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WISE 2004
Workshop Chair’s Message

I would like to welcome you to the Workshop Proceedings of the 5th International
Conference on Web Information Systems Engineering (WISE 2004), which took place
in Brisbane, Australia. As in previous years, workshop proposals were invited continuing
the tradition of workshops in conjunction with the WISE conference.

Originally four workshop proposals were accepted. During the workshop organiza-
tion it became apparent that WISE 2004 would be served best by combining these four
workshops into two, allowing a better and wider coverage of topics while avoiding a too
segmented workshop program.

The workshop titled ‘Intelligent Networked and Mobile Systems’ organized by
Woochun Jun, Suk-ki Hong, Daniel Oberle, Debbie Richards, and York Sure covered
the areas ‘Ontologies for Networked Systems’ and ‘Advances in Mobile Learning.” The
workshop with the title “Web Information Systems’ organized by Roland Kaschek, Kin-
shuk, Shonali Krishnaswamy, Seng Wai Loke, Amit Sharma, and Bernhard Thalheim
addressed Web applications and Web services.

I would like to thank all authors who submitted and presented papers at the workshops
for their hard work. Also, I would like to thank all attendees of the workshops for their
engagement at the workshops as well as at the conference, as they together with the
authors represent the WISE community. The workshop organizers did a great job in
organizing the workshops, including the paper selection and proceedings preparation.
It was a pleasure cooperating with them putting together the workshop program; thank
you for that. Last, but not least, I'd like to thank the WISE conference organizers for
their efficient support of the WISE 2004 workshop program.

September 2004 Christoph Bussler



Intelligent Networked and Mobile Systems
Workshop Chairs’ Message

The international workshop “Intelligent Networked and Mobile Systems” consisted of
two main tracks:

s Ontologies for Networked Systems (ONS), and
e Advances in Mobile Learning (AML)

Track ONS: Ontologies provide a shared understanding of a domain of interest to support
communication among human and computer agents, typically being represented in a
machine-processable representation language. Thus, ontologies are seen as key enablers
for the Semantic Web. Recently the convergence of paradigms such as those currently
being monitored in the areas of the Semantic Web, Web Services, Agents, Peer-to-Peer
networks and Grid Computing requires multidisciplinary approaches and cooperation.
This workshop was designed to bring together researchers and practitioners from the
mentioned areas and to act as a platform for discussions on experiences and visions.

Track AML: Mobile Learning is the use of mobile or wireless devices for learning on
the move. Mobile learning aims to improve levels of literacy and participation in edu-
cation amongst young adults across all nations. It makes use of young people’s interest
in their mobile phones and other handheld communications/entertainment devices to
deliver exciting and unusual learning experiences and related messages. The aim of this
workshop was to invite researchers from various fields to present and discuss their ideas
on mobile learning.

The workshop was held in cooperation with two prominent networks of excellence and
was meant to act as a focal point forjoint interests and future collaborations:

¢ Knowledge Web:Realizing the Semantic Web, European-funded network of ex-
cellence, see http://knowledgeweb.semanticweb.org/ for further details

e ARC Research Network for Next Generation Web Technologies, Australian
research network — Intelligent Applications Through the Semantic Web, see
http://www.comp.mq.edu.au/research/semantic/ for further details

Your organization committee,

Track ONS Track AML
Daniel Oberle Prof. Woochun Jun
Debbie Richards Prof. Suk-ki Hong

York Sure (contact)

Acknowledgements: The workshop was supported by the EU funded projects Knowl-
edge Web (IST-2004-507482) and SEKT (IST-2003-506826).



Web Information Systems
Workshop Chairs’ Message

Engineering Web information systems (WIS), apart from meeting functional require-
ments, in particular needs to focus on the quality of the systems to be provided. This
quality in the end will be crucial regarding acceptance of new technologies such as Web
services. Putting a stronger emphasis on system quality also is a consequence of the
increased awareness of this issue among those who care for systems development.

WIS comprises both general Web applications and Web services in particular. Con-
sidering WIS from a holistic perspective may help to account for this diversity. Such
a perspective should encompass both quality at the engineering and development level
and quality at the operational level. It thus is essential for quality to pervade through
the development, the management and the use of Web information systems. The desired
quality aspects need to be considered and interrelated for a systematic technology-based
approach to the construction of high-quality Web information systems. In addition, qual-
ity at the operational level becomes significant for service-oriented systems. At this level,
the focus is on the levels of service quality that the Web application provides for quality
aspects such as performance, scalability, availability, and reliability. It becomes a bench-
mark to differentiate services and providers. Quality of service forms the underpinning
for a broad spectrum of Web service activities such as selection, scheduling, pricing
and specifying service level agreements. If economic feasibility is a major development
goal then quality-related decisions in design and implementation need to focus on sys-
tem usage. This involves taking note of a number of different system characteristics and
methods, techniques, and tools for dealing with these characteristics. Fruitfully applying
the mentioned holistic view requires integrating into a reasonably coherent conceptual
framework the knowledge already obtained regarding WIS. This is the task that was set
out by the FIPWIS workshop: to look at competing and complementary approaches to
WIS issues. To tie things together, to identify and stick to what is good and fruitful and
to improve what is not satisfactory. The focus of the WQW workshop was on the oper-
ational quality levels of Web services in particular. The responses to the calls for papers
of WQW and FIPWIS were not so numerous as to justify running both workshops as
separate events on one-day duration bases. Furthermore, given the holistic perspective
that needs to be taken when dealing with the quality of Web information systems, it
became evident that the two workshops could meaningfully be integrated. The same
went for the other WISE 2004 workshops.

All WISE workshops were supposed to add to the benefit of attending WISE 2004
by broadening the spectrum of the papers provided. It thus was decided to merge the
four intended WISE workshops into two. WQW and FIPWIS immediately found that
idea attractive and merged into WOWIS (Workshop on Web Information Systems). The
present volume contains the papers that were independently peer-reviewed and selected
by the FIPWIS and the WQW program committees. In both cases 50% of the paper
submissions were accepted.

Roland Kaschek and Shonali Krishnaswamy
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A Framework for Semantic Grid Service Discovery

Fei Liu, Fan-yuan Ma, Ming-lu Li, and Lin-peng Huang

Department of Computer Science and Engineering, Shanghai Jiaotong University,
Shanghai, P. R. China, 200030
{fliu, ma-fy,li-m,huang-|p} @s. sjtu. edu. cn

Abstract. Grid computing provides key infrastructure for distributed problem
solving in dynamic virtual organizations. It has been adopted by many scientific
projects, and industrial interest is rising rapidly. Compared with traditional
single computer system, effective service locating in Grid is difficult because of
huge amount and wide-area distribution of dynamical services. This paper
presents a new Grid framework that discovery services through the overlay
network based on Grid service description semantic vectors generated by Latent
Semantic Indexing (LSI) [1]. This framework uses WSRF as its base
architecture and regards each Grid node as a register node to publish service
that enables it has better scalability. Comparing with other Grid services
discovery techniques those are based on simple keyword matching, our
framework has better accuracy for it considers the advanced relevance among
Grid descriptions.

1 Introduction

Grid computing technologies enable wide-spread sharing and coordinated use of
networked resources [2]. Grid evolve around sharing of networks, computers, and
other resources. They provide support for services, which are distributed over
multiple networked computers known as clusters. Because Grid computing is service
oriented computing, service discovery is important for Grid. A service in this context
may be defined as a behavior that is provided by a component for use by any other
component based on a network-addressable interface contract (generally identifying
some capability provided by the service). A service stresses interoperability and may
be dynamically discovered and used. According to [3], the service abstraction may be
used to specify access to computational resources, storage resources, and networks, in
a unified way. How the actual service is implemented is hidden from the user through
the service interface, hence, a compute service may be implemented on a single or
multi-processor machine. However, these details may not be directly exposed in the
service contract. The granularity of a service can vary, and a service can be hosted on
a single machine, or it may be distributed.

Owning to these characteristics, traditional centralized service discovery services
are difficult to be used in Grid. So we propose a new Grid framework that discovery
services through the flat, fully decentralized overlay network. Most of Grid service
discoveries are based on simple keyword matching, ignoring advanced relevance
between queries and Grid descriptions. The service discovery in this paper is based on
Grid description and queries semantics vectors generated by Latent Semantic

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 3—10, 2004.
© Springer-Verlag Berlin Heidelberg 2004



4 F. Liu et al.

Indexing (LSI). A semantic discovery process relies on Grid service description,
containing high-level abstract descriptions of service requirements and behavior.

The rest of this paper is as follows. Section 2 discusses related works. Section 3
introduces the Latent Semantic Index and Section 4 proposes the Grid service
discovery framework based on semantic overlay networks. We conclude in Section 5
with lessons learned and future work.

2 Related Works

Service discovery has played a crucial role in the evolution and deployment of
distributed systems. Early distributed systems comprised collections of components
(e.g. client/server or object-oriented) that were implicitly linked through function
names, or linked through TCP/IP-based host and port addresses. Federated domain
name servers (DNS) simplified and abstracted the use of these numeric addresses by
providing a registry-based mechanism for locating the hosts. JINI [5] used a similar
approach as part of its Java-based distributed infrastructure. Classes exposed and
published their interfaces as proxy objects with a JINI discovery service. By searching
for a given class-name, matching proxy objects could then be retrieved and invoked,
which would in turn invoke the remote service. Whilst providing a mechanism
whereby services could easily be added, removed or replaced within a system, this
approach was based on an assumption that there was a shared agreement about what a
given service type was called (i.e. its class name) and that there was an agreed and
well defined interface. Other distributed technologies support similar principles,
including DCOM, Corba, XPCOM, etc.

Web Services extend the idea of JINI services by relaxing several assumptions.
Built upon web technologies, Web Services are declared in XML and utilized Web-
based protocols to publish and retrieve XML documents. The Simple Object Access
Protocol (SOAP) [6] provides a transport mechanism to shuttle XML content between
services or applications. The Web Services Description Language (WSDL) [7]
explicitly defines the interface of a service. By adhering to these definitions, services
can be produced that automatically publish WSDL descriptions that in turn are used to
define the content of SOAP messages, and thus simplifying the development of
interoperable components.

However, in order to utilize these published services, developers must first locate
them. Unlike JINI, Web Services do not belong within well defined class hierarchies,
and thus it is not feasible to locate services through class labels. Instead, the UDDI
service directory [8] provides a mechanism whereby service providers can register
information about themselves, such as physical address, contact phone number, etc;
the types of business they are involved in; and references to the service descriptions.
UDDI registries provide this information in response to white-pages queries (i.e.
given the name of a service provider, what are its detail) and yellow-pages queries
(i.e. what service providers provide services that belong to a given pre-defined service
type). Based on a set of queries, developers are able to browse through a list of
service descriptions to locate a desired service. However, little support is provided for
searching for a service based on a capability or user defined data.

Technical Models (tModels) support the specification of additional attributes that
can be associated with objects stored in the UDDI repository. In their most common
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mode of use, tModels provide a fingerprint that are defined globally across a UDDI
registry and refer to a technical specification adhered to by a particular service
binding template. The other use for tModels is as expressions of particular identifier
or classification namespaces that can be attached to business entities, services, or
binding templates. Additional information can be associated with such tModel
references within a UDDI entry, thus allowing metadata to be associated with these
entries. The Open Grid Services Architecture (OGSA) [9] was created to define a
base framework of services to achieve interoperability between different Grid
implementations. Though, OGSA provides interoperability and defines discovery of
services between different Grid domains, semantic matching will provide a much
better service discovery.

