicative discourse during knowledge sharing 
activities within the digital library.  

DiLAS is designed as a new functionality embedded in the Daffodil system’s 
services. The following gives a short description of the interface actions that the user 
can perform: 

a) Creating and Viewing Annotations;  
b)  Save annotations in folders;  
c) Browse annotations;  
d) Make relationships among annotations;  
e) List annotations;  
f) Modify and delete annotations; and  
g) Search annotations. 

4   Evaluation Methodology 

The DiLAS evaluation will investigate how well the prototype can encourage the 
users’ collaboration through annotation as well as their individual and joint 
contributions to the content of a digital library. It will also guide the implementation 
of modifications to the interface and annotation functions of the DiLAS Prototype 1 
and will investigate: 

i) the annotation facilities and how users can get access to these facilities;  
ii) how well the users can understand the interface of the prototype; 
iii) requirements for modification, based on the results from the evaluation 

experiments.  

The evaluation builds on a formative work and user-centered evaluation and a 
general conceptual framework for the user-centered design process will guide the 
work: (figure 1): 
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Fig. 1. General conceptual framework of design stages for DiLAS 

4.1   Three Evaluation Experiments with DiLAS 

For this purpose, three different methods are applied in three distinct experiments:  

• A Cognitive Walkthrough  
• A Participatory Group Evaluation,  
• An evaluation of DiLAS annotations in collaborative work  

 

The first experiment was a bottom up evaluation that began at the elementary level 
with an evaluation of the readability of the interface to test if the interface information 
was understandable. It moved on to a top down evaluation of the overall DiLAS 
design objectives and their implementation in the DiLAS prototype 1 and the 
developers’ plans for the development of a richer functionality in the forthcoming 
DiLAS prototypes. Finally, the evaluation moved towards the broader work context 
with an evaluation involving an entire, collaborative task situation.  

 

Experiment 1: Cognitive Walkthrough of DILAS 1 
The Cognitive Walkthrough of the prototype was without any formal evaluation 
format, it was documented by use of a free form of writing down observations as the 
task progressed. The focus of the Cognitive Walk Through was on the sequence of 
actions that the user interface required the user to perform in order to accomplish the 
user's task. The user did not have a description of the DiLAS prototype, since an 
actual complete description of the interface of the prototype does not exist yet. The 
user went through the steps of actions to take and encountered problems and made 
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observations that were written down. Some examples of sequences of action and 
observations are described below.  

 
Experiment 2: Participatory Group Evaluation of DiLAS  
The second evaluation experiment was to learn what DiLAS was really about and to 
be informed about the developers’ design rationale concerning functionality and 
interface displays by the expert system developer. There were four participants in this 
evaluation. The participatory group evaluation took place during the first day of the 
collaborative evaluation workshop that took place in Copenhagen in May 2006. The 
developer presented slides, which was followed by a demonstration of a running 
DiLAS prototype along with a discussion with the evaluators.  

 
Experiment 3: Evaluation of DiLAS Annotations in collaborative work  
The evaluation was based on a realistic work situation for the collaborating 
evaluators. There was no discussion of planning of search or tactics and strategies, 
and after conducting the searches and creating annotations, the group gathered to 
share their experiences with use of the annotation function of DiLAS, to discuss their 
different proposals for new requirements and finally reach a consensus. The common 
work task that the expert evaluators chose to work with together was their own work 
on the evaluation of DiLAS prototype 1.  

The task used in this experiment was to search for literature on annotation tools in 
a collaborative way, since it was necessary to have a chapter in the final report on 
related work. The evaluators used three strategies:  

- Evaluator #1: defining the research and development context of the DiLAS 
Annotation.  

- Evaluator #2 decided to perform a subject search on creation of annotations 
- Evaluator #3 chose to search only on the subject term of annotation  

All three evaluators used paper to record their searches and the process of 
annotations. They also recorded the problems they encountered during their use of 
DiLAS. The problems they identified were often followed by ideas for new 
requirements to the next DiLAS prototype.  

5   Results 

The 1st experiment using a Cognitive Walkthrough was applied to determine the 
possibilities and problems that a users may encounter when using the DiLAS 
prototype. Together with experiment number two (A Participatory Group Evaluation), 
which involved presentation of the design rationale and reflections behind the 
development of the prototype, the experiments revealed some comprehensive insight 
into The DiLAS Prototype: 

- Create Annotations. It becomes particularly important to make sure that 
different users easily and successfully could create annotations in an easy 
way. 
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- Create a specific category of annotation. It will be necessary to investigate 
whether the present categories corresponds to the users’ cognitive activities 
and their way of thinking about their annotations.   

- New perspectives on annotations. Annotations can have new, unpredicted 
functions. As the annotations can be applied as the users’ own representation 
of the document contents, they can also function as another kind of 
representations of documents, which can support the user’s subject access to 
information 

 

The third experiment resulted in a set of requirements. The requirements mainly 
deal with the users' tasks and extended functionality or new functions that address the 
need for a more comprehensive support of the collaborative function and the 
integrated nature of the information retrieval task, the annotation task and the real life 
work task in which the annotation tasks are undertaken as part of an ongoing 
collaborative process. The short-term requirements that are listed below are those 
changes that the evaluators proposed to be implemented before the final and 
upcoming end user evaluation.  

The list of all short-term requirements were grouped according the following main 
functions: 1) Search and retrieve annotations; 2) Create annotations; 3) Modify and 
delete annotations; 4) List annotations; and 5) Browse Annotations. The following 
example of short-term requirements relates to collaborative work: 

 

Access levels. In more complex and distributed environment, it may be necessary to 
have different access levels. Depending on the role you have in a group, you may be 
able to access a specific set of information. The different levels may be related to: a) 
Global level; b) Organisational level; c) Group level; and d) Individual level 

Access to the create annotation function. Create new annotation button should be 
visible, accessible and active all the time. The CREATE function should support: a) 
Create an annotation (present); b) Creating a folder for set of people working and 
having access to that folder (authority functionality); c) Create a communication 
channel such as opening an e-mail or chat programme; and d) Create a working 
document for which a person can keep track on the annotations made  

On-line/Off-line Collaboration. The assumption of DiLAS prototype 1 is that the 
group work is taking place off-line and that it is asynchronous, which means that 
when a person has a need for information, the person will search DiLAS to find a 
known item and/or using free text for a subject matter search, and then make an 
annotation when it is felt to be suitable. However, the task performance of our group 
showed that the assumptions about collaboration behind DiLAS are too limited, when 
it comes to online, synchronous group work where the simultaneous and dynamic 
creation and sharing of the new knowledge is a must. It is necessary for a group 
working together to create a common workspace. The workspace needs to have 
different authority levels and access mechanisms depending on the status of the 
collaborators. There should be functionalities supporting people within a group to 
create: a) Documents (object) to work on; b) Creating new material (support for 
knowledge creation); and c) Ways of sharing information and knowledge. It should be 
possible to notify collaborating users about an annotation that is related to a common 
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task. This is relevant for all kinds of annotations, including those that are authored by 
other users, and which are found to be relevant for the common task. 

6   Conclusion 

The main topic of this paper is the initial evaluation and (re)design requirements to 
the first DiLAS prototype. The result was an extensive list of short-term requirements 
and as well as a long-term requirements (not reported here). In this paper we 
presented and discussed the short-term list. Short-term requirements are absolutely 
necessary to implement before the end user evaluation within a minimum of 
functions. A new design of a DiLAS prototype 2 based on the short-term 
requirements are already in place together with a planning of a larger evaluation 
experiment with non-expert end users. DiLAS is, in its present phase, focused on 
textual annotations made by users. However, it is the future goal to offer access for 
users to annotate several types of digital objects managed by Daffodil/MADCOW 
besides the current possibility for annotation of documents. It is also the future plan 
for DiLAS to distinguish between levels of access to annotations, in terms of public, 
shared and private annotations. Presently, all annotations are public. Likewise, the 
developers of DiLAS plan to create support for discussions between users through 
shared and nested annotations. 
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Abstract. Evaluating the effectiveness of XML retrieval requires building test
collections where the evaluation paradigms are provided according to criteria that
take into account structural aspects. The INitiative for the Evaluation of XML
retrieval (INEX) was set up in 2002, and aimed to establish an infrastructure and
to provide means, in the form of large test collections and appropriate scoring
methods, for evaluating the effectiveness of content-oriented XML retrieval. This
paper describes the evaluation methodology developed in INEX, with particular
focus on how evaluation metrics and the notion of relevance are treated.

1 Introduction

The continuous growth in XML information repositories has been matched by increas-
ing efforts in the development of XML retrieval systems, in large part aiming at sup-
porting content-oriented XML retrieval. These systems exploit the available structural
information in documents, as marked up in XML, in order to implement a more fo-
cussed retrieval strategy and return document components – the so-called XML elements
– instead of complete documents in response to a user query. This focussed retrieval ap-
proach is of particular benefit for information repositories containing long documents,
or documents covering a wide variety of topics (e.g. books, user manuals, legal docu-
ments), where users’ effort to locate relevant content can be reduced by directing them
to the most relevant parts of these documents. As the number of XML retrieval systems
increases, so does the need to evaluate their effectiveness.

The predominant approach to evaluate system retrieval effectiveness is with the use
of test collections constructed specifically for that purpose. A test collection usually
consists of a set of documents, user requests usually referred to as topics, and rele-
vance assessments which specify the set of "right answers" for the user requests. Tra-
ditional IR test collections and methodology, however, cannot directly be applied to the
evaluation of content-oriented XML retrieval as they do not consider structure. This
is because they focus mainly on the evaluation of IR systems that treat documents as
independent and well-distinguishable separate units of approximately equal size. Since
content-oriented XML retrieval allows for document components to be retrieved, mul-
tiple elements from the same document can hardly be viewed as independent units.
When allowing for the retrieval of arbitrary elements, we must also consider the over-
lap of elements; e.g. retrieving a complete section consisting of several paragraphs as
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one element and then a paragraph within the section as a second element. This means
that retrieved elements cannot always be regarded as separate units. Finally, the size of
the retrieved elements should be considered, especially due to the task definition; e.g.
retrieve minimum or maximum units answering the query, retrieve a component from
which we can access, or browse to, a maximum number of units answering the query.

The evaluation of XML retrieval systems thus makes it necessary to build test col-
lections where the evaluation paradigms are provided according to criteria that take into
account the imposed structural aspects. The INitiative for the Evaluation of XML re-
trieval (INEX)1, which was set up in 2002, established an infrastructure and provided
means, in the form of large test collections and appropriate scoring methods, for eval-
uating how effective content-oriented XML search systems are. This paper provides a
detailed overview of the evaluation methodology developed in INEX, with particular
focus on the treatment of the notion of relevance and on metrics for the evaluation of
retrieval effectiveness.

2 The INEX Test-Beds

In traditional IR test collections, documents are considered as units of unstructured text,
queries are generally treated as bags of terms or phrases, and relevance assessments pro-
vide judgments whether a document as a whole is relevant to a query or not. Although
a test collection for XML IR consists of the same parts, each component is rather dif-
ferent from its traditional IR counterpart. XML documents organise their content into
smaller, nested structural elements. Each of these elements in the document’s hierar-
chy, along with the document itself (the root of the hierarchy), represent a retrievable
unit. In addition, with the use of XML query languages, users of an XML IR system
can express their information need as a combination of content and structural condi-
tions. Consequently, relevance assessments for an XML collection must also consider
the structural nature of the documents and provide assessments at different levels of the
document hierarchy.

2.1 Document Collections

Up to 2004, the collection consisted of 12,107 articles, marked-up in XML, from 12
magazines and 6 transactions of the IEEE Computer Society’s publications, covering
the period of 1995-2002, totalling 494 MB in size and 8 million in number of elements.
On average, an article contains 1,532 XML nodes, where the average depth of the node
is 6.9. In 2005, the collection was extended with further publications from the IEEE. A
total of 4,712 new articles from the period of 2002-2004 were added, giving a total of
16,819 articles, and totalling 764MB in size and 11 million in number of elements.

INEX 2006 uses a different document collection, made from English documents
from Wikipedia2 [2]. The collection consists of the full-texts, marked-up in XML, of
659,388 articles of the Wikipedia project, and totaling more than 60 GB (4.6 GB without

1 http://inex.is.informatik.uni-duisburg.de/
2 http://en.wikipedia.org
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images) and 52 million in number of elements. The collection has a structure similar
to the IEEE collection. On average, an article contains 161.35 XML nodes, where the
average depth of an element is 6.72.

2.2 Topics

Querying XML documents can be with respect to content and structure. Taking this into
account, INEX identified two types of topics:

– Content-only (CO) topics are requests that ignore the document structure and are,
in a sense, the traditional topics used in IR test collections. In XML retrieval, the re-
trieval results to such topics can be elements of various complexity, e.g. at different
levels of the XML documents’ structure.

– Content-and-structure (CAS) topics are requests that contain conditions referring
both to content and structure of the sought elements. These conditions may refer
to the content of specific elements (e.g. the elements to be returned must contain a
section about a particular topic), or may specify the type of the requested answer
elements (e.g. sections should be retrieved).

CO and CAS topics reflect two types of users with varying levels of knowledge
about the structure of the searched collection. The first type simulates users who either
do not have any knowledge of the document structure or who choose not to use such
knowledge. This profile is likely to fit most users searching XML repositories. The
second type of users aims to make use of any insight about the document structure
that they may possess. CAS topics simulate users who do have some knowledge of the
structure of the searched collection. They may then use this knowledge as a precision
enhancing device in trying to make the information need more concrete. This user type
is more likely to fit, e.g., librarians.

As in TREC, an INEX topic consists of the standard title, description and narra-
tive fields. For CO topics, the title is a sequence of terms. For CAS topics, the title is
expressed using the NEXI query language, which is a variant of XPATH defined for
content-oriented XML retrieval evaluation - it is more focussed on querying content
than many of the XML query languages [9].

In 2005, in an effort to investigate the usefulness of structural constraints, variants
of the CO and CAS topics were developed. CO topics were extended into Content-
Only + Structure (CO+S) topics. The aim was to enable the performance comparison of
an XML system across two retrieval scenarios on the same topic, one when structural
constraints are taken into account (+S) and the other when these are ignored (CO).
The CO+S topics included an optional field called CAS title (<castitle>), which was
a representation of the same information need contained in the <title> field of a CO
topic but including additional knowledge in the form of structural constraint. CAS titles
were expressed in the NEXI query language.

How to interpret the structural constraints (whether as part of CAS or CO+S topics)
evolved over the years, since each structural constraint could be considered as a strict
(must be matched exactly) or vague (does not need to be matched exactly) criterion.
In the latter case, structural constraints were to be viewed as hints as to where to look
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for relevant information. In 2002, the structural constraints of CAS topics were strictly
interpreted. In 2003, both interpretations, strict and vague, were followed, whereas since
2004 only the latter was followed. As of today, INEX has a total of 401 topics.

2.3 Retrieval Tasks

The main INEX activity is the ad-hoc retrieval task. In IR literature, ad-hoc retrieval is
described as a simulation of how a library might be used and involves the searching of a
static set of documents using a new set of topics. Here, the collection consists of XML
documents, composed of different granularity of nested XML elements, each of which
represents a possible unit of retrieval. The user’s query may also contain structural
constraints, or hints, in addition to the content conditions.

A major departure from traditional IR is that XML retrieval systems need not only
score elements with respect to their relevance to a query, but also determine the appro-
priate level of element granularity to return to users. In INEX, a relevant element is
defined to be at the right level of granularity if it discusses all the topics requested in
the user query – it is exhaustive to the query – and does not discuss other topics – it is
specific to that query.

Up to 2004, ad-hoc retrieval was defined as the general task of returning, instead
of whole documents, those XML elements that are most specific and exhaustive to the
user’s query. In other words, systems should return components that contain as much
relevant information and as little irrelevant information as possible. Within this general
task, several sub-tasks were defined, where the main difference was the treatment of the
structural constraints.

The CO sub-task makes use of the CO topics, where an effective system is one that
retrieves the most specific elements, and only those which are relevant to the topic of
request. The CAS sub-task makes use of CAS topics, where an effective system is one
that retrieves the most specific document components, which are relevant to the topic
of request and match, either strictly or vaguely, the structural constraints specified in
the query. In 2002, a strict interpretation of the CAS structural constraints was adopted,
whereas in 2003, both, a strict and a vague interpretation was followed, leading to the
SCAS sub-task (strict content-and-structure), defined as for the INEX 2002 CAS sub-
task, and the VCAS sub-task (vague content-and-structure). In that last sub-task, the
goal of an XML retrieval system was to return relevant elements that may not exactly
conform to the structural conditions expressed within the user’s query, but where the
path specifications should be considered hints as to where to look. In 2004, the two
sub-tasks investigated were the CO sub-task, and the VCAS sub-task. The SCAS sub-
task was felt to be an unrealistic task because specifying an information need is not an
easy task, in particular for semi-structured data with a wide variety of tag names.

However, within this general task, the actual relationship between retrieved elements
was not considered, and many systems returned overlapping elements (e.g. nested ele-
ments). Indeed, the top 10 ranked systems for the CO sub-task in INEX 2004 contained
between 70% to 80% overlapping elements. This had very strong implications with
respect to measuring effectiveness (Section 3), where approaches that attempted to im-
plement a more focussed approach (e.g., between two nested relevant elements, return
the one most specific to the query) performed poorly. As a result, the focussed sub-task
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was defined in 2005, intended for approaches aiming at targeting the appropriate level
of granularity of relevant content that should be returned to the user for a given topic.
The aim was for systems to find the most exhaustive and specific element on a path
within a given document containing relevant information and return to the user only
this most appropriate unit of retrieval. Returning overlapping elements was not permit-
ted. The INEX ad-hoc general task, as carried out by most systems up to 2004, was
renamed in 2005 as the thorough sub-task.

Within all the above sub-tasks, the output of XML retrieval systems was assumed to
be a ranked list of XML elements, ordered by their presumed relevance to the query,
whether overlapping elements were allowed or not. However, user studies [8] suggested
that users were expecting to be returned elements grouped per document, and to have
access to the overall context of an element. The fetch & browse task was introduced
in 2005 for this reason. The aim was to first identify relevant documents (the fetching
phase), and then to identify the most exhaustive and specific elements within the fetched
documents (the browsing phase). In the fetching phase, documents had to be ranked
according to how exhaustive and specific they were. In the browsing phase, ranking
had to be done according to how exhaustive and specific the relevant elements in the
document were, compared to other elements in the same document.

In 2006, the same task, renamed the relevant in context sub-task, required systems
to return for each article an unranked set of non-overlapping elements, covering the
relevant material in the document. In addition, a new task was introduced in 2006, the
best in context sub-task, where the aim was to find the best-entry-point, here a single
element, for starting to read articles with relevant information. This sub-task can be
viewed as the extreme case of the fetch & browse approach, where only one element is
returned per article.

2.4 Relevance

Most dictionaries define relevance as "pertinence to the matter at hand". In terms of
IR, it is usually understood as the connection between a retrieved item and the user’s
query. In XML retrieval, the relationship between a retrieved item and the user’s query
is further complicated by the need to consider the structure in the documents. Since
retrieved elements can be at any level of granularity, an element and one of its child
elements can both be relevant to a given query, but the child element may be more
focussed on the topic of the query than its parent element, which may contain additional
irrelevant content. In this case, the child element is a better element to retrieve than its
parent element, because not only it is relevant to the query, but it is also specific to
the query. To accommodate the specificity aspect, INEX defined relevance along two
dimensions:

– Exhaustivity, which measures how exhaustively an element discusses the topic of
the user’s request.

– Specificity, which measures the extent to which an element focuses on the topic of
request (and not on other, irrelevant topics).

A multiple degree relevance scale was necessary to allow the explicit representation
of how exhaustively a topic is discussed within an element with respect to its child
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elements. For example, a section containing two paragraphs may be regarded more
relevant than either of its paragraphs by themselves. Binary values of relevance cannot
reflect this difference. INEX therefore adopted a four-point relevance scale [4]:

– Not exhaustive: The element does not contain any information about the topic.
– Marginally exhaustive: The element mentions the topic, but only in passing.
– Fairly exhaustive: The element discusses the topic, but not exhaustively.
– Highly exhaustive: The element discusses the topic exhaustively.

As for exhaustivity, a multiple degree scale was also necessary for the specificity dimen-
sion. This is to allow to reward retrieval systems that are able to retrieve the appropriate
("exact") sized elements. For example, a retrieval system that is able to locate the only
relevant section in a book is more effective than one that returns a whole chapter. A
four-point relevance scale was adopted:

– Not specific: the topic is not a theme discussed in the element.
– Marginally specific: the topic is a minor theme discussed in the element.
– Fairly specific: the topic is a major theme discussed in the element.
– Highly specific: the topic is the only theme discussed in the element.

Based on the combination of exhaustivity and specificity, it becomes possible to identify
those relevant elements which are both exhaustive and specific to the topic of request
and hence represent the most appropriate unit to return to the user. In the evaluation we
can then reward systems that are able to retrieve these elements.

Obtaining relevance assessments is a very tedious and costly task [6]. An observa-
tion made in [1] was that the assessment process could be simplified if first, relevant
passages of text were identified by highlighting, and then the elements within these
passages were assessed. As a consequence, at INEX 2005, the assessment method was
changed, leading to the redefinition of the scales for specificity. The procedure was a
two-phase process. In the first phase, assessors highlighted text fragments containing
only relevant information. The specificity dimension was then automatically measured
on a continuous scale [0,1], by calculating the ratio of the relevant content of an XML
element: a completely highlighted element had a specificity value of 1, whereas a non-
highlighted element had a specificity value of 0. For all other elements, the specificity
value was defined as the ratio (in characters) of the highlighted text (i.e. relevant infor-
mation) to the element size. For example, an element with specificity of 0.72 has 72%
of its content highlighted.

In the second phase, for all elements within highlighted passages (and parent ele-
ments of those), assessors were asked to assess their exhaustivity. Following the out-
comes of extensive statistical analysis of the INEX 2004 results [5] - which showed
that in terms of comparing retrieval effectiveness the same conclusions could be drawn
using a smaller number of grades for the exhaustivity dimension3 - INEX 2005 adopted
the following 3 + 1 exhaustivity values:

3 The same observation was reached for the specificity dimension, but as the assessment proce-
dure was changed in INEX 2005, the new highlighting process allowed for a continuous scale
of specificity to be calculated automatically.
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– Highly exhaustive (2): the element discussed most, or all, aspects of the topic.
– Partly exhaustive (1): the element discussed only few aspects of the topic.
– Not exhaustive (0): the element did not discuss the topic.
– Too Small (?): the element contains relevant material but is too small to be relevant

on it own.

The category of "too small" was introduced to allow assessors to label elements which,
although contained relevant information, were too small to be able to sensibly reason
about their level of exhaustivity. An extensive statistical analysis was performed on
the INEX 2005 results [5], which showed that in terms of comparing retrieval perfor-
mance, not using the exhaustivity dimension led to similar results. As a result, INEX
2006 dropped the exhaustivity dimension, and relevance was defined only along the
specificity dimension.

3 Metrics

Measures of XML retrieval effectiveness must consider the dependency between ele-
ments. Unlike traditional IR, users in XML retrieval have access to other, structurally
related elements from returned result elements. They may hence locate additional rele-
vant information by browsing or scrolling. This motivates the need to consider so-called
near-misses, which are elements from where users can access relevant content, within
the evaluation. In this section, we restrict ourselves to the metrics used to evaluate the
thorough and focussed sub-tasks, as the evaluation of the other sub-tasks is still an on-
going research issue.

The effectiveness of most ad-hoc retrieval tasks is measured by the established and
widely used precision and recall metrics, or their variants. When using this family of
measures, if we consider near-misses when evaluating retrieval effectiveness, then sys-
tems that return overlapping elements (e.g. both a paragraph and its enclosing section)
will be evaluated as more effective than those that do not return overlapping elements
(e.g. either the paragraph or its enclosing section). If both the paragraph and its enclos-
ing section are relevant, then this family of effectiveness measures will count both these
nested elements as separate relevant components that increase the count of relevant and
retrieved elements. Therefore, despite not retrieving entirely new relevant information,
systems that favour the retrieval of overlapping components would receive higher ef-
fectiveness scores. To address this problem, INEX used the XCG measures, which are
an extension of the Cumulative Gain (CG) based measures [3]. These measures are
not based on a counting mechanisms, but on cumulative gains associated with returned
results.

For each returned element, a gain value xG[.] is calculated, which is a value in the
interval [0, 1]. A value of 0 reflects no gain, 1 is the highest gain value, and values be-
tween 0 and 1 represent various gain levels. The gain value depends on the element’s
exhaustivity and specificity. Given that INEX employs two relevance dimensions, the
gain value is calculated as a combination of these dimensions, thus reflecting the worth
of a retrieved element. INEX uses quantisation functions to provide a relative order-
ing of the various combinations of exhaustivity and specificity values and a mapping
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of these to a single relevance scale in [0, 1]. Various quantisation functions have been
used over the years as a means to model assumptions regarding the worth of retrieved
elements to users or scenarios. For example, INEX 2003 used the quantisations defined
below, where e and s stand, respectively, for exhaustivity and specificity.

quantstrict(e, s) :=
{

1 if e = 3 and s = 3,
0 otherwise. (1)

The strict function is used to evaluate XML retrieval methods with respect to their
capability of retrieving highly exhaustive and highly specific components.

quantgen(e, s) :=

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

1 if (e, s) = (3, 3),
0.75 if (e, s) ∈ {(2, 3), (3, {2, 1})},
0.5 if (e, s) ∈ {(1, 3), (2, {2, 1})},
0.25 if (e, s) ∈ {(1, 2), (1, 1)},
0 if (e, s) = (0, 0).

(2)

The generalised function allows the reward of fairly and marginally relevant elements in
the results. Other quantisations were introduced in subsequent years of INEX, empha-
sising specificity or exhaustivity. In [5], however, it is shown that, although quantisation
functions express different user preferences, many of them behave similarly when rank-
ing systems. As a consequence, one form of strict and one form of general quantisation
functions have been used since 2005, and were modified to adapt to the new scale used
in INEX 2005. In INEX 2006, as the exhaustivity dimension was dropped, the quanti-
sation function simply maps an element to its specificity value.

Given a ranked list of elements ej , each with their calculated gain value xC[ej ] =
quant(ej) where quant is a chosen quantisation function, the cumulative gain at rank
i, denoted as xCG[i], is computed as the sum of the relevance scores up to that rank:

xCG[i] :=
i∑

j=1

xC(ej)) (3)

For each query, an ideal gain vector, xCI , is derived by filling the rank positions with
xG(c′j)) in decreasing order for all assessed elements c′j . A retrieval run’s xCG vector
is compared to this ideal ranking by plotting both the actual and ideal cumulative gain
functions against the rank position. Normalised xCG (nxCG) is:

nxCG[i] :=
xCG[i]
xCI[i]

(4)

For a given rank i, nxCG[i] reflects the relative gain the user has accumulated up to
that rank, compared to the gain he/she could have attained if the system would have
produced the optimum best ranking, where 1 represents ideal performance.

XCG also defines effort-precision/gain-recall (MAep). The effort-precision ep at a
given gain-recall value gr is defined as the number of visited ranks required to reach a
given level of gain relative to the total gain that can be obtained, and is defined as:

ep[r] :=
iideal

irun
(5)
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where iideal is the rank position at which the cumulative gain of r is reached by the
ideal curve and irun is the rank position at which the cumulative gain of r is reached
by the system run. A score of 1 reflects ideal performance, i.e. when the user needs to
spend the minimum necessary effort to reach a given level of gain. The gain-recall gr
is calculated as:

gr[i] :=
xCG[i]
xCI[n]

=

∑i
j=1 xG[j]

∑n
j=1 xI[j]

(6)

where n is the number of elements c where xC[c] > 0. This method follows the same
viewpoint as standard precision/recall, where recall is the control variable and precision
the dependent variable. Here, the gain-recall is the control variable and effort-precision
is the dependent variable. As with precision/recall, interpolation techniques are used
to estimate effort-precision values at non-natural gain-recall points, e.g. when calcu-
lating effort-precision at standard recall points of [0.1, 1], denoted as e.g. ep@0.1. For
this purpose, a simple linear interpolation method is used. Also, the non-interpolated
mean average effort-precision, denoted as MAep, is calculated by averaging the effort-
precision values obtained for each rank where a relevant document is returned.

In the case of the thorough sub-task (when overlap is not an issue), the full recall-base
is used to derive both the ideal gain vector xCI and the gain vectors, xCG.

For the focussed retrieval task, the elements in the ideal recall-base represent the
desired target elements that should be retrieved, while all other elements in the full
recall-base may be awarded partial scores. In this case, the ideal gain vector xCI is
derived from the ideal recall-base, whereas the gain vectors, xCG, for the retrieval
approaches under evaluation are based on the full recall-base to enable the scoring of
near-miss elements. As any relevant elements of the full recall-base not included in
the ideal recall-base are considered as near-misses, this strategy allows to support the
evaluation viewpoint whereby elements in the ideal recall-base should be retrieved,
whereas the retrieval of near-misses could be rewarded as partial success.

The construction of the ideal recall-base requires a preference function among ex-
haustivity and specificity value pairs. Quantisation functions are used for this purpose
as these reflect the worth of retrieved elements. Given a chosen quantisation function,
it is possible to quantify the value, or worth, of an element and identify the "best" com-
ponents within an XML document as those elements with the highest quantised score.
Also needed is a methodology for traversing an XML document (its tree structure) and
selecting ideal elements based on their relative preference relations to their structurally
related elements.The approach adopted in INEX, is to traverse the XML tree of a doc-
ument bottom-up and to select the element with the highest quantised score. In the
case where two elements have an equal score, the one higher in the XML structure is
selected.

4 Conclusion

INEX has focused on developing an infrastructure, test collections, and appropriate
scoring methods for evaluating the effectiveness of content-oriented XML retrieval.
The initiative is now entering its sixth year, with INEX 2007 set to begin in April 2007.
The major achievements in XML retrieval evaluation can be summarised as follows:
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– A larger and more realistic test collection has been achieved with the addition of
the Wikipedia documents. The content of the Wikipedia collection can also appeal
to users with backgrounds other than computer science, making the carrying out of
user studies with this collection more appropriate.

– A better understanding of information needs and retrieval scenarios. The set of
retrieval tasks that were used at INEX 2006 is considered as a good representation
of actual retrieval tasks that users of an XML retrieval system may wish to perform.

– A better understanding of how to measure the effectiveness of different retrieval
systems by using appropriate metrics. In particular, we now have an understanding
of how to deal with near-misses and overlapping elements, and which metrics to
use under which retrieval assumptions.

In addition, INEX has been expanding in scope with the addition of a number of ad-
ditional research tracks that tackle other IR problems related to XML documents. The
additional tracks deal with issues such as retrieval of multimedia items, user interaction,
retrieval from heterogeneous collections of documents, classification and clustering,
etc. As an ongoing effort, empirical data about user behaviour for validating the effec-
tiveness metrics are being considered. The current emphasis in INEX is to identify who
the real users of XML retrieval systems are, how they might use retrieval systems and
for which realistic tasks. A new research track, the user case studies track, is currently
investigating this issue.

Acknowledgments. The authors would like to acknowledge the INEX organisers and
participants for their valuable contributions throughout the various INEX campaigns.
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Abstract. The goal of DELOS Task 4.8 Task-centered Information Management
is to provide the user with a Task-centered Information Management system
(TIM), which automates user’s most frequent activities, by exploiting the col-
lection of personal documents. In previous work we have explored the issue of
managing personal data by enriching them with semantics according to a Personal
Ontology, i.e. a user-tailored description of her domain of interest. Moreover, we
have proposed a task specification language and a top-down approach to task in-
ference, where the user specifies main aspects of the tasks using forms of declara-
tive scripting. Recently, we have addressed new challenging issues related to TIM
user’s task inference. More precisely, the first main contribution of this paper is
the investigation of task inference theoretical issues. In particular, we show how
the use of the Personal Ontology helps for computing simple task inference. The
second contribution is an architecture for the system that implements simple task
inference. In the current phase we are implementing a prototype for TIM whose
architecture is the one presented in this paper.

1 Introduction

Personal Information Management (PIM) aims at supporting users in the collection,
storage and retrieval of their personal information. It is a crucial challenge nowadays;
indeed, the collection of digital documents stored within the personal repository of each
one of us increases every day, in terms of both size and “personal” relevance. In a
sense, this collection constitutes the Digital Library that is closest to the user and most
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commonly and frequently used. It is often the starting point or reason for wider ac-
cess to digital resources. Furthermore, the user’s personal document collection is daily
used to perform routine activities, as booking hotels, and organising meetings. The fo-
cus of DELOS Task 4.8 Task-centred Information Management is precisely to provide
the user with a Task-centred Information Management system (TIM), which automates
these user activities, by exploiting the collection of personal documents considered as
a Digital Library.

At the beginning of our investigation, we have faced the issue of providing the user
with a system allowing her to access her data through a Personal Ontology (PO), that
is unified, integrated and virtual, and reflects the user’s view of her own domain of
interest [3,10]. The study of such a system is motivated by the need to assign semantics
to the user’s personal collection of data, in order to help inferring and executing the most
frequent user’s tasks that either take such data as input or produce it as output. Then, we
have focused on defining a task specification language [4], which was appropriate in our
context, in the sense that it was both expressive enough to be effectively helpful to the
user, and simple enough to allow tasks to be inferred. Moreover, such a language had to
be tailored to use the PO to semi-automatically obtain task input and to possibly update
the PO after the task execution, according to the task output and semantics. However,
having a task specification language allows to semi-automatically execute tasks that the
user previously defined. Our further goal is to have the system infer what is the task the
user intends to execute next.

This paper addresses the above mentioned issues. Specifically, our main contribu-
tions can be summarised as follows:

– First, we cope with task inference in TIM. In particular, we investigate the main
task inference theoretical issues. Then we show how to exploit the underlying PO
and the features of our task specification language, in order to provide simple task
inference in our setting. The main idea here is to suggest appropriate tasks from
personal data, based on their semantics.

– Second, we propose a novel architecture for TIM, which implements our solution
to the simple task inference issue. More precisely, we propose to integrate into
the system an existing web bookmarking tool, called Snip!t , whose distinguishing
feature is precisely to “intelligently” suggest appropriate actions to perform starting
from a Web page content.

The paper is organised as follows. After discussing related work in Section 2, we
briefly introduce in Section 3 the previous main task contributions. In Section4 we
discuss task inference related theoretical issues. Then, in Section 5, after introducing
Snip!t and presenting its distinguishing features, we propose a new architecture for
TIM, and show how this provides a simple task inference. Finally, we conclude by
presenting future work.

2 Related Work

The issues faced in DELOS Task 4.8 concern several different areas of research. In the
following we discuss related work in each of the main areas.
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Task management. Recently, research efforts on the problem of managing user’s tasks
have lead to the prototype Activity-Centered Task Assistant (ACTA), implemented as
a Microsoft Outlook add-in [1]. In ACTA, a user’s task, named “ACTA activity”, is
represented as a pre-structured container, that can be created inside the e-mail folder hi-
erarchy. It is a task-specific collection containing structured predefined elements called
“components”, that embody common resources of the task and appear as activity sub-
folders. Thus, for example, by creating an ACTA activity to represent a meeting, and
by inserting the component “contacts”, the user aims at relating the content of this sub-
folder, which will essentially be a list of names, with that particular meeting. More-
over, the population of an activity is done semi-automatically, by allowing the user just
to drag into the appropriate activity component, the document containing the relevant
data, which is afterward automatically extracted and stored. Even though ACTA activ-
ities are built relying on user’s personal data, their approach is not comparable to ours,
since they do not consider tasks as a workflow of actions (e.g. filling and sending the
meeting invitation e-mail), which can be inferred and semi-automatically executed.

Task inference. There has been a long history of research into task detection, infer-
ence and prediction in human-computer interaction, with a substantial activity in the
early 1990s including Alan Cypher’s work on Eager [5] and several collections [8]. The
line of work has continued (for example [11]), but with less intensity than the early
1990s. Forms of task inference can be found in widely used systems, for example the
detection of lists etc. in Microsoft Office or web browsers that auto-fill forms. The
first example clearly demonstrates how important it is that the interaction is embedded
within an appropriate framework, and how annoying it can be when inference does not
do what you want! Some of this work lies under the area of “programming by demon-
stration” or “programming by example”, where the user is often expected to be aware
of the inferences being made and actively modify their actions to aid the system. This
is the case of [9] where authors present a learning system, called PLIANT, that helps
users anticipating their goal, by learning their preferences and adaptively assisting them
in a particular long-running application such as a calendar assistant. Other work falls
more under user modelling, intelligent help, automatic adaptation or context-aware in-
terfaces where the user may not be explicitly aware that the system is doing any form
of inference [2]. Our work lies with the former as we do expect that users will be aware
of the inferences being made and work symbiotically with the system in order to create
a fluid working environment.

3 Summary of Previous Contributions

In this section we briefly present the DELOS Task 4.8 previous contributions, namely
OntoPIM and the task specification language.

OntoPIM. OntoPIM [10] is a module that allows to manage the whole collection of
heterogeneous personal data usually maintained in a personal computer (e.g. contacts,
documents, e-mails), and to access them through a unified, integrated, virtual and yet
user-tailored view of her data. This view is called Personal Ontology (PO), since it re-
flects the user’s view of her own domain of interest. It is therefore specific to each user.
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As for the language to specify the PO, we use the Description Logic called DL-LiteA

[13,12], since besides allowing to express the most commonly used modelling con-
structs, it allows answering expressive queries, i.e. conjunctive queries, in polynomial
time with respect to the size of the data. This is clearly a distinguishing and desirable
feature of such a language, in a context like ours, since the amount of data is typically
huge in one’s personal computer. In order to achieve the above mentioned result, On-
toPIM proceeds as follows. First it extracts, by means of appropriate wrappers, pieces
of relevant data from the actual personal data contained in the personal computer. Then
it exploits the so-called Semantic Save module, which (i) stores such data in a DBMS,
maintaining also its provenance, and (ii) stores the relationship existing between the
data and the PO, as (implicitly) specified by the user. Note that the latter relationship
reflects indeed the data semantics according to the user.