3 Latent Semantic Indexing (LSI)

Literal matching schemes such as Vector Space Model (VSM) suffer from synonyms
and noise in description. LSI overcomes these problems by using statistically derived
conceptual indices instead of terms for retrieval. It uses singular value decomposition
(SVD) [10] to transform a high-dimensional term vector into a lower-dimensional
semantic vector. Each element of a semantic vector corresponds to the importance of
an abstract concept in the description or query.

Let N be the number of description in the collection and d be the number of
description containing the given word. The inverse description frequency (IDF) is
defined as

IDF = log[%] (1)

The vector for description Do is constructed as below
Do = (T, *IDF,, T, * IDF,,..., T, * IDF.) @)

Where T; takes a value of 1 or 0 depending on whether or not the word i exists in the
description Do. The vectors computed for description are used to form a description

matrix S. Suppose the number of returned description is m, the description matrix S
is constructed as § =[S,,S,,...,S,]. Based on this description matrix S, singular

value decomposition (SVD) of matrix is used to extract relationship pattern between
description and define thresholds to find matched services. The algorithm is described

as follow. Since S is a real matrix, there exists SVD of §:§ =Ummemxn Ve,

where U and V are orthogonal matrices. Matrices U and V can be denoted respectively
asU . =[u,uy,. .1, and V, =[v,v,,...v, 1., where u,(i=1,..,m) isa

m-dimensional  vector #, = (1 ;,Uy ..., %,,;) and v (i=1,..,n) is a n-
dimensional  vectorv, =(V;;,V,,,...v,;). Suppose rank(S)=r  and singular

values of matrix S aree S 2f,2.28 28 =..=8 =0. For a given
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threshold £ (0 < &<1), we choose a parameter k such that (3, — 3, )/ 3, Z €.

Then we denote U, =[u,uy,..00, ], » Vi =[V5 V550V ot »

Zk= diag(pB,, p,....5,), and S, =UkaVkT .S, is the best approximation

matrix to S and contains main information among the description. In this algorithm,
the descriptions matching queries are measured by the similarity between them. For

measuring the descriptions similarity based on S, , we choose the ith row R, of the

matrix U kz , 3 the coordinate vector of description i in a k-dimensional

subspace:
R = (ui,lﬂl’ui,zﬁZ""ui,kﬂk) i=12,.,m

The similarity between description i and query j is defined as:

| RR||
R = TR TR, T ®

4 Grid Service Discovery Framework Based on Semantic Overlay
Networks

The framework proposed in this paper has three layers. From Fig. 1 we can find it
contains user layer, semantic overlay network layer, service layer. Users use nature
language to descript what they want to queries those will be transformed to query
semantic vectors. The query semantic vectors will be transmitted to the register nodes
which hold the register information about Grid services which semantic vectors is the
highest similar to the query semantic vectors. So our framework has better accuracy
for it considers the advanced relevance between descriptions and queries.

4.1 User Layer

How to deal with the denotation of user query is the most important problem in user
layer. The users using the Grid services are various, so deploying a uniform
namespace in user layer is impossible. The mechanism we propose allows users to
utilize nature language to descript their command. In our framework, these
descriptions will be transformed to semantic vector use LSI mentioned in section 3.

4.2 The Semantic Overlay Network Layer

We construct semantic overlay networks based on CAN [11] overlay network and
WSREF [12]. So the service semantic vectors are generated by WSDL using LSI. Each
node in our framework is regarded as register node. Our design centers around a
virtual d-dimensional Cartesian coordinate space. This coordinate space is completely
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User Layer

Semantic Overlay
Network Layer

Y

Service Layer

Fig. 1. The three layers of the framework

logical and bears no relation to any physical coordinate system. At any point in time,
the entire coordinate space is dynamically partitioned among all the nodes in the
system such that every node owns it individual, distinct zone within the overall space.

This virtual coordinate space is used to store (sl,s) , sl is the service semantic

vector and s is service address. Service semantic vector is mapped onto a point P in
the coordinate space. The corresponding (s1,s) pair is then stored at the node that

owns the zone with which the point P lies. After node A receive query ¢, it uses

LSI to transform ¢ to service semantic vector SV. SV can be regarded as a point
B in d-dimensional Cartesian coordinate space. If the point £ is not owned by node

A or its immediate neighbors, the request must be routed through our framework
until it reaches the node in whose zone F, lies.

Routing in our framework works by following the straight line path through the
Cartesian space from source to destination coordinates. Each node in our framework
maintains a coordinate routing table that holds the IP address and virtual coordinate
zone of each of its immediate neighbors in the coordinate space. In a d-dimensional
coordinate space, two nodes are neighbors are their coordinate spans overlap along d-
1 dimensions and abut along one dimension. This purely local neighbor state is
sufficient to route between two arbitrary points in the space. A message in our
framework includes the destination coordinates. Using its neighbor coordinate set, a
node routes a message towards its destination by simple greedy forwarding to the
neighbor with coordinates closer to the destination coordinates. For example, Fig. 2
shows message routing in a framework of 4-dimensional coordinate space.

For a d-dimensional space partitioned into n equal zones, the average routing path

length is (d /4)(n"'?) hops and individual nodes maintain 2d neighbors where n

is the number of nodes in the framework. These scaling results mean that for a d-
dimensional space, we can grow the number of nodes without increasing per node

state while the average path length grows as O(n”d) . Note that many different paths



8 F. Liu et al.

[0 V62, 146, D, 0}, { 162, 146, 255, 288) )

(128 128, 0,0y,
r_""ln( [ 192 192, 255, 255))
[T 1N
110.0,0.0), (B4, B4, 265, 255 L \m control this space
(128, 18,0, 0, (28, 18, 255, 255 r— A \,
| \
Fa 28, 18, 36, :rzr—7
a 3
P 162, 148, 201, 148} {28, 18, 2, 148) {16, 145, 20, 148)

Fig. 2. Routing message in the framework with 4-dimension space

exist between two points in the space and so, even if one or more of a node’s
neighbors were to crash, a node can automatically route along the next best available
path.

When nodes leave our system, we need to ensure that the zones they occupied are
taken over by the remaining nodes. The normal procedure for doing this is for a node

to explicitly hand over its zone and the associated (s1,s) database to one of its

neighbors. If the zone of one of the neighbors can be merged with the departing
node’s zone to produce a valid single zone. Then this is done. If not, then the zone is
handed to the neighbor whose current zone is smallest, and that node will then
temporarily handle both zones. Our framework also needs to be robust to node or
network failures, where one or more nodes simply become unreachable. This is
handled through an immediate takeover algorithm that ensures one of the failed
node’s neighbors takes over the zone. However in this case the (s1,s) pairs held by
the departing node are lost until the state is refreshed by the holders of the data. To
prevent stale entries as well as to refresh lost entries, nodes that insert (s1,s) pairs

into our system periodically refresh these entries. For example consider the topology
in Fig. 3. Node A use LSI to get service vector then it combine service vector and

service address to form pair (s1,s) . It map service vector to point P which is

owned by node G. Then pair (s1,s) is transmitted to node E and E transmits it to G.
In this way, the information about service is registered in correspond node G and A
register (s1,s) periodically to prevent the information about (s1,s) in G is stale.

Under normal conditions a node sends periodic update messages to each of its
neighbors giving its zone coordinates and a list of its neighbors and their zone
coordinates. The prolonged absence of an update message from a neighbor signals its
failure. Once a node has decided that its neighbor has died it initiates the takeover
mechanism and starts a takeover timer running. Each neighbor of the failed node will
do this independently, with the timer initialized in proportion to the volume of the
node’s own zone. When the timer expires, a node sends a TAKEOVER message
conveying its own zone volume to all of the failed node’s neighbors. On receipt of
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Fig. 3. The process of refreshing service register

a TAKEOVER message, a node cancels its own timer if the zone volume in the
message is smaller that its own zone volume, or it replies with its own TAKEOVER
message. In this way, a neighboring node is efficiently chosen that is still alive and
has a small zone volume. Additional metrics such as load or the quality of
connectivity can also be taken into account, but in the interests of simplicity we won’t
discuss these further here. Under certain failure scenarios involving the simultaneous
failure of multiple adjacent nodes, it is possible that a node detects a failure, but less
than half of the failed node’s neighbors are still reachable. If the node takes over
another zone under these circumstances, it is possible for our framework state to
become inconsistent. In such cases, prior to triggering the repair mechanism, the node
performs an expanding ring search for any nodes residing beyond the failure region
and hence it eventually rebuilds sufficient neighbor state to initiate a takeover safely.

4.3 Service Layer

The service layer is used to specify access to computational resources, storage
resources, and networks etc., in a unified way. The granularity of a service can vary,
and a service can be hosted on a single machine, or it may be distributed. In our
framework we adopt WSREF as our service layer. So in our system Grid service is web
service and the semantic overlay network layer transform description of web service
to semantic vector using LSI. The WSRF is defined by five normative specifications
those are WS-ResourceLifetime, WS-ResourceProperties, WS-RenewableReferences,
WS-ServiceGroup, WS-BaseFaults.

5 Conclusions and Future Work

We propose a new Grid framework that discovery services through the flat, fully
decentralized overlay network in this paper. Most of Grid service discoveries are
based on simple keyword matching, ignoring advanced relevance between queries and
descriptions. The service discovery in this paper is based on Grid description and
queries semantics vectors generated by Latent Semantic Indexing (LSI). The semantic
discovery process in our framework relies on Grid service description, containing
high-level abstract descriptions of service requirements and behavior. This framework
uses WSREF as its base architecture and regards each Grid node as a register node to
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publish service that enables it has better scalability. Comparing with other Grid
services discovery techniques those are based on simple keyword matching, our
framework has better accuracy for it considers the advanced relevance among Grid
descriptions.

However, there are still some problems to be explored. How can we use
hierarchical architecture to improve query efficiency? We will explore this issue in
the future.

Acknowledgements. This paper is supported by 973 project (No.2002CB312002) of
China, and grand project of the Science and Technology Commission of Shanghai
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Abstract. Self-managing systems will be highly dependent upon information ac-
quired from disparate applications, devices, components and subsystems. To be
effectively managed, such information will need to conform to a common model.
One standard that provides a common model for describing disparate computer and
network information is the Common Information Model (CIM). Although CIM
defines the models necessary for inferring properties about distributed systems,
its specification as a semi-formal ontology limits its ability to support important
requirements of a self-managing distributed system including knowledge inter-
operability and aggregation, as well as reasoning. To support these requirements,
there is a need to model, represent and share CIM as a formal ontology. In this
paper, we propose a framework for constructing a CIM ontology based upon pre-
vious research that identified mappings from Unified Modeling Language (UML)
constructs to ontology language constructs. We extend and apply these mappings
to a UML representation of the CIM Schema in order to derive a semantically
valid and consistent formal CIM ontology.

1 Introduction

The increasing complexity of modern distributed systems has recently led to large-scale
research initiatives in self-managing distributed systems; that is, distributed systems ca-
pable of configuring, optimizing, healing and protecting themselves [1]. A self-managing
distributed system will, in general, be dependent upon reasoning mechanisms for infer-
ring properties about its (distributed) operational domain. Such reasoning mechanisms
will, in turn, be highly dependent upon information acquired from nodes within the dis-
tributed system. For example, a self-managing distributed system tasked with optimizing
network performance between multiple nodes may need to reason over information (e.g.,
processor speed, memory capacity, packet loss, network configurations and other instru-
mentation) acquired from its nodes’ CPUs, operating systems, network applications and
network devices.