Task Specification. In order to be able to semi-automatically execute user tasks, we
defined a task specification language [4] having two main features. First, the language
is at the same time expressive enough for actually being helpful to the user, and simple
enough for being effectively “usable” and “learnable” by the system. Second, the lan-
guage allows to specify as a part of the task definition, the input/output data mappings,
i.e. the relationships existing between the task and the PO. Specifically, the input data
mappings specify the query to be posed over the PO in order to obtain the task input,
whereas the output data mapping specify the task output as an update (possibly empty)
to be computed over the personal data, according to the semantics of both the task exe-
cution and the PO. As we will see, the specification of task input/output data mappings
is crucial for task inference/detection/suggestion.

Furthermore, we have explored task inference top-down approaches, where the user
specifies aspects of the task using forms of declarative scripting. Our proposal was
based on the idea of combining task decomposition and a plan language to describe for
each complex task, the execution plan of its sub-tasks. On one hand, a complex task is
decomposed into a set of sub-tasks. This allows for a comprehensible view of the task.
On the other hand, we have proposed a plan language limited to sequence, alternatives
and repetition.

4 Task Inference

In this section, we first address task inference theoretical issues. In particular we focus
on bottom-up approaches to simple task inference. Then, we show how the use of a PO
can help solving simple task inference in our setting.

As discussed in Section 2, the most successful systems have often been within dedi-
cated applications, where there is a single line of activity and detailed semantic under-
standing of each action. This was for example the case with EAGER and PLIANT. For
more generic systems detection and inference is more difficult, particularly where the
user trace data is at a low level either keystroke or click-stream data (which often has to
be the case where application support is not assumed). In fact, two particular problems
for generic systems are:

– interleaving. Users are often performing several tasks simultaneously, perhaps
while waiting for something to complete, or because they notice and alert, get a
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Fig. 1. Untangling interleaved tasks using dependencies

telephone call. Before task inference can begin it is necessary to disentangle these,
otherwise each sub-task is littered with the “noise” of the others.

– generalisation. Where the user entered data is simply sequences of keystrokes,
clicks on locations or basic data types, it is hard to generalise without very large
numbers of examples. The use of the PO helps considerably with these problems.
Specifically, to face the interleaving problem, we will encourage a drill-down model
of interaction where the user either selects previous outputs of actions and then
drills forwards (e.g. recent e-mail → sender → Antonella → University → City
→ Rome → Flights to Rome) or responds to suggested form fills (e.g. from Flight
booking form with field ’City’ select “Rome because it is the City where Antonella
works”). This creates an explicit link either directly between actions or indirectly
between them through ontology relationships, which can then be used to sepa-
rate out interleaved tasks and sub-tasks by tracing lines of dependency, rather like
pulling out a string of pearls from a jewellery box (see Figure 1).

Concerning the generalisation problem, because we have a rich typing of task/action
input and output data through the PO, we are in a much better position to generalise.
If we only know that a form field requires a character string, then given a future char-
acter string we may have many possible previous tasks sequences whose initial actions
require a string. In contrast, if we know that a character string is in fact a person name
or a city name, then faced with a future person name (perhaps from a directory look-up,
or an e-mail sender) it is easier to find past tasks requiring as input a person name. In
other words, our generalisation is not based on the representation in terms of letters, but
in terms of the elements of the ontology.

Let us now focus on simple task inference, where a simple task can include sequences
and/or a repetitions of sub-tasks/actions. Thus, here we do not cope with choices.
Hence, the job of the inference here is to suggest the most likely single actions and
entire task sequences so as to minimise the user’s effort in using the system. Intuitively,
we intend to build a series of increasingly complex inference mechanisms, both in terms
of our development process and in terms of the users’ experience. That is, even if we
have complex inference mechanisms available, these need to be presented incremen-
tally to the user. In fact, to some extent, even simple type matching can be viewed as a
crude form of task inference. However, if this is supplemented by sorting of a few most
likely candidate actions/tasks based on past usage, then a form of task sequence comes
almost “for free”.
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For example, suppose that the user has recently (1) taken a phone number, (2) done
a reverse directory look-up (in some external web service) to find the person’s name,
then (3) done an address look-up to find their address and finally (4) taken the address
and used a web mapping service to show the location. Now, suppose the user has an
e-mail containing a telephone number. The content recogniser finds the number and
so suggests a semantic save of the number and also actions using the number. Top of
the action list would be likely actions on telephone numbers, and notably the reverse
look-up because it was recent. Once this was done, one of the outputs of the reverse
look-up would be the person’s name and similarly its top option would be the address
look-up. So at each stage the previous sequence would be the first option, which means
that the task is not totally automated, but little user effort is required. The next step,
which likewise requires minimal “intelligence”, is simply to offer the entire sequence
of actions as one of the options when the telephone number is encountered. This simply
requires that all recent/previous task sequences are stored and so recent or frequently
performed task sequences starting with the given type are suggested. The user is also
given the option of naming a particular sequence of actions. If the user chooses to do
this, the task can be used in future interactions. Note too that selection and more so
naming is effectively a confirmation by the user that this is a useful task sequence and
so will make it far more likely to be presented in future.

More complex tasks including repetitions of sub tasks can similarly be built bottom-
up, for example, if the user chooses to perform an action sequence on an instance that
is in some visible collection (e.g. selected from a PO concept, or from table of results)
and then proceeds to select a second instance in the collection, one of the options would
be not only to perform the sequence on the selected item but on all the collection (or
selected members of it).

5 Snip!t and TIM

In this section, we first present an existing tool, called Snip!t , that is a web bookmarking
tool, whose distinguishing feature is to suggest appropriate actions to perform starting
from a Web page content. Then we propose a novel architecture for TIM, implementing
task inference as discussed in Section 4, by integrating Snip!t into the system.

Snip!t [6] is a web bookmarking tool, however unlike most web bookmarks, the user
can also select a portion (snip) of the page content and then, using a bookmarklet, this
selection is sent to the Snip!t web application. The snip of the page is stored along with
the page url, title etc. and the user can sort the snip into categories or share it with others
using RSS feeds. In addition, when the selected text contains a recognised type of data
such as a date, post code, person’s name, etc., then actions are suggested. For example,
if the selected text is recognised as a post code and this leads to suggested actions such
as finding the local BBC news for a specific area (see Figure 2).

Snip!t had two contributing origins. In a study of bookmarking organisation some
years ago [7] some subjects said that they would sometimes like to bookmark a portion
of a page. While the study had different aims this suggestion led to the first version
of Snip!t in 2003. In addition, this gave an opportunity to use the new platform for
data-detector technology originally developed as part of onCue, the key product of an
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Fig. 2. Snip!t in action (actions for a post code)

Fig. 3. onCue architecture

ex-dot.com company aQtive [6]. So Snip!t combines a way of storing and sorting data
(portions of web pages) and intelligent suggestion of actions to perform based on the
data. Thus it shares some characteristics with the TIM vision.

Internally the bookmarking side of Snip!t is fairly straightforward with simple hier-
archical categorisation scheme and the ability to assign snips to multiple categories. The
snipping of the page contents itself is done using a bookmarklet, that is a small piece of
Javascript that is placed as a browser bookmark, usually on the browser toolbar. When
the user clicks the bookmarklet the Javascript executes extracts the selected content and
then creates a HTTP request to the Snip!t server.

The ”intelligent” parts of Snip!t use an architecture inherited from onCue. It consists
of two main types of agents: recognisers and services (cf. Figure 3). Recognisers work
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on plain text and discover various data types whilst services take these data types and
suggest actions based on them (usually creating invocations of web applications). The
recognisers within Snip!t are of several types:

– basic recognisers: can be based either on large table look-up, e.g. common sur-
names and forenames, place names, or on regular expression / pattern matching,
e.g. telephone number, ISBN.

– chained recognisers: where the semantics of data recognised by a recogniser is used
by another to:

• look for a wider data representation, e.g. postcode suggests looking for address;
these recognisers are used to allow scalability and reduce false positives;

• look for a semantically related data, e.g. URL suggests looking for the domain
name; these recognisers are used to reduce false negatives;

• look for inner representation, e.g. from Amazon author URL to author name;
these recognisers are also used to allow scalability.

Each agent, recogniser and service, is relatively simple, however the combinations of
these small components create an emergent effect that intelligently suggests appropriate
actions based on the snipped text. Let us now turn attention to TIM, and the way the
user interacts with the system in order to execute a task. The starting point may be of
three kinds:

(i) explicit invocation of a particular task (e.g. selecting it from an application menu),
(ii) choosing a data value in a document, e-mail etc. then drilling down into tasks

possible from it,
(iii) selecting an item in the PO and then, drilling into available tasks (that is one’s

with matching types).

Consider now the architecture illustrated in Figure 4. The main idea is to integrate
Snip!t within the system. In particular, in case (i) the user will directly indicate among
all Snip!t services the one he wants to execute next. In contrast, cases (ii) and (iii) are
closer to the typical Snip!t scenario. Indeed, in both cases, given a (collection of) data
value(s), the system suggests tasks to perform from it. Apart from OntoPIM and Snip!t ,
this new architecture includes the three main TIM modules discussed below.

– TIM application wrapper: This module, which is dependent on the particular ap-
plication enables the user to select any piece of document and send it to Snip!t in an
appropriate form (cf. snip S). As for a demonstration, we have extended the func-
tionality of Thunderbird mail client, so as to allow the user to select the TIM button
while reading a message. A script running on the mail client saves the message,
parses the MIME headers filling-in an HTML form which appears in a new browser
window. The user can then press the submit button to send the message to Snip!t .

– Personal Ontology Interaction Module (POIM): Given a collection of data W
each with its associated type as returned by Snip!t recognisers, this module access
the PO and returns a collection of data W ′ somehow related to W according to the
PO. Such data is then used to perform appropriate tasks.

– Task Inferencer: This module is responsible for task inference. Intuitively, given
a collection of data W ′ from the POIM and its provenance, the Task Inferencer
suggests what is the next task/action to be executed from W .
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Fig. 4. Integrating Snip!t into a personal task-centric system

6 Conclusion and Future Work

In this paper we have investigated new challenges toward a fully equipped TIM system.
In particular, we have addressed theoretical task inference issues, and we have proposed
a first implementation providing a solution to simple task inference in one’s personal
computer provided with a PO.

Many other aspects deserve to be further investigated, in particular concerning task
inference. Indeed, we have concentrated on simple tasks, possibly including sequences
and repetitions of actions, whereas we have not coped with alternatives, i.e. choices.
These may arise either where a selection has to be made from a collection (e.g. 1 − m
relations in the ontology) or where tasks sequences vary slightly depending on aspects
of the context or instance (e.g. compress files larger than 100K). Various machine learn-
ing techniques can be applied here, which we plan to study in future work.
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Abstract. Digital Libraries collections are an abstraction mechanism,
endowed with an extension and an intension, similarly to predicates in
logic. The extension of a collection is the set of objects that are members
of the collection at a given point in time, while the intension is a de-
scription of the meaning of the collection, that is the peculiar property
that the members of the collection possess and that distinguishes the
collection from other collections. This view reconciles the many types of
collections found in Digital Library systems, but raises several problems,
among which how to automatically derive the intension from a given
extension. This problem must be solved e.g. for the creation of a collec-
tion from a set of documents. We outline basic results on the problem
and then show how intensions can be exploited for carrying out basic
tasks on collections, establishing a connection between Digital Library
management and data integration.

1 Introduction

The notion of collection is central to traditional library information systems,
and quite naturally, it also plays a key role in Digital Libraries [9,10,1]. In a
Digital Library (DL, for short), a collection is a set of digital resources, which
are grouped together in response to some basic need of an actor in the DL
environment. As a consequence, there exists several types of collections in the
DL literature and in DL management systems, each type being directed towards
the needs of some specific actor or task.

– Physical collections are holders of the DL resources, strictly mirroring library
or museum collections: to be part of a DL means for an object to be part of
one (and usually only one) physical collection.

– Virtual (or logical) collections address the needs of DL users and come in
two flavors, named static and dynamic after the way they evolve.

• Static collections [11,2] are “places” for storing relevant resources over
a long period of time, such as the book-marks of a Web browser or the
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208 C. Meghini and N. Spyratos

shelves of a library, and for sharing these resources with a community
pursuing a common goal.

• Dynamic collections [4,5,3] represent user information needs that persist
beyond a single discovery session. As such they can be understood as
user views of the underlying DL. As the DL evolves, views evolves of
consequence, in an automatic, user-transparent way.

Collections are a central notion of the DL conceptual model, and having many
types of collections makes this model harder to understand for users, and com-
plex to manage for the underlying DL management system. We claim that this
complexity is unnecessary and stems from lack of proper conceptualization. In-
deed, from a computer science science point of view, virtual collections are just
abstraction mechanisms of one kind, by which the DL resources satisfying some
homogeneity criterion become a named whole, thus suppressing the details which
differentiate a member of the whole from the other members. In some cases, the
homogeneity criterion can be expressed linguistically as a query (dynamic col-
lections). In some other cases the user finds it more convenient to describe the
collection ostensibly, that is by pointing out its members (static collections);
this, however, does not mean that no homogeneity criterion exists.

This leads to understanding collections as having both an extension and an
intension, very much like predicates in logic, or classes in object-oriented data
models. In particular,

– the extension of a collection is the set of objects that are members of the
collection at a given point in time;

– the intension of a collection is a description of the meaning of the collection,
that is the peculiar property that the members of the collection possess and
that distinguishes the collection from other collections.

Treating collections in a purely extensional way, that is by disregarding the in-
tensional aspect, would imply that collections with the same extension are indis-
tinguishable and therefore the same collection, a fact that defeats the definition
of collection.

In this paper, we show that understanding collections as abstraction mecha-
nisms endowed of intensions and extensions leads not only to a philosophically
well-founded DL model, but also to a more powerful one, which can still be ef-
ficiently managed. The proof is carried out in two steps: first, by showing how
collection intensions can be (a) defined in a mathematically well-founded way
drawing from Formal Concept Analysis (FCA) and (b) automatically computed
from a given set of objects. Second, by showing how collection intensions can be
exploited for carrying out basic collection management tasks.

2 The Digital Library Model

A DL is characterized by a finite, non-empty set of documents which for the
purposes of the present work will just be abstract objects making up the set
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D. Since the set of documents uniquely determines a DL, we will use D also to
denote the underlying DL.

Documents are described by means of terms, which may be keywords about
the content of documents (such as nuclear waste disposal or database), or their
type (image). Terms may also be thought of as attribute values (for instance,
creator=carlo may be thought as a term).

The relation between documents and terms is stored in the description di-
rectory, which is a relation r from documents to terms, r ⊆ D × T, such that
(d, t) ∈ r means that d is described (or indexed) by term t. From r we define two
functions which will turn out very useful in the sequel:

– the index, a function index : D → P(T), giving the terms which a document
is indexed by:

∀d ∈ D, index(d) = {t ∈ T | (d, t) ∈ r}

– the extension, a function termext : T → P(D), giving the documents which
a term describes:

∀t ∈ T, termext(t) = {d ∈ D | (d, t) ∈ r}.

Terms are used to build descriptions. A description is a propositional formula
over the alphabet T, built out of the connectives ¬ (negation), ∧ (conjunction)
and ∨ (disjunction). We will denote the set of such formulas as LT, or simply L
when there is no danger of ambiguity.

Descriptions denote sets of documents. This is captured by the answering
function ans, named after the fact that a typical usage of descriptions is for
querying a DL. For a given DL with documents D, ans is inductively defined as
follows, where t, t′ ∈ T and q, q1, q2 ∈ L :

ans(t, D) = termext(t)
ans(¬q, D) = D \ ans(q, D)

ans(q1 ∧ q2, D) = ans(q1, D) ∩ ans(q2, D)
ans(q1 ∨ q2, D) = ans(q1, D) ∪ ans(q2, D)

Let α, β ∈ L be descriptions. The following definitions will be very useful in the
sequel:

– α is consistent iff in some DL D, ans(α, D) 
= ∅. On the contrary, if in all
DLs D, ans(α, D) = ∅, α is inconsistent.

– α is subsumed by β, α � β, iff in all DLs D, ans(α, D) ⊆ ans(β, D).

In the course of our study, we will need to consider several sub-languages of
L, corresponding to different types of descriptions. The simplest descriptions
are conjunctions of terms. We will call these descriptions simple queries, and
denote their set as LS . In fact, document descriptions can be regarded as simple
queries given by the conjunction of the terms which describe the document.
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210 C. Meghini and N. Spyratos

That is, assuming that the description of a document d is given by index(d) =
{t1, t2, . . . , tn}, we may, and in fact will assume that:

index(d) = (t1 ∧ t2 ∧ . . . ∧ tn) ∈ LS

Another relevant class of descriptions is that of conjunctive queries. A literal l
is either a term t ∈ T, in which case it is called a positive literal, or its negation
¬t (negative literal). A conjunctive query is a consistent conjunction of literals:

∧

1≤j≤n

lj (n ≥ 1).

A typical conjunctive query is the description of a document d ∈ D, δ(d), given
by the conjunction of the terms describing the document with the negation of
the terms not describing the document:

δ(d) =
∧

{t | t ∈ index(d)} ∧
∧

{¬t′ | t′ 
∈ index(d)}.

Finally, DNFS queries are disjunctions of conjunctive queries:
∨

1≤i≤m

Di (m ≥ 1)

where for no two distinct disjuncts Di and Dj , Di � Dj. It can be shown that
subsumption between conjunctive queries can be checked efficiently, thus the set
of DNFS queries is efficiently decidable. Let LD be such set.

The last component of DL that we need to introduce are collections. Collec-
tions are abstract objects making up a finite, non-empty set C on which two
total functions are defined:

– the collection extension collext : C → P(D), assigning a set of documents to
each collection.

– the collection intension collint : C → L, assigning a description to each
collection.

The question arises how these two notions should be related. An obvious require-
ment is that the set of documents belonging to the collection must agree with
the collection intension. This can be expressed by requiring that the collection
intension, when used as a query, should retrieve at least the documents in the
collection extension. Formally:

∀c ∈ C, collext(c) ⊆ ans(collint(c)). (1)

For a given collection c ∈ C, we define the precision of the collection intension,
prec(c), the set of documents denoted by collint(c) which are not members of
the collection:

prec(c) = ans(collint(c)) \ collext(c)

If prec(c) = ∅ we say that the collection is precise, and imprecise otherwise. We
also say that a description α is precise with respect to a set of documents X just
in case X = ans(α).
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Table 1. A DL index

Object Index
1 Harpsichord, Bach, Baroque, MP3
2 Concert, Baroque
3 Harpsichord, Bach, Baroque, Frank
4 Concert, Bach, Baroque, MP3, Frank
5 Harpsichord, Concert, MP3, Frank

3 The Problem

The problem we want to address in this study is the following: given a DL
and a subset X of the documents in it, to find a description α ∈ L such that
X ⊆ ans(α). This problem typically arises when a user has a set of documents
and wants to create a collection having those documents as extension.

It should be evident that any set of documents X has a trivial description in
LD, given by the disjunction of the maximal descriptions of documents in X :

∨
{δ(d) | d ∈ X, 
 ∃d′ ∈ X such that δ(d) � δ(d′)}

This description is as precise as a description of X can be in the DL, but not
very interesting: apart from being as large as X itself, it just replicates the index
of every document in X, offering no additional information. A more satisfactory
formulation of our problem is therefore: given a set of documents X, can we find
a description of X which is better than the trivial one? In what follows we will
outline answers to this question for different languages. For illustration purposes,
we will resort to a toy DL consisting of 5 audio objects named from 1 to 5 and
described by the following terms:

– Harpsichord (abbreviated as H), meaning that the content of the object is
music for harpsichord;

– Concert (C), meaning that the content of the object is a concert;
– Baroque (B), meaning that the content of the object is from the Baroque

period;
– Bach (JSB), meaning that the content of the object is Bach’s music;
– MP3 (M), meaning that the object is an MP3 file;
– Frank (F ), meaning that the owner of the digital rights of the object is

Frank.

The description directory is illustrated by the index given in Table 1.

4 Solutions

We begin by considering the language of simple queries, which is strictly related
to Formal Concept Analysis (FCA) [7,6,8]. To state our result in this language,
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Table 2. An augmented DL index

Object Augmented Index
1 Harpsichord, Bach, Baroque, MP3, ¬Concert, ¬Frank
2 Concert, Baroque, ¬Harpsichord, ¬Bach, ¬MP3, ¬Frank
3 Harpsichord, Bach, Baroque, Frank, ¬Concert, ¬MP3
4 Concert, Bach, Baroque, MP3, Frank, ¬Harpsichord
5 Harpsichord, Concert, MP3, Frank, ¬Bach, ¬Baroque

we need to introduce the functions ψ and ϕ which denote, respectively, all doc-
uments described by a given set of terms and all terms describing a given set of
documents:

ψ(T ) =
⋂

{termext(t) | t ∈ T } for all T ⊆ T

ϕ(D) =
⋂

{index(d) | d ∈ D} for all D ⊆ D

Given a set of documents X ⊆ D, it can be proved that ϕ(X) is the most
precise description that X has in LS . If X = ψ(ϕ(X)) the description is clearly
precise. To exemplify, let us consider the set of documents {1, 4}. ϕ({1, 4}) =
{B, JSB, M} is the most precise LS description of this set, and it is a precise
one, since ψ(ϕ({1, 4})) = ψ({B, JSB, M}) = {1, 4}. On the contrary, the set
{1, 2} has no precise description, since ψ(ϕ({1, 2})) = ψ({B}) = {1, 2, 3, 4}. The
precision of the best description, B, is {3, 4}.

In some cases, the best LS description may have an unacceptably large pre-
cision. In this case, one possibility is to relax the intension of the collection, by
accepting a more expressive description than a simple query. Expressivity can
be increased in two ways: by adding negation of single terms, in which case we
end in LC , or by adding disjunction, in which case we end into a subset of LD,
consisting of disjunctions of simple queries.

We will consider conjunctive queries first. Let ¬ be a bijection from T to T¬,
a subset of T disjoint from T. For simplicity, we will write ¬t in place of ¬(t) to
indicate the negation of any term t ∈ T. Moreover, if T ⊆ T is a set of terms,
¬(T ) is the set of the negation of each term in T, i.e. ¬(T ) = {¬t | t ∈ T }.

The augmentation of a description directory r, r¬, is given by

r¬ = r ∪ {(d, ¬t) | (d, t) 
∈ r}.

As a general rule, we will use ¬ as a subscript to indicate that we refer to
the augmented directory, e.g. ϕ¬ is the correspondent of ϕ in the augmented
directory. Table 2 shows the augmented index of our running example.

By applying the same techniques used for LS , it can be proved that ϕ¬(X) is
the most precise description that a set of documents X ⊆ D has in LC . For ex-
ample, the set {1, 2} has a precise LC description, since ψ¬(ϕ¬({1, 2})) = {1, 2}.
The sought description is given by ϕ¬({1, 2}) = {B, ¬F} which can be further
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simplified to ¬F. For reasons of space, this simplification process is not described.
We also observe that LC descriptions can be computed without computing the
augmented index. In fact, it can be verified that, for all sets of terms T and sets
of documents D :

ψ¬(T ) = {d ∈ D | (d, t) ∈ x for all t ∈ T and (d, t) 
∈ x for all ¬t ∈ T }
ϕ¬(D) = {t ∈ T | (d, t) ∈ x for all d ∈ D} ∪ {¬t | (d, t) 
∈ x for all d ∈ D}

We now consider disjunction, starting from the language LU , which is the
sub-language of L consisting of disjunctions of simple queries, or just disjunctive
queries for brevity.

Disjunctive queries can describe many more sets of documents than simple
queries, since disjunction allows to “accumulate” simple queries at will. So, the
first question that naturally arises is whether all sets of documents have a precise
description in LU . The answer, perhaps surprisingly, is negative: it can be shown
that a set of documents X ⊆ D has a precise description in LU if and only if
ψ(ϕ({d})) ⊆ X for all d ∈ X. In order to exemplify this result, let us consider
in our running example that ψ(ϕ(2)) = {2, 4}. This is a consequence of the fact
that index(2) ⊆ index(4) and implies, in light of the just stated result, that any
set of documents containing 2 but not 4 does not have a precise LU description.
{1, 2} is one such sets: it has no name in LU because 2 and 4 cannot be separated
by using only positive terms, even allowing disjunction. Negation is clearly a way
of separating documents, and in fact {1, 2} is precisely described by ¬F, as we
have already seen.

However, the power of disjunction is not to be underestimated, because while
LS and LC precise descriptions are unique, a set of documents X may have more
than one precise LU description. In proof, let us consider for instance the set
{2, 3, 4, 5} in our running example. This set has a precise LU description, since it
satisfies the above stated condition, namely ψ(ϕ(2)) ⊆ {2, 3, 4, 5} and the same
holds for 3, 4 and 5. It can be verified that

(C ∧ B) ∨ (H ∧ JSB ∧ F ) ∨ (JSB ∧ M ∧ F ) ∨ (H ∧ M ∧ F )

is a precise description of {2, 3, 4, 5}. However, also C ∨ (H ∧ JSB ∧ F ) is a
precise description of {2, 3, 4, 5}. This latter description is intuitively preferable
over the former, since it denotes the same set but it is much shorter. Indeed,
every disjunct of the latter description is a subset of a disjunct of the former
description; this means that the former description may have more as well as
larger disjuncts (set-theoretically speaking), however both of these can be pruned
to obtain an equivalent but shorter description.

In order to capture formally this preference criterion, we define a relation
between disjunctive queries. To this end and for the sake of simplicity, we
will regard simple queries as sets of terms. Given two disjunctive queries α =
D1 ∨ . . . ∨ Dm and β = E1 ∨ . . . ∨ En, α is preferred over β, α�β, if and only
if ans(α) = ans(β) and for every disjunct Di in α there exists a disjunct Ej
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Table 3. Computation of the candidate set of {2, 3, 4, 5}

t Y = termext(t) ∩ X ϕ(Y ) candidate set
H {3, 5} {H,F} no

C {2, 4, 5} {C} yes

B {2, 3, 4} no

JSB {3, 4} {B, JSB, F} no

M {4, 5} {M, F} no

F {3, 4, 5} {F} yes

in β such that Di ⊆ Ej . It can be proved that � is reflexive and transitive, thus
(LU , �) is a pre-order. A description is said to be minimal if it is a minimal
element of (LU , �), that is no description is preferred over it. We then set out
to find minimal descriptions.

For a given set of documents X ⊆ D, the candidate sets of X are given by:

max
t∈T

{Y = (termext(t) ∩ X) | Y = ψ(ϕ(Y ))} (2)

where maximality is with respect to set-containment. Notice that if X=ψ(ϕ(X)),
X is the only member of this set. Now, it can be proved that a LU description is
a precise minimal description of X iff it is given by ϕ(C1) ∨ ϕ(C2)∨ . . . ∨ϕ(Cn)
where C1, . . . , Cn are candidate sets of X which form a minimum cover for
X. This result sanctions the intractability of computing a minimal LU descrip-
tion, since it allows to reduce minimum cover to the problem at hand. However,
candidate sets can be computed efficiently, therefore approximations of minimal
descriptions can be efficiently obtained.

To see how, let us consider again the set X = {2, 3, 4, 5} for which we wish to
find a minimal, precise LU description in our running example. Table 3 shows
the computation of the candidate sets:

– the first column gives the considered term t;
– the second column gives the overlapping Y between the extension of t and

X ;
– the third column gives ϕ(Y ) in case Y = ψ(ϕ(Y )), as required by (2);
– finally, the last column tells whether Y is a candidate set.

There turns out to be only 2 candidate sets, out of which only one minimum set
cover for X can be constructed, given by C ∨ F. In this example, the minimum
set cover problem has no impact, due to the toy size of the example. In real
cases, however, candidate sets can be as many as the terms, and an approx-
imation technique may have to be used in order to avoid long computations.
In alternative, an incomplete method may be chosen, returning a non-minimal
description.
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Table 4. Computing the candidate sets for {1, 2, 3}

t ε(t) ∩ X intent candidate
H {1, 3} {H, ¬C, B, JSB} yes

C {2} {¬H, C, B, ¬JSB, ¬M, ¬F} no

B {1, 2, 3} no

JSB {1, 3} already considered no

M {1} non-maximal no

F {3} non-maximal no

¬H {2} already considered no

¬C {1, 3} already considered no

¬B {} non-maximal no

¬JSB {2} already considered no

¬M {2, 3} {B, ¬M} yes

¬F {1, 2} {B, ¬F} yes

An imprecise LU description might be desirable in case a precise one does
not exist or is not satisfactory, for instance because too long. Here the problem
is: to find the minimal description amongst the descriptions having minimal
imprecision. It can be shown that this problem has as unique solution the simple
query ϕ(X).

We conclude by considering DNFS descriptions, that is formulas in LD. As
we have already observed, a set of documents X has always a precise DNFS
description, but from the results above we know that there may be more such
descriptions. However, since the definition of minimality devised for LU descrip-
tions carries over LD descriptions, the same technique can be applied. In order
to illustrate, let us consider the document set X = {1, 2, 3}. Table 4 shows the
results of computing candidate sets on this set, similarly to Table 3. The 3 candi-
date sets so identified allow us to construct two minimal, precise LD descriptions
for the given set of documents, namely:

(
∧

{H, ¬C, B, JSB}) ∨ (
∧

{B, ¬M})

(
∧

{H, ¬C, B, JSB}) ∨ (
∧

{B, ¬F})

By applying simplification, these reduce to: ¬C ∨¬M and ¬C ∨¬F. Notice that
in either case the collection intension looks very different from the index of the
member documents.

5 Conclusion

We have argued that collections are abstraction mechanisms endowed with ex-
tension and intension, and outlined the solutions of the problem of finding an
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intension for a given extension, in the context of a simple, but realistic, DL
model.

Collection intensions allow DL users to know the meaning of a collection, in
terms of the descriptors used for characterizing the documents in the collection.
As such, they are essential to describe the nature of collections. In addition,
intensions may be very useful in collection management. To see how, let us
consider the following situations:

– A query q ∈ LU and for a certain collection c, collint(c) ∧ q is inconsistent.
This means that, whatever the DL, c does not contain any document satis-
fying q, so it is useless to check the documents in c’s extension, because none
of these documents belongs to the answer. If, on the other hand, collint(c)
is subsumed by q, then the whole collection extension satisfies the query,
no matter what the current DL looks like; also in this case searching the
collection extension is useless. In sum, the extension of a collection needs to
be searched only in case the collection intension is consistent with, but not
subsumed by the query.

– A new document d comes in, and the DL system has to determine which
collection extensions d “fits in”, that is in what collections d might belong
without breaking the constraint (1). Suppose that for a certain collection c,
index(d) is subsumed by collint(c). This means that, whatever the DL, if
collext(c) ⊆ ans(collint(c), D) then collext(c)∪{d} ⊆ ans(collint(c), D). In
other words, adding d to the extension of c does not break the constraint (1).

– A new user comes in, whose profile is given by a description α ∈ LU , and
the DL system has to determine which collections are relevant to this user,
that is which collections contain documents which the user may be interested
in. Suppose that for a certain collection c, α ∧ collint(c) is consistent. This
means that there may be some DL, perhaps the current one, in which c has
some documents denoted by α, thus c is relevant to the user in the above
sense. Or, we might want a stricter notion of relevance, one in which all
the collection extension must satisfy the user profile. In this latter case, we
would require that collint(c) is subsumed by α.

In all these situations, the underlying assumption is that the relevant sub-
sumption and consistency decision problems can be efficiently solved. This is in
fact the case for the DL model in this paper.

More generally, by putting descriptions at the heart of the Digital Library
model, a connection is established between Digital Libraries and other impor-
tant fields of information systems, notably knowledge management. This should
not come as a surprise, since the very purpose of a Digital Library is the
sharing of knowledge. Quite to the contrary, it is in fact surprising that the
development of DL technology has largely ignored knowledge technology, and
this may be one of the reasons why the establishment of DL technology is so
slow.
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Abstract. A feasibility study was conducted within the confines of the DELOS 
Network of Excellence with the aim of investigating possible approaches to 
extend The European Library (TEL) with multilingual information access, i.e. 
the ability to use queries in one language to retrieve items in different 
languages. TEL uses a loose coupling of different search systems, and deals 
with very short information items. We address these two characteristics with 
two different approaches: the “isolated query translation” approach, and the 
“pseudo-translated expanded records” approach. The former approach has been 
studied together with its implications on the user interface, while the latter 
approach has been evaluated using a test collection of over 150,000 records 
from the TEL central index. We find that both approaches address the specific 
characteristics of TEL well, and that there is considerable potential for a 
combination of the two alternatives. 

1   Introduction 

This paper reports on a feasibility study ([1], [6], [12]) conducted in collaboration 
between DELOS, the European Network of Excellence on Digital Libraries, and The 
European Library (TEL). TEL is a service fully funded by the participant members 
(national libraries) of the Conference of European National Librarians (CENL). It 
aims at providing a co-operative framework for integrated access to the major 
collections of the European national libraries. The study intends to provide a solid 
basis for the integration of multilingual information access into TEL. 

By multilingual information access (MLIA) we denote search on collections of 
information items (in the context of this paper, bibliographic records) that are 
potentially stored in multiple languages. The aim is to allow the user to query the 
collection across languages, i.e. retrieving information items not formulated in  the 
query language. The term “cross-language information retrieval” (CLIR) is often used 
to describe this definition of MLIA, distinguishing it from monolingual access to 
information in multiple languages (which is already implemented in TEL).  

Today, mainstream research on CLIR in Europe is carried out within the confines 
of the Cross-Language Evaluation Forum (CLEF) campaign [14]. Most of the 
experiments in CLEF concentrate on retrieval of lengthy, unstructured full-text 

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



 Adding Multilingual Information Access to the European Library 219 

documents using a general vocabulary. An overview of the recent achievements in 
CLIR can be found in [5], [10], and [11]. Generally, there is a growing sense among 
the academic community that the CLIR problem as applied to such lengthy, 
unstructured full-text documents from a general domain is fairly well understood from 
an academic standpoint [3], [4]. Unfortunately, the situation in the TEL system is 
substantially different from the ideal “mainstream setting” for CLIR. TEL employs 
only a loose coupling of systems, i.e. each query is forwarded to the individual 
libraries. In such cases, translation and retrieval cannot be tightly integrated. We 
address this problem with the “isolated query translation approach” (Section 3). 
Furthermore, the large majority of information items are very short. Similarly, the 
expressions of information needs by the users, i.e. the queries, tend to be very short as 
well (average length is 2.2 words). These contradictions to the general CLIR setting 
are addressed by our “pseudo-translation on expanded records” approach (Section 4). 

2   TEL Architecture and Functioning 

Figure 1 shows the architecture of the TEL system. The TEL system allows easy 
integration of national libraries [15] by extensively using the Search/Retrieve via URL 
(SRU)1 protocol. In this way, the user client can be a simple web browser, which 
exploits SRU as a means for uniformly accessing national libraries. 

With this objective in mind, TEL is constituted by three components: (1) a Web 
server which provides users with the TEL portal and provides integrated access to the 
national libaries via SRU; (2) a "central index" which harvests catalogue records from 
national libraries which support the Open Archives Initiative Protocol for Metadata 
Harvesting (OAI-PMH)2  ; (3) a gateway between SRU and Z39.503 which allows 
national libraries that support only Z39.50 to be accessible via SRU. 
This setup directly influences how MLIA/CLIR can be integrated into TEL. Indeed, 
the TEL system has no control on queries sent to the national libraries, as interaction 
with national library systems is via SRU. Consequently, introducing MLIA 
functionalities into the TEL system would have no effect on unmodified national 
library systems. Modification of these systems, however, is an unviable option due to 
the effort required and the “low barrier of entry” criteria adopted when designing the 
TEL system. 

Therefore, while still offering some MLIA functionalities, we have investigated the 
possibility of adding an “isolated query translation” step. Additionally, the TEL 
"central index" harvests catalogue records from national libraries, containing 
catalogue metadata and other information useful for applying MLIA techniques, such 
as an abstract. We show how to extend the functionality of this central index to MLIA 
by adding a component that pseudo-translates the catalogue records (“pseudo-
translation of expanded records”). This addresses the brevity of the information items 
involved, and is substantially different from approaches on the ideal “mainstream 
setting” for CLIR. 

                                                           
1 http://www.loc.gov/standards/sru/  
2 http://www.openarchives.org/OAI/openarchivesprotocol.html 
3 http://www.loc.gov/z3950/agency/ 
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Fig. 1. Present architecture of the TEL system 

3   Isolated Query Translation 

"Isolated Query Translation" addresses the problems for MLIA generated by the loose 
coupling of the systems of the individual national libraries. The new component can 
be directly accessed by the client browser using the SRU protocol. It can be 
considered as a sort of pre-processing step where the translation problem is treated as 
completely separate from retrieval. 

The approach works as follows: (1) before actually submitting the query, the user 
asks the browser to translate it; (2) the browser sends the query via SRU to the 
“isolated query translation” component, which takes care of translating it and, if 
necessary, applies query expansion techniques to reduce the problem of missing 
translations; (3) at this point, the user can interactively select the translation which 
best matches his needs or can change some query term to refine the translation. In this 
latter case, the translation process may be iterated. (4) Once the desired translation of 
the query has been obtained, the retrieval process is initiated, using both the translated 
query and the original one. 

This solution is easy to implement and complies with the “low barrier of entry” 
approach. The national library systems do not require any modification and this new 
functionality can be transparently applied when querying them. Some user interaction 
is required, because multiple translations of the same term may need to be 
disambiguated or the original query may need to be modified. 

The main drawback of this approach the separation of the translation from the 
retrieval process. Relevant documents may be missing in the result set and thus the 
performance can be low. Moreover, huge linguistic resources, such as dictionaries, are 
needed since the vocabulary used in queries is expected to be very large; this has to be 
repeated for each pair of source/target language the system is going to support. 
Finally, the query expansion mechanism has to be generic and cannot be tailored on 
the collections queried, since the “isolated query translation” component does not 
interact with the national library systems. 
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3.1   Modifications to the TEL System User Interface  

In our discussion on how to modify the current user interface of the TEL system for 
the “isolated query translation” feature we focus our attention on the simple search 
functionality. First, the interface is extended with an additional link to the “Isolated 
Query Translation” feature. When the user clicks on the “suggest query in other 
languages” link (Figure 2), a box with the supported target languages for the 
translation appears below the search input box. The user can now check the languages 
for which he wants a translation of the query.  

Target 
Languages

Source
Language

 

Fig. 2. Selection of the source and target languages in the simple search 

Moreover, on the left of the search input box, a list with the possible source 
languages of the query is now shown, so that the user can specify the language of his 
original query. Note that the set of languages for the user interace may differ from the 
languages available for translation.  

As shown in Figure 3, for each target language selected by the user, a new text 
input box appears below the search input box containing the translation of the query 
in that language. There are different possibilities for managing the user interaction 
when the translation of the query is shown. A first possibility would be to add a 
button “Suggest” so that the user presses it and the input boxes with the translation of 
the query appear (explicit request by user). Another possibility would be a more 
Asynchronous JavaScript Technology and XML (AJAX) style of interaction where the 
input box with the translation appears as soon as the user selects the target language. 
In any case, both ways of interaction comply with the current approach of the TEL 
system in developing the user interface, which already exploits AJAX. 

Once the translations have been obtained, we want to allow the user to modify or 
refine the translations. Since the users of the simple search probably prefer an easy 
and intuitive way of interacting with the system, the translation refinement step 
should also be as simple as possible, even if some precision or some expressive power 
is lost. For this purpose, we can assist the user as follows: 
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Queries in the 
Selected Target 

Languages

Selected Target 
Languages

Click to Search in 
Multiple Languages

 

Fig. 3. Query suggestions in other languages in the simple search 

1. The user could directly edit each text input box. This means that the user can 
delete or add words to the translation.  If the user has no knowledge of a target 
language, he will have to use the query suggested by the system without 
modifications.  

2. Some attention has to be paid when multiple translations are possible because 
they all have to be listed in the input box and thus some visual clue should be 
provided to help the user in distinguishing between multiple alternatives. 

3. If the translation greatly differs from users expectations, there is the possibility of 
modifying the source query by adding or deleting words to it, thus obtaining a 
new translation in the target languages. 

 

Once the various translations of the query have been approved, the user can click 
the “Search Multilingual” button to perform a search in both the original and the 
selected target languages. 

4   Pseudo-Translation of Expanded Records 

Today, the large majority of all records available through the search facility in TEL 
contain bibliographical metadata only (no abstracts or full text). Only short segments 
of text are thus available for free-text search by the user (such as the “title” field). 

While potentially a problem in monolingual search as well, the brevity of the 
available text exacerbates the problems usually encountered in multilingual 
information access situations. 

4.1   Expansion Techniques and Pseudo-Translation 

The solution that was chosen for overcoming the lack of textual content in the 
information items is automatic expansion of the content fields. The approach used is 
derived from techniques used in classical information retrieval for query expansion, 
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such as relevance feedback [13]. These techniques extract new statistically related 
search terms from items that are ranked highly in initial searches. While often used 
interactively, involving a user picking relevant items from a result set, these 
techniques can also be applied in an automated fashion. In such cases, the system 
assumes that the top items returned in response to user requests are relevant. Such a 
technique is called “blind feedback”, and has proven to be beneficial in many CLIR 
settings [2]. 

It is possible to use the same techniques independently of specific information 
needs, by expanding the information item itself instead of the query. While usually 
not applicable to retrieval on lengthy documents, we expected potential for such an 
approach in the case of the very short records present in the TEL collection. By using 
expansion techniques, we intended to address both problems of vocabulary coverage 
and word sense ambiguity, as usually experienced during translation. Additional 
terms added during expansion tend to be from a more general vocabulary, as term 
frequency influences term selection. The new, longer representation of the record also 
makes it less likely that none of the terms can be translated. 

In this proposed solution, we cross the language boundary by translating the 
“document”, i.e. the complete record. Document translation has been found to be very 
competitive [7] in some general cross-language retrieval settings, although query 
translation is more prevalent. The main reason for the scarce adoption of the 
document translation techniques can be attributed to problems of scalability. This 
problem is much less pronounced in the case of TEL, where the brevity of the records 
should make document translation applicable even to large numbers of records, e.g. in 
the order of multiple millions of records. The approach is mainly suitable for 
integration with the TEL central index. However, the same approach could also be 
deployed in additional search systems of the national libraries that are accessed 
remotely via TEL. 

Using the translated records for matching with queries only, and not for 
presentation, means that we can use “pseudo-translations”, i.e. to potentially leave 
terms untranslated or translate them into multiple different terms in the target 
language. The translation will remain hidden to the end user. This approach of using 
“rough” translations for retrieval is both cheaper to implement and often more 
effective for retrieval, as multiple translation alternatives can be retained during the 
process.  

4.2   Outline of Approach, Experiment Setup and Retrieval 

The outline of this approach, called in the following “pseudo-translation of expanded 
records”, or “pseudo-translation” for short, is thus: (1) the unstructured content fields 
of the record are expanded by additional terms that are statistically similar to the 
original terms in those fields; (2) these additional terms are derived by searching for 
records that are similar in content to the record that is to be expanded, and  
then extracting from these additional records the best terms according to well-known 
blind feedback techniques; (3) the expanded records are translated in their entirety 
using a simple translation resource; and (4) retrieval takes place on the expanded, 
(pseudo-) translated records. 
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With retrieval experiments on test collections, we have aimed to demonstrate how 
expanded records could be represented, how they would look in their pseudo-
translated state and to analyze whether they could be expected to be usable for 
implementing CLIR in the TEL system. 

A full evaluation on a sample of 151,700 bibliographical records in English from 
the British library (part of the TEL central index) was carried out. We used 99 queries 
in English derived from three months of logfiles to represent typical information 
needs. Queries are a mix of one-word statements and longer formulations. The queries 
were manually translated into German for later cross-language retrieval experiments. 

The experiments follow the so-called Cranfield paradigm [9] for retrieval tests. The 
retrieval system used was Terrier4, an open-source information retrieval system 
developed by the University of Glasgow. Note that much of the procedures described 
would be implemented off-line in an operational system. Translation of the records 
was done using the PROMT5 off-the-shelf machine translation system. Again, a 
variety of different translation resources could be used in support for the chosen CLIR 
approach. 

We expanded the 151,700 records by using each record in turn as a query and 
running it against the whole collection to determine the set of most similar records. 
The 10 best-ranked items were used to produce a maximum of 5 expansion terms 
leading to the most promising results. For some records, no new statistically 
associated terms can be found, and the records remain unexpanded. In all, 
approximately 29% of records were not expanded. This ratio should drop if more 
records were added to the “document” base. 

We pseudo-translated all expanded records from English to German using 
PROMT. The translation suffered from aggressive compound formation by the 
PROMT software. Since we did not have a German compound splitter available for 
the Terrier system, retrieval effectiveness may have been negatively affected (For the 
effect of “decompounding” on retrieval effectiveness, see e.g. [8]). 

The following is an example of a pseudo-translated record from our test collection:  
English record, original: 

<srw_dc:dc><recordPosition>103899</recordPosition> 
<title>Private power : Multinational corporations for the 
survival our planet.</title></srw_dc:dc> 

German record, pseudo-translated, expanded. 
<srw_dc:dc><recordPosition>103899</recordPosition> 
<title>Private Macht : Multinationale Vereinigungen für das 
Überleben unser Planet.</title> 
<extendedTerms>Entwicklung, Welt, </extendedTerms></srw_dc:dc> 

The resulting 151,700 pseudo-translated records were loaded into the Terrier 
system for retrieval. 

The 99 queries were hand-translated into German and used to retrieve the top 10 
records for each query from the pseudo-translated German records. This constitutes a 
cross-language retrieval experiment, as each pseudo-translated record can clearly be 
matched with the original English version it represents in the search index. As a 
                                                           
4 Terrier is available under the Mozillla Public License.  
5 http://www.e-promt.com/ 
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baseline for comparison, we ran the same 99 queries in their original English version 
against the original English records. 

4.3   Analysis of Results 

To evaluate retrieval effectiveness, usually recall and precision figures are calculated. 
Clearly, it was not feasible to do extensive manual relevance assessments for all 99 
queries in our study (resulting in 151,700 * 99 assessments). We used so-called 
“overlap analysis” as a viable alternative. The monolingual English baseline, 
representing the same information need as the cross-language case, acts as a “gold 
standard”, by assuming that the results from that retrieval experiment have sufficient 
quality. Any retrieval result sufficiently similar to the monolingual result is then 
considered to be acceptable. We analyzed the top 10 ranked records to determine the 
similarity between the monolingual and the cross-language experiment. In all, 30 of 
the 99 queries had sufficiently similar results, and thus the cross-language results 
were considered to match the monolingual baseline. These queries were excluded 
from further analysis. 

The remaining 69 queries have results that significantly differ from the 
monolingual baseline. This, however, does not necessarily indicate that these queries 
have poor performance. For further analysis, four cases need to be distinguished: (1) 
good monolingual result; good, but different, cross-language result; (2) good 
monolingual result; bad cross-language result; (3) bad monolingual result; good cross-
language result; (4) bad monolingual result; bad, but different, cross-language result. 
We supplement this with the previous case: (0) monolingual and cross-language result 
similar; assumed to be good. 

We attempted to classify the remaining 70 queries (one query was accidentially 
duplicated at this stage) to cases 1-4 based on relevance assessments of the top 10 
records for both the monolingual and cross-language experiments. In combination 
with the actual analysis of the results, it was not possible to process all remaining 
queries. A total of 18 queries had to be excluded from further processing due to lack 
of resources. We thus analyzed a grand total of 52 queries, giving a categorization for 
82 queries. 

We argue that case 0, 1, and 3 provide evidence for good retrieval results, whereas 
case 4 at least indicates that the cross-language result is not necessarily worse than the 
monolingual result. In all, using this methodology we found that 55% of queries 
analyzed showed evidence of good retrieval results, and 83% of queries showed 
evidence that they did not suffer significantly from the cross-language setup when 
compared to the monolingual baseline (note that for some of these queries there 
simply will be no relevant records in the collection!). The latter number is 
encouraging, being in line with what has been reported as state-of-the-art for CLIR in 
the CLEF campaign for lengthy documents [4]. Please note, however, that the number 
has to be treated with care, owing to the limitations described above. The approach 
should actually benefit in terms of effectiveness when scaling up to larger collections. 

Table 1. Summary of evaluation of queries 

Case 0 1 2 3 4 not eval. 
# queries 30 13 14 2 23 18 
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5   Conclusions 

We have described the results and the findings of a feasibility study carried out to 
determine how multilingual information access functionalities could be added to the 
TEL system. We have proposed two different approaches for introducing MLIA 
functionalities in the TEL system: the first one, called “isolated query translation”, 
performs a pre-processing step to translate the query and then routes the translated 
query to the national library systems. The second one, called “pseudo-translation”, 
involves only queries sent to the TEL central index but merges the translation process 
with the retrieval one in order to offer more effective MLIA functionalities. Please 
note that the two approaches are independent, and we expect considerable potential 
for combination. 

On the whole, we can envision the following evolutionary scenario for 
implementing MLIA in TEL: 

• short-term: the “isolated query translation” solution is a first step for adding 
MLIA functionalities to TEL and represents a quick way to give TEL users and 
partners a multilingual experience.  

• mid-term: the implementation and deployment of  a “pseudo-translation” solution 
is a second step which better exploit the information directly managed by the 
TEL central index; 

• long-term: the adoption of an inter-lingua approach, where all the translations are 
made to and from this pivot language, will allow for scaling up the system, when 
new partners will join TEL. This can be facilitated by combining the two 
approaches described in this paper. 

The work for defining an actual roadmap for introducing MLIA functionalities into 
TEL is currently ongoing and some initial results in this direction are reported in [1]. 
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Abstract. We present in this paper the design and implementation of the 
OntoNL Framework, a natural language interface generator for knowledge 
repositories, as well as a natural language system for interactions with 
multimedia repositories which was built using the OntoNL Framework. The 
system allows the users to specify natural language requests about the 
multimedia content with rich semantics that result to digital content delivery.  
We propose and evaluate a semantic relatedness measure for OWL domain 
ontologies that concludes to the semantic ranking of ontological, grammatically-
related structures. This procedure is used to disambiguate in a particular domain 
of context and represent in an ontology query language, natural language 
expressions. The ontology query language that we use is the SPARQL. The 
construction of the queries is automated and also dependent on the semantic 
relatedness measurement of ontology concepts. We also present the results of 
experimentation with the system. 

Keywords: Natural language interfaces, ontologies, semantic relatedness, query 
representation. 

1   Introduction 

We present in this paper the OntoNL Framework for building natural language 
interfaces to semantic repositories, as well as a natural language interaction interface 
for semantic multimedia repositories which was build using the OntoNL Framework. 

A well known problem with natural language interfaces is that they are notoriously 
expensive to build. To this end, the OntoNL Framework implements a software 
platform that automates to a large degree the construction of natural language 
interfaces for knowledge repositories. To achieve the applicability and reusability of 
the OntoNL Framework in many different applications and domains, the supporting 
software is independent on the domain ontologies. 

Knowing the context in which an ambiguity occurs is crucial for resolving it. This 
observation leads us to try to exploit domain ontologies that describe the domain  
of use of the natural language interface. The methodology that we have developed  
is reusable, domain independent and works with input only the OWL ontology  
that was used as a reference schema for constructing a knowledge repository. The 
methodology depends on a semantic relatedness measure that we have developed for 
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domain ontologies that concludes to semantic ranking. The semantic ranking is a 
methodology for ranking related concepts based on their commonality, related senses, 
conceptual distance, specificity and semantic relations. This procedure concludes to 
the natural language representation for information retrieval using an ontology query 
language, the SPARQL. The SPARQL queries are ranked based on the semantic 
relatedness measure value that is also used for the automatic construction of the 
queries. 

The software components of the OntoNL Framework address uniformly a range of 
problems in sentence analysis each of which traditionally had required a separate 
mechanism. A single architecture handles both syntactic and semantic analysis, 
handles ambiguities at both the general and the domain specific environment. 

The natural language interface to semantic multimedia repositories was built on top 
of a digital library system that manages multimedia data structures using the MPEG-7 
standard and utilizes domain ontologies. The application of the OntoNL Framework 
addresses a semantic multimedia repository with digital audiovisual content of soccer 
events and metadata concerning soccer in general, has been developed and 
demonstrated in the 2nd and 3rd Annual Review of the DELOS II EU Network of 
Excellence (IST 507618) (http://www.delos.info/ ). We also present the results of 
experimentation with the system. 

2   The OntoNL Framework 

The overall structure of the Framework is shown in Fig. 1. It consists of the Linguistic 
Analyzer component that recognizes the English sentence elements and structures;  
the Semantic Disambiguator that uses Domain Ontologies to remove as much as 
possible ambiguities and a Query Formulator that produces the final form of queries 
that will be submitted to the Application Repository. The Semantic Disambiguator 
requires that the Domain Ontologies are preprocessed so that clusters of concepts are 
identified and this is done offline by the Ontologies Processor.  

Query Formulator

Application 
Specific 

component

Application 
Independent 
component

OWL Ontology

Semantic 
Disambiguator

OntoNL 

Natural Language Input

OWL Disambiguated Queries

WordNetLinguistic Analyzer
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Grammatical Relations Discovery

Synonym and Sense Discovery
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Concept Relatedness 
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Fig. 1. Framework Architecture 
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The communication is done through APIs. Note that different domain ontologies 
may be just imported in the system, provided that they are expressed in the same 
knowledge representation language (OWL). The Framework is therefore reusable 
with different domain ontologies.  

In the following sub-sections we describe in more detail the functionality of the 
components of the Framework. 

2.1   Linguistic Analyzer 

In the application natural language interfaces of the OntoNL system the user inputs 
requests. Requests do not contain the actual information to address the knowledge 
repository in the subject of the sentence, but in one or more dependent clauses that 
complement the independent clause to a complex sentence. We identify what the user 
asks the system and the additional restrictions that (s)he gives for this ‘subject’. The 
analysis consists of the following parts: 

Part-Of-Speech (POS) Tagging. The POS tagging is the first attempt to 
disambiguate the sense of every word that constitutes the user’s request. In our system 
we used the Stanford Log-Linear POS Tagger (http:// nlp.stanford.edu/ software/ 
tagger.shtml).  

Noun Compound Analysis. The OntoNL deals with noun compounds, firstly, by 
using a method to expand n-grams into all morphological forms. We have used the 
dependency model for syntactically analyzing noun compounds, based on its 
successful performance in previous applications, with training corpus the set of the 
ontologies that describe each different domain. This may lead to the conclusion that 
the training corpus is very limited in comparison to a linguistic corpus, but it is more 
accurate to a specific domain and application. By combining the use of domain 
ontologies as the training corpus and the WordNet by taking advantage of the 
hyponyms and synonyms, we maintain the needed information. The procedure of the 
noun compound bracketing helps in determining correctly the grammatical 
relationships. 

Locating Grammatical Relations. Grammatical relation detection is the semantic 
basis for the information extraction. We developed an annotation scheme for locating 
grammatical relations. The scheme is based on grammatical relations that are 
composed of bilexical dependencies (between a head and a dependent) labeled with 
the name of the relation involving the two words. The grammatical relations are 
arranged in a hierarchy (see Fig. 2), rooted with the most generic relation, 
dep(dependent). 

arg
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subj/dobj comp

iobjdobj obj2

obj clausal

nscomp scomp

dep

mod conj

nn det numtmodprep

 

Fig. 2. The grammatical relation hierarchy 
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For each grammatical relation, we defined one or more patterns over the phrase 
structure parse tree, produced by the tagger. Conceptually, each pattern is matched 
against every tree node, and the matching pattern with the most specific grammatical 
relation is taken as the type of the dependency. 

Language Model. To ensure the performance of the semantic disambiguation 
procedure, the system uses WordNet [2] to obtain all the possible senses and 
synonyms of words in the user input. The linguistic analysis procedure concludes to a 
language model described in Fig. 3. In this model diagram there are classes 
representing the grammatical relations that are connected with associations. 
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Fig. 3. The language model 

2.2   Semantic Disambiguator 

The purpose of semantic disambiguation in natural language processing, based on a 
particular domain is to eliminate the possible senses that can be assigned to a word in 
the discourse and associate a sense which is distinguishable from other meanings. In 
particular, the types of ambiguity encountered in the OntoNL system are:  

1. The query contains generally keywords that can be resolved by using only the 
ontology (ontological structures and semantics) (ex.1 “… players of soccer team 
Milan”). 

2. One of the subject or object part of the language model cannot be disambiguated 
by using the ontology (ex.2 “…players of Barcelona”). 

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



232 A. Karanastasi, A. Zotos, and S. Christodoulakis 

Query term extraction and synonyms 
from language model

Search and match to 
ontological structures 

[complete disambiguation of 
the OntoNL expression]

[not complete disambiguation of the Object Part]

Enhance the language model 
with the domain ontology 

information and the rel value  

Search for n* most related 
concepts to the 

subject or object matched to 
ontological structure

Assign the semantic 
relatedness measurement 

value (rel value)

Check for 
Operators

[else]

[operator 
exists]

[else]

Mark the concept 
instances to be of 

same concept

Mark the concept instances 
to be of a different concept

11

11

Check the ambiguities 
of the Object Part

* n specified by the application

[not complete disambiguation of the Subject Part]

Check the ambiguities of 
the Subject Part

*

*

* *

[one word 
ambiguity]

 

Fig. 4. The OntoNL Semantic Disambiguation procedure 

3. Neither the subject nor the object part contains terms disambiguated using the 
ontological structures (ex.3 “… information about soccer team Milan”) 

Next, we describe the entire semantic disambiguation algorithm based on the 
different levels of ambiguities, using a UML activity diagram. It is a general approach 
where the disambiguation is based on an OWL repository. 

2.3   Ontologies Processor 

The Ontologies Processing procedure consists of a tokenization mechanism, an 
abbreviation expansion mechanism and a semantic relatedness measure calculation 
between the concepts of the ontology-ies. We propose a method that can be used for 
computing semantic relatedness between concepts that belong to an OWL domain 
ontology by using structural information and semantics, but also information from 
WordNet. 

The measure is based on the commonality, the related senses, the conceptual 
distance, the specificity, the specialization and the semantic relations. 

The calculation of the semantic relatedness is done once and not in run time. The 
results are stored and reused when needed. The OntoNL Semantic Relatedness 
Measure is fully described in. 

2.4   Query Formulator 

We choose SPARQL (http://www.w3.org/TR/rdf-sparql-query/) as the query 
language to represent the natural language queries after the syntactic and semantic 
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disambiguation since SPARQL is defined in terms of the W3C's RDF data model and 
works for any data source that can be mapped into RDF.  

To provide an automatic construction of SPARQL queries we need at any point to 
define the path in the ontological structures that leads from the subject part to the 
object part of the natural language expression, by taking into account the constraints 
that are declared from the keywords and the relatedness value between the related 
classes of the ontology. 

The path connecting the classes through OWL ObjectProperties and not IS-A 
relations, directed from the user expression is given by an algorithm solving the 
problem of the single-source shortest path: finding a path between two vertices such 
that the sum of the weights of its constituent edges is minimized. The differentiation 
here is that the edges linking the classes of the ontology graph are the 
OWL:ObjectProperties and the weight values are specified by the relatedness measure 
calculation described earlier in this chapter. So, we need the sum of the weights of its 
constituent edges to be maximized. 

The procedure we follow is summarized by two steps: for each pair of subject-
intended object find the optimized directed path through ObjectProperties and form 
the SPARQL query. 

3   Overview of the NL2DL System 

The NL2DL System is an application of the OntoNL Framework that addresses a 
semantic multimedia repository with digital audiovisual content of soccer events and 
metadata concerning soccer in general. The overall architecture is shown in Fig. 5. 
The reference ontologies we used is an application of the DS-MIRF ontological 
infrastructure [3] and the WordNet for the syntactic analysis. The repository for 
accessing the instances is the DS-MIRF Metadata Repository [4]. 

The OntoNL Component provides the NL Ontology API and the NL Query API 
for communication. The NL Query API contains functions to input a natural language 
query and after the disambiguation outputs a number of weighted SPARQL queries, 
based on the structures of the ontologies used for the disambiguation. It implements 
functions for the data transfer between the Framework and the repository. The NL 
Ontology API consists of the total of functions used for manipulating the ontologies 
that interfere with the system. 

The DS-MIRF OntoNL Manager provides the OntoNL component with the 
ontologies for the disambiguation and the natural language expression for 
disambiguation. It is also responsible for retrieving the user request, communicate 
with the repository, manage the results, rank them based on any existing User Profile 
information and presented them to the front end the user uses for interactions. 

After the natural language expression disambiguation process, the DS-MIRF 
OntoNL Manager parses the request coming from the OntoNL disambiguation 
process (SPARQL query) using mappings from domain ontology concepts to internal 
structures/data model in order to exploit its query/access mechanisms and retrieve the 
required information. 

The retrieval and filtering support in the DS-MIRF Metadata Repository is based 
on the semantic queries specified by the DS-MIRF OntoNL Manager. The semantic 
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queries may have implicit or explicit boolean operators. The DS-MIRF follows a 
specific schema for queries. This Schema allows the specification of queries that refer 
to: (a) multimedia content that satisfies specific criteria; (b) semantic entities that 
satisfy specific criteria and can be used for the semantic descriptions of multimedia 
content; and (c) constructs of domain ontologies expressed using MPEG-7 syntax. 
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Fig. 5. NL2DL Infrastructure 

4   Experimental Results 

A screenshot of the NL2DL system for retrieving audio visual content in the domain 
of the FIFA World Cup 2006 can be seen in Fig. 6. The application also includes the 
option of inserting the request using speech, but this is not one of the concerns of this 
work. The result view presents a list with the labels of the XML descriptions that 
comprise the requested information. The user can choose to see the audiovisual 
content of the results. 

A complete evaluation Framework has been designed for the OntoNL Framework 
that takes into account a large number of parameters regarding the characteristics of the 
ontologies involved, the types of users, and different types of performance metrics in 
order to assess the impact of various algorithms on the overall performance of the 
system. The results that we obtained are satisfactory and show that the automation in 
the building of natural language interfaces to semantic multimedia repositories is 
feasible. 
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In this paper we are going to present a part of the evaluation results that concern 
the effective performance of the NL2DL system in the domain of audiovisual content 
concerning the domain of soccer.  

The experiments tested if the language model’s components where successfully 
mapped to ontological structures (Fig. 7) and if the semantic relatedness measure 
resulted in satisfactory matches (Fig. 8). Also, we were concerned about the overall 
satisfaction of users of the effectiveness of the results against a keyword-based search 
(Fig. 9). The performance was measured by users that worked with the ontology and 
the system developers. 

 

 

Fig. 6. The multimedia object retrieved 
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Fig. 7. The effectiveness of ontology mappings (DS-MIRF ontologies for the domain of soccer) 
to user input 
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Fig. 8. The effectiveness of the semantic relatedness measure in the DS-MIRF ontologies for 
the domain of soccer 
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Fig. 9. The effectiveness of the NL2DL in the domain of soccer against a keyword-based 
search 

Each answer was rated for a percentage of its correctness (if there was missing 
information, or the answer was more general/specific than required by the question, 
etc.); the effectiveness of performance. The users did not have access to any reference 
answers in order to assess the quality of a proposed answer. The judgements for the 
validity of the proposed answers were based only in general knowledge and human 
opinion. 

As a general conclusion, we see that in a second iteration of tests the users 
expressed a higher satisfaction because of the familiarity increment of using the 
system. The results that concern ontological structures and semantics (Fig. 7 and 8) 
are strongly dependent on the form of the specific ontology. Overall, the 
performance decreases a little as the complexity of the language model increases, but 
as shown in Fig. 8, we get the correct results sooner and faster against a keyword-
based search. 
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5   Conclusions 

We have presented the OntoNL software engineering Framework for the generation 
of natural language user interfaces to knowledge repositories. The framework 
contains syntactic and semantic analysis components which are supported by a 
language model. The semantic analyzer utilizes domain ontologies described in OWL 
to try to disambiguate or rank the possible user queries.  

The motivation of this work came from the absence of a general, domain-
independent semantic relatedness measure apart from the WordNet. The measure was 
successfully used for natural language disambiguation and semantic ranking in the 
OntoNL Framework. The disambiguation process depends on the domain ontologies 
and when necessary, the OntoNL Semantic Relatedness Measure is used to rank 
ontological, grammatically-related concepts. 

We have developed an evaluation framework for the OntoNL Natural Language 
Interface Generator. For the OntoNL Semantic Relatedness Measure evaluation, the 
framework takes into account a number of parameters regarding the characteristics of 
the ontologies involved and the types of users. We have observed that when 
ontologies are used directly from their source (web) a major factor in the performance 
of the natural language interaction system is the names that are used to describe the 
ontologies. This may imply that for ontologies that do not utilize “natural language” 
names for their concepts and relationships we have to provide a mapping to more 
natural language expressed ontologies.). 

Overall, we found that the semantic relatedness measure that is used for the 
ontology-based semantic ranking of concepts for natural language disambiguation is 
quite complete and shows very good results. For future improvements, we may need 
to investigate the influence of more complex structures of OWL vocabulary to the 
performance.  

After this step we continued with an application-based evaluation of the OntoNL 
measure. We chose to use for the application, the OWL Ontology for the domain of 
soccer (http://lamia.ced.tuc.gr/ontologies/AV_MDS03/soccer ), because it is a big and 
very specific ontology. Also, the context of the ontology is familiar with the users. 
The results show that the implementation of semantic natural language interactions 
with semantic repositories is feasible and inexpensive for a large number of appli-
cations domains and domain ontologies.  
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Abstract. Digital preservation has turned into a pressing challenge for
institutions having the obligation to preserve digital objects over years. A
range of tools exist today to support the variety of preservation strategies
such as migration or emulation. Heterogeneous content, complex preser-
vation requirements and goals, and untested tools make the selection
of a preservation strategy very difficult. The Austrian National Library
will have to preserve electronic theses and dissertations provided as PDF
files and are thus investigating potential preservation solutions. The DE-
LOS Digital Preservation Testbed is used to evaluate various alternatives
with respect to specific requirements. It provides an approach to make
informed and accountable decisions on which solution to implement in
order to preserve digital objects for a given purpose. We analyse the
performance of various preservation strategies with respect to the spec-
ified requirements for the preservation of master theses and present the
results.

Categories and Subject Descriptors: H.3 Information Storage and
Retrieval: H.3.7 Digital Libraries.

General Terms: Digital Library, Digital Preservation, Long Term
Access.

Keywords: Preservation Planning, Migration, Emulation, Case Study.

1 Introduction

An increasing number of organisations throughout the world face national as well
as institutional obligations to collect and preserve digital objects over years.
To fulfil these obligations the institutions are facing the challenge to decide
which digital preservation strategies to follow. This selection of a preservation
strategy and tools is the most difficult part in digital preservation endeavours.
The decision depends on the institutional needs and goals for given settings.
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Technical as well as process and financial aspects of a preservation strategy form
the basis for the decision on which preservation strategy to adopt.

A number of strategies have been devised over the last years. An overview is
provided by the companion document to the UNESCO charter for the preser-
vation of the digital heritage [1]. All of the proposed strategies have their ad-
vantages and disadvantages, and may be suitable in different settings. The most
common strategy at the moment is migration, where the object is converted
into a more current or more easily preservable file format such as the recently
adopted PDF/A standard [2], which implements a subset of PDF optimised for
long-term preservation. A report about different kinds of risks for a migration
project is done by the Council of Library and Information Resources (CLIR) [3].
Another important strategy is emulation, which aims to provide programmes
that mimic a certain environment, e.g. a certain processor or the features of a
certain operating system. Jeff Rothenberg [4] envisions a framework of an ideal
preservation surrounding. PANIC [5] addresses the challenges of integrating and
leveraging existing tools and services and assisting organisations to dynamically
discover the optimum preservation strategy.

The Austrian National Library (ONB) will have the future obligation to collect
and preserve electronic theses and dissertations from Austrian universities. To
fulfil this obligation, the ONB needed a first evaluation of possible preservation
strategies for these documents according to their specific requirements.

The DELOS DP Testbed allows the assessment of all kinds of preservation
actions against individual requirements and the selection of the most suitable
solution. It enforces the explicit definition of preservation requirements and sup-
ports the appropriate documentation and evaluation by assisting in the process
of running preservation experiments. Thus it was used for assessing potential
strategies. The approach presented in this paper basically focuses on the elicita-
tion and documentation of the requirements (objectives). File format repositories
such as PRONOM [6] may be used to identify specific technical characteristics of
the digital objects at hand. In this paper we describe the workflow for evaluating
and selecting DP solutions following the principles of the DELOS DP Testbed.
We present the results of the case study involving the Austrian National Library,
and demonstrate the benefits of the proposed approach. The case study is also
reported in [7].

The remainder of this paper is organised as follows: Following an overview
of the principles of the DELOS DP Testbed in Section 2, a description of the
workflow is presented in Section 3. We report on the case study on the preserva-
tion of electronic theses in PDF format in Section 4. An overview of other case
studies is given in Section 5. The closing Section 6 provides conclusions, lessons
learned as well as an outlook on future work.

2 The DELOS DP Testbed

The DELOS DP Testbed of the DELOS Digital Preservation Cluster com-
bines the Utility Analysis approach [8] with the testbed designed by the Dutch
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National Archive. Figure 1 provides an overview of the workflow of the DELOS
DP Testbed, which was described in [8] and recently revised and described in
detail in [9]. The 3-phase process, consisting of 14 steps, starts with defining
the scenario, setting the boundaries, defining and describing the requirements
to be fulfilled by the possible alternatives of preservation actions. The second
part of the process identifies and evaluates potential alternatives. The alterna-
tives’ characteristics and technical details are specified; then the resources for
the experiments are selected, the required tools set up, and a set of experiments
is performed. Based on the requirements defined in the beginning, every experi-
ment is evaluated. In the third part of the workflow the results of the experiments
are aggregated to make them comparable, the importance factors are set, and
the alternatives are ranked. The stability of the final ranking is analysed with
respect to minor changes in the weighting and performance of the individual
objectives using Sensitivity Analysis. The results are finally evaluated by taking
non-measurable influences on the decision into account. After this analysis a clear
and well argumented accountable, recommendation for one of the alternatives
can be made.

Fig. 1. Overview of DELOS Digital Preservation Testbed’s workflow

To simplify the process, to guide users and to automate the structured docu-
mentation, a software tool is introduced1. It implements the workflow of the DE-
LOS DP Testbed, supporting the documentation of the various steps performed.
Results may be stored centrally on a server or exported to an XML file.

1 http://ifs.tuwien.ac.at/dp
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3 Testbed Workflow

The detailed workflow consists of fourteen steps as shown in Figure 1, which are
described below.

1. Define Basis
The basis of the DELOS Digital Preservation Testbed is a semi-structured
description including the required types of records to be considered, a de-
scription of the environment in which the testbed process takes place, and
information on the amount of files or records.

2. Choose Records
This step selects sample records representing the variety of document char-
acteristics of the considered collection. These samples are later used for eval-
uating the preservation alternatives.

3. Define Requirements
The goal of this decisive step is to clearly define the requirements and goals
for a preservation solution in a given application domain. In the so-called
objective tree, high-level goals and detailed requirements are collected and
organised in a tree structure.

While the resulting trees usually differ through changing preservation set-
tings, some general principles can be observed. At the top level, the objectives
can usually be organised into four main categories:
– File characteristics describe the visual and contextual experience a user

has by dealing with a digital record. Subdivisions may be “Appearance”,
“Content”, “Structure” and “Behaviour”, with lowest level objectives
being e.g. colour depth, image resolution, forms of interactivity, macro
support, or embedded metadata.

– Record characteristics describe the technical foundations of a digital
record, the context, the storage medium, interrelationships and meta-
data.

– Process characteristics describe the preservation process. These include
usability, complexity or scalability.

– Costs have a significant influence on the choice of a preservation solution.
Usually, they may be divided in technical and personnel costs.

The objective tree is usually created in a workshop setting with experts from
different domains contributing to the requirements gathering process. The
tree documents the individual preservation requirements of an institution
for a given partially homogeneous collection of objects. Examples include
scientific papers and dissertations in PDF format, historic audio recordings,
or video holdings from ethnographic studies. Typical trees may contain be-
tween 50 to several hundred objectives, usually organised in 4-6 hierarchy
levels.

4. Assign Measurable Units
Measurable effects are assigned to the objectives that have been defined in
the previous step. Wherever possible, these effects should be objectively
measurable (e.g. e per year, frames per second). In some cases, (semi-)
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subjective scales will need to be employed (e.g. degrees of openness and
stability, support of a standard, degree of file format adoption, etc.).

5. Choose Alternatives
Different preservation solutions, such as different migration tools or emu-
lators, are described. An extensive description of the preservation process
ensures a clear understanding of each alternative.

6. Specify Resources
For each alternative defined in the previous step, a project and work descrip-
tion plan is developed, where the amount of work, time and money required
for testing the alternative are estimated.

7. Go/No-Go
This step considers the definition of resources and requirements to determine
if the proposed alternatives are feasible. The result is a decision for contin-
uing the evaluation process or a justification of the abandonment of certain
alternatives.

8. Develop Experiment
In order to run repeatable tests, a documented setting is necessary. This stage
produces a specific development plan for each experiment, which includes the
workflow of the experiment, software and hardware system of the experiment
environment, and the mechanism to capture the results.

9. Run Experiment
An experiment will test one or more aspects of applying a specific preserva-
tion alternative to the previously defined sample records.

10. Evaluate Experiments
The results of the experiments are evaluated to determine the degree to
which the requirements defined in the objective tree were met.

11. Transform Measured Values
The measurements taken in the experiments might follow different scales.
In order to make these comparable, they are transformed to a uniform scale
using transformation tables. The resulting scale might e. g. range from 0 to
5. A value of 0 would in this case denote an unacceptable result and thus
serve as a drop-out criterion for the whole preservation alternative.

12. Set Importance Factors
Not all of the objectives of the tree are equally important. This step assigns
importance factors to each objective depending on specific preferences and
requirements of the project.

13. Aggregate Results
With the input of the importance factors and the transformed numbers, a
single final value of each alternative is calculated.

14. Perform Sensitivity Analysis and Consider Results
Finally the alternatives are ranked. The software implementation supports
varying weights form different users. These are further used for the Sensi-
tivity Analysis of the evaluation, which analyses, e. g., the stability of the
ranking with respect to minor changes in weighting of the individual objec-
tives. Additionally, side effects may be considered that are not included in
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the numerical evaluation, like the relationship with a supplier or expertise
in a certain alternative.

4 Preserving Austrian Theses and Dissertations

The Austrian National Library will have the future obligation to collect and
preserve master theses from Austrian Universities. The theses will be provided to
the library in a PDF format. The Austrian National Library provides guidelines
for creating preservable PDFs [10], but at the moment the ONB is not able
to legally enforce these guidelines. This case study gives a starting point to
identify the requirements and goals for the digital preservation of master theses.
It furthermore allows a first evaluation of the various preservation actions being
considered.

This application domain is interesting and highly relevant for digital preser-
vation practice for a number of reasons:

1. PDF is a wide-spread file format and very common in libraries and archives.
2. Although PDF is a single file format, there exist different versions of the

standard.
3. Different embedded objects are captured in this case study, such as video

and audio content.

In a brainstorming workshop the requirements for this specific application area
were collected. The profound knowledge about digital preservation and docu-
ments of the workshop participants eases the creation of the objective tree. The
required document behaviour and the process characteristics were intensely dis-
cussed. The participants agreed on blocking of scripts, deactivation of security
mechanism (such as password protected printing) and detailed requirements for
the process documentation. The resulting objective tree shows also a strong fo-
cus on the structure, content and appearance of the objects; especially layout
and structure of the documents need to be preserved.

Characteristics concerning object structure include among others

– Document structure (chapters, sections),
– Reference tables (table of content, list of figures)
– Line and page breaks,
– Headers and footers,
– Footnotes,
– Equations (size, position, structure, caption),
– Figures (size, position, structure, caption), and
– Tables (size, position, structure, caption).

The next step was to assign measurable effects for each leaf of the tree. Most
of them are simple yes/no decisions, for example whether the fontsize of text
changed or not, or whether table structures have been kept intact.