In order to effectively manage information generated by disparate applications, de-
vices, components and subsystems from multiple nodes in a self-managing distributed
system, such information must conform to a common model [2]. One standard that is
expected to provide such a model is the Common Information Model (CIM) [3]. CIM is
a comprehensive set of object-oriented models that specify concepts about a computing

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 11-21, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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or network environment; it comprises a core model that defines a basic classification of
elements and associations for a managed environment (e.g., logical and physical ele-
ments, capabilities, settings and profiles) as well as common models that define concepts
that are common to particular management areas (e.g., applications, systems, devices
and policies). The core and common models together are referred to as the CIM Schema
[4].

Although the CIM Schema defines the models necessary for inferring properties
about distributed systems, its specification as a semi-formal ontology [5,6,7,8] limits
its ability to support important requirements of a self-managing distributed system in-
cluding knowledge interoperability, knowledge aggregation and reasoning. These lim-
itations are due, in part, to the constraints imposed by the languages (e.g., XML and
XML Schema) used to model, represent and share semi-formal ontologies. With respect
to knowledge interoperability, for example, such languages do not (1) provide globally-
understood constructs for expressing semantics nor (2) impose a common interpretation
of the meta-data contained within the model [9]. Thus, semi-formal ontologies encoded
by these languages can only be used by those systems that have a complete and a pri-
ori understanding of the semantics surrounding the ontology. In an open self-managing
distributed system environment, however, knowledge from a network node will need
to interoperate among possibly several heterogeneous nodes. With respect to knowl-
edge aggregation, XML-encoded ontologies cannot be arbitrarily combined with other
ontologies in a flexible manner [9]. In a self-managing distributed system, however,
knowledge about network nodes will need to be aggregated with other knowledge (e.g.,
domain knowledge). With respect to reasoning, XML-encoded ontologies do not em-
body the constructs for facilitating parsing, logical deduction or semantic interpretation.
However, in a self-managing distributed system, reasoning over knowledge from net-
work nodes will be necessary to infer the operational state of the distributed system.

In order to facilitate the interoperability and aggregation of, as well as the reason-
ing over, CIM-based knowledge in self-managing distributed systems, there is a need
to model, represent and share CIM as a formal ontology; that is, an ontology that de-
fines the semantics of its vocabulary by a complete and sound axiomatization [5,6,
7,8]. One language that can be used to construct a formal CIM ontology is the Re-
source Description Framework (RDF) [10]. RDF is an assertional language that defines
(domain-agnostic) semantic constructs for expressing propositions using precise formal
vocabularies. In RDF, meta-data is defined using the vocabulary description language
RDF Schema (RDES) [11] that defines not how instances will be expressed (as is the
case, for example, with XML Schema), but rather, provides a vocabulary for describing
certain features of the data. This vocabulary can be reused in any setting allowing ap-
plications to infer properties about RDF/S-specified knowledge without having a prior
understanding of the semantics surrounding that knowledge [12]. By using an RDF/S-
based CIM ontology, the semantics of CIM-based instances can be partially deduced
by systems that have no prior knowledge of the CIM Schema thereby fulfilling the in-
teroperability requirement of a self-managing distributed system. In addition, different
vocabularies can be arbitrarily combined to form new knowledge. This feature of RDF/S
could allow, for example, knowledge from a CIM ontology to be more easily combined
with knowledge from a specific domain ontology (e.g., grid systems) thereby fulfilling
the aggregation requirement of a self-managing distributed system. RDF/S also allows
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for the expression of logical propositions from meta-data descriptions. These proposi-
tions can be arbitrarily combined to form a set of (semantically) connected propositions
that, in turn, can directly serve as knowledge in a form required for reasoning thereby
fulfilling the reasoning requirement of a self-managing distributed system.

In this paper, we aim toward the construction of a formal CIM ontology by propos-
ing a framework based upon previous research that identified mappings from Unified
Modeling Language (UML) [13] constructs to ontology language constructs. Here, we
extend and apply these mappings to a UML representation of the CIM Schema in order
to facilitate the derivation of a semantically valid and consistent CIM ontology. Although
our approach provides a first step for constructing a consistent and semantically valid
CIM ontology, we identify some issues that must be resolved before a complete, valid
and consistent CIM ontology can be derived. We begin by describing the the mapping
of CIM UML to CIM RDF/S and also describe limitations associated with these map-
pings. Next, we describe how the limitations of mapping CIM UML to CIM RDF/S can
be overcome by mapping CIM UML to the more powerful Web Ontology Language
(OWL). Finally, we identify issues that must be resolved before a complete, valid and
consistent CIM ontology can be derived.

2 Constructing a CIM RDF/S Ontology

The construction of an ontology for describing the CIM Schema requires the mapping of
CIM concepts to ontology language constructs. When mapping between CIM concepts
to ontology language constructs, it is important to determine whether the mapping can
preserve the semantics of the original CIM model. This is determined largely by whether
the modeling languages used are semantically equivalent; that is, given two modeling
languages L; and Ls, there is a one-to-one correspondence between the semantics of
constructs in L, and the semantics of constructs in Ls [14]. In an effort to construct
a formal CIM ontology that preserves the semantics of the CIM Schema, we leverage
previous research [15,16] that identified (one-way) mappings from UML constructs to
RDF/S constructs by applying these mappings to a UML representation of the CIM
Schema. By using these mappings, we not only increase the (semantic) validity of the
resulting ontology but also ensure the consistency of mappings from CIM UML con-
structs including classes, attributes and relationships to CIM RDF/S ontology constructs
including classes and properties. Table 1 shows an overview of some CIM concepts and
their mappings to UML and RDF/S constructs. Note that mappings from a CIM concept
to a specific construct in the target language should reflect a full (or at least an approx-
imate) semantic correspondence. In some cases, a CIM concept is mapped to a set of
constructs in the target language that fully (or approximately) reflects the semantics of
the CIM concept. In other cases, there may be no constructs in the target language that
semantically correspond to the CIM concept.

2.1 Mapping CIM Schema Classes and Properties

In the CIM Schema, concepts related to computing and network environments are
represented primarily by UML classes. For example, the notion of a (hardware, software
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Table 1. CIM Concepts and Related Mappings.

|CIM Concept |UML|RDF/S|OWL|

Named Element

Class

Property

Method

Generalization
Association/Aggregation
Cardinality

Qualifiers (multiple)
Datatypes

<
AL L N RS

>
~
CENENE TN

NP PR

v Maps 1o a specific construct (full/approX. semantic correspondence)
< Maps to a set of constructs (full/approx. semantic correspondence)

X No defined mapping (no semantic correspondence)

or service-oriented) Pr oduct is defined as a UML class as shown in Figure 1. Here, we
represent a CIM Schema concept as a r df s: 0 ass class that corresponds to a generic
notion of a type or category. To represent a CIM Schema concept as an rdf s: d ass
in an RDF/S statement, we use the rdf:type property that defines the resource
(e.g., a Product) as a member of a particular class (e.g., rdfs: d ass). In addi-
tion, we use the namespace prefix ci m to refer to the CIM Schema vocabulary
defined by an XML namespace declaration such as
xnm ns: ci merhtt p: //www dmif. or g/ A Mschenma28#". For example, we can
represent the class ci m Product by the triple as shown in Figure 2 (line 5). In addition,
we represent a CIM Schema property or method (defined as a UML attribute or
operation, respectively) as an r df : Property class. For example, we can represent the
attribute ci m Product . Vendor by the triple shown in Figure 2 (line 6).

In RDF/S, each rdf : Property can be associated with a domain that specifies the
class(es) on whose members a property can be used and arange that specifies the class(es)
or datatype(s) to which the values of the property are restricted. For example, the property
ci m Product . Vendor may be used by any instance of ci m Product and the value
of ¢i m Product . Vendor must be a member of Xsd: string as shown in Figure 2
(lines 7-8). Note that a mapping of CIM to RDF/S necessitates the mapping of UML
datatypes to datatypes used by RDF/S. In UML, attributes may conform to a variety
of intrinsic datatypes (e.g., integers, booleans and string datatypes). These datatypes
can be mapped directly to those used by RDF/S as defined in the xsd: (XML Schema
datatype) namespace [17]. For example, a boolean datatype in UML may be mapped to
the Xxsd: bool ean datatype in RDF/S.

2.2 Mapping CIM Schema Relationships

The structure of the CIM Schema defines a number of relationships between CIM
classes. In Figure 1, for example, there exists a generalization relationship be-
tween ci m Product and ci m ManagedH ement . In RDF/S, the UML generaliza-
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ManagedElement Softwareldentity
Caption : string InstancelD : string (key)
Description : string MajorVersion : uint16
ElementMame ; string MinorVersion : uint16

RevisionNumber : uint16
BuildNumber : uint16

VersionString : string

Product TargetOperatingSystems : string []
Component Manufacturer : string
Languages : string[]
? I SF:O 1";:'; Classifications : uint16[] {enum}
c om?::n i ClassificationDescriptions : string[]
Product
Name : string (key}
IdentifyingNumber : sting (key} k>

Vendor : string {key}
Version : string {key) AcmeProduct
SKUMNumber : string (from Acme)
WarrantyStartDate : datetime
WarrantyDuration : uint32 K }————— Saries ; string

Fig. 1. CIM UML Classes.

tion relationship can be mapped directly to the r df s: subd assCf property. For ex-
ample, we may represent a generalization relationship between ci m Product and
ci m ManagedH enent by the triple shown in Figure 2 (line 9).

In addition to generalization, the CIM Schema also defines other relationships
including association and aggregation relationships.' In UML, such relationships are rep-
resented by association classes. For example, the ci m Pr oduct Sof t war eConponent
association class represents the “ProductSoftwareComponent” aggregation in Figure
1. Since a UML association class is a subclass of a UML class, we may represent
ci m Product Sof t war eConponent as an rdf s: A ass as shown in Figure 2 (line
15). Association classes in the CIM Schema include references that define the set of
classes that may be linked by the association or aggregation relationship. Each reference
is an rdf:Property that is represented by the term ci m REF. For example,
ci m Pr oduct Sof t war eConponent contains the ci m REF
ci m Pr oduct Sof t war eConponent . G- oupConponent that is used by instances of
ci m Product Sof t war eConponent to define the range of classes (i.e., ci m Product )
that can be associated with one or more ci m Sof t war el dent i ty classes. Similarly,
the ci m REF ci m Pr oduct Sof t war eConponent . Par t Conponent is used by in-
stances of ci m Product Sof t war eConponent to define the range of classes (i.e.,
ci m Sof t war el dentity) that can be used to describe a ci m Product . These
reference definitions are shown in Figure 2 (lines 16-21).

With respect to associations and aggregations, UML roles can also be represented
in RDF/S as an rdf: Property. To represent UML roles in the CIM ontology, we
augment the CIM Schema vocabularies by defining role names using the convention
“<vocabulary> : has<RoleName>". For example, a ci m Pr oduct may have the role
ci m hasSof t war eConponent with respect to ci m Sof t war el dent i ty. Conversely,

! Note that an aggregation relationship is a specialization of an association relationship.
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// ManagedElement class
cim:ManagedElement rdf:type rdis:Class .