The weighting of the tree reflects the primary focus on content; at the top
level the object characteristics as well as process characteristics and costs have
a strong influence on the choice of a preservation strategy.
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Table 1. Overall scores of the alternatives

Nr Alternative Total score

1 PDF/A (Adobe Acrobat 7 prof.) 4.52
2 TIFF (Document Converter 4.1) 4.26
3 EPS (Adobe Acrobat 7 prof.) 4.22
4 JPEG 2000 (Adobe Acrobat 7 prof.) 4.17
5 RTF (Adobe Acrobat 7 prof.) 3.43
6 RTF (ConvertDoc 4.1) 3.38
7 TXT (Adobe Acrobat 7 prof.) 3.28

Several migration solutions were evaluated using the DELOS DP Testbed:

1. Conversion to plain-text format using Adobe Acrobat 7 Professional.
2. Conversion to Rich Text Format (RTF) using SoftInterface ConvertDoc 3.82.
3. Conversion to RTF using Adobe Acrobat 7 Professional.
4. Conversion to Multipage TIFF using Universal Document Converter 4.1.
5. Conversion to PDF/A using Adobe Acrobat 7 Professional.

(The generated PDF/A is not completely consistent with PDF/A-ISO-
Standard. [2])

6. Conversion to lossless JPEG2000 using Adobe Acrobat 7 Professional.
7. Conversion to Encapsulated PostScript (EPS) using Adobe Acrobat 7

Professional.

All experiments were executed on Windows XP professional on a sample set
of five master theses from the Vienna University of Technology. The results as
provided in Table 1 show that the migration to PDF/A using Adobe Acrobat 7
Professional ranks on top, followed by migration to TIFF, EPS and JPEG2000;
far behind are RTF and plain text. The alternative PDF/A basically preserves
all core document characteristics in a wide-spread file format, while showing
good migration process performance.

The alternatives TIFF, EPS and JPEG show very good appearance, but have
weaknesses regarding criteria such as ‘content machine readable’. Furthermore,
the migration to JPEG and EPS produces one output file for each page, the
object coherence is not as well preserved as in a PDF/A document.

Both RTF solutions exhibit major weaknesses in appearance and structure
of the documents, specifically with respect to tables and equations as well as
character encoding and line breaks. Object characteristics show a clear advantage
for ConvertDoc, which was able to preserve the layout of headers and footers
as opposed to Adobe Acrobat. Still, costs and the technical advantages of the
Acrobat tool, such as macro support and customization, compensate for this
difference and lead to an equal score.

The loss of essential characteristics means that the plain text format fails to
fulfil a number of minimum requirements regarding the preservation of important
artifacts like tables and figures as well as appearance characteristics like font
types and sizes.
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Fig. 2. Screenshot: comparison of results

Figure 2 shows an extract of the results of the software tool. The software
supports the comparison of alternatives to highlight strengths and weaknesses
of each alternative.

Multimedia content proved to be a difficult task: None of the tested alterna-
tives was able to preserve embedded audio and video content. This issue could
be solved in two ways: (1) Use a tool for automated extraction of multimedia
content from PDF. (2) Solve the problem on an organisational level by issuing
a submission policy which states that multimedia objects have to be provided
separately. In both cases, a separate preservation strategy for the multimedia
content has to be devised.

Depending on whether preserving multimedia content is a primary goal to be
fulfilled, our final recommendation resulting from the evaluation of the exper-
iments is to (1) use migration to PDF/A with Adobe Acrobat 7 Professional
or (2) combine the alternative PDF/A with a multimedia extraction tool or a
submission policy.

The presented case study presents a relative simple preservation problem.
The considered collection consists of homogenous file types and objects are in-
coherent and not compounded. Complexity in preservation planning is raised
by heterogeneous content, complex preservation requirements and goals, and
untested tools.

5 Further Case Studies

This paper presents the evaluation of different preservation strategies for master
theses, further case studies were conducted within DELOS during the last years
including the following.
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– Document records of the Dutch National Archive
The Dutch National Archive is responsible for storing all documents gen-
erated by the Dutch government, ministries and official bodies. The case
study tried to define the objectives for the preservation of different kinds
of documents, such as video and audio, focusing particularly on the record
characteristics. The resulting objective tree contained around 450 objectives.

– Migration of a database to XML
This case study was done in cooperation with the Italian National Research
Council (CNR). The starting point was a legacy database containing de-
scriptive meta data of a small library, consisting of books, registered users,
information about lending, order of books, content (field, review) and the
budget for new books. The data of the database was to be converted in XML
for archiving and further application using e.g. a native XML database. In
this case study we tried to reduce the number of objectives, focusing on the
critical characteristics. The resulting objective tree contained approximately
70 nodes with a maximum depth of 6 layers.

– Preserving annual electronic journal of differential equations
Within the project of supra-regional literature supply in Germany the State
and University Library Goetting holds the collection of ”Electronic Journal
of Differential Equations”. The SUB is committed to preserver the collection
of the journals and providing access to them. In a first workshop the require-
ments and goals for the collection were specified. The specific challenges of
this collection are the hierarchical structure of the considered object and the
different formats of the sub-objects.

6 Conclusions

The DELOS DP Testbed provides a means to make well-documented, account-
able decisions on which preservation solution to implement. It enforces the ex-
plicit definition of preservation requirements in the form of specific objectives.
It allows evaluating various preservation solutions in a consistent manner, en-
abling informed and well-documented decisions. Thus, it helps to establish and
maintain a trusted preservation environment.

The case study of the Austrian National Library evaluates various migration
strategies for PDF. The migration to PDF/A by Adobe Acrobat 7 Professional
reaches the highest score and provides a feasible solution for the long term stor-
age of theses and dissertations. Migration to TIFF, EPS and JPEG perform
very good at appearance objectives, but have some substantial technical weak-
nesses. The preservation alternatives RTF and plain text are not able to migrate
essential parts of the object and should not be considered further. None of the
evaluated alternatives is able to handle multimedia content, this issue has to be
solved on another appropriate level - either by extracting the multimedia content
or by issuing a submission policy. Further work will evaluate different tools for
converting PDF to PDF/A with a focus on process objectives such as duration,
capacity, and automation support.
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While many of the processing steps of the DELOS DP Testbed are automated,
a significant amount of work is still involved in acquiring the measurements of
the experiment outcomes. Ongoing work on preservation plan decision support
within the European Union PLANETS project (http://www.planets-project.eu)
is based on the DELOS Digital Preservation Testbed. It will integrate tools for
preservation action and object characterisation to further reduce the workload.
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Abstract. This paper examines genre classification of documents and
its role in enabling the effective automated management of digital doc-
uments by digital libraries and other repositories. We have previously
presented genre classification as a valuable step toward achieving auto-
mated extraction of descriptive metadata for digital material. Here, we
present results from experiments using human labellers, conducted to as-
sist in genre characterisation and the prediction of obstacles which need
to be overcome by an automated system, and to contribute to the process
of creating a solid testbed corpus for extending automated genre clas-
sification and testing metadata extraction tools across genres. We also
describe the performance of two classifiers based on image and stylistic
modeling features in labelling the data resulting from the agreement of
three human labellers across fifteen genre classes.

Keywords: information extraction, genre classification, automated meta-
data extraction, metadata, digital library, data management.

1 Introduction

As digital resources become increasingly common as a form of information in
our everyday life, the task of storing, managing, and utilising this informa-
tion becomes increasingly important. Managing digital objects not only involves
storage, efficient search, and retrieval of objects - tasks already expected by
traditional libraries - but also involves ensuring the continuation of technologi-
cal requirements, tracking of versions, linking and networking of independently
produced objects, and selecting objects and resources for retention from a del-
uge of objects being created and distributed. Knowledge representation, em-
bodying the core information about an object, e.g. metadata summarising the
technical requirements, function, source, and content of data, play a crucial
role in the efficient and effective management and use of digital materials (cf.
[22]), making it easier to tame the resources within. It has been noted that the
manual collection of such information is costly and labour-intensive and that a
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collaborative effort to automate the extraction or creation of such information
would be undoubtedly necessary1.

There have been several efforts (e.g. [11], [12], [23], DC-dot metadata editor2,
[3] and [14]) to automatically extract relevant metadata from selected genres
(e.g. scientific articles, webpages and emails). These often play heavily on the
structure of the document, which characterises the genre to which the document
belongs. It seems, therefore, reasonable to employ automated genre classifica-
tion to bind these genre-dependent tools. However, there is a distinct lack of
consolidated corpora on which automated genre classification and the transfer-
ability or integrability of tools across genres can be tested. One of the reasons
such corpora have not yet been constructed relates to the elusive nature of genre
classification, which seems to take on a different guise in independent researches.
Biber’s analysis ([5]) tried to capture five genre dimensions (information, narra-
tion, elaboration, persuasion, abstraction) of text, while others ([13], [6]) exam-
ined popularly recognised genre classes such as FAQ, Job Description, Editorial
or Reportage. Genre has been used to describe stylistic aspects (objectivity, in-
tended level of audience, positive or negative opinion, whether it is a narrative)
of a document ([10], [15]), or even to describe selected journal and brochure ti-
tles ([1]). Others ([21], [2]) have clustered documents into similar feature groups,
without attempting to label the samples with genre facets or classes.

The difficulty of defining genre is already emphasised in the literature, and
many proposals have been reasonably suggested. However, very little active
search for ground truth in human agreement over genre classification has been
conducted to scope for a useful genre schema and corpus. To shed some light on
the situation, we have undertaken experiments to analyse human agreement over
genre classification: the agreement analysis will establish the degree of agreement
that can be reached by several human labellers in genre classification, isolate the
conditions that give meaning to genre classification, and provide a statistically
well understood corpus. The corpus will also function as a testbed for examining
transferability of tools tailored to work in a small number of genres to other gen-
res, and constructing metadata extraction tools which integrate tools developed
independently for different genres. In addition, a study of human performance in
genre classification provides a means of scoping new emerging genres, and helps
us to grasp the history of genre development. To this end, we have constructed a
schema of seventy genres (Section 2) and present results in document collection
and categorisation by human labellers in Section 3.

Genre classification, in its most general understanding, is the categorisation
of documents according to their structural (e.g. the existence of a title page,
chapter, section) and functional (e.g. to record, to inform) properties. The two
are, however, not divorced from each other: the structure evolves to optimise the
functional requirements of the document within the environment (e.g. the target

1 Issues addressed in The Cedars Project at the University of Leeds:
http:// www.leeds.ac.uk/cedars/guideto/collmanagemnet/guidetocolman.pdf

2 dc-dot, UKOLN Dublin Core Metadata Editor,
http://www.ukoln.ac.uk/ metadata/dcdot/
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community, publisher and creator), just as the structure of organisms evolves
to meet their survival functions within the natural environment. And, just as
the functional aspect of an organism is central to its survival, the functional
properties of a digital object is the crucial driving force of document genre.
The functional aspect of the document, however, is a high level concept which
is inferred from selected structural aspects of the document, and, in turn, the
structural aspects are defined by lower level features which constitute genes
in the DNA of the document. Unlike organisms, we have not even come close
to identifying the DNA sequence of a digital document, let alone parsing the
sequence into genes to understand how they are expressed to create semantic
information (e.g. genre or subject). Accordingly, automated classification has
traditionally taken to examining a large pot of related and unrelated features,
to be refined by selection or creation algorithms to distinguish between a small
number of predefined classes. This method might result in three immediately
noticeable problems:

– The reason for specific selections and creations of features remains opaque.
– Features will be selected to conform to the unavoidable bias in the training

data.
– The performance of the tool on a new set of classes is unpredictable, and

most likely, the tool will have to be reconstructed by re-running feature
selection over new data.

To address these points, we propose grouping features according to similar type
(e.g. those which come together to describe a well-defined aspect of document
structure) in analogy to genes. This makes it easier to identify the reasons behind
errors and see if success is an artefact of unrepresentative data. We also propose
that a study of a wider variety of genre classes may be necessary. A classifier
which performs well to distinguish three classes can be expected to perform
well to distinguish two of the three classes; whereas the behaviour of a classifier
which recognises two classes in distinguishing three classes is less predictable.
The amount of information the class of a document encompasses is in direct
relationship to the number of other classes to which it could belong. By building
a system which can detect selected genre classes from a vast range of classes, we
are building a better informed system.

We have previously identified ([16]) five feature types: image features (e.g
white space analysis; cf. [1]), stylistic features (e.g. word, sentence, block statis-
tics; cf. [21]), language modelling features (e.g. Bag-of-Words and N-gram mod-
els), semantic features (e.g. number of subjective noun phrases) and source or
domain knowledge features (e.g. file name, journal name, web address, techni-
cal format structures, institutional affiliations, other works by the author). We
reported preliminary results of classifiers built on two or more of the first three
feature types on a privately labelled corpus ([16], [18],[19]). In this paper, we
look at the performance of a classifier modeled on the first two types of features
on new data labelled by three human labellers, as further study of the correlation
between genres and feature types.

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



Searching for Ground Truth 251

2 Genre Schema

In this paper we are working with seventy genres which have been organised
into ten groups (Table 1). The schema was constructed from an examination of
PDF documents gathered from the internet using a list of random search words.
The schema captures a wide range of commonly used genres. The aim is to
initially vie for a coverage of as many genres as possible rather than to employ
a well established structure. In response, certain distinctions may seem at first
inconsistent or ambiguous: for instance, Legal Proceedings versus Legal Order,
or Technical Manual versus Manual. However, the hope is that when you view
the entire path as genres, e.g. Evidential Document - Legal Proceedings versus
Other Functional Document Legal Order, the distinction will become clearer.
The schema will form a fundamental field to be harvested for further refinement.
It will be adjusted to exclude ill-defined genres depending on emerging results
of the human labelling experiments described in Section 3.

Table 1. Genre schema (numbers in parentheses are assigned database IDs)

Book
Academic Monograph (2) Book of Poetry (4) Other Book (6)
Book of Fiction (3) Handbook (5)
Article
Abstract (8) Other Research (10) News Report (12)
Scientific Article (9) Magazine Article (11)
Short Composition
Fictional Piece (14) Dramatic Script (16) Short Biographical Sketch (18)
Poems (15) Essay (17) Review (19)
Serial
Periodicals (News, Mag) (21) Conference Proceeding (23)
Journals (22) Newsletter (24)
Correspondence
Email (26) Memo (29)
Letter (27) Telegram (30)
Treatise
Thesis (32) Technical Report (34) Technical Manual (36)
Business/Operational Rept (33) Miscellaneous Report (35)
Information Structure
List (38) Table (41) Programme (44)
Catalogue (39) Menu (42) Questionnaire (45)
Raw Data (40) Form (43) FAQ (46)
Evidential Document
Minutes (48) Financial Record (50) Slip (52)
Legal Proceedings (49) Receipt (51) Contract (53)
Visual Document
Artwork (55) Graph (58) Poster (61)
Card (56) Diagram (59) Comics (62)
Chart (57) Sheet Music (60)
Other Functional Document
Guideline (64) Product Description (70) Forum Discussion (76)
Regulations (65) Advertisement (71) Interview (77)
Manual (66) Announcement (72) Notice (78)
Grant/Project Proposal (67) Appeal/Propaganda (73) Resume/ CV (79)
Legal Proposal/Order (68) Exam or Worksheet (74) Slides (80)
Job/Course/Project Desc. (69) Factsheet (75) Speech Transcript (81)
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3 Human Labelling Experiment

We have undertaken two human document genre classification experiments in
this research. First we had students retrieve sample documents of the seventy
genres in Table 1 (Document Retrieval Exercise), and subsequently had them
re-assigned with genres from the same schema (Reclassification) to validate,
quantify, or examine agreement over its membership to any one genre.

Document Retrieval Exercise: In this experiment, university students were
assigned genres and asked to retrieve 100 samples of PDF files belonging to
their assigned genre written in English. They were also asked to give reasons
for including the particular sample in the set and asked not to retrieve more
than one document from each source. They were not introduced to pre-defined
notions of the genre before retrieval.

Reclassification: Two people from a secretarial background were employed
to reclassify the retrieved documents. They were not allowed to confer, and
the documents, without their original label, were presented in a random order
from the database to each labeller. The secretaries were not given descriptions of
genres. They were expected to use their own training in record-keeping to classify
the documents. The number of items which have been stored in the database is
described in Table 2.

At first, it may seem odd not to provide definitions for the genres in the
schema. However, note that it is not true that every genre class requires the
same amount of detail in its definition to achieve the same level of precision. In
fact, as we will see, the level of agreement on some genres is high regardless of
the lack of definition.

Table 2. Database composition (left) and Agreement of Labellers (right)

Total with three labels with two labels damaged
5485 5373 103 9

Labellers Agreed
student & secretary A 2745
student & secretary B 2974

secretary A & B 2422
all labellers 2008

Some of the collected data can not be considered to be examples of the genre.
For instance, some students introduced articles about email into the database as
samples of the genre Email. Others submitted empty receipt forms as samples of
the genre Receipt. The genre Card was also heavily populated with forms (e.g.
unfilled identity cards). While the first set of errors are due to a misunderstanding
of the instructions and stems from the fact that emails are hard to find in
PDF format, the latter sets of errors are due to differing opinions of the genre
definition. These items were not removed from the database because:

– this would introduce the bias of the remover into the database; and,
– documents which have been included erroneously will be automatically fil-

tered out of the collection once reclassification labels and agreement data
are acquired.
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Fig. 1. Two labeller agreement (top graph) versus three labeller agreement (bottom
graph)

Full analysis of these errors will be carried out before the release of the corpus,
at which time, the rationale presented by students to justify the inclusion of
particular items will also be analysed for elements that might characterise genres.
In Figure 1, we have presented the numbers of documents in each of the seventy
genres on which labellers have agreed. The graph exhibiting higher numbers
presents the number of documents on which at least two labellers have assigned
the same label, and the lower level graph displays the number of documents
on which all three labellers have assigned the same label. The genre classes are
indicated as numbers (to save space) along the bottom of the graph, indicating
the assigned genre IDs given in Table 1. Note that there is a large discrepancy
between the agreement with respect to the genre Form (43), but that selected
genres such as Handbook (5), Minutes (48) and Resume/CV(79) show little
difference between the two labeller agreement and the three labeller agreement,
suggesting the latter genres as less context-dependent genres.

4 Case Study

In this section we will look at the student performance on documents for which
secretaries have given the same label. There are 2422 items on which the de-
cision of the secretaries concurred. The figures in Table 2 show the number
of documents on which different groups of labellers have agreed. The statistics
in Table 2 show that there is more agreement between the student and either
of the secretaries than between the two secretaries. A possible explanation for
the discrepancy could be that secretaries are trained to identify strictly defined
properties of a limited number of genres, while students detect broadly defined
properties of a vast range of genres. Further labellers and studies will be required
to make any decisive conclusions.

4.1 Precision Versus Recall

In this section we present the recall and precision of student classification on the
data which was given the same label by the secretaries. The results are shown
in Table 3. Compared to some other classification tasks (e.g. classification of
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Table 3. Human Labelling: Overall accuracy: 82.9%

Genre group Genre no. of items Recall(%) Precision(%)
Book Academic Monograph 3 0 0

Book of Fiction 8 37 100
Book of Poetry 12 67 23

Handbook 105 88 100
Other Book 0 0 0

Article Abstract 1 100 8
Scientific Research Article 15 47 32

Other Research Article 36 50 69
Magazine Article 40 50 61

News Report 9 89 89
Short Composition Fictional Piece 1 100 33

Poems 37 78 91
Dramatic Script 43 98 100

Essay 59 68 89
Short Biographical Sketch 46 100 98

Review 46 85 83
Serial Periodicals (Newspaper, Magazine) 21 29 100

Journals 34 91 86
Conference Proceedings 76 96 99

Newsletter 28 71 80
Correspondence Email 21 90 70

Letter 67 93 100
Memo 29 93 71

Telegram 7 100 78
Treatise Thesis 66 89 98

Business/Operational Report 12 75 36
Technical Report 52 88 94

Miscellaneous Report 38 34 81
Technical Manual 7 86 27

Information Structure List 26 73 86
Catalogue 51 90 90
Raw Data 40 73 91

Table Calendar 30 93 68
Menu 52 100 96
Form 114 53 100

Programme 29 66 100
Questionnaire 61 98 91

FAQ 71 90 98
Evidential Document Minutes 94 97 100

Legal Proceedings 36 50 58
Financial Record 7 86 75

Receipt 8 100 21
Slips 0 0 0

Contract 10 90 82
Visual Document Artwork 2 100 13

Card 9 100 35
Chart 39 82 74
Graph 14 71 48

Diagram 6 33 18
Sheet Music 37 100 100

Poster 23 48 85
Comics 7 100 27

Other Functional Document Guideline 48 58 93
Regulations 53 94 91

Manual 43 60 96
Grantor Project Proposal 45 98 81

Legal Appeal/Proposal/Order 0 0 0
Job/Course/Project Description 62 89 96
Product/Application Description 56 100 89

Advertisement 6 33 25
Announcement 12 83 56

Appeal/Propaganda 1 100 25
Exam/Worksheet 22 81 90

Factsheet 80 86 93
Forum Discussion 38 97 79

Interview 64 98 97
Notice 9 89 89

Resume/CV 100 98 100
Slides 27 85 92

Speech Transcript 71 97 96

pronouns in [17]), the overall accuracy of 82.9% is a low percentage. However,
as genre classification is a task involving high level conceptual analysis, this
seems a reasonable ageement level. Having said this, the agreement within Sci-
entific Research Article is unexpectedly low. There could be at least two reasons
for such discord between the labellers. For example, there might have been a
misunderstanding which caused poor quality in the initial document retrieval
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exercise, or certain genres might inherently be dependent on experience or train-
ing and are not clearly recognisable by members of other communities. Upon
examination of the documents, it seems to be that both reasons are in play. For
instance, numerous forms were labelled as receipts by students, under the im-
pression that receipts which have not been filled are still receipts. Those with a
secretarial background did not share this notion. Likewise, some articles on the
subject of email were retrieved as samples of the class Email by the students. On
the other hand, there was only a single example out of one hundred abstracts
collected by students which the secretaries, who are not necessarily academically
inclined, agreed as being an abstract. Nevertheless, the results are encouraging
in that an 82.9% overall agreement along with the high precision rate of many
genres suggest that, even without giving extensive definitions of each genre class,
a reasonable agreement is already achieved with common genre terms. It should
be mentioned, however, that each secretary’s overall accuracy on the agreement
data of the other two labellers was also examined and found to be lower at 73.2%
and 67.5%.

4.2 Disagreement Analysis

The groups in Table 4 represent cluster of genres for which frequent cross labelling
was observed. The groups in Table 4 are not exclusive of other confusion. The table
is meant to convey the clusters of the most confused genre classes. It should also
be noted that two genres may be included in the same cluster, but the frequency
at which one is labelled as the other may not be comparable in both directions. For
instance, Manual was often given the label Technical Manual but not vice versa.
The confusion between Receipt and Form is due to perceiving a receipt form prior
to its completion as a sample of Receipt. The groups in Table 4 suggest that most
of the confusion arises within the genre groups (cf. Table 1), which seems to add
partial value to our genre schema.

Table 4. Genre cross-labelling cluster groups

Group Genres
Group A Book of Fiction, Poetry Book, Fictional Piece, Poems
Group B Magazine Article, Scientific Research Article, Other Research Article
Group C Technical Report, Business/Operational Report, Miscellaneous Report
Group D Posters, Artwork, Advertisement
Group E Diagram, Graph, Chart
Group F Form, Receipt
Group G Handbook, Technical Manual, Manual
Group H List, Catalogue, Raw Data, Table
Group I Legal Proceedings, Legal Appeal/Proposal/Order

4.3 Improving the Corpus

Acquiring a representative corpus is difficult ([4]). Part of the reason for this
is because representativeness is meaningful only within the context of the task
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to be performed. For example, a well known part-of-speech tagger ([9]), trained
on the well-designed Penn Treebank Wall Street Journal corpus ([20]), fails to
tag instances of He (Helium) in Astronomy articles correctly ([17]) because the
training data failed to be representative of astronomy articles - the task do-
main. As purposes and domains change, we propose that a well-designed corpus
should not emphasise representativeness but be based on the level of annotation,
qualifications, and consolidation. Most existing corpora are designed to hold a
number of selected categories populated by samples from well-defined sources,
upon the agreement of expert knowledge of the categories. Here we would like to
propose the construction of a different type of corpus. We set forth the following
principles:

– every member of the database must be accompanied by a vector of dimension
N (the size of the final genre schema) indicating the number of times each
genre was assigned to the item by human labellers, and,

– labellers from a selected number of characterising groups should be employed
to label the data, and each instance of a genre assignment should be qualified
by the group of the labeller.

The selection of labellers determines the classification standard or the policy one
wishes to represent in an automated classification. If the objective is to model
genre classification based on common sense, a large number of labellers from
a diverse set of backgrounds should be represented. But, if the objective is to
design a classifier for specialists of a selected domain, this corpus is likely to
prove inadequate for representing the domain population. A corpus built on the
above principles would provide us with greater scope for analysis, for achieving
representativeness of different populations, and for fine tuning an automated
system, by making transparent:

– the confidence level of each item’s membership in each genre class,
– the labeller’s possible bias by indicating the labeller background, and,
– the fact that classification is not a binary decision (deciding whether or not

an item is a sample of a class) but a selection of several probable options.

5 Experiments

5.1 Data

The dataset used in this sections’s experiments consists of the data on which all
labellers have agreed in the human labelling experiment described in Section 3.
The experiment was conducted over only sixteen of the seventy genres presented
in Table 1. The range of genres was limited to be more easily comparable to
earlier experiments in [16], [18], [19]. The results of experiments on the full
range of genres will be available after further analysis of the human experiments
have been carried out.
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5.2 Classifiers

In [16], we reported results on using the Nave Bayes model to detect instances
of Periodicals, Scientific Research Article, Thesis, Business Report, and Forms
from a pool of documents belonging to nineteen genres. In this paper we have
abandoned the Nave Bayes Model. The Nave Bayes Model was only chosen as
a preliminary testing ground as it is one of the most basic probabilistic models
available. In reality, Nave Bayes is well known to have problems when dealing
with features which are not independent and, in the current context, we want to
identify features of one genetic feature type, i.e. features which are dependent
on each other, which makes Nave Bayes an inappropriate choice. In its place
we have chosen the Random Forest method ([7]), which has been presented as
being effective when dealing with imbalanced data ([8]). We have examined two
classifiers in this paper:

Image classifier: The first page of the document was sectioned into a sixty-
two by sixty-two grid. Each region on the grid is examined for non-white pixels,
where non-white pixel is defined to be those of a value less than 245. All regions
with non-white pixels are labelled 1, while those which are completely white are
labelled 0. The choice of sixty-two to define the size of the grid reflects the fact
that the level of granularity seemed to be the coarsest level at which some of the
documents were recognisable as belonging to specific genres even by the human
eye. The resulting vector was then probabilistically modeled via the Random
Forrest Decision method, with nineteen trees using the Weka Machine Learning
Toolkit([24]). The motivation for this classifier comes from the recognition that
certain genres have more (or less) white space in the first page (e.g. the title page
of the book), and that the page is often more strictly formatted (e.g. slides for
a conference presentation) to catch the attention of the reader (e.g. the reverse
colouring on a magazine cover) and introduce them to the type of document at
hand without detailed examination of the content. Note that another advantage
of white space analysis is that it is easily applicable to documents of any lan-
guage and does not depend heavily on character encoding and the accessibility
of content.

Style classifier: From a previously collected data set, the union of all words
found in the first page, of half or more of the files in each genre, was retrieved
and compiled into a list. For each document a vector is constructed using the
frequency of each word in the compiled list. The collection of vectors is modeled
again via the Random Forrest Decision method with nineteen trees using the
Weka toolkit([24]). The feature are different from the classifiers in [16] and [17]
which also incorporated the number of words, font sizes and variations. This
classifier is intended to capture frequency of words common to all genres as well
as words which only appear in some genres. The contention of this paper is that
even words which appear in a wide variety of genres may be a significant metric,
when the frequency is also taken into consideration. A typical example of its
weight is embodied in the fact that forms are less likely to contain as many
definite or indefinite articles as theses. The two classifiers were used to predict
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Table 5. Image classifier: overall accuracy 38.37%

Group Genre no. of items Recall (%) Precision(%)
Article Magazine Article 20 5 17

Scientific Research Article 7 0 0
Other Research Article 18 67 50

Book Book of Fiction 3 25 18
Information Structure Form 60 50 40

List 19 0 0
Serial Periodicals (Newspaper,Magazine) 6 14 33

Newsletter 20 6 13
Treatise Technical report 46 11 19

Business/Operational Report 9 0 0
Thesis 59 84 56

Evidential Document Minutes 91 77 47
Other Functional Document Slides 23 73 94

Product/Application Description 56 10 14
Guideline 28 0 0
Factsheet 69 33 25

Table 6. Style classifier: overall accuracy 69.96%

Group Genre no. of items Recall (%) Precision (%)
Article Magazine Article 20 47 82

Scientific Research Article 7 0 0
Other Research Article 18 39 56

Book Book of Fiction 3 0 0
Information Structure Form 60 88 69

List 10 47 57
Serial Periodicals (Newspaper, Magazine) 6 0 0

Newsletter 20 18 100
Treatise Technical Report 46 73 74

Business/OperationalReport 9 25 67
Thesis 59 86 72

Evidential Document Minutes 91 99 99
Other Functional Document Slides 23 27 40

Product/Application Description 56 80 62
Guideline 28 25 35
Factsheet 69 62 67

the genres of documents spanning over sixteen genres. The genres that were
examined and the results are given in Section 6.

6 Results

The results of the image classifier in Table 5 do not show the same level of
accuracy level as the results previously given in [19]. However, the results in
our previous work was of binary classification. As distinctions between larger
number of genres have to be made in the current context, it is more likely that
any single class resembles another without sharing its identity.

The style classifier (cf. Table 6) shows a surprisingly high level of accuracy on
the new data, suggesting that the frequency of words may be a key feature in
detecting genres. The prediction of Minutes is particularly noticeable. Parallel
to the results in [16] and [19], Periodicals are better recognised by the image
classifier than the style classifier. Slides also seem to show the same tendency. As
might be expected, genres which depend heavily on the content such as Technical
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Report fare much better with the word frequency model. Another observation
to be made from the results of Tables 5 and 6 is that the image classifier seems
to fare better on a small amount of data (e.g. periodicals, book of fiction).

7 Error Analysis

For a thorough error analysis, a well-designed experimental corpus is required.
Until the human labelling experiment in Section 3 is taken forward to include
sufficient data and labels from more labellers for in-depth analysis, we can not
claim to have the necessary corpus. Nevertheless, many of the errors can already
seen to be due to a lack of data (e.g. Book of Fiction), while others seem inex-
orably linked to the fact that semantic content plays a heavier role than surface
styles and structure (e.g. Guideline). An immediately recognisable flaw in the
image representation of the document is that it is too strictly dependent on the
exact location of non-white space. Ideally, we would like to detect the topol-
ogy of the image representation such as the existence of lines, closed loops and
other shapes. The location is only loosely relevant. The current representation is
too rigid and should be modified to represent the general topology, rather than
point-fixed pixel values. Also, more sophisticated linguistic pattern analysis is
envisioned to be necessary for the next stage of the stylistic word frequency
model.

8 Conclusions

The results in this paper can be summarised by the following:

– Genre classification as an abstract task is ill-defined: there is much dis-
agreement even between human labellers and a detailed study of further hu-
man experiments are required to determine conditions which make the task
meaningful.

– A fair amount of automated genre classification can be achieved by examin-
ing the frequency of genre words.

– The image of the first page alone seems to perform better classification than
style, when only a small amount of training data is availabble.

– The performance of the image classifier appears to complement the perfor-
mance of the style classifier.

It is evident that research in this area is still in its infancy. There is much to do.
As we have noted elsewhere, the other classifiers based on language modeling,
semantic analysis and domain knowledge should be tested for further compari-
son. Furthermore, proper error analysis and further gathering of documents and
human labelling analysis is required to establish a well designed corpus. To max-
imise sustainability in an environment where technology changes at a rapid rate,
the technical format information (e.g. PDF specification, or metadata extracted
by pdfinfo) should only be included in the extraction tool algorithm at the last
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stage of improvement. The classification of documents into a small number of
types has its limits. To be able to utilise these classifiers constructed under dif-
ferent conditions in the larger context of information management, we need to
be able to construct systems that can group classifiers into clusters of similar
tasks, or more specifically, into clusters of co-dependent classifiers.
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Farlane, A., Rüger, S., Tombros, A., Tsikrika, T., Yavlinsky, A. (eds.) ECIR 2006.
LNCS, vol. 3936, pp. 460–463. Springer, Heidelberg (2006)

15. Kessler, G., Nunberg, B., Schuetze, H.: Automatic detection of text genre. In:
Proceedings 35th Ann., pp. 32–38 (1997)

16. Kim, Y., Ross, S.: Genre classification in automated ingest and appraisal metadata.
In: Gonzalo, J., Thanos, C., Verdejo, M.F., Carrasco, R.C. (eds.) ECDL 2006.
LNCS, vol. 4172, pp. 63–74. Springer, Heidelberg (2006)

17. Kim, Y., Webber, B.: Implicit reference to citations: A study of astronomy pa-
pers. Presentation at the 20th CODATA international Conference, Beijing, China.
(2006), http://eprints.erpanet.org/paperid115

18. Kim, Y., Ross, S.: Detecting family resemblance: Automated genre classification.
Data Science 6, S172–S183 (2007),
http://www.jstage.jst.go.jp/article/dsj/6/0/s172/ pdf

19. Kim, Y., Ross, S.: The Naming of Cats: Automated genre classification. Interna-
tional Journal for Digital Curation 2(1) (2007),
http://www.ijdc.net/./ijdc/article/view/24

20. Marcus, M.P., Santorini, B., Mareinkiewicz, M.A.: Building a large annotated
corpus of English: the Penn Treebank. Computational Linguistics 19(2), 313–330
(1994)
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Abstract. The present work shows a system for compressing and streaming of 
live videos over networks with low bandwidths (radio mobile networks), with 
the objective to design an effective solution for mobile video access.  We pre-
sent a mobile ready-to-use streaming system, that encodes video using h264 co-
dec (offering good quality and frame rate at very low bit-rates) and streams it 
over the network using UDP protocol. A dynamic frame rate control has been 
implemented in order to obtain the best trade off between playback fluency and 
latency. 

1   Introduction  

Mobile video browsing has been a very hot topic in the multimedia community in the 
past years. The increase of computational power has made also possible to perform in 
real time also the other end of the video stream, that is the grabbing, encoding and 
network streaming. On top of this it is possible to build mobile live video encoding 
and streaming; this is quite a challenging target, that presents many technological is-
sues, that can be summarized in the following points: 

1. Ubiquitous networks. Given the high grade of mobility required on the application, 
a network with an (almost) ubiquitous territorial coverage is necessary; therefore, 
WiFi or UMTS can not be currently used due to their limited coverage; GPRS net-
work has been selected as transportation layer; GPRS is based on the GSM infra-
structure, that is covering very high percentage of the territory. In particular, the 
GPRS-EDGE (Enhanced Data rates for GSM Evolution), also known as EGPRS, 
version has been used, given that it has the same coverage of GPRS but with a 
higher available bandwidth. Let’s consider that in case that the encoding side is 
mobile, the video communication will use the wireless network communication in 
uplink. This is a further constraint since the GPRS/EGPRS and other wireless 
communications are often asymmetric, favoring the downlink. 

2. Live video. The system requires live video encoding and decoding. The encoding 
must be efficient, so that video can be effectively transmitted on low bandwidth. 
It’s important noting that in on-line video compression, off-line (multi-pass) en-
coding are not possible. 

3. Good perceived video quality; we want the system to offer good understanding of 
the scene, requiring the streamed live video to offer: single images quality, fluency, 
no image skipping. 
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4. Low latency is a very important point, that makes the difference between live video 
streaming for entertainment of for interaction purposes. In entertainment scenarios, 
latencies of several seconds might not be considered as a problem; on the contrary, 
interaction, that requires quick reaction from end to end, must offer low latency. 

Commercial or off-the-shelf streaming solutions, are not sufficient to meet our re-
quirements. We considered Windows Media Suite [1], Darwin Streaming Server [2] 
and Helix Streaming Server [3].  

These tools offer excellent streaming solutions for entertainment video streaming 
and intensive broadcasts. But are not optimized for unicast low latency video stream-
ing. Moreover there are constraints on the choice of the codec, often just proprietary 
codecs are allowed, or on the network management (poor flexibility in the protocols 
or the communication ports). 

VideoLan (VLC) [4] is a very good open source video streaming solution, flexible 
and effective. It implements many codecs, including H264 [5] (for both encoding and 
decoding), but is still show a few blocking limitations: 

• Constrains on protocols: for live video streaming on UDP, the video must be en-
capsulated with MPEG-TS, that is shown to be a waste in bandwidth by [6] 

• Latency is not satisfactory, as shown in the experimental results. 
• High rate of packets loss; in order to obtain lowest latency, all the buffers (encod-

ing side and decoding side) have been minimized. But this makes the system pretty 
sensible to any network unsteadiness. 

 

Fig. 1. (1-A and 1-B) H264 vs MPEG4, PSNR and computational load 

For all the above reasons, we decided to develop our own live video streaming sys-
tem, based on H.264/AVC and UDP as transportation layer protocol. Regarding the 
protocol, our choice of H264 on other codecs is pretty straightforward from a video 
quality point of view; see the comparison between H264 and MPEG4 on PSNR in 
figure 1-A. 

The drawback of H264 is encoding and decoding complexity (as shown in  
Figure 1-B). Since the bandwidth is limited, the frame size of the encoded video is 
pretty small (maximum is CIF), making it possible to perform real time encoding on 
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regular laptop PCs. The decoding can be performed on modest x86 PCs but also on 
high performance PDAs (tested on 520Mhz xScale). 

The decision of using UDP rather than TCP is straightforward, since we are 
streaming real time data. UDP has a prioritized dispatch over TCP, and this makes it 
even more suitable for our target application. Moreover the evaluation paragraph will 
show that it is also very reliable. 

2   Related Works 

We couldn’t find specific works addressing all the 4 aforementioned bottom line 
points for our mobile application. A very nice application for live video streaming be-
tween moving vehicles has been proposed by Guo et al. in [7]. However, their system 
is based on 802.11 WiFi networks and thus it is not suitable to our case. 

Some previous works have proposed systems for video streaming over low-
capacity networks, such as GPRS. For instance, Lim et al. in [8] introduced a  
PDA-based live video streaming system on GPRS network. The system is based on 
MPEG-4 compression / decompression on PDA. Their system works at 2-3 fps when 
transmission is over GPRS, that is not compliant with our requirements. This limita-
tion is basically due to the limitation of the video codec. Moreover, no information on 
the latency of the system is provided.  