// Product class

cim:Product rdf:type rdfs:Class .
cim:Product.Vendor rdf:type rdf:Property .
cim:Product.Vendor rdfs:domain cim:Product .
cim:Product.Vendor rdfs:range xsd:string .
cim:Product rdfs:subClass0f cim:ManagedElement .

oW B WA e

11 // Softwareldentity class
12 cim:Softwareldentity rdf:type rdfs:Class

14  // ProductSoftwareComponent (association class)

15  cim:ProductSoftwareComponent rdf:type rdfs:Class .

16 cim:ProductSoftwareComponent .GroupComponent rdf:type cim:REF .

17 cim:ProductScftwareComponent.GroupComponent rdf:domain cim:ProductSoftwareComponent .
18  cim:ProductSoftwareComponent.GroupComponent rdf:range cim:Product .

19  cim:ProductSoftwareComponent.PartComponent rdf:type cim:REF .

20 cim:ProductSoftwareComponent.PartComponent rdf:domain cim:ProductSoftwareComponent .
21  cim:ProductSoftwareComponent.PartComponent rdf:range cim:Softwareldentity .

23 // roles

24 cim:hasSoftwareComponent rdf:type rdf:Property .

25 cim:hasSoftwareComponent rdf:domain cim:Product .

26 cim:hasSoftwareComponent rdf:range cim:Softwareldentity .
27 cim:isSoftwareComponent0f rdf:type rdf:Property .

28 cim:isSoftwareComponentOf rdf:domain cim:Softwareldentity .
29 cim:isSoftwareComponent0f rdf:range cim:Product .

31 // AcmeProduct class
32 acme:AcmeProduct rdf:type rdfs:Class .
33 acme: AcmeProduct rdfs:subClass0f cim:Product .

Fig. 2. CIM RDF/S Statements.

ci m Sof t war el dent i t y may have the role ci m i sSof t war eConponent O with re-
spect to ¢i m Product . These examples are shown in Figure 2 (lines 24-29).

The CIM Schema may also be extended by vendors to suit their particular needs.
These vendor-specified extensions to the CIM Schema are referred to as extension
schemas. Extension schemas extend the CIM Schema by defining classes that in-
herit from CIM Schema classes. In Figure 1, for example, the vendor-defined class
AcmePr oduct inherits from the CIM class Pr oduct . Because an RDF/S ontology may
comprise multiple vocabularies, relationships between concepts from different vocabu-
laries can be defined. This feature of RDF/S allows for the construction of an ontology
that defines relationships between concepts in the CIM Schema and concepts defined
in a vendor-specified extension schema. For example, we may express the generaliza-
tion relationship between acrme: AcrmePr oduct and ci m Product as shown in Figure
2 (lines 32-33).

3 Constructing a CIM OWL Ontology

Although RDF/S may be used to express some types of knowledge, it deliberately lacks
sufficient constructs to adequately express all types of knowledge [15, 18]. As shown
in Table 1, for example, RDF/S does not provide constructs for expressing cardinality
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restrictions such as those used for describing association or aggregation relationships
between CIM classes. In addition, RDF/S cannot adequately express some CIM qualifiers
that are used to define constraints on CIM properties. For example, RDF/S cannot directly
represent the semantics of the CIM ‘key’ qualifier which is used to indicate that the value
of a CIM property must be unique for all instances of a particular class. Such qualifiers
are currently denoted in CIM UML as shown in Figure 1.

The limited expressivity of RDF/S motivated the development of the (semantically-
richer) DAML+OIL (DARPA Agent Markup Language and Ontology Inference Layer)
ontology markup language [19] which, in turn, formed the basis of the Web Ontology
Language (OWL) [20]. OWL is an RDF/S-based language that can explicitly represent
the meaning of terms in vocabularies and the relationships between those terms. OWL
enhances the expressivity of RDF/S (and DAML+OIL) by adding more vocabulary for
describing properties and classes including relations between classes (e.g. disjointness),
cardinality, equality, richer typing of properties, characteristics of properties (e.g. sym-
metry) and enumerated classes. To map the CIM Schema to OWL?, we extend previous
work that identified mappings from UML constructs to DAML+OIL constructs [14,21]
as well as preliminary work that identified mappings from UML constructs to OWL
constructs [22]. An overview of the mappings from CIM concepts to OWL constructs
are shown in Table 1.

One concept that is required for expressing the CIM Schema, but not included in
RDF/S, is the notion of cardinality. In OWL, cardinality is stated on a property with re-
spect to a class. For example, ci m Pr oduct has a minimum and maximum cardinality of
one on the r df : Property ci m hasSof t war eConponent . This cardinality restriction
can be expressed by the triples shown in Figure 2 (lines 2-4).

Another important CIM concept that cannot be adequately expressed using RDF/S
is the concept of uniqueness. In OWL, the ow : Functi onal Property restriction
may be used to define mutually distinct properties. With respect to CIM, this is im-
portant for ensuring that (1) class names (including association names) are unique
within the schema, (2) method names are unique within the domain class and (3) ref-
erence names are unique within the scope of the defining association. For example,
ow : Funct i onal Property may be used to realize the CIM ‘key’ qualifier on the at-
tribute ci m Product . Narre as shown in Figure 2 (line 7).

Yet another limitation of RDF/S is its inability to express local range restrictions
associated with a particular property for a particular class. Here, if an instance of a
class is related by a property to a second object, then the second object can be in-
ferred to be an instance of the local range restriction class. Local range restrictions on
a property can be represented using the ow : al | Val uesFr omrestriction. For example,
ci mProduct may have r df : Property ci m hasSof t war eConponent restricted to
have owl : al | Val uesFrom ci m Sof t war el dent i t y. This means that if an instance of
ci m Product is related by the r df : Property ci m hasSof t war eConponent to the
instance ‘“Printer Driver”, then from this a reasoner can deduce that ‘“Printer Driver” is
an instance of the class ci m Sof t war el dent i ty. This example is shown in Figure 2
(lines 10-12).

2 In this paper, we consider only OWL DL.
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1 // cardinality

2 _:SWIdentityRele rdf:type owl:Restriction .

3 _:SWIdentityRole owl:onProperty cim:Product.hasSoftwareComponent .
4 _:SWIdentityRele owl:cardinality "1""“xsd:nonNegativelnteger

5

6 // uniqueness constraints

T cim:Product.Name rdf:type owl:FunctionalProperty .

8

9 // local range restrictions

10 _:SWIdentityRole rdf:type owl:Restriction .

11 _:SWIdentityRole owl:onProperty cim:Product.hasSoftwareComponent .
12 _:SWIdentityReole owl:allValuesFrom cim:Softwareldentity .

13

14 // tramsitivity

15 _:ProductCompRele rdf:type owl:Restriction .

16  _:ProductCompRole owl:onProperty cim:Product.hasProductComponent .
17 -:ProductCompRole rdf:type owl:TransitiveProperty .

18

19 // inverse
20 cim:hasSoftwareComponent owl:inverseOf cim:isSoftwareComponentOf .

22 // property equivalence
23  cim:Product.Vendor owl:equivalentProperty cim:Softwareldentity.Manufacturer .

25 // imports
26 # owl:imports rdf:resource="http://www.dmtf.org/CIMSchema28" .

Fig. 3. CIM OWL Statements.

OWL can also be used to enhance the semantics surrounding relationships between
CIM classes. For example, the ow : Transi tiveProperty property may be used
to express a chain of ¢i m Product Conponent associations on a ci m Product as
shown in Figure 2 (lines 15-17). In addition, the ow : i nver seCf property may be
used to state the inverse of a relationship. For example, an instance of ci m Product
may have a ci m hasSof t war eConponent role with respect to one or more instances
of cim Softwareldentity. If ci mi sSof twareConponent f is the inverse of
ci m hasSof t war eConponent, and there exists a ci m Product with property
ci m hasSWreat ur e and property value ci m Sof t war eFeat ur e, then a reasoner can
deduce thatci m Sof t war el dent i tyci mi sSof t war eConponent G ci m Pr oduct
where ci mi sSof t war eConponent C is the ow : i nver seCt
ci m hasSof t war eConponent as shown in Figure 2 (line 20).

An important advantage of using OWL to define a CIM ontology is that OWL pro-
vides constructs for defining equivalence between classes and properties. In OWL,
class and property equivalence is represented using the ow : equi val ent d ass and
ow : equi val ent Property axioms. For example, the property ci m Product . Vendor
may be synonymous with ci m Sof t war el dent i ty. Manuf act ur er inthose environ-
ments where all products from a specific company are developed in-house (and thus, the
name of the vendor is the same as the manufacturer). This equivalence relationship is
shown in Figure 2 (line 23). The OWL equivalence axioms may also be used to facilitate
interoperability between, and the merging of, ontologies by describing equivalence rela-
tionships between classes and properties defined in CIM and those defined, for example,
in the IEEE Standard Upper Ontology (SUO) [23]. In addition, the owl : i nports con-
struct may be used to reference another OWL ontology containing definitions whose
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semantics are considered to be part of the meaning of the importing ontology. This
ontology-importing feature can be used to combine a CIM ontology with other ontolo-
gies. For example, an ontology that describes military systems may import the CIM
ontology to describe the management of its computer and network systems by using the
OWL statement as shown in Figure 2 (line 26).

4 Current Limitations

Although the proposed framework provides a first step toward the construction of a
formal CIM ontology, a number of issues must first be resolved before such an ontology
can be considered consistent, semantically valid, and complete. One issue concerns the
mapping of some CIM concepts to UML constructs. Currently, while many CIM concepts
can be mapped directly to UML constructs (e.g., CIM Class), some CIM concepts (e.g.,
some CIM qualifiers) cannot; thus, such concepts must be added to the ontology in an
ad-hoc fashion leading to a possibly inconsistent or invalid ontology.

Another related issue concerns CIM concepts (particularly, CIM qualifiers) that have
no mappings to either UML constructs or OWL constructs. For example, the notion of
a CIM default value does not have a corresponding UML construct nor a corresponding
OWL construct. In cases where no direct mapping from CIM concepts to specific terms
in the RDF/S or OWL vocabulary can be derived, we define such concepts within the
ci m vocabulary (e.g., we define ci m def aul t as an rdf : Property thatis used to
represent the notion of a default value).

Another issue concerns the inability of OWL to fully express some UML constructs
[14,21,22]. For example, OWL provides no constructs for adequately representing a
UML abstract class. Thus, some CIM concepts (e.g., MinagedH enent that is repre-
sented by a UML abstract class) cannot be mapped directly to RDF/S or OWL constructs
and must be manually included in the ci M vocabulary.

Finally, both RDF/S and OWL can only partially express some CIM Schema seman-
tics. For example, CIM methods can be defined as an r df : Property, but cannot be
mapped to OWL construct(s) that more closely match the notion of a UML operation.

5 Related Work

The idea of using CIM for facilitating self-managing systems has been previously de-
scribed by Bantz [24] who proposed the use of CIM information to facilitate decision
making in autonomic computing, and by Ganek [2] who proposed the use of CIM to
facilitate interoperability between heterogeneous autonomic computing elements.

In addition, the idea of using CIM ontologies for describing management knowledge
has been previously proposed. For example, Lépez de Vergara et. al [25] proposed
an algorithm for mapping CIM, as well as other information models, into a common
DAML+OIL ontology. Also, Lavinal et. al [26] proposed the construction of a CIM
ontology using OKBC while Tangmunarunkit [27] proposed the use of an RDF/S-based
CIM ontology for grid computing. Finally, Lanfranchi et. al [28] defined a mapping of
CIM to the description logic DLR.
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The work presented in this paper, however, is distinguished from these previous
efforts in that this work leverages and extends research that identified mappings from
UML constructs to ontology language constructs in order to achieve semantically valid
and consistent mappings from CIM UML to a formal CIM ontology. Previous research in
mapping UML to RDF/S and DAMLAOIL included works by Chang [15] who described
mappings from UML to RDF/S and Cranefield [ 16] who described an automatic mapping
from UML to RDF/S using XMI. In addition, Backlawski et. al [14], Falkoych et. al
[21] and Kogut et. al [29] described mappings from UML to DAML+OIL constructs
while AT&T [22] described a preliminary analysis of mapping UML to OWL Full.

6 Conclusion

This paper proposed a framework for constructing a formal CIM ontology based upon
previously-identified mappings from UML constructs to RDF/S and OWL constructs.
We began by presenting details about the mapping of CIM classes, properties and rela-
tionships to RDF/S constructs as well as defined a vocabulary for representing concepts
associated with the CIM Schema. Given the limitations of RDF/S for expressing the
semantics of CIM concepts, we described the mapping of these concepts to the RDF/S-
based ontology language OWL. Although OWL provides enhanced expressivity over
RDF/S, there exists some CIM concepts that cannot be directly mapped to OWL con-
structs. In such cases, we proposed the definition of these concepts within the context
of the cim: vocabulary.

Currently, the specifications for CIM, UML, and OWL are fluid; thus, future research
in this area will consider how changes to these specifications affect the derivation of a
CIM ontology. Future versions of CIM, for example, are expected to reflect possibly
significant changes to the CIM Schema as well as its representation in the forthcoming
UML 2.0 (e.g., the use of UML roles for representing CIM qualifiers). Such changes
might facilitate the derivation of a more complete CIM ontology by providing a more
complete mapping between CIM concepts and UML constructs (and thus, a more direct
mapping of CIM concepts, such as qualifiers, to RDF/S and OWL). In addition, research
continues on mapping UML constructs to OWL constructs that will directly impact the
derivation of a CIM ontology. It is expected that the framework proposed in this paper
could be easily extended to support these anticipated changes.
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Abstract. Are database concepts and techniques suitable for ontology design
and management? The question has been on the floor for some time already. It
gets a new emphasis today, thanks to the focus on ontologies and ontology
services due to the spread of web services as a new paradigm for information
management. This paper analyzes some of the arguments that are relevant to the
debate, in particular the question whether conceptual data models would
adequately support the design and use of ontologies. It concludes suggesting a
hybrid approach, combining databases and logic-based services.

1 Introduction

Nowadays, all major economic players have decentralized organizational structures,
with multiple autonomous units acting in parallel. New information systems have to
handle a variety of information sources, from proprietary ones to those available in
web services worldwide. Their complexity is best controlled using a network of
coordinated web services capable of grasping relevant information wherever it may be
and exchanging information with all potential partners. Data semantics is at the heart
of such multi-agent systems. Interacting agents in an open environment do not
necessarily share a common understanding of the world at hand, as used to be the case
in traditional enterprise information systems. For instance, in a single enterprise
environment, the concept of “employee” has a unique definition shared by every
application within the enterprise. In a multi-agent system, the interpretation of the
“employee” concept may vary based on whether or not specific types of personnel
(e.g., students in their summer jobs, trainees, visitors) have also to be considered as
employees. Another example is obviously provided by contextual information, such
as whether a sentence about trees refers to the vegetal or to the mathematical
structure. This is also a form of semantic disambiguation.
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Lack of common background calls for explicit guidance in understanding the exact
meaning of the data. XML-like formatting does not help much in this. Ontologies
increasingly appear as the solution to the problem. They are the most sophisticated
form of semantics repository. From a database perspective, they may be intuitively
understood as the most recent form of data dictionaries, i.e. a knowledge repository
whose purpose is to explain how concepts and terms relevant to a given domain
should be understood. Although ontology as a science comes from philosophy,
ontologies as computerized support for semantics have mainly been developed by the
artificial intelligence community. This community has focused on developing
reasoning mechanisms that would alleviate the task of enriching an ontology by
addition of new concepts. Typically, an ontological reasoner is expected to be able to
check the consistency of new concepts with already known ones and to determine
their most accurate placement within the (most often hierarchical) structure of the
ontology.

With ontologies becoming a necessary component of modern, interoperable
information systems, we are likely to see a proliferation of ontologies and a massive
growth in size and complexity of the set of concepts described in an ontology. We
foresee that their role will evolve from a repository of terms that denote concepts
(whose most well-known example is Wordnet) to a repository for complex
information, where the description of a concept includes a formal description of a
prototypical data structure (a design pattern) showing all the components of a concept,
the intra-relationships between these components, and the inter-relationships between
the concept and the other concepts in the ontology. These richer ontologies will have
to be easily understandable, and processable, by humans and by computerized agents
in search of semantics. Briefly stated, we expect significantly increasing similarity
between ontologies and current database schemas.

This raises the question whether database technology could be reused to provide
services for ontology design and management. The purpose of this paper is to develop
some arguments for such a discussion. The arguments we present here focus on
structural aspects, as we are interested in showing the benefits of using conceptual
data models for modeling ontologies. Other arguments (e.g., discussion of defined
versus derived objects, axioms, schema and instance querying, constraints) are also
surveyed. For a more detailed analysis of the latter the reader is referred to [3]. Our
idea is that database techniques could nicely complement logic-based techniques
(using formalisms such as description logics or F-Logic) and a common framework
could be built that would exploit the technique that best fits the task on hand.

The next section introduces an example that we use in Section 3 (after briefly
recalling the concepts of the underlying conceptual data model) to illustrate how a
conceptualization can be formulated using a conceptual data modeling formalism.
Section 4 discusses respective merits of using data modeling versus description logic
formalism. Section 5 concludes suggesting to combine both formalisms into a hybrid
system. We assume the reader is familiar with the features supported by ontological
formalisms (e.g., description logics).
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2 A Motivating Example

The example we show hereinafter has been first introduced by Boris Motik as part of
deliverable D1.1 of DIP, an European project aiming at developing semantic web
services. Let INT be a company that wants to provide a web service consisting in an
integrated tourism portal offering hotel information. INT does not itself own hotel
data. Instead, it simply integrates web services by various providers. Each provider
classifies its hotel data in a proprietary structure. Let us assume that there are two
providers of such information, TUI and Thomas Cook, TC for short. Fig. 1 presents
the conceptualization that TUI uses to describe his offers. The drawing uses a simple
notation, based on an underlying binary data model, the kind of model many ontology
tools adhere to. Oval nodes (e.g. Hotel) denote conceptual entities. Nodes without a
surrounding oval (e.g. name) denote properties of the corresponding entities. Labeled
arcs between oval nodes denote a relationship between the conceptual entities. Non-
labeled arcs link a conceptual entity to its properties.
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nao. rooms

offered
facilities

amount

for type

from date

to date instance of

Fig. 1. Conceptualization of TUI
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TC uses a different conceptualization of his business domain (cf. Fig. 2). For
example, geographical information is more fine-grained, as it represents the country,
region, and the area within the city where a certain hotel is situated. Room types are
split according to a different criterion. The rate structure is also different.

To create its portal, INT needs to bridge the semantic differences between the
information coming from TUI and from TC. First, INT must decide upon its own
conceptualization of the domain. It may either accept one of the existing
conceptualizations, or choose from existing domain standards, or develop its own
proprietary conceptualization. After choosing the conceptualization formalism and
creating its own conceptualization, INT has to describe how data in each source
relates to its own conceptualization. Conceptualization formalisms offer different
primitives for performing this task. Ontological work focuses mainly on logic-based
conceptualization formalisms, because their inference capabilities are commonly seen
as a key to solving this type of problem. For example, dependencies between the
conceptualization of INT and those of the sources can be expressed as logical axioms,
which, when executed, can be used to actually perform data integration. On the other
hand, conceptual modeling approaches most frequently use data manipulation
languages to express the mapping between a global integrated schema (here, the INT
conceptualization) and its corresponding source schemas. Alternatives for the
description of these mappings are well documented in the literature.

3 Conceptual Modeling for Ontologies

As ontologies grow in size and in practical relevance, it is legitimate to question
whether database techniques could provide interesting support for ontology
management. On the one hand, database systems are known to offer scalable and
efficient management of huge amounts of structured data, which is what ontologies
may become in the near future. On the other hand, conceptual modeling approaches
(that have specifically been designed to support a semantically rich description of
structured data sets) could, at least to some extent, handle the description of the
conceptualization that is the subject of an ontology. Exploring this idea is definitely
worth a discussion. Arguments in favor of “highly intuitive” ontology models, with a
“frame-like look and feel” or “database schema” alike, have already been developed
in e.g. [8], [5] and [7]. Specific proposals include [6] and [3]. Mappings from
conceptual models to description logics have been proposed in e.g. [2] and [1].

The following brief description of conceptual modeling expressiveness is based on
work on extended entity-relationship (EER) models, which are most frequently seen
as offering the richest semantic expressiveness. In EER models and alike, data
structures are basically graphs of object types interconnected by relationship types.
Both object and relationship types may be characterized by associated properties
(attributes and methods). Attributes may be atomic (as in relational tables) or
composed of other attributes, thus allowing the definition of multilevel property trees
for object and relationship types. It is then possible, for instance, to represent a real
world entity as a single object in the database. Attribute cardinalities state whether an
attribute is optional or mandatory, and monovalued or multivalued (list, set, or bag).
Relationship types connect object types via roles. A relationship type may be defined



26 S. Spaccapietra et al.

with 2 (for binary relationships) to n roles. When two or more roles connect to the
same object type, the relationship type is said to be cyclic. Relationship types may be
adorned with specific semantics, of which the most well known is aggregation
semantics (expressing that an object is a component of another object).

Object and relationship instances bear a system-defined, unique identity. Object
types and relationship types may be organized into generalization/specialization
lattices using is-a links. Inheritance, refinement, redefinition and overloading
mechanisms apply as proposed in traditional object-oriented data models. Some
advanced conceptual models, however, depart from object-oriented rules by adopting
a multi-instantiation paradigm, ie. allowing the same real world entity to be
simultaneously represented by several instances in different classes that are not in a
sub-type/super-type relationship. Allowing multi-instantiation is necessary from the
modeling point of view, in particular to be able to properly describe situations such
as, for instance, a real world object being at the same time a hotel and a restaurant
(assuming Hotel and Restaurant are two object types) without forcing the definition of
a so-called intersection class, Hotel&Restaurant, sub-class of both Hotel and
Restaurant. Another facility from some conceptual model is classification dynamicity,
ie. the possibility for an instance to move to another class (e.g., a guesthouse
becoming a hotel, a student becoming a faculty).

Good conceptual models come with formal definitions, rules to translate
conceptual specifications into logical level specifications, and implementations in
several marketed CASE tools and in research prototypes.

3.1 Conceptual Design for the Example Databases

The TUI conceptualization from Fig. 1 can be easily reformulated in an EER

formalism by using the following very simple (but not very intelligent) rules:

— Ignore links labeled “instanceOf” and their source ellipsis (EER schemas do not
describe instances),

— Each ellipsis translates into an object type,

— Each link between ellipses translates into a binary relationship named after the
label associated to the link,

— Each label not in an ellipsis translates into a property (an attribute) of the object
type it is linked to.
Fig. 3 shows the diagram for this EER schema.