H.264/AVC [1] opens to new possibilities in video streaming. In fact, the primary 
goals of this standard are improved video coding and improved network adaptation. 
Antonios Argyriou in [9] uses H264 with the introduction of a new transport layer 
protocol called Stream Control Transmission Protocol (SCTP), suitable for handling 
multiple streams and multi-client access to videos: but this is not our case, where a 
single video (with only video data and no audio) has to be transmitted to a single re-
ceiver, hence not requiring data multiplexing. 

3   System Description 

Our system can be divided in 2 parts, the encoder and the decoder (shown in figure 2 
and 3). Both applications are multi-threaded in order to increase performances; each 
block of the schema represent the thread. The programming language is C#.NET 
where possible, for ease of implementation. The intensive calculations blocks (encod-
ing and decoding) have been imported as native C++ modules. The video encoder is 
build upon the free open source version of X264 [10]. The original X.264 has been 
modified in the source code in order to load not only videos from file system, but also 
from a generic circular buffer, that allows higher flexibility, since it can be easily fed 
with any kind of source (file system, video device, video server, etc.). In our case the 
video source is obtained through a video file system or a USB camera: the dedicated 
video grabbing thread provides the YUV frames to the circular buffer. On the other 
side, the encoder thread asynchronously extracts them from the buffer. If the grabbing 
rate is higher than the encoding rate for short time, no video data will be lost. As 
drawback, the buffer introduces some latency; for this reason it is important to keep 
the buffer at low occupancy. 
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Fig. 2. The encoder side 

 

Fig. 3. The decoder side 

The raw H.264 encoded stream is then sent over the network, splitting it in UDP 
datagrams of fixed byte size.  

The decoder has been built upon the FFMPEG H264 [11] engine. Depending on 
the processing load on the encoder (that might be variable for many reasons, like the 
different motion conditions of the video to encode), on the decoder or on the network, 
the packet generation rate P.G.R. (encoder side) and the packet extraction rate P.E.R. 
(decoder side) might differ from time to time. Therefore, the UDP network buffer at 
the receiver side plays an essential role in order to reduce the effects of these discrep-
ancies. If the P.G.R. remains higher than the P.E.R., the buffer might fill up and, 
when completely filled the new incoming datagrams will be lost. For this reason we 
implemented a simple adaptive algorithm to increase or decrease the buffer size dy-
namically: in practice, the algorithm either doubles the buffer size every time that it 
gets filled up beyond 80%, or halves it when its level decreases under 20%. These 
threshold values are computed empirically and depend on the network’s conditions.  

Since the latency is directly related to the occupancy of the buffer, it’s important to 
keep it as low as possible; this it could be done setting a playback frame rate higher 
than the encoding frame rate. But this will generate an intermittent playback, since its 
fluency would be interrupted every time that the buffer gets emptied and the decoder 
needs to wait for the next incoming datagram to be received. For this reason we im-
plemented a dynamic adaptation of the frame-rate. As shown in figure 4, we define an 
optimal occupancy gap of the buffer (empirically defined around 5 to 30%), and we 
modify the playback frame rate according to some multipliers α,β,γ), that are defined 
as functions of Δ(occ%), the derivative of the occupancy of the buffer. The graphs of 
α,β,γ are shown in figure 4. 
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Fig. 4. Dynamic frame rate adaptation 

4   Experimental Results 

We tested the system with the encoder working on a laptop, connected with EGPRS 
or GPRS, mounted on a car, that was moving at variable speed (up to 110km/h), for 
more than 100 minutes of transmission. The decoder was performed on a standard 
x86 platform, or on a xScale PDA device running Windows Mobile 5. 

Less than 0,1% of datagrams have been lost, and none of them was out of order. 
The measured latency can be seen in table 1. Introducing the adaptation on the play-
back frame rate, in short time (less than 60 seconds, depending on the functions of 
α,β,γ) the system removes the interruption of playback. 

Some measurements on PSNR have given an average of 34.49db on a CIF se-
quence of 2500 frames, 10fps, at 120kbps. 

Table 1. Latency 

System / Setup Mean (s) Variance (s) 
Windows Media, lowest encoding / playback buffering 4.15 0.026 
VideoLan, lowest encoding / playback buffering 4.07 2.19 
Our System (same x264 encoding parameters used in VLC) 1.73 0.042 
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Abstract. In this work, we analyze the effectiveness of perceptual features to 
automatically annotate video clips in domain-specific video digital libraries. 
Typically, automatic annotation is provided by computing clip similarity with 
respect to given examples, which constitute the knowledgebase, in accordance 
with a given ontology or a classification scheme. Since the amount of training 
clips is normally very large, we propose to automatically extract some proto-
types, or visual concepts, for each class instead of using the whole knowledge 
base. The prototypes are generated after a Complete Link clustering based on 
perceptual features with an automatic selection of the number of clusters. Con-
text based information are used in an intra-class clustering framework to pro-
vide selection of more discriminative clips. Reducing the number of samples 
makes the matching process faster and lessens the storage requirements. Clips 
are annotated following the MPEG-7 directives to provide easier portability. 
Results are provided on videos taken from sports and news digital libraries.  

1   Introduction 

In the last decade, a significant increase of the availability of devices able to acquire 
and store digital videos and the introduction of broadband connections has given a 
strong impulse to the study and development of video digital libraries management 
systems. In particular, a growing need is the ability to search for videos basing on 
their content instead of relying on manually provided metadata. The diffusion of such 
systems has been strongly limited by the difficulty to generalize results of visual and 
aural automated processing techniques obtained on tuned test data sets. On the other 
hand, general internet users are very inexperienced in search, so the media search 
technologies for the mass have to be very simple, intuitive, and easy to use [1]. 

From the technical point of view, another question is whether we should go for 
domain-dependent features or for more general ones, defined at perceptual level only. 
This last choice could be probably less effective than ad-hoc defined features, but is 
potentially applicable to wider scenarios. Moreover, the required level of detail goes 
often beyond the video granularity, in the sense that the user is looking for smaller 
subsequences, i.e. clips which could be shots or even finer temporal segments.  

Examples of automatic semantic annotation systems have been presented recently, 
most of them in the application domain of news and sports video. Most of the propos-
als deal with a specific context making use of ad-hoc features. In the work by Bertini 
et al. [2], the playfield area, the number and the placement of players on the play 
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field, and motion cues are used to distinguish soccer highlights into subclasses. Dif-
ferently, a first approach trying to apply general features is described by Chang et al. 
[3]. Employing color, texture, motion, and shape, visual queries by sketches are pro-
vided, supporting automatic object based indexing and spatiotemporal queries.  

In this paper, we propose a general framework which allows to automatically anno-
tating video clips by comparing their similarity to a domain specific set of prototypes. 
In particular, we focus on providing a flexible system directly applicable to different 
contexts and a standardized output by means of the MPEG-7 tools. To this aim, the 
clip characterizing features, the final video annotation, and the storage of the refer-
ence video objects and classes are realized using this standard. Starting from a large 
set of manually annotated clips, according with a classification scheme, the system 
exploits the potential perceptual regularity and generates a set of prototypes, or visual 
concepts, by means of a intra-class clustering procedure. Then, only the prototypes 
are stored as suitable specialization concepts of the defined classes. The adoption of 
the limited set of prototypes instead of the whole set of examples reduces the required 
storage space and allows the generation and the sharing of a context classifier on the 
Web. Thanks to the massive use of the MPEG-7 standard, a remote system could then 
perform its own annotation of videos using these context classifiers.  

As most of the papers, we refer to already subdivided clips. The automatic subdivi-
sion of videos into clips is a widely faced problem, and several solutions are avail-
able. Our system uses the approach described in [4], followed by a fuzzy c-means 
frame clustering to provide clips at sub-shot granularity.  

The paper is organized as follows: in Section 2 a similarity measure between clips 
based on standard low level features is described. Based on it, a nearest neighbor 
automatic annotation is presented in Section 3 together with some details about the 
use of MPEG-7.  Section 4 depicts the prototype creation algorithm, the proposed in-
dex for automatic level selection, and a context based dissimilarity measure. Results 
over sports and news videos are reported in Section 5.  

2   Similarity of Video Clips 

Clip similarity can be seen as a generalization of a image similarity task: as for im-
ages, each clip may be described by a set of visual features, such as color, shape and 
motion. These are grouped in a feature vector: 

1 2, , , N
i i i iF F F⎡ ⎤= ⎣ ⎦V …  (1) 

where i is the frame number, N is number of features and j
iF is the j-th feature com-

puted at frame i. However, extracting a feature vector at each frame can lead to some 
problems during the similarity computation between clips, since they may have  
different lengths; at the same time keeping a single feature vector for the whole clip 
cannot be representative enough, because it does not take into account the features 
temporal variability. Here, a fixed number M of feature vectors is used for each clip, 
computed on M frames sampled at uniform intervals within the clip. In our experi-
ments, a good tradeoff between efficacy and computational load suggests the use of 

5M =  for clips of averaging 100 frames. To provide a general purpose system, we 
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avoid to select context dependent features, relaying on broad range properties of the 
clips. To allow easier interoperability and feature reuse, we tried to select features 
which comply with the MPEG-7 standard [6]. In particular the following three  
features are employed: Scalable color (a color histogram, with 16 values in H and 4 
values in each S and V, 256 bins in total), Color layout (to account for the spatial dis-
tribution of the colors, an 8x8 grid is superimposed to the picture and the average 
YCbCr values are computed for each area) and Parametric motion (making use of the 
MPEG motion vectors, the translational motion of each quarter of frame is estimated). 

Thus, the distance between two clips uS  and vS  is defined as  

( ) ( )T

1 1 1

1 1
,

i i i i

M M N
j j

u v u v j u v
i i j

d S S k F F
M M= = =

= − = −∑ ∑∑k V V , (2) 

where, ( )1, , Nk k=k … is a weight vector and iu  and iv  are the frame numbers of the 

i-th subsampled frames of uS and vS respectively. The weights [ ]0,1jk ∈  provide di-

mensional coherence among the different features and at the same time they allow to 
change their relative significance. 

3   Automatic Annotation 

Given a domain-specific video digital library, we assume that it is possible to partition 
the clips of videos of that context into a set of L classes ( )1, , LC C=C … , which de-

scribe different contents or camera views .Given a large set of training clips, we im-
plemented an interactive user-friendly interface [5] to quickly assign each of them to a 
specific class kC and then employ it for automatic annotation purposes.  

A screenshot of the developed annotation tool is shown in Fig. 1. An unknown clip 
can be classified using a nearest neighbor approach and the similarity measure de-
fined above. The weights ik  of Eq. 2 may be tuned to optimize the classification re-

sults on a training video, by searching the set which provides the maximum number of 
correct class assignments. This process is done once for all during the context classi-
fier design, so the optimization phase is not time constrained and an exhaustive search 
can be employed. Since the MPEG-7 standard can naturally include pictorial elements 
such as objects, key-frames, clips and visual descriptors, we used it to store the  
classification data by means of the double description provided by the Classification-
SchemeDescriptionType Descriptor Schema (DS) combined with a ModelDescrip-
tionType DS which includes a Collection ModelType DS.  

The classification scheme allows the definition of a taxonomy or thesaurus of 
terms which can be organized by means of simple term relations. The collection 
model is instead an AnalyticModel, and therefore it describes the association of labels 
or semantics with collections of multimedia content. The collection model contains a 
Content CollectionType DS with a set of visual elements which refer to the model be-
ing described. In particular, we linked the selected clips and a representation of their 
features by means of the ScalableColor Descriptor (D), ColorLayout D and the  
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Fig. 1. Screenshot of the annotation framework with a ski video opened. On the right, the 
automatically detected shots, on the lower part a sub-shots windows reports a finer granularity 
division, and on the left the classification scheme and the selected prototypes are drawn. 

ParametricMotion D. An advantage of adopting a MPEG-7 framework is that other 
systems may employ the same data enabling interoperability and easier integration. 

4   Prototypes Creation 

As stated above, we adopt a nearest neighbor approach to classify each clip of the test 
sequences. Increasing the number of training clips the classification performance con-
sequently improves, since a finer partitioning of the feature space is obtained. Unfor-
tunately, in such a manner the space required to store the data, the corresponding 
transmission time -if needed-, and the computational cost for nearest neighbor selec-
tion increase.  

4.1   Intra-class Clustering 

Since not all the clips are equally important to obtain the final classification due to 
perceptual redundancy in specific domains, we employ a hierarchical clustering 
method, based on Complete Link [7], to reduce the number of clip of each class, keep-
ing only some representative prototypes, which capture the most significant aspects of 
a set of clips. This technique guarantees that each clip must be similar to every other 
in the cluster and any other clip outside the cluster has dissimilarity greater than the 
maximum distance between cluster elements.  

For this clustering method a dissimilarity measure between two clusters iW  and 

jW  is defined as 

( )
,

( , ) max ,
x i y j

i j x y
S W S W

D W W d S S
∈ ∈

= . (3) 
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where d is computed as in Eq. 2. The algorithm proceeds as follows: 

1. For each class kC  do steps from 2 to 5: 

2. Initially each cluster contains a single clip. Let us call nE  the set of clusters at 

level n, and initialize it to { } { } { }{ }1 2, , ,
k kP PE S S S= … , with ( )k kP card C= . 

3. The least dissimilar pair of clusters, ,i j nW W E∈ , is found according to Eq. 3., i.e. 

( ) ( ), ,  , .i j nD W W D A B A B E≤ ∀ ∈  

4. iW  and jW  are merged into the same cluster and 1nE +  is accordingly updated. 

5. If everything is merged into a single cluster or a stop condition is met, the algo-
rithm goes to the next class, otherwise it resumes from step 2. 

For each class, this algorithm produces a hierarchy of clips partitions with kP  levels, 

where level 1 is the final step where everything is merged in a single cluster. To im-
plement the algorithm, a proximity matrix was used: initially, it contains the distances 
between each pair of clips. At each step, the matrix is updated by deleting rows and 
columns corresponding to the selected clusters and adding a new row and column cor-
responding to the merged cluster. The values in the new row/column are the maxi-
mum of the values in the previous ones.  

4.2   Automatic Clustering Level Selection 

Instead of a manual selection of the desired clustering level, or a threshold guided 
one, an automatic selection strategy is proposed. Such a rule has to be based on  
cluster topology concerns, being a trade-of between data representation and small 
number of clusters, and it is not possible to choose the right one. In literature different 
proposals are presented, such as the Dunn’s Separation Index [8], but the correspond-
ing results on our data sets were not satisfactory. Better results (in terms of a subjec-
tive evaluation) have been obtained with the following approach. Let us define the 
cluster diameter and the cluster distance as 

( ) ( ),i i iW D W WΔ =  (4) 

( )
,

( , ) min ,
x i y j

i j x yS W S W
W W d S Sδ

∈ ∈
=  (5) 

The Clustering Score at level n is defined as 

( )1min ,n n nCS δ= Δ − Δ  (6) 

Where 

( ) ( )
, ,

max min ,δ δ
∈ ≠∈

Δ = Δ =
i j ni n

n i n i jW W E i jW E
W W W  (7) 

The selected level is the one which minimizes nCS . It is possible to observe that 

nΔ  and nδ  are both monotonically increasing with n, thus nCS  has a unique global  
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Table 1. Results of Self Annotation on three different videos 

Video # Frames # Clips Correct  
Ski 178.181 1212 90% 
Bob 50.835 1422 92% 
F1 215.638 2339 82% 

 
minimum. Therefore, the clustering algorithm can be stopped when nCS  start to  

increase without computing the remaining levels. A single prototype can be generated 
from each cluster, by computing the M average feature vectors. The clip which mini-
mizes the distance from the prototype features is associated to it, in order to provide a 
representative of the visual concept. An example of some F1 classes and visual con-
cepts is provided in Fig. 3. The automatic selection of prototypes allows a remarkable 
reduction of examples. We tested in many different contexts, such as the Olympic 
Winter Games, soccer matches, Formula 1 races, news, and the automatic clustering 
selects about 10% to 30% only of the provided clips as visual concepts (see Table 1).  

4.3   Intra-class Clustering with Context Data 

In section 4.1 an intra-class clustering has been presented in order to generate a set of 
significant prototypes for each class. The choice is guided by how similar the original 
clips are in the feature space, without considering the elements belonging to the other 
classes (context data). This may lead to a prototype selection which is indeed repre-
sentative of the class but lacks the properties useful for discrimination purposes. To 
better understand this concept, an example is reported in Fig. 2, in which 150 random 
samples are extracted from three different Gaussian distributions. Two of them (blue 
color) belong to the same class, while the third distribution (purple color) is a  
different one. With the clustering technique described in the previous section, the 
generation of the prototypes for the first class does not take into account the second 
distribution; the automatic index selection could merge the two distributions leading 
to a single prototype. To cope with this problem, a context based similarity measure is 
provided as follows. We define an isolation coefficient for each clip as: 

( )
1,

1
,

( , )
γ

= ≠ ∈
= ∈∑ ∑

v i

L

u u j
i i j S C u v

S S C
d S S

. (8) 

Then we can introduce a class based dissimilarity measure between two clips as: 

( ) ( ) ( ) ( ), ,u v u v u vd S S d S S S Sγ γ= ⋅ ⋅ . (9) 

The intra-class complete link clustering is thus enhanced with context data by sub-
stituting the clips distance in Eq. 3 and Eq. 5 with this dissimilarity measure. 

In Fig. 2 four samples of the blue class have been selected. Even if the central 
points (B,C) are closer each other than the corresponding colored ones (A and D re-
spectively), the interposed purple distribution largely increases their dissimilarity 
measure, preventing their merge in a single cluster.  
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Fig. 2. Example of the effect of the context on the dissimilarity measure 

5   Experimental Results 

The knowledge representation by means of textual and pictorial concepts is particu-
larly suitable for summarization and fast video access. The described system has been 
tested on video of different contexts: here we provide experiments to test the effec-
tiveness of these prototypes and we propose a semiautomatic annotation framework, 
to speedup a metadata creation task.  

 

Fig. 3. Example of a few prototypes for the F1 race context. Of the 21 classes available, only 7 
classes and 8 prototypes per class are shown. 

5.1   Automatic Annotation 

As a first test a self-annotation task was performed, i.e. we automatically classify the 
clips of a video using a leave-one-out cross validation (i.e., each clip is classified ex-
ploiting all the other clips of the same video). Since this corresponds to counting how 
many clips belong to the same class of their nearest neighbor, we can check how 
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separable the defined classes are in the selected feature space. For the second test, we 
checked the generalizing properties of the context classifier by using two different 
sets for the training and test phases. In Table 1 the results of the first test on three dif-
ferent videos are reported, confirming that the selected feature space is quite effective 
in the considered contexts. In particular, the ski context presents an higher degree of 
repetitiveness, so the visual classification performs better than in the F1 one.  

To create training sets for different contexts, we used a first part of each video and 
the rest was used as test. The results of this test are reported in Table 2. All the train-
ing clips have been reduced by the prototype creation algorithm and the number of the 
generated prototypes is about a third of the initial samples. Other experiments on lar-
ger training sets have shown higher reduction rates, which also depend on the number 
of sample per class. The results obtained on the training set show that the clustering 
process is able to keep the original structure of the data. On the test set, it is possible 
to see that the use of this approach reach a classification rate around 70% on average, 
depending on the context. In Table 3 the confusion matrix of the F1 experiment is re-
ported. It is possible to see that the classification provides good results with specific 
and well constrained classes (e.g. InCarCamera); for more generic classes (e.g. Aeri-
alView-FarView), the training data could not be sufficient to describe all the possible 
samples, so the correspondent results are worse.  

5.2   Semi-automatic Annotation Framework 

From previous experiments, it is clear that without context specific features it is not 
feasible to reach very high automatic classification rates. We believe that 70% correct 
classification with a generic feature set is a realistic figure. A possible approach to the 
distribution of annotated videos over internet may be the use of this kind of generic 
tools followed by manual correction of errors, as it is common for example with every 
day use of OCR software. To this aim we tested on some winter Olympic Games of 
Torino 2006 the speedup obtained using our automatic classifier followed by a man-
ual error correction instead of a completely manual annotation. In Fig. 4 the results 
over a sample video are shown. The score of the automatic classification of the non 
annotated clips grows with the rise of the manually annotated  ones; even though, it is 
not convenient to annotate to much clips since the increase in correct annotations does 
not compensate the increased time requirements. In our experiments, the best com-
promise is reached around 10%. 

 
Table 2. Confusion matrix of the first experiment of Table 2 

 1 2 3 4 5 6 7 8 9 10 11 
1. AerialView 53       47    
2. Box.Car.Entry  78 10 8 3       
3. Box.Car.Exit  9 81 6 4       
4. Box.PitStop 3 6 17 57 6    6 6  
5. Box.Staff.Waiting   12 41 18    12 18  
6. InCarCam.Front.Bottom      100      
7. InCarCam.Front.Top   1    97  1   
8. FarView  2 2     47 49   
9. NearView   12     12 76   
10. People 10 3 7 10   3  14 41 10 
11. Advertising 1  1   1  1   96 
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Table 3. Results of Test 2. NN: Nearest Neighbor classification with the originally selected 
training clips, CL: classification after prototype creation with classic Complete Link clustering, 
CBCL: classification after prototype creation with Context-Based Complete Link clustering. 

  Ski Bob F1 
#Training set  300 300 500 

#Test set  912 1122 1839 
NN 300 300 500 
CL 84 126 191 

# of Visual  
Concepts 

CBCL 78 122 203 
NN 300 (100%) 300 (100%) 500 (100%) 
CL 299 (99.7%) 292 (97.3%) 478 (95.6%) 

Results on  
training set 

CBCL 300 (100%) 285  (95%) 492 (98.4%) 
NN 660 (72.4%) 854 (75.8%) 1181 (64.2%) 
CL 654 (71.7%) 846 (75.1%) 1159 (63.0%) 

Results on  
test set 

CBCL 657 (72%) 852 (75.7%) 1209 (65.7%) 
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Fig. 4. Manually annotating all the clips is slower than correcting the errors of automatic tools 

6   Conclusions 

We presented a general purpose system for the automatic annotation of video clips, by 
means of standardized low level features. A process for reducing space and computa-
tional requirements by the creation of prototypes with context based intra-class clus-
tering was described. The classifier data are stored in MPEG-7 compliant format to 
improve the interoperability and integration of different systems.  

The annotation has shown satisfactory results without specific feature development. 
This approach allows a system to behave differently by simply providing a different 
context, thus expanding its applicability to mixed sources digital libraries. 
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Abstract. The objective of the work reported here is to provide an automatic, 
context-of-capture categorization, structure detection and segmentation of news 
broadcasts employing a multimodal semantic based approach. We assume that 
news broadcasts can be described with context-free grammars that specify their 
structural characteristics. We propose a system consisting of two main types of 
interoperating units: The recognizer unit consisting of several modules and a 
parser unit. The recognizer modules (audio, video and semantic recognizer) 
analyze the telecast and each one identifies hypothesized instances of features 
in the audiovisual input. A probabilistic parser analyzes the identifications 
provided by the recognizers. The grammar represents the possible structures a 
news telecast may have, so the parser can identify the exact structure of the 
analyzed telecast. 

Keywords: News, Segmentation, Classification, Audio Analysis, Video 
Analysis, Semantic Analysis, Probabilistic Grammars. 

1   Introduction 

News programs are a valuable information source for what is happening in the world. 
The coverage of news programs is very comprehensive, and it is likely that individual 
viewers are interested in only a few stories out of the complete news broadcast. 
Automatic story segmentation and indexing techniques provide a convenient way to 
store, browse and retrieve news stories based on the user preferences. 

News segmentation in broadcast videos is an emerging research problem, and 
many researchers from various areas, such as multimedia, information retrieval and 
video processing, are interested in it. To address this problem, low-level features 
(referring to the audio and/or the visual signal of the video) could be extracted and 
then higher level features (such as the identification of news story boundaries and 
their classification) can be inferred. The problem of relating low-level features with 
higher-level ones that correspond to the human-like understanding of video content is 
the well-known problem of bridging the ‘semantic gap’ and a solution to it is 
necessary for effective retrieval performance.  
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A first key observation to help bridge the semantic gap in the news video domain is 
that semantic concepts in news videos are conventionalized in many ways and this 
fact can be exploited. E.g., different news stories are usually separated by anchor 
shots containing the presentation of the story that follows. We assume that these news 
format models can be described with context-free grammars. Such a grammar can 
effectively support a multimodal segmentation process by removing ambiguities in 
classification, or by associating certain audiovisual cues with segment classes (e.g., 
news story, weather report, etc.). It models all interesting constraints in visual, audio 
and semantic features that are partly due to the way news programs are produced and 
partly to the habits and ways of work of the journalists and other agents related to 
news production. Combining these features of different modalities through an 
appropriate grammar we achieve a multimodal analysis of the news telecasts. 

For parsing of a news video following a corresponding model, we propose a 
system consisting of two main types of interoperating units: The recognizer unit 
consisting of several modules and a parser unit. The recognizer modules analyze the 
telecast and each one identifies hypothesized instances of features in the audiovisual 
input. Such features could range from upper-level concepts like a specific person 
appearing in a shot (e.g., the anchor), the appearance of a certain series of frames 
(e.g., the introduction sequence, which many news broadcasts have in their 
beginning), to low-level, e.g., the similarity of two frames. A probabilistic parser 
using a probabilistic grammar analyzes the identifications provided by the 
recognizers. In essence, the recognizers provide the parser with actual lexical tokens 
such as a lexical analyzer would provide to a programming language parser. The 
grammar represents the possible structures the news telecast may have, so the parser 
can identify the exact structure of this telecast.  

In the rest of this paper we first present related work in the area of news 
segmentation and classification and justify the suitability of our grammar-based 
approach (section 2). Section 3 presents the overall design adopted. Section 4 presents 
the main components of the architecture in more detail and section 5 concludes. 

2   Related Work and Suitability of Our Approach 

The typical way of integrating multimodal features in order to achieve news 
segmentation and classification (i.e. extracting and classifying news stories from news 
videos) is through statistical methods such as Hidden Markov Models [1, 2, 5, 6, 7, 
10]. In these approaches, the basic hypothesis is that the multimodal (low-level) 
features observed can be considered Markovian in some feature space and that efficient 
training data exists to automatically learn a suitable model to characterize data. 

However, in other similar domains such as recognition of visual activities and 
interactions in videos (e.g. surveillance videos, gesture videos, etc.) another comple-
mentary approach based on various parsing strategies has been used [11, 13, 15]. In 
these approaches the goal is to recognize structurally defined relationships of features 
where purely statistical approaches to recognition are less than ideal. These situations 
can be characterized following [11] by one or more of the following conditions: 
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• Insufficient data: Complete data sets are not always available, but component 
examples are easily found. 

• Semantic ambiguity: Semantically equivalent processes possess radically different 
statistical properties. 

• Temporal ambiguity: Competing hypotheses can absorb different lengths of the 
input stream, raising the need for naturally supported temporal segmentation. 

• Known structure: Structure of the process is difficult to learn but is explicit and a 
priori known. 

When these conditions arise, it seems natural to divide the problem in two: 

1. Recognition of low-level features (primitives) and 
2. Recognition of structure. 

The goal then becomes to combine statistical detection of primitives with a structural 
interpretation method that organizes the data. The news segmentation domain satisfies 
the above conditions and thus, an approach for automatic segmentation that 
distinguishes between the recognition of low-level features and structure is viable. 

In this work we adopt the method of [11] that combines mainly statistical 
techniques used to detect low-level features (primitives) of a more complex process 
structure. We combine results of the lower level feature recognizers into a consistent 
interpretation with the maximum likelihood using a Probabilistic Context-Free 
Grammar (PCFG) parser. The grammar provides a convenient means for encoding the 
external knowledge about the problem domain, expressing the expected structure of 
the high-level process. 

3   Overall Architecture 

The architecture adopted is depicted in Fig. 1. The central components of the 
architecture are the two main interoperating modules: the recognizers and the parser. 

The recognizers analyze the telecast and each one identifies hypothesized instances 
of features in the audiovisual input: 

• The visual recognizer identifies visual features on the news stream, such as a face 
appearing at an expected position in the video. 

• The audio recognizer, in turn, identifies audio features such as the presence of 
speech or music, e.g., a signature tune, and clustering of speakers. 

• The semantic recognizer identifies the semantics involved in the telecast. This 
includes topic detection, high-level event detection, discourse cues etc. The 
semantic recognizer has access to the Upper Ontologies as well as domain specific 
ontologies created for news. The concepts acquired from these ontologies will 
define those detectable semantics that can be identified in the telecast. 

The Probabilistic Context-Free Grammar Parser interoperates with the recognizers. It 
uses a probabilistic grammar in order to analyze the identifications provided by the 
recognizers. The parser computes and passes to the recognizer token probabilities,  
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which are used by the recognizer to aid in the recognition of lexical tokens, closing 
the feedback loop between the recognizer and the parser. When the parsing is 
complete and all the structural elements of the input have been analyzed, the 
Segmentation Description Creator Module uses that information to provide an 
MPEG7 compliant XML document with the description of identified news story 
segments with semantic topics and semantic events. 

The grammar for each broadcast station, even for different news programs of the 
same station, is distinct. This is because the grammar captures the directing elements 
of the broadcast, and no two different programs have exactly the same directional 
structure. Therefore, an initial context-free grammar (without probabilities) has to be 
produced manually for each program of interest, a task on which the system relies 
heavily, if processing is to be robust. For the grammar to be probabilistic, it is 
necessary to complete a training process in order to assign probabilities to each 
production rule in the grammar. This training is carried out by the Probabilities 
Computation Module that uses a set of correctly labeled broadcast scenarios (created 
manually or through a semi-automatic annotation tool for ease of use).  

The Environment Initialization Module provides a basic system initialization, 
according to the “working environment”, a concept that encapsulates specific 
parameters of the system’s functionality according to the input that will be analyzed.  

 

Fig. 1. Overall architecture of the system for automatic, context-of-capture-based categoriza-
tion, structure detection and segmentation of news telecasts 
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4   Main Components of the Architecture  

4.1   Visual Recognizer  

The visual recognizer incorporates an image feature classifier that uses every 20th 
frame of an input video to do its calculations. Within these calculations filters are 
used to calculate a probability for every high level feature/ structural token. The 
following visual features are computed on every considered frame, followed by an 
SVM-based classification to get a visual token: 
• Color correlogram: This filter is an implementation of a standard color 

correlogram filter [9]. A color correlogram (henceforth correlogram) expresses 
how the spatial correlation of pairs of colors changes with distance. We used the 
correlogram for the high-level features Charts, Desert, Explosion/Fire, and Maps. 

• Color histogram filter: The color histogram filter reduces the amount of colors by 
removing a parameterizable number of bits inside every RGB color channel. We 
use color histograms with sizes of 4 or 8 bins per dimension (R, G, and B), for a 
total of 64 or 512 bins, respectively. These histograms are used either with or 
without the ROI filter (see above). 

• Text detection filter: The text detection filter is based on an algorithm developed in 
a Diploma thesis at the University of Bremen [19]. It uses an edge detection filter 
tailored for overlaid text to find single characters and searches for regions where 
many characters appear on a line. It tries to find words and sentences by their 
typical spatial distribution and returns the positions of these inside an image. We 
adapted the algorithm's parameters to values we found to work good on an internal 
test set. 

• Edge direction histogram: This filter is an implementation of a standard edge 
direction histogram by Tamura [18]. We use it to analyze an image for directed 
textures. Tamura's directionality criterion is characterized by a histogram based on 
eight orientations. 

Motion features could be considered for recognition of special structuring sequences 
(like a logo flying in) or to better distinguish between low-motion anchor shots and 
high-motion story shots, but did not seem to be necessary for our test material. We 
created a training and a test set for every token to find. The training set was used to 
build classification models, while the test set was used to validate these models. We 
use a support vector machine (SVM) in the form of the SVM-light software [12] to 
train one model for each high-level feature/structural token, based on our image filter 
results. As a kernel we chose the radial basis function (RBF) kernel. We set the 
relative significance of positive vs. negative examples to their relative frequency. In 
our validation process, we vary the variance parameter and the trade-off between 
training error and margin. We retain the model with the highest F-measure.  

4.2   Audio Recognizer 

The audio recognizer incorporates a classifier that searches the audio tracks of the 
input videos for a number of previously learned sounds. The classifier is built up of 
two stages. In the first stage we extract spectral features from the audio tracks. In the 
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second step we use a supervised learning algorithm for training and prediction. Our 
approach is based on the algorithm proposed by [8] but it differs in classifying. While 
[8] suggest a decision tree classifier, we chose to use a support vector machine (SVM) 
in the classifier stage, in the form of the Libsvm library [4]. 

The first step of the sound feature extraction module is to create an abstract feature 
representation of the audio signal using an FFT on a temporally shifted window of the 
audio track. From the spectral representation, a set of 63 descriptive features is 
computed [8] to serve as input to the classifier. The size of the window is dependent 
of the type of sound that should be detected. The longer the sound, the bigger the 
window. We use windows ranging from 800 milliseconds to 1200 milliseconds. When 
applying the final classifiers to the test set, the window is shifted in steps of 100 
milliseconds. For training, we manually cut a set of training sounds for each type of 
sound to be detected. 

Regarding the classification using a support vector machine (SVM) we chose to 
manually create a training set for the sound we wanted to detect. We cut a small 
number of short example sounds between 0.5 and 2.5 seconds, including all the 
disturbing sounds that might be in the background. The manual searching and cutting 
of sample sounds takes a long time, but is in the end the only way to ensure that the 
system learns the right type of sounds. It turned out that the selection type and also the 
number of training sounds has a great effect on the prediction quality of the SVM. 
During the testing of the system for various videos, the prediction sometimes returned 
very few or no results, even if the news contained plenty of the regarded sound 
events. The reason for this was probably that the analyzed sounds were too different 
from the training examples. However, finding good training examples that cover the 
whole variance of sounds is hard to manage, and it is very hard to cut the sounds from 
the test material. Our solution to this problem was to lower the threshold on the 
prediction values yielded by the SVM classifier, such that not only positive 
predictions are counted, but also negative results down to -0.4 or lower. That way, we 
reached a much bigger number of positives. 

4.3   Semantic Recognizer 

The semantic recognizer component is responsible for all semantic-related recognition 
and classification involved in the system. In a first simplified approach, the semantic 
recognizer is based on the format of the TRECVID’03 collection transcripts, and 
incorporates mechanisms for a 3-staged transcript and words in transcript processing.  

At the first stage the Semantic Recognizer parses the transcript in order to extract 
and internally store the transcript words and other information. The second stage of 
transcript processing concerns the tagging of the words previously found into  
the transcript. For this task a part-of-speech (POS)-tagger is involved (http:// nlp. 
stanford.edu/software/tagger.shtml). The POS-tagger is responsible for the tag-ing of 
the words given to it in sentences. An important issue at this point was how to bind 
together words in sentences for which no information is available about what their 
relation is. A proper sentence-grouping is very important in order to achieve the most 
accurate tagging. For this reason a pre-tagging is made in order to locate subjects, 
verbs and objects. The third and last stage of the processing of words in transcripts, 
targets on topic detection. The idea is to use lexical chains [16] and lexical similarity 
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upon the nouns into the transcript. In order to implement this it is necessary to define 
the window length for the lexical chaining and the measure of calculating the 
similarity of the words in each window. Test results until now give us 5 to 7 words as 
a satisfactory window length spotting the expected limits of topics in the test data set. 
Similarity between the words in each window is currently calculated using WordNet 
[14]. 

In the next version of the semantic recognizer, actual ontologies will be used to 
facilitate better performance in the identification of semantic features as well as to 
perform semantic event extraction from news stories identified. 

4.4   Probabilistic Parsing 

As already stated, the temporal structure characteristic for a news broadcast format 
may be modeled as a probabilistic context free grammar (PCFG) with probabilities 
associated with production rules. This is a probabilistic extension of a Context-Free 
Grammar where a probability measure p is attached to every production rule: 

A  L  [p] 
This probability is a conditional probability of the production being chosen, given 

that non-terminal A is up for expansion (in generative terms).  
In order to integrate story segmentation and classification information, the scenario 

PCFG is based on the news segmentation model that contains all the different parts of 
a news story and news broadcast such as: INTRO, START-OF-PREVIEW, 
PREVIEW, END-OF-PREVIEW, START-OF-STORY, PRESENTATION, 
REPORT, END-OF-STORY, COMMERCIAL, OUTRO etc. These structural 
components may be inferred by the PCFG parser from tokens coming from the 
recognizer modules using appropriate grammar rules. 

The implementation of the PCFG parsing process distinguishes between three 
necessary modules: (1) the PCFG parser component; (2) the Environment 
Initialization Module and (3) the Probabilities Computation Module which are 
described next. 

 

The PCFG parser 

The PCFG parser uses the probabilistic extension of the Earley parsing algorithm 
[17]. Earley parser is a combined top/down bottom/up parsing algorithm that spans 
the parse tree on both directions. It uses the concept of a chart, where every edge 
represents a production rule. The algorithm proceeds in three steps: 

• Prediction: The prediction step is used to hypothesize the possible continuation of 
the input based on the current position in the parse. Prediction essentially expands 
one branch of the grammar down to the set of its leftmost leaf nodes to predict the 
next possible input terminals. At this step, any edge corresponding to predicted 
production rules is added to the chart as a pending (or active) edge. 

• Scanning: Scanning step simply reads an input symbol and matches it against all 
pending states for the next iteration. When a pending state is matched, a terminal 
rule is added to the chart, and the pending state becomes inactive. 

• Completion: The completion step updates pending derivations. When a production 
rule has finished, it converts the corresponding edge to a completed one. 
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When the parsing is finished, the algorithm walks through the chart and exports the 
parsing tree from the production rules that have been completed. 

The probabilistic extension of the Earley parsing algorithm uses a PCFG, i.e. a 
context-free grammar with probabilities attached to each production rule. During 
parsing, the algorithm computes two kinds of probability metrics: 

• A forward probability, which represents the probability of the whole parse tree.  
• An inner probability, which represents the probability for every individual parse 

step. 

The forward probability can be used to choose the most probable parse among many 
completed parses and the inner probability is used for clever pruning, where we can 
define probability thresholds and reduce the size of the parse tree accordingly.  

The ambiguity of the input tokens due to the probabilistic nature of the recognizers 
affects computed probabilities at the scanning step of the algorithm. In this way, the 
values of inner and forward probabilities weight competing derivations not only by 
the typicality of corresponding production rules, but also by the certainty about the 
input symbol recognized at each step. 

We have introduced some modifications to the parsing algorithm described above. 
One major change is the ability to add many candidate input tokens to the chart at 
every scanning step in order to address the need to use an arbitrary number of 
recognizers working in synch and each producing a series of tokens along with their 
likelihood. Another important modification is the use of the prediction step of the 
algorithm so as to guide the recognizers. This step gives the parser the opportunity to 
have an overall control of the recognizers, by giving them information of the 
predicted forthcoming tokens. Finally we have extended the parsing algorithm to 
accommodate time constraints in order to discard productions that correspond to 
erroneous recognitions of tokens taking into account the minimum and maximum 
durations of certain types of segments identified. 

For the implementation of the parser we have used Javachart parser 
(http://nlpfarm.sourceforge.net/javachart/) that implements a bottom-up chart parsing 
algorithm and uses features for every edge in the chart. In our implementation we 
modified the main parsing algorithm to function as a probabilistic Earley parser along 
with the extensions we have introduced. 

Environment Initialization Module 

The Environment Initialization Module will provide system initialization according to 
specific parameters related to the audio-visual input. This module will initialize the 
recognizers and give appropriate information to the parser about which recognizers 
are available for every telecast analysis. It can also “map” tokens between a grammar 
and the recognizers. For advanced functionality, the module must use News 
ontologies that describe specific low level features. (e.g., the sample images or voice 
patterns of the possible newscasters in a news telecast) in order to pass this 
information to the recognizers for appropriate feature extraction from the audiovisual 
signal. 

Probabilities Computation Module - Training the Probabilistic Grammar 
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The training of the grammar will be performed by parsing “perfect” tokenizations 
of a set of news telecasts. As in traditional feature grammar training methods, the 
higher the number of times each production rule is expanded the higher its final 
probability measure. The algorithm that will be employed is described in [11]. The 
“perfect” token representations of a telecast can either be created manually or with the 
assistance of a semi-automated annotation tool, where the user can correct the series 
of automatically recognized tokens.  

4.5   Segmentation Description Creator Module 

The Segmentation Description Creator Module (SDCM) will create the final output of 
the system, an MPEG7 compliant XML document with segmentation and semantic 
metadata. In order to produce this XML document, the most probable parse tree of the 
parsing phase will be used along with the information of the detected semantic events 
from the semantic recognizer. The News Ontologies will also be used in order to find 
additional information regarding the semantic content of the detected segments (i.e. 
news stories). 

5   Conclusions 

The current implementation of the system described here consists of separate 
recognizer modules along with the basic modules for parsing and is still work in 
progress. 

An application of the visual and audio recognizers has been done in TRECVID 
2006, with focus on the detection of so-called high-level features instead of structural 
tokens [3].  

The current parser demonstrator provides a fully operational PCFG parser that uses 
manually created probabilistic grammars describing specific classes of news telecasts 
available in the TRECVID’03 collection. Simulated streams of tokens, as they will be 
provided by the system’s recognizers, are used as input to the PCFG parser for 
parsing. After parsing this simulated input, the parser returns with a set of parse trees 
along with their probabilities. The parse trees contain all the required information (in 
their inner nodes representing the non-terminals of each probabilistic grammar) for 
the segmentation of the news telecasts. 

The integration of the actual recognizers in this demonstrator requires the 
transformation of their current output format into token-like form as well as the 
provision of their functionality using a well defined web-services interface. This is 
currently under implementation. In the final implementation a full version of the 
Semantic Recognizer along with the fully developed News Ontologies and the 
Semantic Description Creator Module will be used to provide the final MPEG7 
compliant XML description of the segmented and semantically analyzed news 
telecasts. 
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Abstract. In this work, we report on three research results achieved
during the first three years of activities carried out under the task 3.8 of
the DELOS Network of Excellence.

First, two approaches for 3D objects description and matching for the
purpose of 3D objects retrieval have been defined. An approach based
on curvature correlograms is used to globally represent and compare
3D objects according to the local similarity of their surface curvature.
Differently, a view based approach using spin image signatures is used
to capture local and global information of 3D models by using a large
number of views of the object which are then grouped according to their
similarities. These approaches have been integrated in task prototypes
and are now under integration into the DELOS DLMS.

To open the way to 3D objects retrieval based on similarity of ob-
ject parts, a method for the automatic decomposition of 3D objects has
been defined. This approach exploits Reeb-graphs in order to capture
topological information identifying the main protrusions of a 3D object.

1 Introduction

Beside image and video databases, archives of 3D models have recently gained
increasing attention for a number of reasons: advancements in 3D hardware and
software technologies, their ever increasing availability at affordable costs, and
the establishment of open standards for 3D data interchange (e.g., VRML, X3D).

Three-dimensional acquisition of a real-world object, capturing both object
geometry and its visual features (surface color and texture), can be achieved
through many different techniques, including CAD, 3D laser scanners, struc-
tured light systems and photogrammetry. Thanks to the availability of these
technologies, 3D models are being created and employed in a wide range of ap-
plication domains, including medicine, computer aided design and engineering,
and cultural heritage. In this framework the development of techniques to enable
retrieval by content of 3D models assumes an ever increasing relevance. This is
particularly the case in the fields of cultural heritage and historical relics, where
� This work is partially supported by the Information Society Technologies (IST)

Program of the European Commission as part of the DELOS Network of Excellence
on Digital Libraries (Contract G038-507618).
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there is a growing interest in solutions enabling preservation of relevant artworks
(e.g., vases, sculptures, and handicrafts) as well as cataloging and retrieval by
content. In these fields, retrieval by content can be employed to detect common-
alities between 3D objects (e.g., the “signature” of the artist) or to monitor the
temporal evolution of a defect (e.g., the amount of bending for wooden tables).

Based on this, the main objective of the DELOS task 3.8 is the definition of
new techniques supporting retrieval by content of 3D objects. In the first three
years of the task, a set of relevant research and application results have been
obtained at the Media Integration and Communication Center of the University
of Firenze. First, two approaches for 3D objects description and matching for
the purposes of 3D objects retrieval have been defined. An approach based on
curvature correlograms is used to globally represent and compare 3D objects
according to the local similarity of their surface curvature. Differently, a view
based approach using spin image signatures is used to capture local and global
information of 3D models by using a large number of views of the object. These
views are then grouped in a set of clusters according to their similarity. At the
end, the centers of the clusters are used to as representative (salient) views of the
object. These approaches have been integrated in task prototypes and are now
under integration into the DELOS DLMS. To open the way to 3D retrieval based
on the similarity of object parts, a method for the automatic decomposition of
3D objects has been defined. This approach exploits Reeb-graphs in order to
capture topological information identifying the main protrusions of a 3D object.

The paper is organized in two Sections and Conclusions. In Sect.2, approaches
developed for 3D objects description and matching for retrieval purposes are
described. These solutions are extended in Sect.3, by addressing an approach
for automatic decomposition of 3D objects. This aims to partition a 3D objects
according to its main protrusions thus enabling the description and matching
of individual object parts. In Sect.4, we shortly present the current and future
research activities.

2 3D Objects Retrieval

Two original solutions for 3D objects retrieval have been defined. Curvature
correlograms have been proposed to provide global representations of 3D objects
based on curvature information of the object surface. Spin image signatures, have
been defined in order to capture local and global information of 3D objects based
on multiple views.

2.1 Curvature Correlograms

In [1], histograms of surface curvature have been used to support description
and retrieval of 3D objects. However, since histograms do not include any spatial
information, the system is liable to false positives. To overcome such problem,
we used curvature correlograms as a model for representation and retrieval of
3D objects [2], [3]. Correlograms have been previously and successfully used
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for retrieval of images based on color content [4]. In particular, with respect
to description based on histograms of local features, correlograms enable the
encoding of information about the relative position of local features.

Correlograms are used to encode information about curvature values and their
localization on the object surface. For this peculiarity, description of 3D objects
based on correlograms of curvature proves to be very effective for the purpose
of content based retrieval of 3D objects.

High resolution 3D models obtained through scanning of real world objects
are often affected by high frequency noise, due to either the scanning device or
the subsequent registration process. Therefore, smoothing is required in order
to extract their salient features. This is especially the case if salient features
are related to differential properties of mesh surface (e.g., surface curvature).
Selection of a smoothing filter is a critical step, in that the application of some
filters entails changes in the shape of the models. In the proposed solution, we
adopted the filter first proposed by Taubin [5].

Let M be a mesh, and E, V and F , the sets of edges, vertices and faces of
the mesh. With NV , NE and NF , we denote the cardinality of sets V , E and F .
Given a vertex v ∈ M, the principal curvatures of M at vertex v are indicated
as k1(v) and k2(v). The mean curvature k̄v is related to the principal curvature
k1(v) and k2(v) by the equation: k̄v = k1(v)+k2(v)

2 . Details about computation of
the principal and mean curvatures for a mesh can be found in [6].

Values of the mean curvature are quantized into 2N + 1 classes of discrete
values. For this purpose, a quantization module processes the mean curvature
value through a stair-step function so that many neighboring values are mapped
to one output value:

Q(k̄) =

⎧
⎪⎪⎨

⎪⎪⎩

NΔ if k̄ ≥ NΔ
iΔ if k̄ ∈ [iΔ, (i + 1)Δ)
−iΔ if k̄ ∈ [−(i + 1)Δ, −iΔ)
−NΔ if k̄ ≤ −NΔ

(1)

with i ∈ {0, . . . , N − 1} and Δ a suitable quantization parameter (in the ex-
periments reported in the following, N = 100 and Δ = 0.15). Function Q(·)
quantizes values of k̄ into 2N + 1 distinct classes {ci}N

i=−N . To simplify the
notation, v ∈ Mi is synonymous with v ∈ M and Q(k̄v) = ci.

The correlogram of curvature is defined with respect to a predefined distance
value δ. In particular, the curvature correlogram γ

(δ)
cicj of a mesh M is defined

as:
γ(δ)

ci,cj
(M) = Pr

v1,v2∈M
[(v1 ∈ Mci, v2 ∈ Mcj ) | ||v1 − v2|| = δ ]

In this way, γ
(δ)
ci,cj (M) is the probability that two vertices that are δ far away

from each other have curvature belonging to class ci and cj , respectively.
Ideally, ||v1 − v2|| should be the geodesic distance between vertices v1 and v2.

However, this can be approximated with the k−ring distance if the mesh M is
regular and triangulated [7]. In particular, given a generic vertex vi ∈ M, the
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neighborhood or 1-ring of vi is the set: V vi = {vj ∈ M : ∃eij ∈ E} being E the
set of all mesh edges (if eij ∈ E there is an edge that links vertices vi and vj).

The set V vi can be easily computed using the morphological operator dilate:
V vi = dilate(vi). Through the dilate operator, the concept of 1-ring can be
used to define, recursively, generic kth order neighborhood: ringk = dilatek ∩
dilatek−1. Definition of kth order neighborhood enables definition of a true metric
between vertices of a mesh.

This metric can be used for the purpose of computing curvature correlograms
as an approximation of the usual geodesic distance (that is computationally much
more demanding). According to this, we define the k−ring distance between two
mesh vertices as dring(v1, v2) = k if v2 ∈ ringk(v1). Function dring(v1, v2) = k is
a true metric. Based on the dring(·) distance, the correlogram of curvature can
be redefined as follows:

γ(k)
ci,cj

(M) = Pr
v1,v2∈M

[(v1 ∈ Mci , v2 ∈ Mcj) |dring(v1, v2) = k ]

Figs.1(a)-(b) show the correlograms of three models derived from two different
model categories, statue and dinosaur, respectively.

Several distance measures have been proposed to compute the dissimilarity of
distribution functions. In order to compute the similarity between curvature cor-
relograms of two distinct meshes γ

(k)
ci,cj(M1) and γ

(k)
ci,cj (M2) we experimented the

following distance measures: Minkowsky-form distance, Histogram intersection,
χ2-statistics, Kullback-Leibler divergence.

Using a ground-truth database, the above distance measures have been com-
pared in terms of precision and recall figures. Results of this analysis (not re-
ported in this paper for lack of space) suggest that the best performance is
achieved by using χ2-statistics to measure the distance between curvature cor-
relograms:

dχ2 =
N∑

i,j=−N

(
γ

(k)
ci,cj (M1) − γ

(k)
ci,cj(M2)

)2

2
(
γ

(k)
ci,cj (M1) + γ

(k)
ci,cj(M2)

)

(a)

(b)

Fig. 1. In (a) and (b) correlograms of three models, taken from two distinct categories,
namely statue and dinosaur, are shown
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2.2 Spin Image Signatures

Many 3D retrieval solutions proposed so far, rely on the extraction of content
descriptors capturing global properties of 3D object surface: moments, distribu-
tions of vertex distances, surface curvature or angles between faces. Alternatively,
surface properties can be described in transformed domains, like the wavelets and
the spherical harmonics.

During the second year of the DELOS task 3.8, we defined a new solution
combining the advantages of view-based and structural-based approaches to de-
scription and matching of 3D objects. The new solution relies on spin image
signatures and clustering to achieve an effective, yet efficient representation of
3D object content [8].

For each mesh vertex V , a spin image is built mapping any other mesh ver-
tex x onto a two-dimensional space (see the left of Fig.2). The grey-level spin
images are derived by considering the density of mesh vertices that map on
the same point of the spin image, and evaluating the influence of each vertex
over the neighboring pixels of its projection, according to a bilinear interpola-
tion scheme. On the right of Fig.2 a sample model of a teapot is shown with
spin images computed from four different vertices of the model. Spin images
are then partitioned into sectors of circular crowns for the upper (β > 0) and
lower (β < 0) half-planes and circular sectors centered in the origin. For each of
them, the number of vertex projections that fall in the region have been consid-
ered. Experimentally a number of 6 circular crowns for the upper and lower half
planes and for the circular sectors has been found to be a satisfactory trade-off
between representation compactness and selectivity. This leads to compress the
spin image informative content into a 18-dimensional vector.

Description vectors have been clustered using fuzzy clustering so as to take
the centers of the clusters as signatures of the spin image representation. The
optimal number of clusters is derived considering two functions that express a
measure of under- and over-partitioning, respectively. The optimal number of
clusters is the number that minimizes the sum of the two functions representing
the trade-off between under- and over-partitioning. Finally, similarity between
spin image signatures of 3D objects is obtained considering the permutation that
minimizes the sum of distances between the corresponding cluster centers.

In order to validate the retrieval performance of the proposed approach, a
compound 3D repository of VRML models has been constructed by gathering
3D models featuring different characteristics mainly in terms of resolution and
complexity. In particular, the 3D repository includes 3D models collected from
the Web, from the 3D Princeton Shape Benchmark Archive [9] and from the De
Espona Encyclopedia [10].

All models of the compound 3D repository have been processed in order to
extract the Spin Image signature and signatures of four other approaches for
3D objects representation and retrieval that we used for comparison purposes.
A variety of dissimilarity measures to compare content descriptors have been
also considered. In addition, models of the compound 3D repository have been
manually annotated so as to represent semantic information about their content.
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Fig. 2. A spin image computed on the vertex of a 3D model is shown on the left. On
the right, spin images for the same object computed along the four normals A, B, C,
D to the object surface, are shown.

Fig. 3. On the left, retrieval results are reported for three query models. Average
precision/recall results are reported on the right comparing Spin Images (SI) against
four different approaches for 3D object retrieval, namely, Light Field (LI), Curvature
Histogram (CH), Shape Functions (SF) and Curvature Moments (CM).

Annotations are used to automatically extract precision and recall curves. These
have been used to provide a representative comparison of the performance of pro-
totype retrieval engines. Retrieval performance based on Spin Image signatures
has been compared against the performance of four other prototype retrieval
engines, using Light Field (LI) [11], Curvature Histogram (CH) [1], Shape Func-
tions (SF) [9] and Curvature Moments (CM). Comparison has been carried out
in terms of figures of precision and recall. Comparison suggests that retrieval
based on Spin Image signatures outperforms the other prototype retrieval en-
gines for medium- and high-resolution 3D models. In particular, on the right of
Figure 9 the average precision/recall curves are reported for the five methods
under investigation. This has been obtained by using objects from every model
category of the Princeton shape benchmark database as query model.
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3 Automatic Decomposition of 3D Objects

Approaches reported in Sect.2, only partially address the issue of 3D object
retrieval based on objects parts. To make possible retrieval by object parts, an
automatic decomposition approach of 3D meshes has been developed during the
third year of task 3.8.

The proposed solution starts from the observation that salient parts of 3D ob-
jects usually coincide with their prominent protrusions. According to this, a model
for perceptually consistent decomposition of 3D objects based on Reeb-graphs is
proposed. Our approach is motivated by the need to overcome limitations of so-
lutions which only use curvature information to perform mesh decomposition. In
particular, we propose the use of Reeb-graphs to extract structural and topological
information of a mesh surface and to drive the decomposition process. Curvature
information is used to refine boundaries between object parts, in accordance to
the minima rule criterion. Thus, object decomposition is achieved by a two steps
approach accounting for Reeb-graph construction and refinement. In the construc-
tion step, topological as well as metric properties of the object surface are used to
build the Reeb-graph. Due to the metric properties of the object that are consid-
ered for building the Reeb-graph, the structure of this graph reflects the object
protrusions. In the refinement step, the Reeb-graph is subject to an editing pro-
cess by which the notions of deep concavity and adjacency are used to support fine
localization of part boundaries. In doing so, the main goal of our contribution is
to provide and experiment a model to support perceptually consistent decompo-
sition of 3D objects to enable reuse and retrieval of parts of 3D models archived
in large model repositories. Details on the approach can be found in [12].

3.1 Results

To demonstrate the effectiveness of the proposed solution, a comparison with
two alternative approaches to object decomposition is proposed. Furthermore, in
order to estimate the extent to which object decomposition matches perceptually
salient object parts, a test is carried out using a ground-truth archive of manually
partitioned objects. In the following, a summary of the subjective and objective
evaluation of the segmentation approach is reported.

The subjective evaluation is accomplished by presenting decomposition results
on a set of reference 3D models covering a variety of objects with different struc-
tural complexity and resolution. We refer to this evaluation as subjective because
we do not provide objective measures of the performance of the decomposition
models under analysis. Rather, performance of each approach is evaluated sub-
jectively by comparing decomposition results on the set of reference 3D models.
Differently, the objective evaluation is accomplished by defining a measure of the
perceptual saliency of decompositions. For this purpose, a ground-truth set of
annotated 3D objects has been constructed through a user based experiment. In
the experiment, some people were asked to identify relevant parts of 3D models
representing real objects of different structural complexity. Answers were used
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to assess the degree by which decomposition provided by the approaches under
comparison matched relevant parts identified by users.

The proposed solution for 3D objects decomposition based on Reeb graphs
(RG) has been compared against the approach for decomposition based on pulse-
coupled oscillator networks (PON) [13], and the approach for decomposition
based on curvature clustering (CC) [14]. Selection of these approaches is moti-
vated by the fact that they exploit different characteristics of the object surface
with respect to RG, in that both PON and CC basically use the sole curvature
information to produce object decomposition.

Decomposition of Sample 3D Objects. Fig.4 presents decomposition results
for two reference models using RG (leftmost column), PON (central column) and
CC (rightmost column) approaches.

Reference models are selected so as to test decomposition approaches on mod-
els characterized by different structural complexity in terms of local surface vari-
ations and presence of large object protrusions.

The RG approach produces satisfactory results for both the reference mod-
els. The decompositions of the human body shown in Fig.4(a), clearly evidence
the differences between RG and the other two solutions. In fact, the geodesic
distance analysis which characterizes the RG approach, provides this method
with the capability to identify salient protrusions: legs, harms and the head are
correctly separated from the body. PON and RG, relying on the sole curvature
information, produce an over-decomposition of the model that does not match
perceptually relevant parts. Similar results occur for the models in Fig.4(b).

Perceptual Saliency of Decomposed Objects. In order to quantitatively
measure the saliency of 3D object decompositions, a test has been carried out
aiming to compare results of manual versus automatic objects decomposition.
The comparison has been carried out on a ground-truth archive composed of
10 reference 3D models which represent real objects of different structural com-
plexity. In particular, models belong to three categories: surfaces of revolution
(SOR), vases and complex objects. An agreement value between manual segmen-
tations, provided by a set of users for the reference models, and the automatic
segmentations is used to measure the goodness of segmentations. Fig. 5 shows
ranges of the agreement for the three approaches (RG, PON and CC) on the
three categories of objects included in the ground-truth archive.

Results show different behaviors for the three categories, the RG approach
featuring the best performance on average. For the category, on the average, the
three approaches score the best results in terms of average values (68.4%, 75.77%
and 75.48%, for PON, CC and RG, respectively). As expected, a curvature based
approach like CC performs well in this case, but it is relevant that also the RG
solution is capable to score almost the same results as CC. For the vases category,
the agreement for CC consistently decreases (decreasing to 60.86%), while the
mean value of the agreement for PON and RG keeps almost constant (70.37%
and 76.08% for PON and RG, respectively) with respect to the results scored
for the SOR category. Finally, as expected, for the category including complex
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(a)

(b)

Fig. 4. Decomposition of sample objects of different resolution using the proposed
approach (RG, leftmost column), the oscillator network (PON, central column) and
the curvature clustering (CC, rightmost column). Different colors are used to evidence
the regions identified by the automatic partitioning. Model (a) has 23280 vertices and
(b) 9207.
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Fig. 5. Mean and variance spread of the agreement for the RG, PON and CC ap-
proaches on the three categories of objects included in the ground-truth archive

objects the agreement is much lower especially for PON and CC (43.21% and
45.84%, respectively), while RG outperforms the other two approaches by over
twenty percentage points (67.06%). More details and results on this 3D objects
decomposition approach can be found in [15].

4 Conclusions

In this paper, we have summarized the main results obtained in the researches
conducted during the past three years of the task 3.8 of the DELOS network
of excellence. In particular, two approaches for 3D objects retrieval have been
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proposed based on object surface curvature and object views, respectively. A
method for 3D objects decomposition has been also developed in order to allow
3D objects retrieval based on object parts. Current and future work are mainly
focused on methods for representing and comparing 3D face models for the
purpose of recognition.
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Abstract. 3D-mesh models are widely used to represent real objects
in synthesized scenes for multimedia or cultural heritage applications,
medical or military simulations, video games and so on. Indexing and
analyzing these 3D data is a key issue to enable an effective usage of
3D-mesh model for designers and even for final users.

The researches of our group mainly focus on these problems. In this
paper, we present the work of our group for the DELOS NoE during the
year 2006. We have worked on two approaches for 3D-model indexing and
analyzing: view-based approach and structural approach. View-based ap-
proaches for 3D-model indexing are a very intuitive way to retrieve 3D-
models among wide collections by using 2D natural views (as a human
uses to represent 3D-objects). Structural analysis of a 3D-mesh model
gives a structural decomposition of the object from a raw boundary rep-
resentation of it, then this decomposition can be used to segment or
index 3D-models.

Keywords: 3D-model, 3D-mesh, indexing, view based approach,
Bayesian indexing, topological analysis, Reeb graph.

1 Introduction

Exploiting the information contents of digital collections poses several problems.
In order to create added-value out of these collections, users need to find infor-
mation that match certain expectations – a notoriously hard problem due to the
inherent difficulties of describing visual information content.

In recent years, as a solution to these problems, many systems have been
proposed that enable effective information retrieval from digital collections of
images and videos. However, solutions proposed so far to support retrieval of im-
ages and videos – which are intrinsically bidimensional – are not always effective
in application contexts where the information is intrinsically three-dimensional.

To satisfy this need, a variety of retrieval methods have been proposed that
enable the efficient querying of model repositories for a desired 3D shape, many of
which use a 3D-model as a query and attempt to retrieve models with matching
shape from the database.

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 298–307, 2007.
c© Springer-Verlag Berlin Heidelberg 2007
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In our group, we have worked on two approaches: view based approach and
structural approach. This paper presents, in the next two sections, these ap-
proaches, achieved work of our group for the DELOS NoE during the year 2006.

2 View-Based Approach

The human visual system has an uncanny ability to recognize objects from single
views, even when presented monocularly under a fixed viewing condition. The
issue of whether 3D-object recognition should rely on internal representations
that are inherently three-dimensional or on collections of two-dimensional views
has been explored by Risenhuber and Poggio [1]. They show that, in a human
vision system, a 3D-object is represented by a set of 2D-views.

The process of comparing two 3D-objects using their views can be separated
into two main steps: 3D-model indexing (also known as the off-line step) and
3D-model retrieval (the on-line step). In the 3D-model indexing step, each 3D-
object is characterized by a set of 2D views. For each view, a 2D descriptor is
calculated. In the 3D-model retrieval step, the same descriptor is applied to the
2D request views. A matching process is then started to match the request 2D
views to the views from the 3D-objects of the database.

2.1 Characteristic View Selection

The main idea of view-based similarity methods is that two 3D-models are sim-
ilar, if they look similar from all viewing angles. This paradigm leads to the
implementation of query interfaces based on defining a query by one or more
views, sketches, photos showing the query from different points of view.

A point which will have an impact on the effectiveness and the speed of the
view based methods is the number and the position of views used to describe a
3D-object. This number is directly related to the performances of the system.
It is necessary to decrease to the number of views to have a fast method, all in
preserving the descriptive capacity of the views. Two approaches can be used to
choose the number of characteristic views: using a fixed and restricted number
of views; or using a dynamic number of views, that correspond the number of
views to the geometrical complexity of views.

In the Adaptive Views Clustering (AVC) method, presented by our group [2],
we use an initial set of 320 views to select positions for the views, which must
be equally spaced, we use a two-unit icosahedron centered on the origin. We
subdivide the icosahedron twice by using the Loop-subdivision schema to obtain
a 320 faceted polyhedron. To generate the initial set of views, we place the camera
on each of the face-centers of the polyhedron looking at the coordinate origin.
To represent each of these 2D views, we use 49 coefficients of Zernike moment
descriptor [3]. Finally, the initial set of views has to be reduced as we want
from the method to adapt the number of characteristic views to the geometrical
complexity of the 3D-model.

As every 2D view is represented by 49 Zernike moment coefficients, choosing
a set of characteristic views that best characterise the 3D-models (320 views) is
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equivalent to choose a subset of points that represent a set of 320 points in a
49-dimension space. Choosing X characteristic views which best represent a set
of N = 320 views is well known as a clustering problem.

This kind of problem is generally solved by using K-means algorithm [4].
Its attractiveness lies in its simplicity and in its local-minimum convergence
properties. However, it has one main shortcoming: the number of clusters K, no
a priori known in our problem, has to be supplied by the user. To avoid this
problem, we adapted a method derived from K-means – called X-means [5] –,
and we also used a Bayesian Information Criteria (BIC) [6], which scores how
likely the representation model fits the data. More details about this process can
be found in [2].

2.2 Probabilistic Approach for 3D-Model Indexing

The main idea of our probabilistic approach is that not all views of a 3D-model
have the same importance. There are views which represent the 3D-model better
than others. On the other hand, simple objects (e.g. cube, sphere) can be at the
root of more complex objects, so they have a higher probability to be relevant.
In this section, we present a probabilistic approach that takes into account that
views do not have the same importance, and that simple objects have higher
probability to appear than more complex one.

According to the previous step (characteristic view selection), each 3D-model of
the collection is represented by a set of characteristic views V = {V1, V2, . . . , VC},
with C the number of characteristic views. Moreover, to each characteristic view
corresponds a set of represented views called Vr.

We want to find the 3D-models that corresponds to one or more request photos
– which could also be the characteristic views of a 3D-model given as a query.
We assume that in a query Q = {I1, I2, . . . , IK} all K images represent the same
object.

Considering a query Q, we wish to find the 3D-model Mi from the collection
which is the closest to the query Q. This model is the one that has the highest
probability P (Mi|Q). A query is composed of one or more images, then this
probability can be written:

P (Mi|Q) =
K∑

k=1

1
K

P (Mi|Ik),

with K the number of images in the query Q.
The Bayesian retrieval framework we developed, takes into account the num-

ber of characteristic views of the 3D-models and the importance (amount of
information) of their views. More details about our probabilistic approach can
be found in [2] for a general explanation of our Bayesian framework, and [7]
especially for 3D-model retrieval system with photo-oriented queries.

2.3 Experimental Results

In this section, we present the experimental process and the results we obtained.
The algorithms we described in the previous sections have been implemented
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using C++ and the TGS Open-Inventor libraries. The system consists of an
off-line characteristic view extraction algorithm and an on-line retrieval process.

To experiment our algorithms, we also developed an on-line 3D search en-
gine1. Our search engine can be reached from any device having compatible
web browser (PC, PDA, SmartPhone, etc.). Depending on the web access de-
vice he/she is using, the user face two different kind of web interfaces : a rich
web interface for full-featured web browsers, and a simpler interface for PDA
web browsers. In both cases, the results returned by the 3D search engine are
the same. The only difference lies in the design of the results presentation.
Figure 1 shows three screenshots of our 3D retrieval system in its rich web
interface version. Request could be expressed as a 3D-model, a 2D-sketch or one
or more photos.

To evaluate our method, we used the Princeton Shape Benchmark database2

(known as PSB), a standard shape benchmark widely used in shape retrieval
community. PSB appeared in 2004 and is one of the most exhaustive bench-
marks for 3D shape retrieval. It contains a database of 1814 classified 3D-models
collected from 293 different Web domains. There are many classifications given
to the objects in the database. During our experiments we used the finest gran-
ularity classification, composed of 161 classes. Most classes contain objects with
a particular function (e.g cars). Yet, there are also cases where objects with
the same function are partitioned in different classes based on their shapes (e.g,
round tables versus rectangular tables). The mean number of views for the PSB
is 23 views per model. The mean size for a 3D-model descriptor is 1,113 bytes.

Our method provides more accurate results with the use of Bayesian proba-
bilistic indexing. The experiment shows that our method Adaptive Views Clus-
tering (AVC) gives better performance than 3D harmonics, Radialized Spherical
Extent Function, and Gaussian Euclidean Distance Transform on the Princeton
3D Shape Benchmark database. Light Field Descriptor gives better results than
our method but uses 100 views, does not adapt the number of views to the ge-
ometrical complexity, and uses two descriptors for each view (Zernike moments
and Fourier descriptor), which makes it a slower and more memory consuming
compared to the method we have presented.

Overall, we conclude that AVC gives a good compromise between quality
(relevance) and cost (memory and on-line comparison time) for the 3D-models
of the Princeton 3D Shape Benchmark.

To evaluate the algorithms in the case of 3D retrieval by a set of photos,
we have selected 50 images from the Internet. The images correspond to 10
classes of the Princeton Shape Benchmark (five images per class): Airplanes,
Bicycles, Chairs, Dogs, Guns, Hammers, Humans arms out, Helicopters, Pots
and Swords. The images are composed of six sketches, six synthesized images
and 38 real photos of different sizes.

Figure 1 shows the results of a query using (from left to right) one, two and
three images of a bicycle. The left side of the figures represent the queries and the

1 http://www-rech.telecom-lille1.eu/3dretrieval/
2 http://shape.cs.princeton.edu/benchmark/
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Fig. 1. 3D retrieval results using (from left to right) one, two and three photos

right side represent the 16 top retrieved 3D-models. From the seven 3D-models
representing a bicycle in the database, three are in the fifteen top retrieved 3D-
models when using only one photo. This number raises to four out of seven
when two photos are used. Using three images, we retrieved five out of seven in
the top sixteen retrieved 3D-models. The recall/precision curves obtained in [7],
show that two or three photos makes a good compromise between time-effort
and accuracy.

To extend his/her search, the user can click on a 3D-model from the result
window. This 3D-model is then sent to the search engine and used as a query.
In this case, the whole set of characteristic views of the 3D-model is considered
as the set of query photos. So, the retrieval principle is exactly the same as the
one described in the previous section.

At last, to give an idea of our framework performance, in the off-line process,
the characteristic view selection takes about 18 seconds per model on a PC with
a Pentium IV 2.4 GHZ CPU. In the on-line process, the comparison takes less
than 1 second for 1814 3D-models from the PSB.

3 Structural Approaches

Structural indexing of 3D shapes is an interesting direction of research. It enables
to retrieve similar 3D shapes that have different postures [8] and provides a
promising framework for partial shape retrieval [9]. Our group focuses on the
development of 3D mesh structural description algorithms based on topological
skeletons [10].

These approaches study the properties of real valued functions computed over
triangulated surfaces. Most of the time, those functions are provided by the ap-
plication context, such as scientific data analysis. When dealing with topological
skeletons, it is necessary to define an invariant and visually interesting mapping
function, which remains an open issue [10]. Moreover, traditional topological
graph construction algorithms assume that all the information brought by the
mapping function is pertinent, while in practice, this can lead to large graphs,
encoding noisy details.

Finally, topological approaches cannot discriminate visually interesting sub-
parts of identified connected components, like the phalanxes of a finger. This is
detrimental to certain applications, such as mesh deformation.
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Our group proposed a novel and unified method which addresses the above
issues [11,12].

3.1 Method Overview

Given a connected triangulated surface T , we propose a unified method to decom-
pose T into visually meaningful sub-parts, connected components, considering
the topological and geometrical characteristics of discrete contours.

(a) Feature points. (b) Mapping function. (c) Dual Reeb graph.

(d) Constriction
approximation.

(e) Enhanced topological
skeleton.

(f) Application to
deformation.

Fig. 2. Main steps of the decomposition on a standard model

The algorithm proceeds in three stages. Firstly, mesh feature points are
extracted (fig. 2(a)) in order to compute an invariant and visually interesting
mapping function (fig. 2(b)), denoted fm in the rest of the paper, revealing the
most relevant parts of the mesh. Secondly, for each vertex in the mesh, we com-
pute its discrete contour, a closed curve traversing it which is carried by the
edges of T , and approximating fm continuous contour. Thirdly, as the set of
discrete contours recovers the entire mesh, it is possible to analyze each contour
characteristics, either to detect topological changes (enabling a pertinent Reeb
graph construction, fig. 2(c)) or to detect geometrical transitions (enabling an
approximation of constrictions, fig. 2(d)). The constriction approximation en-
ables the refinement of Reeb graphs into enhanced topological skeletons (fig.
2(e)). The enhanced topological skeleton could then be used in different ways:
3D-mesh deformation (fig. 2(f)), indexing, etc.

Detailed methods and algorithm as well as extended results can be found in
[11,12].
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3.2 Results

Our scientific contribution resides in three points. (i) We propose an original and
straightforward algorithm for feature point extraction. It can resolve extraction
on constant curvature areas – such as spheres – and it is robust against variations
in mesh sampling and model pose. (ii) We show that a discrete contour formula-
tion enables, without re-meshing and without any input parameter, a pertinent
Reeb graph construction providing visually meaningful graphs, affine-invariant
and robust to variations in mesh sampling. (iii) We show that the geometrical
information brought by discrete contours enables the approximation of constric-
tions on prominent components providing enhanced topological skeletons, and
consequently Reeb graph refinement.

(a) (b) (c)

Fig. 3. Dual Reeb graphs of primitive and complex shapes (fm function)

Figure 3 shows several dual Reeb graphs obtained with the very first steps of
our method, without any refinement, with regard to fm. Connected components
are represented by the nodes located at their barycenter. Figure 4 shows several
enhanced topological skeleton thanks to the constriction detection process. The
enhanced topological skeleton is refined compared to classical Reeb graphs and
shows more details in sub-parts.

A video demonstration of this work is available in http://www.telecom-
lille1.eu/people/tierny/stuff/videos/tierny pacific06.avi

3.3 Applications of Enhanced Topological Skeletons

Each node of the extracted skeleton references a surface patch on the mesh. This
link between the surface and the skeleton enables applications like hierarchical
semantic-oriented segmentation [13] or shape retrieval by part [14]. This is the
next step of our work we are currently investigating.

Based on our previous work [11], we address the semantic-oriented 3D-mesh
hierarchical segmentation problem using enhanced topological skeletons [13].
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(a) (b) (c) (d)

(e) (f) (g) (h)

Fig. 4. Constriction approximations and enhanced topological skeletons of standard
models

(a) (b) (c) (d)

Fig. 5. Hierachical mesh segmentation based on skeleton extraction

This high level information drives both the feature boundary computation as
well as the feature hierarchy definition. Proposed hierarchical scheme is based
on the key idea that the topology of a feature is a more important decomposi-
tion criterion than its geometry. First, the enhanced topological skeleton of the
input triangulated surface is constructed. Then it is used to delimit the core
of the object and to identify junction areas. This second step results in a fine
segmentation of the object. Finally, a fine to coarse strategy enables a semantic-
oriented hierarchical composition of features, subdividing human limbs into arms
and hands for example. An example of such a multi-level segmentation is shown
in figure 5.

Reeb graph based segmentation can also be employed for the problem of
arbitrary genus surface comparison [14]. In this work, a novel surface
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parameterization based technique that addresses the pose insensitive shape sig-
nature problem for surface models of arbitrary genus, is presented. It is based
on the key idea that two surface models are similar if the canonical mappings of
their sub-parts introduce similar distortions. First, a Reeb graph of the shape is
computed so as to segment it into charts of controlled topology, denoted as Reeb
charts, that have either disk or annulus topology. Next, we define for each Reeb
chart a straightforward mapping to the canonical planar domain. Then, we com-
pute a stretching signature of the canonical mapping based on an area distortion
evaluation. Finally, the input shape is represented by the set of the stretching
signatures. An application to pose-insensitive shape similarity is proposed by
comparing the signatures of the different Reeb charts. The gain provided by this
new signature as well as its interest for partial shape similarity are demonstrated
in [14].

4 Conclusion

This paper briefly presents two of the main research interests of our group:
view-based 3D-model indexing and 3D-mesh structural analysis.

In the first topic, we proposed a entire framework for the indexing of 3D-
models: a dynamic characteristic view selection process that adapts the num-
ber of characteristic view to the complexity of the 3D-model, and a Bayesian
approach to 3D-model indexing based on the characteristic views. The frame-
work is capable to manage 2D-view queries (one or more photos) and 3D-model
queries.

In the second topic, we presented our method to topologically analyze 3D-
mesh model and obtain a structural decomposition named enhanced topological
skeleton. This method uses a novel approach to feature point extraction as well
as mapping function computation. Moreover, the enhancement of Reeb graphs
is obtained with a constriction evaluation process. The resulting enhanced topo-
logical skeleton is a major tool for our future works on 3D-model segmentation
and 3D partial shape retrieval that already give promising results.