However, such a schema definition, although syntactically correct, does not fully
use the power of conceptual models to organize the TUI conceptualization. Basically,
it does not use the facility to define complex attributes, which allows elaborating a
description of a real world entity as a single object type. Using this facility (for e.g.,
rates), and assuming TUI wants to keep a catalogue of cities and countries, the
conceptual schema for the TUI conceptualization reduces to the one illustrated in Fig.
4, with Fig. 5 showing the attributes of Hotel (indenting is used to visualize attribute
composition). The figures show cardinality constraints (on roles of relationship types
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Fig. 3. Straight reformulation of the TUI conceptualization (Fig. 1) using EER formalism

attributes), as these are traditionally included in an EER schema definition. In Fig. 4
we have assumed that a country includes many cities and a city has many hotels,
while a hotel may only be located in one city (but some hotels are in no city) and a
city is located in only one country. Fig. 5 assumes that a hotel may have many
facilities, may accept several credit cards, and offers many rates (at least one), a TUI
rate possibly holding for different types of rooms (e.g. a hotel having the same rate for
single and double rooms).

Hotel

(U'.l) (1:n)

Fig. 4. An EER diagram for a proper conceptual schema of the TUI conceptualization
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Fig. 5. Hotel attributes in the TUI (left) and TC (right) conceptualizations
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The same reasoning scheme may be applied to produce an EER schema for the TC
conceptualization shown in Fig. 2. The structural difference is that the is-a links to
Accomodation in the TC structure will be mapped onto is-a links (rather than
relationship types) in the EER design. A possible schema diagram for the TC
conceptualization is shown in Fig. 6. TC Hotel attributes are shown Fig. 5.

Accommodation

Bungalow Hotel (0:1 w O CityArea L “ L) City

(1:1)
Country L L Region —Lm”@

Fig. 6. A possible EER design for the TC conceptualization

3.2 Integration

Bridging the semantic differences between the TUI and TC descriptions requires a
precise identification of how things modeled in one description correspond to things
modeled in the other description. Such mapping knowledge is expressed as
interschema corresponding assertions, which we show below in the format suggested
in [10] for the TUI and TC Hotel object types as described in Fig. 5. For instance,
assuming the hotel concept has the same semantics in TUI and TC, and assuming both
providers may have offers for the same hotel, an assertion may be:

TULHotel ~ TC.Hotel
WCI TUILHotel.name = TC.Hotel.name
WCA TUILHotel.creditCards = TC.Hotel.creditCards
WCA TUIHotel.facilities  TC.Hotel.(roomFacilities \ hotelFacilities)
WCA TUIHotel.rates.amount # TC.Hotel.rates.(standard Amount \ reduced Amount)

The first line asserts that the Hotel object types in TUI and TC describe
overlapping sets of real world entities, i.e. the same hotel may be instantiated in both
TUI and TC. Beyond overlapping, other possible choices are equality, inclusion and
disjointedness.

The second line (WCI stands for With Corresponding Identifiers) states that two
instances in TULHotel and TC.Hotel represent the same real world hotel if the value
for the name attribute is the same in the two instances. This provides knowledge about
the mapping between instances of TUI and TC. This mapping enables gathering all
information about a real world thing that is available in two interrelated sources. The
following lines, introduced by the WCA (With Corresponding Attributes) acronym,
define corresponding attributes for the related types, i.e. attributes that at least
partially represent the same real world property, irrespectively of how it is coded in
the representation. The first WCA line states that for corresponding instances the
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creditCards attributes hold identical information in both TUI and TC. The second
WCA line states that facilities in TUI include the facilities that in TC are split into
roomFacilities and hotelFacilities. The third WCA line states that although the two
rates attributes hold the same semantics (i.e., they denote the cost for a room), the set
of values in TUI and TC are different (TUI and TC record different rates even for the
same hotel). Hence, to retrieve all the rates offered by a given hotel, both TUI and TC
have to be searched and the results have to be merged.
Similar assertions hold for relationships types. An example is:

TUILLocatedIN = TC.LocatedIn.IsIn
which states that the TUI relationship, LocatedIn, is equivalent to the composition of
the two TC relationships, LocatedIn and IsIn. Both provide the same path between
Hotel and City.

From these assertions, the INT conceptualization may be built almost
automatically by an integration tool. “almost” refers here to the fact that many
alternative INT views may be elaborated from the same set of assertions, depending
on designers’ preferences (e.g., one designer may prefer a more concise schema while
another designer may prefer a more exhaustive schema). The integration tool
generates also the mappings that relate the INT view to both sources, TUI and TC.
These mappings are used by the query execution tool that translates the user queries
expressed on the INT view into queries for the sources.

Logic-based approaches follow a simpler, manual integration strategy. The
definition of the INT view is directly done by the users. They have to define each
concept and role of the INT view, through a logic formula on the TUI and TC
concepts and roles, as in the following examples.

INT:Hotel = TUI:Hotel w TC:Hotel
INT:CreditCard = TUI:CreditCard « TC:CreditCard
INT:accepts(Hotel, CreditCard) o TUI:accepts(Hotel, CreditCard)

The inference engine will automatically check if the INT description is consistent
with the TUI and TC descriptions, thus showing a clear advantage for DL over DB
technology. It will also automatically infer the answers to queries on the INT view
from the definitions of the INT view. However, should automatic, rather than manual,
integration be the goal, a corresponding DL-based integration tool remains to be
specified.

4 Discussion

This section briefly surveys advantages and disadvantages of using a conceptual
modeling and database approach, versus using a (description) logic approach, for the
description and management of ontologies.
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4.1 Data Modeling

EER conceptual models support direct modeling of rich data structures, leading to
representations that are close to how humans perceive things in the real world. EER
synthetic schemas are easily apprehended. Instead, most description logics rely on
simple binary data structures. This leads to an explosion in the number of concepts
that are needed, similar but worse than what happens in relational databases. A one-
page EER schema is likely to require several pages of description logics (DL) axioms
to describe the same representation. In addition, having only binary structures blurs
the distinction between what describes composite things (e.g., entities and links) and
what merely describes a property. The reader of a DL description has to perform a
reverse engineering process to reconstruct something that resembles her/his
perception of the real world that is described. EER conciseness is definitely an
advantage for humans. It is also an advantage for computer agents. Agents would also
have an easier task in exploring a conceptual schema showing a clear distinction
between objects and complex properties than in exploring a long list of DL axioms.
Finally, to visualize an ontology structure, EER diagrams are likely to be easier to
capture at a glance than the DL diagrams supported by recent DL editors.

In terms of supporting description of defined or derived concepts, the advantage
currently goes to DLs. DLs allow users to define new concepts by a logical formula as
complex as needed. The inference mechanisms automatically check the consistency of
the definitions, deduce where the new concepts are placed in the generalization
hierarchy, and infer their instances. Some conceptual models support a few derived
concepts (e.g., derived object types, derived classes, derived attributes), whose
instances and values can be automatically inferred. But they do not support concepts
that designers would define by a logical formula without knowing where they will fit
in the generalization hierarchy or even knowing the generalization hierarchy.
Moreover, a derived construct in a schema has different properties than a non-derived
construct (e.g., it cannot be instantiated), while defined concepts in DLs are treated as
base concepts. DLs also allow users to state axioms of type inclusion, equivalence,
and disjointedness involving complex terms. As DLs work with the open world
assumption (OWA), all the assertions (definitions of concepts and axioms) are used
by the logic reasoners for inferring new knowledge.

On the other hand, DBMS, which work with the closed world assumption (CWA),
enforce integrity constraints that avoid inappropriate data to enter the database, where
inappropriate means data that is not consistent with the current state of the database,
assuming this state is the whole universe of discourse. Conceptual models have a
number of predefined integrity constraints (e.g., cardinality constraints, key
constraints) that are easily described. However, to support a declarative formulation
of general integrity constraints, they have to resort to an associated logic language
(usually the FOL). On the other hand, in DLs it is very difficult to assert a constraint
on the known part of the world [4].

4.2 Data Manipulation

Instance creation is unconstrained in DL. Instances may be created without being
attached to a concept. The creation of a new instance may not conform to the rules
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described by the axioms. In fact, the creation of an instance leads to one of three
cases: 1) the instance fully conforms to all existing assertions; 2) the instance
contradicts existing assertions, in which case the user is warned about the
contradiction; and 3) the instance neither fully conforms nor contradicts existing
assertions, in which case the DL reasoner infers that there is some missing knowledge
that, if known, would make the new instance conforming to the axioms. Indeed,
description logic systems naturally adhere to the OWA, which assumes that present
data is just the explicitly known subset of the valid data, and more valid data may be
inferred by reasoning. For instance, if axioms state that every hotel has a name, the
creation of a new hotel is accepted even if no name is attached to the new hotel.

On the contrary, databases follow the CWA, stating that only information that is
present in the database (or derivable by explicitly defined derivation rules) is valid. If
a fact is not in the database, the fact is considered false. As a consequence, the
creation of new instances has to obey all integrity constraints that apply to the
instance. For instance, if the schema prescribes that every hotel instance must hold a
value for the hotel name, the creation of a new hotel without specifying its name is
not accepted.

It is uneasy to evaluate which approach is better. In fact, each one is best suited for
the purpose it has been designed for. DL and its OWA fit well within an environment
where the ontology is incrementally defined, which corresponds to a situation such
that at each stage the current ontology only holds part of the world of interest, hence
there are many more specifications that are relevant but not yet entered into the
ontology. They also fit well with the idea that ontologies evolve as a result of
collaborative design, where many independent partners can contribute new
specifications to the ontology. The OWA also allows DLs to naturally support
incomplete information at the instance level. Inference mechanisms handle case
reasoning.

The database approach only offers a partial solution for managing incomplete
information, the NULL value, which has no clear semantics and is uneasy to handle.
On the other hand, the database approach and its CWA fit well in normative
environments, where the ontology has to interact with an information system which
assumes that the data it uses comes in a given format and is consistent with the
application rules that have been stated in the ontology. In database management,
satisfiability issues can be discarded and decidability issues do not arise.
Consequently, database systems simply do not need sophisticated reasoners to infer
additional information.

Another difference between DLs and databases is that databases rely on the unique
name assumption, which assumes that each instance has its own identity, different
from all others. In most DLs, unless explicitly stated by the user, nothing prohibits
two instances to be the same one. The logic reasoner may infer that two instances, for
example hl and h2, describing two hotels are, in fact, the same one.

In terms of querying the ontology and its instances, databases and description
logics offer complementary functionality for instance querying. Database systems
usually provide powerful assertional query languages, complemented with efficient
query optimization tools. Description logic systems support a set of simple functions
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for accessing instances that were directly inserted into the Abox (instance set) or are
inferred by the reasoning engine. Simply stated, the difference is that databases have
been purposely designed to store, manage, and query huge volumes of data instances,
while DL approaches have typically been targeted at sophisticated reasoning over a
relatively small volume of instances. Similarly, database systems can easily handle
value domains (the embedded ones as well as user-defined domains) while description
logics experience quite a difficulty in fully handling concrete domains (each concrete
domain calls for a careful extension of the reasoning capabilities).

4.3 Beyond Data Structures

Part of the semantics of the real world comes from where things are located in space
and time. Traditional modeling approaches (in DL as in conceptual modeling
approaches) ignore these components, assuming that the real world of interest is now
and here. On the contrary, there are a huge number of applications where spatio-
temporal information is essential. Considering our hotel example, spatial information
could be used to convey the actual geographical location of hotels, cities and
countries. This would enable queries such as “find hotels within 10 miles of a given
city”. Similarly, room rates are a typical example of information that is valid only
within a given time period. In the current description, this is captured using the
attributes fromDate and toDate. However, this is a poor solution in the sense that only
the user is aware of the temporal semantics of these attributes. From the system
viewpoint, these are two “normal” attributes, with a Date domain. No temporal
reasoning and no temporal operators (in the sense developed by research in temporal
databases) will be deployed by the system on such data.

There has been quite an investment in the DL community to develop temporal
extensions of DL languages. There have been only few efforts to similarly develop
spatial extensions. Spatio-temporal DLs still are a research item for the future.

The picture is comparatively better in conceptual modeling, where several
proposals for spatio-temporal conceptual models exist today, and there is a pretty
good understanding of what are the required functionalities. Proposals exist to cover
spatio-temporal phenomena, such as e.g. mobile objects and trajectories [9][11], and
multi-representation (to support context-dependent information) [12]. Moreover,
Geographic Information Systems routinely and efficiently implement all the logical
level constructs needed for the description and management of geographic data,
including the two views of space: the discrete (or object-based) view and the
continuous (or field-based) view.

5 Conclusion

Conceptual modeling and the database approach provide better readability/
understandability of the content of an ontology, and more efficient management for
large ontologies and associated knowledge bases. DL approaches provide better
reasoning capabilities and new knowledge inference from explicitly defined
knowledge. We therefore suggest that, rather than extending either formalism to try to
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cover all desirable functionality, a hybrid system, where the database component and
the logic component would cooperate, each one performing the tasks for which it is
best suited, might be the most promising solution for semantically rich information
management, in particular semantic web information services. It seems obvious to us
that, for instance, ontology description services should rely on conceptual data
models, while ontological consistency services and incomplete information handling
should be performed using description logics reasoners.
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Abstract. Metadata is the foundation of Semantic Web. The MetaData Pro
project seeks to build a metadata processing platform for web resource. The
system architecture has three key components-- Metadata Extraction, Ontology
Management, and Metadata Retrieval. The system can automatically extract
metadata about web resource: if the web resource itself contains metadata,
extracts them; otherwise, automatically generates the metadata for the resource
according to Dublin Core by applying automatic keyword extraction and text
summarization techniques. To manage the metadata, MetaData Pro integrates
Protégé to create domain ontology, makes use of HowNet to help ontology
construction, and provides an ontology-based metadata retrieval.

1 Introduction

Semantic Web has complex hierarchy based on XML and RDF, in which metadata
plays an important role. Metadata, the data about other data, most commonly refer to
the descriptive information about Web resources in the web-age term. The web
resource metadata can serve a variety of purposes, such as identifying a resource that
meets a particular information need, evaluating resources suitability for use,
intelligent browsing, Agent based web service, and so on. Metadata can provide the
unstructured data with structures or semi-structures.

Currently many metadata languages have been developed for indexing web
information resources with knowledge representations (logical statements) and storing
them in web documents [1], for example, the Dublin Core[2], the PRISM[3], XMP[4],
IMS Metadata[5], V-Card[6] and so on. The metadata in the web is tremendous and
grows quickly. Some of them are contained in web resources such as in html, PDF,
JEPG files, and some stand alone as presented in XML files. So it is important to
manage them efficiently, which includes extracting and collecting them from various
web resources, storing them in uniform representation, and identifying them for
particular use.

The MetaData Pro is a platform developed for processing metadata in web
resources. Its significant feature is to link the metadata extraction, Natural Language
Processing (NLP) and ontology together to achieve continuous metadata information
processing. The extraction tool searches online documents and extracts metadata
contained in them, or automatically generates the metadata for the resource according
to Dublin Core by applying automatic keyword extraction and text summarization
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© Springer-Verlag Berlin Heidelberg 2004
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techniques. It stores various metadata in RDF [7] and provides the uniform accessing
methods. To manage the metadata, MetaData Pro integrates Protégé to created
domain ontology and enhanced the metadata retrieval with ontology-based term
expansion mechanism. To facilitate the ontology creation, we build a tool to extract
ontology from HowNet -- a Chinese-English bilingual knowledge dictionary [8].

In the rest of this paper, we will first give an overview on the architecture of
MetaData Pro. After that, we will present its three key components -- Metadata
Extraction, Ontology Management, and Metadata Retrieval. Finally, we will
summarize the work and give the way ahead.

2 Architecture of MetaData Pro

MetaData Pro’s architecture (see Fig. 1) comprises three key components: Semantic
Metadata Extracting, Ontology Management, and Metadata Retrieval. At first, the
web resources (including various file types: html, xml, PDF, JEPG...etc) are collected
by a spider. The Semantic Metadata Extraction tool gleans metadata from the
obtained resources and passes the information to the Metadata Base (MB) and stores
the data in the RDF triple model. The Ontology Management tool provides ontology
editing by using Protégé [9]. The ontologies outputted by Protégé are stored in the
Knowledge Base (KB) in RDF model also. The Metadata Retrieval tool accepts user
requests expressed in ontology vocabulary which is converted to a RDF query using a
calculating engine on the Knowledge Base and retrieval the satisfied metadata in MB.
All the tools are integrated into Protégé as plugins.

Semantic Metadata
Extraction

Metadata Retrieval

Ontology Management

Fig. 1. Architecture of MetaData Pro

2.1 Metadata Representation

Although MetaData Pro is aimed to manage various widely used metadata such as
Dublin Core, PRSIM and XMP, it in fact can extract more metadata other than these
types. All the metadata satisfying one of the following conditions can be extracted
automatically by MetaData Pro:

¢ The metadata is contained in html files and expressed as “<META>"tags.

e The metadata is contained in html files and expressed as embedded RDF content.

¢ The metadata is contained in xml files using RDF/XML.
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¢ The metadata is contained in files (PDF, JEPG,..., etc) satisfying XMP standard.

In fact, Metadata Pro is sensitive to the expressing way of metadata rather than the
metadata vocabulary itself. For a kind of metadata other than the above three types, if
it is contained in web resources in the ways listed above, it can be fully processed by
MetaData Pro. Moreover, even the expressing way changed, we can add a new
extractor to capture it conveniently.

Metadata can be expressed fairly differently in various resources. A unified
representation form is needed. RDF provides a framework for metadata. All the
extracted metadata can be converted to RDF model and stored in database.

In MetaData Pro, both the metadata and knowledge (ontologies) are all expressed
in RDF model. The storing of RDF data has two solutions: one is the RDF specified
database, such as Guha’s RDFDB [10]; the other is to store RDF in relational
database. To achieve more scalability, we choose the later way to store both the MB
and KB RDF data. To manipulate these RDF data, we apply Jena [11] to provide
query language--RDQL, a query language for RDF.

2.2 Modules

The Semantic Metadata Extraction searches online documents and extracts metadata
from Web resources in two ways: if the web resource contains metadata, it extracts
them directly; if doesn’t, it will automatically generate the metadata for the resource
according to Dublin Core. When generates metadata, some are obtained with the help
of HTTP and html parsing, such as Identifier, Format, Date and Title; some is
obtained by applying automatic keyword extraction and text summarization
techniques, such as Subject and Description.

MetaData Pro uses Protégé to create the domain ontologies. Protégé is a graphical
tool for ontology editing and knowledge acquisition that we can adapt to enable
conceptual modeling with new and evolving Semantic Web languages[9]. To
facilitate the ontology creation, we build a tool to extract ontology from HowNet -- a
Chinese-English bilingual knowledge dictionary. The concepts are converted from the
lexicon entry and related according to its semantic definition and the sememe
hierarchy. The ontologies are stored in KB in RDF model also.

To retrieve metadata, user requests can be expressed in the query language, which
is defined as a logical expression augmented with ontology vocabulary and operators.
The query expression will be converted to a RDF query using a naive calculating
engine on the KB. The calculating engine provides an ontology-based term expansion
mechanism. At last Jena will do the RDF query and return the satisfied metadata.

3 Metadata Extraction

Currently more and more metadata are now contained in the web resources to index
web information resources with structured or semi-structured representations. There
are many tools can help people to add metadata while creating web resources, for
example, Adobe has integrated the XMP framework into Adobe Photoshop, Acrobat,
FrameMaker, GoLive, InCopy, InDesign, Illustrator, and LiveMotion. So the
resources produced by these tools, such as HTML, XML, PDF, JEPG files and so on,



MetaData Pro: Ontology-Based Metadata Processing for Web Resources 37

will contain metadata to describe the resources itself. For the metadata contained in
these web resources, MetaData Pro can extract them according to their corresponding
expression methods.

However, as Semantic Web is still on its way, there are great amount of available
web resources not annotated with metadata, so these resources will not be managed in
the Semantic Web frame. There is a strong need to develop tools to automatically
generate metadata for these resources. With the help of these tools, most of the web
resources without annotated metadata can be shifted to Semantic Web frame, as well
as the generated metadata will give the resources more structured descriptive
information. Of course, these tools must be designed according to certain metadata
standard. In MetaData Pro, Dublin Core is taken as the annotated standard for the
generated metadata.

3.1 Extract Metadata from Web Resources

The metadata standards define the vocabulary used to describe the metadata, but its
expression way may vary from file types to types. For each expression way, there
should be a corresponding extractor.

e For the metadata contained in html files, if the metadata is expressed as
“<META>" tags, the extractor will produce the RDF triple statements by adding
the URL of the web document as the Subject and convert the Name-Content pairs
contained in <META> tag to the Predicate and Object of RDF triple.

o For the metadata contained in html files, if the metadata is expressed as embedded
RDF content, the extractor also produces the RDF triple statements by converting
the value of rdf:about attribute to the Subject, and other attribute-value pairs to the
Predicates and Objects of RDF triple.

o If the metadata is contained in xml files using RDF/XML, the extractor treats this
case just as the above one.

e [f the metadata is contained in web resource files, such as PDF, JEPG and so on,
satisfying XMP standard, the extractor will first scan the document to locate the
metadata according to the XML Packet format defined by XMP, and then convert
the RDF/XML metadata to RDF triple statements.

All the extracted metadata is converted to RDF triple statements and stored in the

MB through Jena.

3.2 Automatically Generate Metadata for Web Pages

As Semantic Web is still on its way, there is a strong need to develop tools to generate
metadata for the annotated web resources. Metadata Pro provides the feature to
generate metadata for the web pages (HTML, XML) not annotated with metadata,
taking Dublin Core as the annotated standard for the generated metadata. Thus these
resources can be shifted forward to Semantic Web frame.

Dublin Core is widely used as the vocabulary to describe the information about
web resources. It defines a metadata element set consisted of 15 elements, some of
which can be generated according to HTTP header, some can be got by HTML
parsing, and some can be obtained by applying NLP techniques such as automatic
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keyword extraction and text summarization. Table 1 shows the generated metadata
element and how its value is generated.