References

1. Riesenhuber, M., Poggio, T.: Models of object recognition. Nature neuroscience 3,
50–89 (2000)

2. Ansary, T.F., Daoudi, M., Vandeborre, J.P.: A bayesian search engine using adap-
tive views clustering. IEEE Transactions on Multimedia 9(1) (2007)

3. Khotanzad, A., Hong, Y.H.: Invariant image recognition by Zernike moments. IEEE
Transactions on Pattern Analysis and Machine Intelligence 12(5), 489–497 (1990)

4. Duda, R.O., Hart, P.E.: Pattern classification and scene analysis. John Wiley and
Sons, Chichester (1973)

5. Pelleg, D., Moore, A.: X-means: Extending k-means with efficient estimation of the
number of clusters. In: International Conference on Machine Learning, pp. 727–734
(2000)

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



3D-Mesh Models: View-Based Indexing and Structural Analysis 307

6. Schwarz, G.: Estimating the dimension of a model. The Annals of Statistics 6,
461–464 (1978)

7. Ansary, T.F., Vandeborre, J.-P., Daoudi, M.: On 3D retrieval from photos. In:
3DPVT 2006. 3rd IEEE International Symposium on 3D Data Processing, Visual-
ization and Transmission, Chapel Hill, North Carolina, USA (2006)

8. Hilaga, M., Shinagawa, Y., Kohmura, T., Kunii, T.: Topology matching for fully
automatic similarity estimation of 3D shapes. In: ACM SIGGRAPH, pp. 203–212
(2001)

9. Funkhouser, T., Kazhdan, M., Shilane, P., Min, P., Kiefer, W., Tal, A.,
Rusinkiewicz, S., Dobkin, D.: Modeling by example. ACM Transactions on Graph-
ics 23, 652–663 (2004)

10. Biasotti, S., Marini, S., Mortara, M., Patanè, G.: An overview on properties and
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Abstract. In this work, we describe in detail the new MPEG-7 Perceptual 3D 
Shape Descriptor and provide a set of tests with different 3D objects databases, 
mainly with the Princeton Shape Benchmark. With this purpose we created a 
function library called Retrieval-3D and fixed some bugs of the MPEG-7 
eXperimentation Model (XM). We explain how to match the Attributed 
Relational Graph (ARG) of every 3D model with the modified nested Earth 
Mover’s Distance (mnEMD). Finally we compare our results with the best 
found in literature, including the first MPEG-7 3D descriptor, i.e. the Shape 
Spectrum Descriptor. 

1   Introduction 

In last years a large amount of audiovisual information is becoming available in 
digital form on the World Wide Web, and this number intends to grow in the future. 
The value of information often depends on how easy it can be retrieved; a clarifying 
metaphor may be a library with a lot of books but without a coherent order: obviously 
it is not so useful and forces people to lose time in a search task. The question of 
identifying and managing multimedia content is not just restricted to database 
retrieval applications such as digital libraries, but extends to areas like broadcast 
channel selection, multimedia editing, and multimedia directory services. MPEG-
7 [1], formally named “Multimedia Content Description Interface”, intends to be the 
answer to this need. MPEG-7 is an ISO/IEC standard developed by the Moving 
Picture Experts Group, which provides a rich set of standardized tools to describe 
multimedia content. In this paper, we will examine only the part inherent 3D models 
descriptions. 

In this work, we describe in detail the recently proposed MPEG-7 Perceptual 3D 
Shape Descriptor, how to decompose a mesh to create an Attributed Relational Graph 
and the use of the modified nested Earth Mover’s Distance to compare two of them. 
To support our tests, we created a 3D object analysis application called Retrieval-3D 
and in the process we fixed some bugs of the MPEG-7 eXperimentation Model (XM). 
Finally we compare its results on the Princeton Shape Benchmark with related work, 
including the first MPEG-7 3D descriptor, i.e. the Shape Spectrum Descriptor. 
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Fig. 1. Gear wheel and it’s perceptual descriptor 

2   Perceptual 3D Shape Descriptor 

The Perceptual 3D Shape descriptor P3DS [2] has been recently proposed and 
adopted as an MPEG-7 standard. P3DS is based on the part-based representation of a 
given object. The part-based representation is expressed by means of an attributed 
relational graph (ARG) which can be easily converted into the P3DS descriptor. More 
specifically, the P3DS descriptor is designed to represent and identify 3-D objects 
based on the part-based simplified representation using ellipsoidal blobs. 
Unfortunately the authors recommended using manifold mesh objects with no holes 
for faster processing and better result. As expected, if the encoder does not produce 
the part-based representation properly, the retrieval performance would not be good.  

Unlike the conventional descriptors, the P3DS descriptor supports the 
functionalities like Query by Sketch and Query by Editing which are very useful in 
real retrieval system. We now introduced P3DS with a gear wheel 3D model sample: 
we show it’s image, the relative ellipsoidal blobs and the formal syntax of description 
according to MPEG-7 standard. 

2.1   Part Subdivision 

In order to extract P3DS a decomposition of a given shape is performed, and this 
matches with that based on human insight. To resolve this problem Kim, Yun and Lee 
proposed a new shape decomposition method [3]. It is based on a scheme that stands 
on two psychological rationales: human being recognizes skills and definition of 
nearly convex shapes. That scheme recursively performs constrained morphological 
decomposition (CMD) based on the opening operation with ball-shaped structuring 
elements (SE’s) and weighted convexity. Note that the parts to be decomposed are 
rendered convex or nearly convex by using the ball-shaped SE, since it is convex 
itself and rotation-invariant. Then, a merging criterion employing the weighted 
convexity difference, which determines whether adjacent parts are merged or not, is 
adopted for the sake of providing a compact representation. The proposed scheme 
consists of three stages, the initial decomposition stage (IDS), the recursive 
decomposition stage (RDS), and the iterative merging stage (IMS). The aim of all this 
operation is to provide a representation of the 3D model, that can be easily inserted in 
an Attributed Relational Graph composed of a few nodes and edges. 
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2.2   Descriptor Extraction 

There two equivalent ways to represent a model with the P3DS: with the standard 
syntax of MPEG-7, like the previous code, or with an Attributed Relational Graph 
(ARG). An ARG is composed of a few nodes and edges. A node represents a 
meaningful part of the object with unary attributes, while an edge implies binary 
relations between nodes. In the descriptor, there are 4 unary attributes and 3 binary 
relations which are derived from the geometric relation between the principal axes of 
the connected nodes. In detail, a node is represented by an ellipsoid parameterized by 
volume v , convexity c, and two eccentricity values e1 and e2. More specifically, the 
convexity is defined as the ratio of the volume in a node to that in its convex hull, and 
the eccentricity is composed of two coefficients:  

                            2 2 2
1

2
21 / 1 /n

ch

c a e
v

c e c b
v

= = −− =                            (1) 

Where a, b, and c (a ≥ b ≥ c) are the maximum ranges along 1st, 2nd, and 3rd 
principal axes, respectively. Edge features are extracted from the geometric relation 
between two ellipsoids. They are: Binary relations between two nodes, the distance 
between centers of connected ellipsoids and two angles. The first angle is between 
first principal axes of connected ellipsoids and the second one is between second 
principal axes of them. 

Instead the P3DS descriptor contains three node attributes, such as Volume, 
Variance, and Convexity. Next, it contains two edge attributes, such as Center and 
Transform. Note that Volume, Center, Variance and Convexity are normalized in the 
interval [0,1], while Transform is normalized in the interval [-1,1]. Then all are 
quantizated to 2 rise to the BitsPerAttribute power. 

2.3   Modified Nested Earth Mover’s Distance 

It’s not an easy work define a valid distance between two group of ellipsoids that 
often don’t have the same number of elements. Kim, Yun and Lee at this aim present 
the modified nested Earth Mover’s Distance (mnEMD) [3]. However, the ARG 
matching can be considered as a 2-step procedure: forming a distance matrix with 
combinatorial differences between each pair of nodes, then the correspondence 
between nodes in the two ARG’s is established based on that matrix by using an 
appropriate algorithm. So they propose a modified version of nested Earth Mover’s 
Distance algorithm for the ARG matching. This implementation can deal with 
partially-connected ARG’s in an efficient manner and reduce the computational 
complexity by adopting the notion of imaginary point. The EMD can be introduced 
intuitively with this example: given two distributions, one can be seen as piles of earth 
in feature space, the other as a collection of holes in that same space. EMD measures 
the least amount of work needed to fill the holes with earth. Here, a unit of work 
corresponds to transporting a unit of earth by a unit of ground distance. Actually, the 
mnEMD algorithm has two kinds of EMD’s: inner and outer, which correspond to the 
first step and the second step in the 2-step procedure, respectively. Then, in order to 
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compute both inner and outer EMD’s, the weight is identically provided for all nodes 
as reciprocal of the max number of cluster in the two ARG. 

2.4   Other Descriptors 

In previous work, we studied two different implementations of the MPEG-7 3D Shape 
Spectrum Descriptor (SSD), based on the Shape Index introduced by J.J. Koenderink 
[4]. One was developed by us [5] and calculates the Principal Curvatures, necessary to 
know Shape Index, employing the normal at the vertex of the mesh, looking upon the 
area of the neighboring faces. The other one instead takes the normal at the face, and 
was suggest by T. Zaharia and F. Prêteux [6] and implemented in MPEG-7 XM.  

In literature D. V. Vranić tested a large number of 3D descriptors with the 
Princeton Shape Benchmark and other databases. He found that no single descriptor is 
perfect for every task, but obtained a good mix of performance and precision with an 
Hybrid Descriptor [7], obtained by crossbreeding three complementary descriptors: 
Depth Buffer, Silhouette and Ray-Based Descriptor. 

MPEG-7 description tools are implemented in the part 6 of the standard, reference 
software, and the latest version of this implementation can be obtained as described in 
[8]. The reference software, known as the eXperimentation Model (XM), in theory 
gives the tools to extract the two MPEG-7 3D descriptor from WRL 3D model and to 
compute the distance between the related features. A few bugs, like memory 
deallocation and fixed size structures have to be fixed, but the library is overall quite 

<?xml version='1.0' encoding='ISO-8859-1' ?> 
<Mpeg7 xmlns = "http://www.mpeg7.org/2001/MPEG-7_Schema" xmlns:xsi = 
"http://www.w3.org/2000/10/XMLSchema-instance"> 
  <DescriptionUnit xsi:type = "DescriptorCollectionType"> 
    <Descriptor xsi:type = "Perceptual3DShape"> 
      <numberOfNodes>1</numberOfNodes> 
      <BitsPerAttribute>6</BitsPerAttribute> 
      <IsAdjacent> 
           1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1             0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0   
           0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0           0  0  0  0  0  0  0  0  0  0  0  0  0  0  0   
           0  0  0  0  0  0  0  0  0  0  0  0  0  0             0  0  0  0  0  0  0  0  0  0  0  0  0   
           0  0  0  0  0  0  0  0  0  0  0  0             0  0  0  0  0  0  0  0  0  0  0   
           0  0  0  0  0  0  0  0  0  0               0  0  0  0  0  0  0  0  0   
           0  0  0  0  0  0  0  0             0  0  0  0  0  0  0   
           0  0  0  0  0  0             0  0  0  0  0 
           0  0  0  0                0  0  0  
           0 0            0 
      </IsAdjacent> 
      <Volume>46  0  1  0  0  0  1  0  1  0  0  0  1  1  1  0  0  1  0 </Volume> 
      <Center_X>31  2  3  5  6  12  13  20  22  30  32  40  42  48  50  55  57  59  59 </Center_X> 
      <Center_Y>31  27  37  17  46  9  54  4  58  2  59  3  58  8  52  15  44  25  35 </Center_Y> 
      <Center_Z>31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31 </Center_Z> 
      <Transform_1>32  58  63  28  55  54  15  42  11  32  32  27  47  17  54  9  58  62  59 </Transform_1> 
      <Transform_2>63  50  26  31  9  54  59  57  56  32  63  63  60  60  54  54  49  22  48 </Transform_2> 
      <Transform_3>32  33  32  63  32  32  31  48  31  63  32  32  30  30  32  32  35  32  32 </Transform_3> 
      <Transform_4>63  30  31  62  31  32  32  25  32  32  32  32  31  33  32  31  29  32  32 </Transform_4> 
      <Transform_5>31  31  32  41  31  31  32  16  32  63  32  32  33  33  31  31  28  32  32 </Transform_5> 
      <Transform_6>32  63  63  35  63  63  63  59  63  32  63  63  63  63  63  63  63  63  63 </Transform_6> 
      <Variance_X>25  4  4  3  4  3  4  5  5  3  3  4  4  4  4  4  4  4  4 </Variance_X> 
      <Variance_Y>25  3  3  4  3  3  3  4  3  2  3  3  3  3  3  3  3  3  3 </Variance_Y> 
      <Variance_Z>3  3  3  3  3  3  3  3  4  2  2  3  3  3  3  3  3  3  3 </Variance_Z> 
      <Convexity>62  61  55  53  55  59  54  59  55  63  63  54  53  57  61  53  56  57  63 </Convexity> 
    </Descriptor> 
  </DescriptionUnit> 
</Mpeg7> 
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good. In particular most problems may be solved by filtering the mesh to remove 
duplicated triangles or flat surfaces.  

3   A New 3D Function Library: Retrieval-3D  

The developed library allows for mesh filtering removing coincident faces or faces 
with coincident vertexes; translation of OFF models and non standard WRL models in 
a WRL file formatted as required by XM. Our WIN32 application provides an 
integrated environment to execute console applications with the appropriate 
parameters, obviously making their use simpler, intuitive and fast. Retrieval-3D can 
execute, other than XM applications, the Princeton Shape Benchmark statistical tools 
over a set of distance matrices and a classification file, with obviously reduction of 
the time needed to set all the parameters. 
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Fig. 2. Retrivial-3D scheme 
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Fig. 4 shows the functions and how they work on a generic classified database. 
With the color orange the software suggest by MPEG-7 eXperimentation Model 
(XM) is shown, while in violet we have the Princeton console application for statistic 
purposes. With green color we show the functions supported directly by Retrieval3D, 
finally with yellow we indicate the file that stored the time necessary for the different 
process.   

4   Experimental Results 

Two series of tests have been conducted. In the first one the input files were extracted 
from an example VRML database comprising different objects and statues. For each 
object, different variations were present, constructed by means of geometric 
transformations and deformations. The database was provided by the Visual 
Information Processing Lab of the University of Florence. The second test was 
performed on the Princeton Shape Benchmark [9], a free resource made by Princeton 
University. This database was created to benchmark different algorithms with the 
same large number of objects, all classified, by consistent statistic applications. The 
database is separated in two parts of 907 models each, collected from the web, to 
allow training of the software on one half, and then verify the result of the best 
settings on the second part. The polygonal surface geometry of each 3D model is 
described in an Object File Format (.off) file.  

An important note on the P3DS is that the size of the voxel grid is strongly related 
with the computational complexity and consequently the time required for each object 
analysis. The evaluation is done by means of the following descriptors: best matches 
(a web page for each model displaying images of its best matches in rank order. The 
associated rank and distance value appears below each image, and images of models 
in the query model’s class (hits) are highlighted with a thickened frame), precision-
recall plot (a plot describing the relationship between precision and recall in a ranked 
list of matches. For each query model in class C and any number K of top matches, 
“recall” (the horizontal axis) represents the ratio of models in class C returned within 
the top K matches, while “precision” (the vertical axis) indicates the ratio of the top K 
matches that are members of class C), distance image and tier image (the first is an 
image of the distance matrix where the lightness of each pixel (i,j) is proportional to 
the magnitude of the distance between models i and j. Models are grouped by class 
along each axis, and lines are added to separate classes, which makes it easy to 
evaluate patterns in the match results qualitatively, i.e. the optimal result is a set of 
dark class-sized blocks of pixels along the diagonal indicating that every model 
matches the models within its class better than ones in other classes. Tier is an image 
visualizing nearest neighbour, first tier, and second tier matches. This image is often 
more useful than the distance image because the best matches are clearly shown for 
every model. The optimal result is a set of black/red, class-sized blocks of pixels 
along the diagonal indicating that every model matches the models within its class 
better than ones in other classes).  

A table that includes different statistic evaluations is also provided with the 
following information: 
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• Nearest neighbour: the percentage of the closest matches that belong to the same 
class as the query. 

• First-tier and Second-tier: the percentage of models in the query’s class that 
appear within the top K 

• matches, where K depends on the size of the query’s class.  
• E-Measure: a composite measure of the precision and recall for a fixed number of 

retrieved results. The intuition is that a user of a search engine is more interested 
in the first page of query results than in later pages. 

• Discounted Cumulative Gain (DCG): a statistic that weights correct results near 
the front of the list more than correct results later in the ranked list under the 
assumption that a user is less likely to consider elements near the end of the list. 
Tests have been conducted on a Pentium 4 1.5GHz CPU with 512MB of RAM. 

 
PSB train Extraction of descriptor Calculate distance matrix 
 days Seconds Seconds 
SSD 0.170 14703.984 7.682 
P3DS 512 0.064 5520.201 233.145 
P3DS 1784 0.205 17719.633 577.320 
P3DS 4096 1.479 127792.468 920.354 
P3DS 9261 6.233 538530.109 8262.000 

Fig. 3. Computational time 
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Fig. 4. Table from Florence DB and Tier image for P3DS 

All the descriptor have good performance on the Florence small database, which 
has only 2-manifold models. But the old SSD descriptor is more effective than new 
P3DS. The XM implementation is better than ours FindMesh.  
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Fig. 5. Performance of Vranic’s Hybrid descriptor, SSD, P3DS, and other descriptors. Precision  
and recall with different distance and different grid dimensions. 

From these Precision/Recall Graphs it’s possible to infer that performances of 
P3DS rise with number of point in the grid used to decompose the model. But the best 
result still inferior to that of SSD. The best performance for the SSD is obtained using 
the simple L1 distance and XM implementation. But all this descriptors are clearly 
less performing than Vranic proposal. Many of the descriptors in literature tested by 
the authors of the Princeton Shape Benchmark are evidently performing better than 
the choice of MPEG-7. These descriptors are called Extended Gaussian Image EGI, 
Spherical Harmonic Descriptor SHD, Radialized Spherical Extent Function REXT 
and Light Field Descriptor LFD. In Fig. 7 it is possible to see that that most of the 
best result classes are common to both MPEG-7 descriptors, which suggests that the 
classes in the Princeton benchmark are not equally difficult. 
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Confrontro tra SSD e P3DS su PSBtest
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Fig. 6. Performances of SSD and P3DS descriptor 

Best class P3DS XM on PSB train NN 1st-tier2nd-tierE-measure DCG 
body_part___face 82,4% 58,8% 76,1% 50,7% 85,3% 
animal___quadruped___apatosaurus 50,0% 50,0% 75,0% 17,1% 69,3% 
body_part___brain 42,9% 47,6% 69,0% 25,6% 66,8% 
aircraft___balloon_vehicle___dirigible 71,4% 26,2% 31,0% 24,1% 63,2% 
animal___arthropod___insect___bee 50,0% 50,0% 50,0% 8,6% 59,9% 
chess_piece 52,9% 28,3% 39,3% 26,2% 57,3% 
microchip 42,9% 35,7% 38,1% 18,0% 56,5% 
aircraft___airplane___fighter_jet 28,0% 15,0% 23,2% 14,7% 55,8% 
animal___biped___human 40,0% 13,9% 20,4% 13,3% 55,3% 
aircraft___airplane___multi_fuselage 71,4% 26,2% 35,7% 18,8% 55,1% 

Best class SSD XM train on PSB train NN 1st-tier2nd-tierE-measure DCG 
ice_cream 66,7% 50,8% 68,2% 34,9% 68,8% 
body_part___face 88,2% 30,9% 36,8% 24,5% 66,6% 
body_part___skeleton 80,0% 45,0% 70,0% 22,2% 65,9% 
animal___biped___human 48,0% 27,3% 42,6% 23,8% 65,6% 
aircraft___airplane___fighter_jet 58,0% 23,8% 40,6% 22,1% 65,4% 
body_part___brain 57,1% 28,6% 31,0% 14,3% 55,7% 
animal___biped___human___human_arms_out 23,8% 20,7% 40,5% 26,7% 53,8% 
hat___helmet 70,0% 23,3% 28,9% 17,1% 52,7% 
furniture___seat___chair___dining_chair 36,4% 22,7% 30,9% 17,7% 49,5% 
animal___arthropod___spider 27,3% 22,7% 31,8% 17,7% 48,5% 

Fig. 7. Table of best Class retrieval for P3DS and SSD descriptor 
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5   Conclusions 

In this paper, we performed a deep analysis of the MPEG-7 Perceptual 3D Shape 
Descriptor. As a first conclusion, it is possible to say that XM (ISO/IEC Std. 15938-6) 
implementation of the P3DS gives results which are even worse then SSD, which uses 
the implementation provided also in the MPEG-7 eXperimentation Model (XM). 
Moreover these results do not stand the comparison to other state of the art 
descriptors. 

A second conclusion is that even a bigger grid for the decomposition of the model 
in part cannot discriminate effectively different P3DS. The use of the new MPEG-7 
descriptor seems interesting only for the advantage consisting in the possibility to 
execute query by sketch due the particular nature of the descriptor. As the authors 
underline the performance are better for 2-manifold mesh without boundary, but the 
nature of the 3D model generally found in the web is not like this. 
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Abstract. We present the architecture of a largely distributed Digital
Library that is based on the Peer-to-Peer computing paradigm. The three
goals of the architecture are: (i) increased node autonomy, (ii) flexible
location of data, and (iii) efficient query evaluation. To satisfy these
goals we propose a solution based on schema mappings and query re-
formulation. We identify the problems involved in developing a system
based on the proposed architecture and present ways of tackling them.
A prototype implementation provides encouraging results.

1 Introduction

A Digital Library (dl) can be thought of as an interconnected network of in-
dividual library nodes. These nodes can be part of the same physical network
(e.g., the library of a single institution), or they can be part of a larger, dis-
tributed network (e.g., a common gateway to institutional libraries). In both
scenarios the key idea is to provide transparent access to a single virtual net-
work; in other words, we want to abstract the network structure so the user of
the dl is presented with a single view to the dl’s data.

Peer-to-Peer (p2p) systems are distributed systems in which no centralised
authority exists and all peers are considered to provide the same functionality.
The key premise of a p2p system is to provide a decentralised implementation of
a dictionary interface, so that any peer in the system can efficiently locate any
other peer responsible for a given data item. The semantics of the data stored
in a p2p system are handled by the application, rather than the storage layer.

It seems natural to combine the two into a single framework. In this paper
we will present our approach to extending p2p technology and tailoring it to
the dl domain: the p2p paradigm will act as the transparent storage layer of
a largely distributed dl. Our vision for a p2p dl involves data management
in a dynamic network of autonomously managed peers. We aim to address the
following objectives:
– Joining and leaving the library. Each peer in the system chooses itself

when to join and/or leave the library network. The system should gracefully
adapt to these joins and departures without any global structural knowledge.

– Data management. A peer is responsible for managing its own local data,
as well as maintaining information about data residing at other peers.

– Query processing. Given a query posed at any peer of the system, the
system must first identify the peers capable of answering the query and then
optimise and evaluate the query across those peers.

C. Thanos, F. Borri, and L. Candela (Eds.): Digital Libraries: R&D, LNCS 4877, pp. 318–327, 2007.
c© Springer-Verlag Berlin Heidelberg 2007
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We propose an architecture based on schema mappings and query reformula-
tion. The high-level description of such a system is presented in Figure 1. Each
peer has a data model its own data conform to. However, it exports a description
of its schema, mapped to a common data model across all peers of the system;
for our purposes, this common data model is xml or rdf (see e.g., [1,5]). We
refer to the exported schema as the local schema and it is effectively the data
that each peer is capable of “serving” to other peers in the system1.

Once peers have exported their schemas, the next step is combining this infor-
mation to allow seamless querying across the entire system. This will be achieved
through schema mappings : ways of maintaining schema correspondences between
the various peers of the system. These mappings allow a peer to translate a locally
posed query to the schema exported by remote peers, so these peers can contribute
to the answer. The key issue here is identifying these mappings in the first place
and keeping them up to date as the system evolves. Mappings are not only used
to translate queries, but also to identify the peers that can be used to answer a
specific query. Therefore, the mappings act as a decentralised index that is used
to route data retrieval requests to the peers capable of serving them. This identi-
fication and translation process is termed query reformulation (see e.g., [2,4]).

After a query has been reformulated it needs to be evaluated across the par-
ticipating peers. The query needs to be optimised so all individual queries posed
to the peers are efficiently scheduled and their results appropriately combined.
This calls for novel techniques for distributed query optimization and evaluation
in the context of a decentralised p2p system (see e.g., [3,6,7]). For instance, an
important aspect is making sure the number of visits to each participating peers
is minimised; at the same time, individual queries need to be scheduled in a
way that minimises intermediate result sizes. Another interesting problem stems
from the sheer scale of a largely distributed system, leading in a blow-up of the
number of evauation plans considered. The additional parameter of discovering
the relevant data through mappings and incrementally having to reformulate
the results leads to an even greater search space explosion. Furthermore, there
may be competitive metrics: for example, one user may be more interested in
the quantity of returned results (i.e., taking as many mappings into account
as possible) while another may be interested in response time (i.e., receiving
an answer fast, without the answer necessarily being of the highest quality, for
some metric of quality). These observations give way to modeling query process-
ing as a multi-objective optimisation problem. Clearly, this calls for novel query
optimisation and processing techniques.

In light of the proposed architecture of a p2p dl we have identified three main
axes to our research:

Logical foundations of query reformulation. We will develop a theory
modelling query reformulation in largely distributed systems. We will focus on
the logical foundations behind query mappings and how these foundations can
be used to declaratively reason about queries posed across multiple sites.

Routing indexes. We will develop primitives for storing and maintaining
mappings across the peers of a distributed system, to facilitate efficient access
to the information stored at each peer. These indexes will aid in (i) identifying

1 An interesting aspect here is having the peers export different schemas to different
peers; this presents a way for the peers of the system to implement their own security
models.
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Fig. 1. The architecture of a P2P DL

the peers relevant to a particular query and (ii) routing a complicated data
retrieval request across the peers of the entire system. Moreover, we will address
the problem of maintaining these indexes as the system evolves.

Distributed query optimization and evaluation. We will identify new
distributed query processing paradigms that are directly applicable to the p2p

setting. We will identify the appropriate metrics that characterise performance in
such an environment, and provide ways of employing these metrics in optimising
distributed queries. Moreover, we will introduce query evaluation algorithms and
techniques for efficiently executing queries across the peers of the system.

2 Logical Foundations of Query Reformulation

The two building blocks of our architecture are: (i) local peer schemas exported
to a common data model, and (ii) mappings across the schemas of the peers. In
this section, we will present the first steps towards building a theory over said
representations. The goals are (i) to develop a declarative way to reason about
the queries posed to the system, and (ii) to map this declarative framework to
a procedural and optimizable one, that will allow us to identify the primitives
to be used during query evaluation.

Local and Mapping Schemas. We focus on representing both local schemas
and mappings in a common framework that will allow us to reason about queries.
Our approach is reminiscent of nested relational calculus. As noted in Section 1 all
peers in the system export their local schemas to xml or rdf. We will not tie our
representation to any of those data models, but instead follow a “least common
denominator” approach and treat them both as generalizations of the same model.

The local schema Sl(n) of a peer n is a set of tuples of the form: (e, {{a}}, {{e′}})
where:
– s ∈ Sl(n) denotes a tuple variable i.e., an iterator over each particular tuple

in Sl(n); a particular s is termed a tuple instance.

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



Application of the Peer-to-Peer Paradigm in Digital Libraries 321

– e is an entity name and is unique across all tuple instances s ∈ Sl.
– {{a}} is a set of attributes associated with e. For a tuple instance s ∈ S, and

an attribute ai, s/ai is a path expression denoting the binding for ai in s;
– {{e′}} is a set of entities that are reachable by e.
– s/e1/e2/ . . . /en−1/en/aj denotes a path expression of length n with the se-

mantics that each entity ei is reachable by entity ei−1. The path expression
leads to aj i.e., the binding for aj in en.

Given this representation, we can pose queries in logic to identify whether a peer
contains information about some particular entity. The next step is allowing a
way to model correspondences from local entities to remote ones. This is achieved
through a mapping schema. The mapping schema Sm(n) of a peer n is a set of
tuples of the form: (el, al, {{σ(nr, er, ar)}}) where:

– s ∈ Sm(n) is again a tuple variable over all tuples in Sm(n).
– el and al denote the al attribute of local entity el.
– {{σ(nr, er, ar)}} is a view definition of remote data where nr is a remote peer

identifier and er and ar are a remote entity and a remote attribute name,
respectively. The semantics is that a local attribute al of a local entity el is
known to a remote peer nr as a view over its own data (i.e., combinations of
remote elements and attributes, er and ar, respectively). By including nr in
the definition, we can define views across multiple peers, further increasing
the expressive power of our mapping formalism.

The fact that there is a mapping at a peer n’s mapping schema Sm(n) from local
entity el to a remote entity er at peer nr does not necessarily imply that there
is a corresponding mapping in Sm(nr) from er to el at n. This allows for a loose
coupling across the peers of the system.

With those two schemas we can identify peers in the system that carry in-
formation for particular entities. We can also identify corresponding terms at
remote peers and perform the necessary renamings to the entities used in a
query that will allow us to evaluate it at remote peers. These form the building
blocks of query reformulation.

3 Routing Indexes

To evaluate any query, we first need to identify the relevant data, which will
then be further processed to compute the final query result. In all but the trivial
of cases (i.e., when a query only needs to access data residing in a single peer)
we will have to access all peers capable of satisfying the data retrieval request in
the most efficient way. In other words, we need to route the request across the
participating peers. To address the issue, we propose to employ routing indexes:
decentralised data structures that can be thought of as the access methods to
the underlying data of a largely distributed system. These routing indexes need
to be kept up to date with respect to peers joining and leaving the network, i.e.,
the index should be evolving through time along with the system.

3.1 Mapping Indexes

In this section we identify ways of efficiently implementing our mapping for-
malisms in a distributed system. Moreover, this implementation must be helpful

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



322 S.D. Viglas et al.

(n3↪ e3)a2

a1

(n1↪ e1)a2

a1

(n2↪ e4)

a4 a3 a2 a1

(n2↪ e2)

a1

a2

a3

w2

w3

w1

Fig. 2. An example of a mapping index

in mapping discovery, as well as in routing data retrieval requests across the
peers of the system. We will first propose a complete structure for the index of
the entire system, and then see how this structure can be decentralised across
all participating peers.

The system’s mapping index is a node-labelled, (possibly) edge-weighted graph,
as shown in Figure 2. The weights represent the cost of making a routing step and
are set to zero for local steps, or to some non-zero quantity for remote steps. Each
node in the graph is either:
– An entity node, labelled with (ni, ei), where ni is a node identifier and ei is

an entity at node ni.
– An attribute node, labeled with ai where ai is an attribute name.

Correspondingly, there are three types of edge in the mapping index:
– A containment edge, from an entity node (ni, ei) to an attribute node ai

(denoted by a dashed line in Figure 2) means that ai is contained in entity ei

at peer ni. Containment edges bear no weight.
– A reachability edge, from an entity node (n, ei) to an entity node (n, ej) (de-

noted by a solid line in Figure 2) means that entity ej is reachable from entity
ei in peer n’s local schema. Reachability edges, again, bear no weight.

– A mapping edge (denoted by a dotted line in Figure 2) can either be (i) from
an attribute node ai to an attribute node aj representing the mapping between
the two attributes, or (ii) from an entity node (ni, ei) to an entity node (nj , ej)
meaning that the entire entity ei at peer ni is mapped to the entire entity ej

at peer nj ; this is only possible if all attributes across the two entities share a
name (thus making the per-attribute mappings obvious). Mapping edges are
weighted with the cost of making the transition.

The index is used for routing data requests and reformulating queries. By follow-
ing paths consisting of reachability and/or containment edges, a peer is capable
of retrieving requests over the data it manages itself; by following a mapping
edge, a peer knows exactly how to reformulate a query and what cost this re-
formulation and/or routing step entails. Choosing the cheapest path between
multiple such routes forms the basis of efficient routing.

As noted, Figure 2 presents an example of a global mapping index. Natu-
rally, it is impossible to assume that this index is centrally stored, or each peer
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maintains a copy. We propose that each peer of the system maintain the parts of
the index rooted at entity nodes for which it is responsible. Moreover, we allow
each peer to autonomously manage that part of the index as the system evolves
through time.

Given this modelling, we can define useful properties and operations to sup-
port query reformulation; one such example is mapping composition. Since the
dl nodes may join and leave the p2p dl network at any time, it is ineffective to
keep large numbers of mappings between pairs of nodes in the network. Inferring
new mappings from already known ones is thus a critical issue. We will include
mapping generation within the query execution task, providing methods to keep
the appropriate set of mappings so that we can produce the necessary ones for
answering a query.

By following paths in the mapping index, a peer knows exactly how to refor-
mulate a query in order to be evaluated at other peers. However, there might be
several paths to follow for such a reformulation. We plan to consider issues of
information loss due to mappings.

3.2 System Evolution

An interesting aspect of index maintenance stems from system evolution. As
noted, each peer in the system is autonomous in the sense that it joins and/or
leaves the network at will. This means that new schemas are introduced to the
system while existing schemas cease being available. Moreover, whenever a local
schema is introduced, or removed, so do the mappings to/from that schema.
The problem now becomes one of consistency: should all peers have the same,
consistent view of the system, or do we allow for inconsistencies?

A way to have all peers share the same consistent view is to follow a flooding
protocol a la Gnutella. This results in increased network traffic, which in turn
compromises performance. What we would like is an adaptive approach, allowing
each peer to make decisions on what mappings to store and how often to update
them. We propose that the peers of the system implement an update protocol.
Each peer periodically: (i) contacts other peers from its mapping tables and
retrieves parts of their mappings, and (ii) to those peers, it propagates its own
mappings. The parameters of the update protocol are:

– Update frequency φ. This specifies how often a peer of the system runs its
update protocol. It can be set, for instance, according to the query workload
of the peer, or according to a guarantee of service the peer must adhere to.

– Retrieval percentage α. Whenever a peer contacts another peer as part of the
update protocol, this is the percentage of the remote mappings retrieved.

– Propagation percentage β. Whenever a peer contacts another peer, this is the
percentage of local mappings propagated to the remote peer.

Note that α and β can be “throttled” by each individual peer and do not have
to be equal. Moreover, these are not system-wide parameters, but, rather, peer-
specific. Criteria for changing the values of these parameters include, but are not
limited to, the following: the peer’s workload (if a peer is overloaded with query
processing requests, it can reduce φ); coverage guarantees (if a peer must have
a high coverage of all mappings present in the system, it may choose to increase
α); relative data item importance (if a peer receives many requests for its own
data, it may choose to increase β so as to make its data items more “visible” to
other peers of the system).
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4 Peer-to-Peer Query Processing

Query processing involves two phases: query planning and query evaluation. In
our proposal, query planning and evaluation are executed in an interleaved way
in order to obtain the first parts of the query answer as fast as possible.

4.1 Query Planning and Evaluation

Query planning generates plans according to the routing information returned
by the mapping index. Moreover, it is responsible for estimating the cost of those
plans, considering:
– Data transfer. An online system must have a high throughput and a low

response time. We plan to use the rate at which data is transferred to the
requesting peer as a metric. An alternative metric, closer to a traditional
view of distributed processing, is the volume of data being moved across the
network in order to compute the result; but even in that case, provisions must
exist so that data is moved as fast as possible.

– Number of visits to each peer. Observe that our mapping framework
allows for a single peer to be visited multiple times for a query to be answered.
In such cases, the query planner must make sure that the number of visits to
each peer is minimised.

– Precision. The query planner and executor should ensure that only relevant
answers are retrieved. This is directly tied to the evolution and maintenance
concepts of the system, as these are what will effectively allow the mapping
index to be up-to-date with mapping information.

– Quality of retrieved answers. Quality in this context is different than
what we previously described as precision. It has to do not so much with
the quantity of the answers and whether these are relevant to the query at
hand, but with how close to the best possible answer in terms of semantics
the retrieved result set is.

– Coverage. In a largely decentralised system coverage comes in two flavours:
the number of peers actually “touched” to generate the result set , but also
the number of possible relevant mappings exploited during reformulation. The
two do not necessarily converge to the same value and, hence, depending on
the specific coverage type employed, different result sets will be generated.

Those factors are the basis for the so-called data quality driven processing.
Query processing starts by considering the query as a whole, but then utilises

a fragmentation technique which is applied in an interleaved way with the rout-
ing mechanism. This interleaved query routing and planning mechanics involves
a query fragmentation phase where the query fragmented by taking as input the
number of joins are required between the produced fragments in order to evalu-
ate the original query. The output is all possible query fragmentations for that
number of joins. At each iteration of interleaved routing and planning, the num-
ber of joins is increased by one. The initial round starts from zero joins, meaning
that no fragmentation is applied (the query is considered as a whole). In the last
round, the query is decomposed to its primitive components (i.e., entities).

The advantage of such a technique lies in that the generated plans after each
round can be executed by the involved peers the moment they become available.
Thus, we can obtain the first parts of the query result as soon as possible,
therefore increasing the response time and throughput of the system. Interleaved
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execution leads to the creation and execution of multiple query plans that, when
unioned, will return the complete answer.

4.2 Data Quality Driven Processing

As the number of peers in a dl network increases and query plans become
complex, the number of alternative execution plans becomes huge. As a result, we
need to prune the search space by considering quality metrics of the data hosted
by each peer. Our approach is based on ranking the peers contributing to a plan,
and, in consequence, the plans themselves. Ranking is performed according to
data quality metrics allowing the optimiser to discard plans producing results
of poor quality We consider data quality metrics such as coverage, density and
completeness of the view instances published by the peers w.r.t. the pdms schema
and its virtual instantiation. More precisely, we address the following issues:

1. Provide closed formulae for estimating the data quality of peer databases and
query plans according to the local schema. The coverage of a peer database
w.r.t. a schema fragment is a global quality metric defined as the ratio of
the maximum number of fragment instances one expects to obtain through
its exported schema to the total number of instances published by all peers
having the same exported schema. On the other hand, density is a local
quality metric, defined as the ratio of the actual number of fragment instances
exported by a peer to the maximum number of fragment instances considered
previously. Finally, completeness of a peer database is a global quality metric
defined as the product of the coverage and density of a peer. Specifically,
completeness of a peer captures the ratio of the actual cardinality of the
fragment instances in a peer to the total cardinality of the schema fragment
in all the peers that export it.

2. Enrich existing query planning algorithms with the above data quality met-
rics. Specifically, we discard plans that are ranked below a specific data-quality
threshold. This reduces planning time, while ensures that the chosen plan will
be of the highest data quality. A challenge in this context is multi-objective
query optimisation, which extends the framework to consider not only the
data quality characteristics, but also others such as availability of a data
source, timeliness, etc.

3. Experimentally illustrate the gains of our approach for pruning the search
space and thus improving the overall query processing time w.r.t. to a dl

network of increasing size and queries of increasing complexity.

5 Current Status

We are currently working on a prototype p2p dl implementing the above frame-
work. We are building our system on top of the jxta p2p framework2. jxta

technology is a set of open protocols that allow any connected device on the
network, ranging from cell phones and wireless PDAs to PCs and servers, to
communicate and collaborate in a p2p manner. We have exploited jxta facil-
ities to set up decentralised sharing of data among numerous autonomous dl

nodes, employing heterogeneous metadata schemas for describing their data and
computational resources.
2 http://www.jxta.org
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Fig. 3. A p2p dl prototype

Every dl node in our system stores data organized in the rdfs model. How-
ever, there are no restrictions on content representation nor any global schema
information, i.e., a dl node may use its own rdfs representation.

The network is organised in jxta groups. Each group consists of nodes that
store resources, or pose queries conforming to the particular group schema. At
least one dl node in each group provides the necessary scope to message prop-
agation. Such a node is a jxta rendezvous peer. Every such dl node maintains
two types of jxta advertisements : (i) Single schema advertisement: an xml

document stored in the dl node, which encodes rdfs classes and properties
that the dl node exports to the dl network. Schema advertisements are pub-
licly available to any dl node. (ii) Multiple mapping advertisements: xml

documents stored in the dl node, which encode mappings between the dl node
and other nodes. At the current stage, we keep simple 1 − 1 mappings between
rdfs properties. Mapping advertisements are available only through explicit
requests initiated in the dl network.

Our system implements the following facilities: (i) Setup: dl nodes are cre-
ated as rendezvous jxta peers. After its creation, every new dl node makes its
schema advertisement public to any other dl node. (ii) Joining the network:
to join the network, a dl node obtains the list of available dl nodes. Then, the
dl node’s admininstrator manually selects some of those dl nodes (that will
form its neighborhood) and determine the mappings between those nodes and
the new dl node. Mappings are stored in the mapping advertisements of the new
dl node. Mapping definition is assisted through a graphical tool (not shown due
to space limitations). (iii) Querying: queries can be issued at any dl node and
propagated to other dl nodes in its neighbourhood (and so on). Query refor-
mulation is assisted by a graphical query wizard (again, not shown due to space
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limitations). At each dl node, we provide a sesame rdf query engine3. A query
formulated using the wizard is transformed to a sesame rdf query to be exe-
cuted on the rdf data. A query is reformulated by renaming its rdfs properties
according to the mappings defined in the mapping advertisement, so as to match
schema information at remote dl nodes. (iv) Leaving the network: when a
dl node is about to leave the network, it sends its mapping advertisement to all
other dl nodes that include it in their neighborhood.

The architecture of our prototype p2p dl system is presented in Figure 3.
We have implemented the setup task, the joining task and a query processing
method that exploits 1 − 1 mappings to reformulate and propagate queries in
the dl network. Next, we plan to work on the design and implementation of
mapping indexes as well as on supporting system evolution facilities.

6 Conclusions

We have presented an architecture for a Digital Library that is based on Peer-
to-Peer principles. In particular, we have focussed on providing primitives for
a system employing increased node autonomy in terms of both data manage-
ment and intermittent network behaviour. The system is based on acquiring
and maintaining mappings between the exported schemas of the participating
dl nodes. On top of that, a flexible query engine based on query reformulations
is implemented. A prototype system employing the aforementioned principles is
already in development and the results are encouraging.
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Abstract. We present a new architecture for efficient search and approximate
information filtering in a distributed Peer-to-Peer (P2P) environment of Digital
Libraries. The MinervaLight search system uses P2P techniques over a structured
overlay network to distribute and maintain a directory of peer statistics. Based on
the same directory, the MAPS information filtering system provides an approx-
imate publish/subscribe functionality by monitoring the most promising digital
libraries for publishing appropriate documents regarding a continuous query. In
this paper, we discuss our system architecture that combines searching and infor-
mation filtering abilities. We show the system components of MinervaLight and
explain the different facets of an approximate pub/sub system for subscriptions
that is high scalable, efficient, and notifies the subscribers about the most inter-
esting publications in the P2P network of digital libraries. We also compare both
approaches in terms of common properties and differences to show an overview
of search and pub/sub using the same infrastructure.

1 Introduction

Peer-to-Peer (P2P) has been a hot topic in various research communities over the last
few years. Today, the P2P approach allows handling huge amounts of data of digital
libraries in a distributed and self-organizing way. These characteristics offer enormous
potential benefit for search capabilities powerful in terms of scalability, efficiency, and
resilience to failures and dynamics. Additionally, such a search engine can potentially
benefit from the intellectual input (e.g., bookmarks, query logs, click streams, etc. [13,
14]) of a large user community. However, recent research on structured P2P architec-
tures [8, 9] is typically limited to exact-match queries on keys. This is insufficient for
text queries that consist of a variable number of keywords, and it is absolutely inappro-
priate for full-fledged Web search where keyword queries should return a ranked result
list of the most relevant approximate matches. In the area of distributed data manage-
ment, many prototypes have been developed [15, 16, 17] including our P2P Web search
engine prototype Minerva [2, 18].

In such a dynamic P2P setting, information filtering (IF) [1, 3, 5, 10], also referred to
as publish/subscribe or continuous querying or information push, is equally important
to one-time querying, since users are able to subscribe to information sources and be
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notified when documents of interest are published by any digital library. This need for
push technologies is also stressed by the deployment of new tools such as Google Alert
or the QSR system. In an information filtering scenario, a user posts a subscription
(or profile or continuous query) to the system to receive notifications whenever certain
events of interest occur, e.g. a document matching the continuous query is added to a
digital library.

In this paper, we present the architecture for efficien search and approximate infor-
mation filtering in a distributed P2P environment of digital libraries. Our MinervaLight
search system uses P2P techniques over a structured overlay network to distribute and
maintain a directory of peer statistics. Based on the same directory, the MAPS1 in-
formation filtering system provides approximate pub/sub functionality by monitoring
the most promising digital libraries for publishing appropriate documents regarding a
continuous query.

The paper is organized as follows: In Section 2, we presen the main search archi-
tecture of MinervaLight using one-time queries. The pub/sub functionality of MAPS
is explained in Section 3. Section 4 compares MinervaLight and MAPS and stresses
the common properties of both systems and shows the main differences, and Section 5
concludes the paper.

2 MinervaLight Search Architecture

In MinervaLight, we view every digital library as autonomous and each digital library
refers to a peer in the network. MinervaLight [24] combines different building blocks
under one common graphical user interface.

2.1 BINGO!

MinervaLight uses BINGO! [19], a focused Web crawler that mimics a human user
browsing the Web by only indexing documents that are thematically related to a pre-
defined set of user interests. BINGO! is a multi-language parser, i.e., it can detect the
language of documents and restrict the crawl to documents of a language of choice.
BINGO! learns the user interest profile by running a feature analysis over the book-
marks that it can import from the user’s Web browser. Within the user’s interest, the
system can further classify the documents it indexes into predefined and automatically
trained categories. Alternatively, BINGO! can instantaneously start a high-performing,
multi-threaded Web crawl from a set of interactively entered URLs. Crawling is contin-
uously performed in the background, without manual user interaction. BINGO! auto-
matically parses and indexes all applicable content types (currently text, html, and pdf)
to build a local search index from these documents. It utilizes stemming and stopword
elimination. The search index (in form of inverted index lists) is stored in the embed-
ded Cloudscape/Derby database. Different score values are computed without any user
interaction, to support ranked retrieval queries. In order to support more sophisticated
document scoring models, BINGO! can compute link-based authority scores (PageR-
ank, HITS) on its local Web graph.

1 Minerva Approximate Publish/Subscribe.
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2.2 TopX

TopX [20] is a search engine for ranked retrieval of XML and plain-text data, that
supports a probabilistic-IR scoring model for full-text content conditions (including
phrases, boolean expressions, negations, and proximity constraints) and tag-term com-
binations, path conditions for all XPath axes as exact or relaxable constraints, and
ontology-based relaxation of terms and tag names as similarity conditions for ranked
retrieval. For speeding up top-k queries, various techniques are employed: probabilistic
models as efficient score predictors for a variant of the threshold algorithm, judicious
scheduling of sequential accesses for scanning index lists and random accesses to com-
pute full scores, incremental merging of index lists for on-demand, self-tuning query
expansion, and a suite of specifically designed, precomputed indexes to evaluate struc-
tural path conditions.

2.3 Distributed Directory

MinervaLight continuously monitors the local search index and computes compact
statistics (called posts) that describe the quality of the index concerning particular terms.
These statistics contain information about the local search index, such as the size of the
index, the number of distinct terms in the index, the number of documents containing
a particular term, and optionally elaborate estimators for score distributions, based on
histograms or Poisson mixes. MinervaLight publishes that information into a fully dis-
tributed directory, effectively building a term to peer directory, mapping terms to the set
of corresponding statistics published by digital libraries from across the network. This
directory is significantly smaller than naively distributing a full-fledge term to document
index, which eventually makes P2P search feasible [21].

In order to further limit the size of the directory, each peer can determine whether it
is a valuable source of information for a particular term, and only publish statistics for
terms if it is considered a valuable resource for that term. The publishing process can
also be extended beyond individual terms to also account for popular key sets or phrases
[6]. The directory implementation is based on Past [22], a freely available implemen-
tation of a distributed hash table (DHT). It uses FreePastry’s route primitive to support
the two hash table functionalities insert(key, value) and retrieve(key). A previous
version of the Minerva prototypes used Chord [9], another structured overlay network
to build-up the distributed directory. The choice of the underlying DHT is not a serious
decision since MinervaLight (as MAPS) is network agnostic.

MinervaLight passes (term, post) pairs to the DHT, which transparently stores it at
the peer in the network that is currently responsible for the key term. For this purpose,
we have extended the DHT with bulk insertion functionality, in order to send batches of
statistical synopses instead of sending them individually, greatly reducing the incurred
network overhead. Each directory peer maintains a list of all incoming synopses for a
randomized subset of keys; this metadata is additionally replicated to ensure availability
in the presence of network dynamics.

2.4 P2P Search and Ranking

MinervaLight offers a simple search interface that allows a user to enter query terms,
which starts the global query execution using the DHT as follows: for each term
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appearing in the query, MinervaLight executes retrieve(term) to retrieve all applica-
ble post lists from the directory, which serve as the input to query routing, i.e., selecting
a small subset of promising digital libraries that are most likely to provide high-quality
results for a particular query. MinervaLight uses the DHT route primitive to send the
user query to these selected digital libraries, which evaluate the query using their local
TopX engines on top of their local indexes and return their top-matching results to the
query initiator. MinervaLight appropriately combines the URLs from these autonomous
sources (result merging) and returns the final results to the user.

Lately, the JXP algorithm [23] to efficiently compute PageRank scores in a dis-
tributed environment of autonomous peers with overlapping local indexes is integrated
into MinervaLight. As PageRank has repeatedly been shown to improve the user per-
ceived result quality, the incorporation of JXP into MinervaLight is expected to increase
the result quality beyond what has so far been achieved with other existing approaches
solely based on statistics or based on PageRank scores derived from the local parti-
tions of the Web graph at each peer individually. Preliminary experimental results in
the paper referenced above support this hypothesis.

3 MAPS Information Filtering Architecture

In this section, we present the main system architecture of MAPS based on the P2P
search engine Minerva. Each peer or digital library that participates in MAPS imple-
ments three types of services: a publication, a subscription, and a directory service.

A peer implementing the publication service of MAPS has a (thematically focused)
web crawler and acts as an information producer. The publication service is used to
expose content crawled by the peer’s crawler and also content published by the peer’s
user to the rest of the network. Using the subscription Service users post continuous
queries to the network and this service is also responsible for selecting the appropriate
peers that will index the user query. Finally, the directory service is used to enable
the peer to participate in the P2P network, and is also responsible for acquiring the IR
statistics needed by the subscription service to perform the ranking.

3.1 Publishing of Resources

Publications in a peer or digital library p occur when new documents are made available
to the rest of the network. Each publication is matched against its local query index us-
ing appropriate local filtering algorithms, and triggers notifications to subscriber peers.
Notice that only peers with their continuous query indexed in p will be notified about the
new publication, since the document is not distributed to any other peer in the network.
This makes the placement of a peer’s continuous query a crucial decision, since only
the peers storing the query can be monitored for new publications, and the publication
and notification process does not need any additional communication costs.

3.2 Selecting Appropriate Publishers

When a peer p receives a continuous query q from the user, p has to determine which
peers or digital libraries in the network are promising candidates to satisfy the continu-
ous query with similar documents published in the future. To do so, p issues a request
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to the directory service for each term contained in q, to receive per-peer statistics about
each one of the terms. Statistics from the retrieved lists are gathered and a peer score
is computed based on a combination of resource selection and peer behavior prediction
formulas as shown by the equation below.

score(p, q) = (1 − α) · sel(p, q) + α · pred(p, q)

The tunable parameter α affects the balance between authorities (digital libraries
with high sel(p, q) score) and promising peers (peers with high pred(p, q) score) in
the final ranking. Finally, based on the total score calculated for each peer a ranking
of peers is determined, and q is forwarded to the first k peers in the list, where k is
a user specified parameter. The continuous query is then stored in these peers, and a
notification is sent to the user every time one of the peers publishes a document that
matches the query.

A continuous query needs to get updated after a specific time period. For this reason,
a query contains a time-to-live (ttl) value such that the peer holding the query can re-
move it after the ttl is expired. The peer initiating the continuous query process requests
new statistics from the directory and reselects the updated most promising peers for q.

3.3 Resource Selection

The function sel(p, q) returns a score for a peer or digital library p and a query q,
and is calculated using standard resource selection algorithms from the IR literature
(such as simple tf-idf, CORI etc. [4,7]). Using sel(p, q) we can identify authorities
specialised in a topic, but as we show later this is not enough in a filtering setting. In
our experimental evaluation we use a simple but efficient approach based on the peer
document frequency (df ) as the number of documents in the peer collection containing
a term, and the maximum peer term frequency (tfmax) as the maximum number of
term occurrences in the documents of the digital library.

3.4 Peer Behavior Prediction

Function pred(p, q) returns a score for a peer p and a query q that represents how likely
peer p is to publish documents containing terms found in q in the future. This predic-
tion mechanism is based on statistical analysis of appropriate IR metrics such as the
document frequency of a term. These statistics are made available through appropriate
requests form the directory service, and are treated as time series data. Then an appropri-
ate smoothing technique is used to model peer behavior and predict future publications.
In our prototype implementation, we use the evolution of the peer document frequency
(df ) to predict a number of documents in the next period containing a certain term, and
we use the progression of the collection size (cs) to predict the publishing rate. The
values for all terms of the multi-term query are again summarized. The publishing of
relevant documents is more accented than the dampened publishing rate.

The main idea behind predicting peer behavior or publishing behavior of digital li-
braries is to view the IR statistics as time series data and use statistical analysis tools
to model peer behavior. Time series analysis accounts for the fact that the data points
taken over time have some sort of internal structure (e.g., trend, periodicity etc.), and
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uses this observation to analyse older values and predict future ones. In our context
this hypothesis is valid; a digital library currently crawling publishing many documents
about soccer is likely to publish documents about soccer also in the future.

There are many different techniques to predict future values: moving average tech-
niques can not cope well with trends in the data values and assign equal weights to
past observations. Since both weaknesses are critical in our scenario, we use the sec-
ond group of techniques, exponential smoothing techniques. We have chosen double
exponential smoothing as the most appropriate method to model a peer’s behavior and
to predict publication activity in the future. Double exponential smoothing considers
trends in contrast to single exponential smoothing. For an application with many long-
lasting queries, one could use triple exponential smoothing, so that seasonality is taken
into account.

3.5 Why Prediction is Necessary

A key component of the peer selection procedure is the prediction mechanism intro-
duced here. Prediction is complementary to resource selection and the following exam-
ple demonstrates its necessity in a filtering setting:

Assume that a digital library dl1 is specialised in soccer, and thus it has become
an authority in articles about soccer, although it is not publishing new documents any
more. Contrary, digital library dl2 is not specialised in soccer but currently it publishes
documents concerning soccer. Now imagine a user subscribing for documents with the
continuous query soccer world cup 2010 to be held in four years in South Africa. A
ranking function based only on resource selection algorithms would always choose dig-
ital library dl1 to index the user query. To get a high ranking score, and thus get selected
for indexing the user profile, digital library dl2 would have to specialise in soccer, a long
procedure that is inapplicable in a filtering setting which is by definition dynamic. The
fact that resource selection alone is not sufficient is even more evident when news items
are published. News items have a short shelf-life, making them the worst candidate for
slow-paced resource selection algorithms. The above shows the need to include better
reactions in slow-paced selection algorithms, to cope with dynamics.

3.6 Directory Maintenance

As shown before, accurate per-peer statistics are necessary for the peer ranking and
selection process. The MAPS system uses the same directory as Minerva to maintain
the IR statistics. A conceptually global but physically distributed directory, which is
layered on top of a Chord-style distributed hash table (DHT), manages aggregated in-
formation about each digital library in compact form. This way, we use the Chord DHT
to partition the term space, such that every peer is responsible for the statistics of a ran-
domized subset of terms within the directory. To maintain the IR statistics up-to-date,
each one distributes per-term summaries (posts) of its local index along with its contact
information to the global directory. The DHT determines a peer currently responsible
for this term and this peer maintains a list of all posts for this term.

Notice that our architecture is network-agnostic. The directory service implemented
by the peers does not have to use Chord, or any other DHT to provide this information;
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our architecture allows for the usage of any type of P2P network (structured or un-
structured), given that the necessary information (i.e., the per-peer IR statistics) is made
available to the rest of the services. Thus, unstructured networks with gossip-based pro-
tocols, hierarchical networks where the super-peers collect this type of information as
well as any structured overlay can implement the directory service. Nevertheless, user
the same infrastructure as the Minerva search engine enables to save message costs.

3.7 Experimental Results

First experiments with MAPS have shown promising results. We used different pub-
lishing scenarios to investigate the system properties in terms of recall as the ratio of
received notifications and the number of relevant published documents. We also con-
sidered a benefit/cost ratio to investigate the number of filtering messages needed to
get one notification. In comparison to existing exact information filtering approaches
[11, 12], MAPS enhances the scalability of P2P information filtering. Especially, by
exploiting peer specialization, we can achieve high recall even when indexing queries
to a small fraction of publishing digital libraries.
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Fig. 1. Experimental Results for MAPS using Resource Selection and Behavior Prediction

Figure 1 shows the results of an experimental evaluation using 1,000 publishers and
30 two-, three- and four-term continuous queries. The peers are specialized in one of
the ten categories (e.g., Sports, Music etc.). The chart shows the filtering effectiveness
in terms of recall (ratio of total number of received notifications to the total number of
published documents matching a continuous query) where each peer publishes 30 doc-
uments within a specific time period and we investigate the results after ten publishing
rounds. We vary the percentage ρ of publisher peers that store the continuous query.
Figure 1 illustrates that the use of behavior prediction improves recall over resource
selection as it manages to model more accurately the publishing behavior of peers.

4 Architectural Comparison

MinervaLight and MAPS are two different systems dealing with different issues, but
both approaches have several properties in common. In this section, we provide a
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MinervaLight MAPS

Directory
Both use the same infrastructure to store statistical information of peers. This index 
forms a conceptually global, but physically distributed directory with term-peer 
statistics layered on top of a DHT. 

Overlay network 
(DHT) 

Past DHT, using FreePastry’s routing 
primitives; other DHT implementations 
possible. 

Chord DHT; other DHT implementations 
possible (Pastry, CAN, Tapestry…) 

Query Character 
one-time queries 
multi-term queries 
other queries possible 

continuous queries (subscriptions) 
multi-term queries 
other queries possible 

Query Routing:
MinervaLight uses the directory to select 
the most promising peers to answer a one-
time user query.  

Query Assignment: 
MAPS uses the peer statistics to select the 
most promising peers on which a 
continuous query subscription is placed. Main Problem 

Peer Selection:
In both approaches, the selection of the most promising peers is the most critical 
system decision at query run-time. 

Peer Selection 
MinervaLight uses the current statistics to 
apply resource selection methods (e.g., 
CORI, GlOSS, etc.). 

MAPS combines resource selection 
methods with peer behavior prediction 
based on time-series analyses.  

Extensions to 
improve Peer 
Selection

MinervaLight uses knowledge about 
correlated terms, and overlap-awareness 
to improve the peer selection step. 
Distributed PageRank improves result 
quality. 

MAPS can be extended to consider term 
correlations. Other extensions are future 
work. 

Retrieval 
Measurements

Relative Recall as the percentage of top-
k results of a centralized search engine.

Recall as the ratio of received 
notifications to the total number of 
relevant documents published in the 
network 

Scalability 
MinervaLight scales well by only sending 
a query to a set of promising peers.  

MAPS improves scalability of P2P 
information filtering in contrast to exact 
information filtering system. 

Fig. 2. Salient features and Comparison of MinervaLight and MAPS

comparison considering architectural issues. The following table 2 surveys salient sys-
tem properties of MinervaLight and MAPS in a side-by-side fashion:

5 Conclusion

In this paper, we presented a system architecture for efficient search and approximate
information filtering in a distributed P2P environment of digital libraries. P2P tech-
niques are used to build a global directory of peer statistics. This directory is used for
peer selection in two scenarios: searching and approximate information filtering. To
build-up the directory, the architecture can use different underlying P2P system such as
Chord or Pastry.

We compared MinervaLight and MAPS in terms of various system properties: Min-
ervaLight is a distributed P2P system to search one-time queries in a network of digital
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libraries. The approximate information filtering MAPS system uses the same infras-
tructure as MinervaLight including the distributed directory with term to peer statistics.
In MAPS, peer selection determines the most promising digital library peers to publish
documents of interest in the future to satisfy a continuous query. The selection process
combines well-known resource selection techniques with new peer behavior prediction
approaches.
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Abstract. Digital Libraries (DLs) in eHealth are composed of electronic
artefacts that are generated and owned by different healthcare providers.
A major characteristic of eHealth DLs is that information is under the
control of the organisation where data has been produced. The electronic
health record (EHR) of patients therefore consists of a set of distributed
artefacts and cannot be materialised for organisational reasons. Rather,
the EHR is a virtual entity. The virtual integration of an EHR is done
by encompassing services provided by specialised application systems
into processes. This paper reports, from an application point of view, on
national and European attempts to standardise electronic health EHR.
From a technical perspective, the paper addresses how services can be
made available in a distributed way, how distributed P2P infrastructures
for the management of EHRs can be evaluated, and how novel content-
based access can be provided for multimedia EHRs.

1 Introduction

eHealth Digital Libraries contain electronic artefacts that are generated by dif-
ferent healthcare providers. An important observation is that this information
is not stored at one central instance but under the control of the organization
where data has been produced. The electronic health record (EHR) of patients
therefore consists of a set of distributed artefacts and cannot be materialized for
organizational reasons. Rather, the EHR is a virtual entity and has to be gen-
erated by composing the required artefacts each time it is accessed. The virtual
integration of an EHR is done by encompassing services provided by specialized
application systems into processes. A process to access a virtual EHR encom-
passes all the services needed to locate the different artefacts, to make data from
the different healthcare providers available, to perform the format conversations
needed, and to present the result to a user. This requires an infrastructure that
is highly dependable and reliable. Physicians must be given the guarantee that
the system is always available. Moreover, the infrastructure has to allow for the
transparent access to distributed data, to provide a high degree of scalability,
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and to efficiently schedule the access to computationally intensive services by
applying sophisticated load balancing strategies. Physicians need information
immediately in order to make vital decisions. Long response times due to a high
system load cannot be tolerated. An example is content-based similarity search
across a potentially large set of documents which requires the availability of sev-
eral building blocks, some of them being highly computationally intensive, which
have to be combined to processes.

This paper gives an overview on various aspects of management and access to
virtual EHRs and research that have been carried out in this field within the last
three years. The paper is organized as follows: Section 2 describes health@net,
a novel national Austrian eHealth IT infrastructure which allows the access to
health records across collaborating institutions. Section 3 explains how complex
processes spanning over several institutions can be modelled and executed and
thus, perform all required actions to convert, aggregate, or anonymize data of the
virtual EHRs. Section 4 shows how similarity search technology can be used to
enhance retrieval of EHRs. Since security and permissions are essential for such
sensitive data as health records, Section 5 gives an outlook on how the behaviour
of such distributed peer-to-peer can be simulated. Section 6 concludes.

2 Health@net

Establishing EHRs in hospitals has been the central issue for hospital IT man-
agement in the past more than ten years. In the industrialized countries, a very
good coverage with hospital IT systems for documentation of patient related
data and their integration to form a common EHR has now been reached (for
the European situation, see the HINE study 2004, as presented in the proceedings
of the EU high level conference eHealth2006: Rising to the challenges of eHealth
across Europe’s regions). Currently, the main issue for the European countries,
as called for by the European eHealth action plan of 2004, is the establishment
of national EHR systems that allow for the standardized exchange of electronic
health data between healthcare providers with the vision of European interop-
erability. In view of this, the Austrian Ministry of Health (MoH) has initiated
the Austrian eHealth Initiative in early 2005 – a stakeholders group which de-
livered the Austrian eHealth strategy to the Austrian Ministry of Health at the
end of 2005. The health@net project [1] did very actively and influentially con-
tribute to the formulation of the strategy and to subsequent consultations with
the MoH in the course of 2006, ensuring the elaborate Digital Library ideas for
distributed archive systems and high level security mechanisms were maintained
in that strategy and implemented in a subsequent feasibility study commissioned
by the MoH. The health@net team has developed a reference implementation [2]
of its distributed secure architecture (see Figure 1) for shared EHRs with spe-
cial focus on secure web services with service and user role based access control
(RBAC) relying on the SECTET toolkit developed by the project partners at the
Institute for Software Engineering at Innsbruck University. Pilot projects utiliz-
ing this architecture for topical EHR applications (e. g., online access to health
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Fig. 1. The health@net Architecture and its Utlization for Access to Multimedia Doc-
uments Across Healthcare Organizations. The Functional Components are realized as
Web Services (AN: Access Node; DMDI: Distributed Meta Data Index; DR: Document
Repository; PL: Ratient Lookup; PLI: Patient Lookup Index; GI: Global Index; PEP:
Policy Enforcement Point).

record data between the hospital trusts in Vienna (KAV) and Tirol (TILAK);
a haemophilia register for quality insurance and epidemiological studies; an autis-
tic children therapy register; a portal for report access by a group of general
practitioners) have been commissioned and are currently in implementation. A
certification of the compliance with IHE (integrating the Healthcare Enterprise)
has been prepared.

3 XL System

XL [3] is a system which provides an environment for definition, composition,
and deployment of Web services on a set of different platforms. XL Web services
are expressed by the XL language. XL is specifically designed for processing
XML data as the most common data representation within the Web service
domain. The XL language uses the XQuery/XSLT 2.0 types throughout the
whole system, and further uses XQuery expressions (including XML Updates)
for processing XML. XML message passing in XL is based on the XML SOAP
(Web Services) standard.

A full implementation of XL has been available since 2002. There is also com-
prehensive tool support: There is an Eclipse Plug-in for XL which includes syntax-
driven editing, debugging, and simple deployment. XL is deployable on any Plat-
form supporting at least Java 1.3, including application servers and gateways to
existing systems, personal computers of physicians and scientific personnel as well
as patients, and even embedded devices like PDAs and mobile phones.

Virtual EHRs need to deal with distributed artefacts of medical data (from
different healthcare providers, health insurances, public authorities and the
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patients themselves) that cannot be materialized due to organizational reasons
or privacy concerns. For this reason, it is necessary to perform tasks as: (1) lo-
cate the different artefacts, (2) make data from the different healthcare providers
available, (3) perform the format conversions needed, (4) aggregate/anonymize
the data, and (5) finally present the result to a user. XL can contribute solutions
to those requirements, if the system is realized in the context of web services.

Fig. 2. Screen-shot of the XL system

The strengths of XL are in the areas of high-level format conversions, ag-
gregation/ anonymization and presentation of results. Locating services that
provide relevant artifacts is possible using either UDDI or more content-oriented
services directories. XL might also be used to make data from the individual
providers available as web services, but needs to be complemented by additional
software for low-level format conversion and feature extraction. Results can be
presented as web pages (HTML / XHTML) on different devices using built-in
components. Orchestration and composition of services (e.g., running workflows
defined by BPEL) allows for quick and easy development of new services based
on open standards.

As a demonstrator for the usage of XL in the context of Virtual EHRs, the
rapid development of web service to integrate some medical data will be shown.

The service demonstrated here collects information about the patient age for
cases of a given illness from two health providers which make that data available
as web services. The data transfer format and the call parameters are different,
however. The service retrieves all the necessary information from all the services
and transforms it into a common result document that only contains the age
information for each cases (presumably for reasons of anonymity).

To keep the demonstrator short and concise, no advanced features of web
service interaction and data manipulation are shown here. They can be added
to the example easily when required. The development is done using the XL
platform and the development environment XLipse, as shown in Figure 2.
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To start developing, a new XL Project needs to be created, following the
usual Eclipse approach. To this project, a file with the name find illness.xl
is added. The relevant service and operation signature are added. Inside the op-
eration, the variable for the case list is initialized as an XML fragment. The first
web service (a hospital) is called; this one supports a parameter to specify the
illness. The result is stored in the variable $hospital 1. The age information for
each of the hospitalizations in that variable are now added to the case list. The
second provider only allows querying all cases after a given date, so all cases
after a date in the past a retrieved into $healthProvider 2. Since this provider
also does not have a strict schema, we retrieve all reports off illnesses (regardless
of their position in the document) and keep those that have a diagnosis corre-
sponding to the requested illness. The age information for those cases is then
added to the case list. Finally, the case list is returned.

4 Similarity Search for EHRs

Electronic health records have become a very important patient-centred entity
in health care management. They represent complex documents that comprise a
wide diversity of patient-related information, like basic administrative data (pa-
tient’s name, address, date of birth, name of physicians, hospitals, etc.), billing
details (name of insurance, billing codes, etc.), and a variety of medical infor-
mation (symptoms, diagnoses, treatment, medication, X-ray images, etc.). Each
item is of a dedicated media type, like structured alphanumeric data (e.g., pa-
tient name, address, billing information, laboratory values, documentation codes,
etc.), semi-structured text (symptoms description, physician’s notes, etc.), im-
ages (X-ray, CT, MRT, images for documentation in dermatology, etc.), video
(endoscopy, sonography, etc.), time series (cardiograms, EEG, respiration, pulse
rate, blood pressure, etc.), and possibly others, like DNA sequence data. State-
of-the-art medical information systems aggregate massive amounts of data in
EHRs. Its exploitation, however, is mainly restricted to accounting and billing
purposes, leaving aside most medical information. In particular, similarity search
based on complex document matching is out of scope for today’s medical infor-
mation systems.

We believe that efficient and effective matching of patient records forms the
rewarding foundation for a large application variety. Data mining applications
that rest upon our patient record matching approach will foster clinical research
and enhanced therapy, in general. Specifically, our approach allows for effective
comparison of similar cases to (1) shorten necessary treatments, (2) improve di-
agnoses, and (3) ensure the proper medication to improve patients’ well-being
and reduce cost. This can be achieved, by no longer resting entirely on exact
matching, but employing the paradigm of similarity search to the content of
EHRs. In particular, health records at present contain a vast number of medical
images, stored in electronic form, that captures information about the patients
health and progress of treatments. This information is only used indirectly for
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retrieval in the form of the metadata stored in the DICOM header in PACS
system or the diagnosis of a radiologist.

State-of-the-art image retrieval technology can assist the retrieval by using
the medical images for search in addition to traditional search approaches. One
example of such a retrieval system is ISIS(Interactive SImilarity Search), which is
a prototype application for information retrieval in multimedia collections built
at ETH Zürich [4] and has been extended at UMIT and the University of Basel.
It supports content-based retrieval of images, audio and video content, and the
combination of any of these media types with sophisticated text retrieval [5].

Fig. 3. ISIS Demonstrator

A set with more than 50,000 medical images, which sum up to roughly 4.65
gigabytes of data, has been inserted and indexed with the ISIS system. The
files originate from four different collections. All of them have been used for the
Medical Image Retrieval Challenge for the Cross Language Evaluation Forum
2005 (ImageCLEFmed 2005, http://ir.ohsu.edu/image/ [6]). The results of
our experiments as well as the overall experience described for ImageCLEFmed
is that the combined retrieval using visual and textual information improves the
retrieval quality compared to queries using only one source of information, either
visual or textual.

A variation of this setting is the automatic classification of medical images.
This approach is also addressed as a task in ImageCLEF and one goal in this
approach in clinical practice is, to be able check the plausibility e.g., of DICOM
header information and other kind of automatically or manually entered meta-
data in order to reduce errors. The recent activities performed at University o
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Basel in this area focused on the improvement of the retrieval quality and also
the retrieval time for such classification tasks using the ImageCLEF benchmark.
As shown in [7], a long running classification task could be speed up by factors in
the range of 3.5 to 4.9 using an early termination strategy and by using parallel
execution on 8 CPUs even to a total speed up of 37.34.

5 RealPeer Simulation Environment

eHealth Digital Libraries connect a number of different collaborating institutions
which store different parts of virtual EHR. Which part of a record is stored by
which institution is determined by the institutions’ role concerning their patients’
medical care. From a Digital Library point of view this calls for a flexible support
by a system architecture which enables the combination of distributed artefacts
against the background of different organisational and topical contexts, offering
simple and fast access to physicians in charge on the one hand and on the other
hand guaranteeing autonomy and, in particular, confidentiality to institutions
producing and owning specific health record content.

Bischofs and Steffens [8] introduces a new approach for a class of peer-to-peer
systems based on combined overlay networks, which are able to map organi-
sational structures to peer-to-peer systems and which are therefore especially
suitable for the problem at hand. However, the evaluation of such new, not
yet existing systems is difficult. One approach for analysing the behaviour of
such systems is simulation. For this purpose, the time discrete, event-based
peer-to-peer simulation tool eaSim [9] and the RealPeer Framework [10] have
been developed. eaSim allows the evaluation of peer-to-peer search methods and
RealPeer supports the simulation-based development of peer-to-peer systems.
Currently, we are developing the new integrated simulation environment Re-
alPeer SE, which joins the functionality of eaSim and RealPeer. Additionally,
RealPeer SE resolves some drawbacks of the eaSim simulation model and al-
lows the simulation-based development of peer-to-peer systems with combined
overlays. Unlike other peer-to-peer simulators which primarily focus on concrete
systems, RealPeer SE follows a generic approach considering different overlay
topologies and search methods.

The graphical user interface of RealPeer SE (see Figure 4) assists the user
throughout the simulation process. The overlays of the simulation model are
visualized by using the Java Universal Network/Graph Framework (JUNG).
Predefined metrics help understanding the dynamic behaviour and efficiency
of the simulated peer-to-peer system. These metrics are visualized by using the
JFreeChart library. Figure 5 contains an example of a simulation result demon-
strating four different metrics concerning a search in a peer-to-peer system with
the following combined overlays. The first overlay is based on Chord [11], which
builds a ring topology of peers and allows inter-organisational queries. The sec-
ond overlay contains the relationships within organisational units (e.g., insti-
tutions) to allow an intra-organisational breadth-first search. Both overlays are
interconnected through the physical network so that messages can be routed
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Fig. 4. Graphical user interface of the RealPeer Simulation Environment

(a) Number of Messages in System (b) Answered Queries Relation

(c) Messages per Node (d) Hops to Answer

Fig. 5. Simulation results of an experiment with 100 search queries in a peer-to-peer
system with 250 nodes

from one overlay to another. In the simulation experiment described in this
paper, 100 search queries have been started from a random node at a random
point in time in a peer-to-peer system containing 250 nodes. The queries search
for artefacts of type File (e.g., EHR) within a specific organisational unit (e.g.,
an institution). Therefore the query message is first routed within the Chord
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overlay to find the organisational unit. Then, the query is routed within the
organisational unit to find the artefacts. Figure 5(a) depicts the number of mes-
sages in the peer-to-peer system at simulation time. In Figure 5(b) we can see
that all query messages have been answered. The load of particular nodes is
shown in Figure 5(c). Figure 5(d) depicts the number of query hops until an
answer is received.

The described simulation experiment demonstrates the abilities of RealPeer
SE. However, for more meaningful simulation results, we need experiment set-
tings based on empirical data. Therefore, our future work includes not only the
further development of the RealPeer SE but also the planning, execution and
analysis of simulation experiments. After that, RealPeer SE can be used for the
simulation-based development of an executable system prototype.

6 Conclusions and Outlook

Recent developments, for instance in medical imaging, have led to significant
improvements in data acquisition large increases in quantity (but also in qual-
ity) of medical data. Similarly, in health monitoring, the proliferation of sensor
technology has strongly facilitated the continuous generation of vast amounts of
physiological data of patients. In addition to this information, more traditional
structured data on patients and treatments needs to be managed. In most cases,
data is owned by the healthcare organization where it has been created and
thus needs to be stored under the organization’s control. All this information
is part of the EHRs of a patient, thus is included in eHealth Digital Libraries.
A major characteristic of eHealth DLs is that information is under the control
of the organization where data has been produced. The EHR patients therefore
consists of a set of distributed artefacts and cannot be materialized for organi-
zational reasons. Rather, the electronic patient record is a virtual entity. The
virtual integration of an electronic patient record is done by encompassing ser-
vices provided by specialized application systems into processes. In this paper,
we have addressed several major issues in the management of and access to vir-
tual EHRs. First, this includes platforms for making data and services available
in a distributed environment while taking security and privacy into account.
Second, it addresses support for efficient and effective search in these virtual
electronic health records. The concrete activities that are reported in this paper
have been subject to joint work within the task Management of and Access to
Virtual Electronic Health Records of the DELOS network of excellence.
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