Table 1. Generated metadata element and its value generating method

Element Value generating method
Identifier Using the URL of the page.
Format  Get from the content type in HTTP header.
Date Set to the created or last modified date of the page, got from HTTP
header.
Title Set to the text extracted from the <title> tag in the html page.
Subject  Set to the text extracted from the page by keyword extraction.
Description Set to the text extracted from the page by text summarization.
Creator _ Set to "Metadata Pro" indicating it is generated by the software.

3.3 Automatic Keyword Extraction and Text Summarization

According to the specification of Dublin Core, the Subject element is used to describe
the subject and keywords. Typically, a subject will be expressed as keywords, key
phrases or classification codes that describe a topic of the resource. The Description
element may include but is not limited to: an abstract, table of contents, reference to a
graphical representation of content or a free-text account of the content. Metadata Pro
applies the NLP techniques to generate the values of the Subject and Description:
using automatic keyword extraction to get the keywords from the document and using
text summarization to get the summary of the document.

In Metadata Pro, automatic keyword extraction and text summarization are closely
related. The former is the foundation of the later, as shown in Fig. 2.

o= A
[ o ]

[ Html Parsing H Keyword Extracting H Text Summarizing J

Fig. 2. The workflow of automatic keyword extraction and text summarization

The simplest way to extracting the keywords from a text is based on finding the
most frequent words in the text. The basic intuition underlying this approach is that
the most important concepts in the texts are likely to be referred to repeatedly, or, at
least, more frequently than minor concepts [12]. Although this basic intuition is
sensible, it is too simple to achieve our goal. In Metadata Pro, what we should do is to
extract keywords from the html page, which is marked with tags. Many tags have
certain semantic meaning which can give us the information about the structure of
document. Moreover, the location of each word in the text also brings different
implication for its contributes to the text [13].
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To improve the extraction and summarization, five factors have been considered:
¢ Word Processing: Metadata Pro is aimed to process web pages in both English and

Chinese, so the word processing is a little trouble. For English pages, stemming is

requested when break the text into words, while for Chinese, the sentences should

be segmented into words because there is no blank between the words as English
do. Segmenting is an important technology for Chinese text processing.

e Stop words: the words appear in most document frequently should not be the
candidates, that is to say the stop words should be filtered out.

¢ Frequency: the most frequent words in the text tend to be the keywords candidates;
the sentences containing most keywords candidates tend to be in the summary.

e Location: the location of each word in the html document should be given different
weight. For example, the text appear in TITLE tag and sub title tags (H1~H6) will
certainly convey more important meaning of the document than general text. Also
sentences in different position play different roles in the meaning expression. It is
reported that about 85% topic sentences appear at the begin of the paragraph as
well as about 7% topic sentences is the last one of the paragraph. Here we consider
the following locations: title, sub title, begin of paragraph, end of paragraph,
middle of paragraph, first paragraph, last paragraph and so on, each of these
locations is associated with a weight w, (where [ indicates different location).

e Length of the document: we can set the number of keywords to, for example 5 or
10(5 is default in the system), but it is improper to fix the number of sentences in
summary, because the lengths of web pages vary greatly. It is more rational to set
the ratios of the summary compare to the total document. The ratio is user-defined,
which is set as 10% in default.

Now we can give the keyword extraction and text summarization methods.
Metadata Pro first parses the html files, scans the text to recognize the word. For
English text, it stems each word; for Chinese text, it segments the string into words
using Longest-Match method [14]. Then the stop words should be filtered out. Then
we can calculate the weight for each word as follow: for each word i, its weight is

WordWeight, = Zw, *N, ¢Y)
1

where w, is the associated word weight of the location /, N, is the occurrence
frequency of word i in the location [ in the total document. So WordWeight, is the
weight of word i to the document. The words with top 5 weights are taken as the
keywords of the document.

After calculating the weight for each word in the document, we can produce the
summary as follows: for each sentence i in the document, calculate its weight as,

SentWeight, =z WordWeight, +s, )]

J

where WordWeight, is the weight of word j in the sentence calculated as formula (1),
5, is the associated weight of the sentence’s location [, So SentWeight, is the weight of
sentence i to the document. The sentences with top N weights are taken as the
summary of the document, where N = the ratio of summary * (the number of
sentences in the document). The selected sentences are arranged according to their
original order of their occurrence in the document. Of course, the reduplicate
sentences must be deleted.
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4 Ontology Management

4.1 Using Protégé-2000

Protégé [9] is an extensible, platform-independent environment for creating and
editing ontologies and knowledge bases. It is a tool which allows the user to construct
the domain ontology, customize data entry forms and enter data. It is also a platform
which can be extended with graphical widgets for tables, diagrams, animation
components to access other knowledge-based systems embedded applications.
Protégé can also be a library which multiple applications can share to access and
display knowledge bases.

Metadata Pro fully takes these advantages of Protégé by applying it in two ways:
o Using it as a visual tool to construct domain ontology.
e Taking it as an integrated platform for metadata extraction and retrieval tools.

4.2 Extract Ontology from HowNet

Knowledge acquisition is always the bottleneck of AI applications. Before the
Semantic Web becomes practical and useful, there is a critical barrier we must
breakthrough -- large-scale ontology construction. Two main approaches can aid this
work [15]. The first one facilitates manual ontology engineering by providing natural
language processing tools, including editors, consistency checkers, mediators to
support shared decisions, and ontology import tools, such as Protégé. The second
approach relies on machine learning and automated language-processing techniques
to extract concepts and ontological relations from structured and unstructured data or
text such as OntoLearn. The later approach causes more and more research interest.
There are many machine readable structured resources, for example, various lexicons
or dictionaries, such as WordNet which used in many works related to ontology [15].
Metadata Pro makes use of HowNet, a Chinese-English bilingual knowledge
dictionary to help ontology construction.

HowNet is an on-line common-sense knowledge base unveiling inter-conceptual
relations and inter-attribute relations of concepts as connoting in lexicons of the
Chinese and their English equivalents [8]. It has been widely used to support semantic
analysis [16]. As a knowledge base, the knowledge structured by HowNet is a graph
rather than a tree. It is devoted to demonstrate the general and specific properties of
concepts. In HowNet, every concept is an entry, comprising four items which are all
made up of two portions joined by the “=" sign. The left hand side of the “="" sign is
the data field, while the right hand side is the data value. The items are arranged as:

W_X= word / phrase form

G_X = word / phrase syntactic class

E_X = example of usage

DEF = concept definition

Now the dictionary provide both Chinese and English knowledge, so here X can be
either Chinese(C for short) or English (E for short). For example, Fig. 3 shows the
entries for the concept doctor, hospital, invalid and patient:
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PO =095750 INCY =095768

W _E=doctor W_E=hospital

G E=N G E=N

E F= W C=ER

W C=E4£ FE_E=

G =N i C=N

F (= E (=

IDEF=human| A Zoccupation| BR 7 *cure| E| [DEF=InstitutePlace|3% 87 docure| £ 15, 2dizease| &
76 .medical|E [A.medical E

MO =006404 INO.=006405

[W_E=invalid W_E=patient

G _E=N G_E=N

E E= E F=

W_C=H A WoC=f A

G_C=N G_C=N

E = E_C=

DEF=human| A ,*SufferFrom| f& 8 $cure| E 15 | DEF=human| A *SuffeFrom| f& B Scure] E 75 |
Hmedical|EE undesired| 3% f’#llledi cal|EE undesired|3

Fig. 3. Entries for the concept doctor, hospital, invalid and patient in HowNet

The entries numbered as 006404 and 006405 has the same DEF, both of them

express the same concept which can be express in Chinese as word "JAA and
“patient” or “invalid” in English. In both languages, its syntactic classes are all N
which means noun. The most important part of every concept entry is DEF, which
should include at least one feature expressed in sememe (the basic semantic unit in
HowNet) and the first item in the DEF is the main feature. DEF also can express the
relations between the concepts by specifying event role information. As shown in the
example, expression "#medical[l2" means the concept is co-relation to the concepts
whose DEF contain the "medical||E" feature. Here, symbol *, $, @ and # are relation
marks. The relations represented by them are shown in Table 2.

Table 2. Relations represented by the marks

Symbol Relation
A agent-event
$ patient-event
# concepts co-relation.
@ location-event

The sememe system in HowNet is organized in Hypernym-Hyponym hierarchy.
Fig. 4 gives a brief view of it. Together with the event role relationship expressed in
DEF, there will be 16 relations between the concepts in HowNet, such as Hypernym-
Hyponym, synonym, antonym, part-whole, agent-event, instrument-event and so on.
So the concepts in the dictionary are connected as a network by those relations (this is
why the dictionary is called HowNet). It should be note that, the relations between the
concepts are not directly at concept level but established on sememe system. So if we
want to extract ontology from the dictionary, we must infer from the DEF, using the
sememe features and relation marks defined in it.
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Fig. 4. A brief view of sememe hierarchy

To extract ontologies, there are two tasks:

¢ Extract concepts. In HowNet, different entries can represent the same concept,
these entries has the same DEF, for example, the entries of invalid and patient in

Fig. 3. We must first group the entries into concepts by the DEF.

o Extract the relations between concepts.
implied by main features of concepts. For example, the DEF of concept figer is

"beast|$%", and the concept mammal is defined as "AnimalHuman[’-?b%", from
the sememe hierarch shown in Fig. 4, we can create a Hypernym-Hyponym
relation between the mammal and tiger. The event role relationships expressed in
DEF can also bring relations between concepts. As a more complex example, the

concepts and their relations extracted from the entries shown in Fig. 3 are:

In Fig. 5, the nodes (drawn as ovals) represent concepts and arcs represent named
properties or predicate or relations. Nodes that represent string literals will be drawn
as rectangles. The word in ovals nodes is just a label of the concept, while the words
expressing the concept in English and Chinese are set as the value of corresponding

Fig. 5. The concepts and relations extracted from Fig. 3

properties (such as the English and Chinese relations).

The extracted ontologies are stored in KB in RDF model. The ontologies in KB
can be used to express the metadata query, which is defined as a logical expression

augmented with ontology vocabulary and operators.

The Hypernym-Hyponym relation is
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5 Metadata Retrieval

5.1 Concept-Based Retrieval

Current information retrieval tools mostly are based on keyword search, which is
unsatisfied because of its low precision and recall. However, if we consider the query
words as concepts rather than literals, then we can retrieve relevant documents even if
they do not contain the specific words used in the query. Recently concept-based
information retrieval tools have been developed in both academic and industrial
research environments, even some of them offer search facilities for the web [17].

In Metadata Pro, metadata itself is a retrieval object, for example, the value of the
RDF statement is often been queried. In fact the metadata retrieval is quite like
general text information retrieval for the metadata itself is text.

For concept-based information representation and retrieval, the key issue is how to
represent the concepts. Most works treat concepts as thesaurus, some also use co-
occurrences of words to present concept related words [17]. We think all these
methods are reasonable but they need and could be used synthetically rather than
individually. Ontology may be the integrated bed to represent the knowledge. As
shown in Fig. 5, the words representing the same concept can be described as the
properties of the concept. Moreover all different relations of words can be represented
in the ontology by the means of concept-properties model. So in Metadata Pro, we
implement concept-based retrieval by using ontology to express the user query
request. A query language is designed based on the common logical expression
augmented with ontology vocabulary and operators.

Query request Query request in Query

1n concepts Calculating keywords Keyword result
= Enging ~ f—————"2 Match ———"5

Fig. 6. The workflow of metadata query

5.2 Query Language

In Metadata Pro, the metadata retrieval tool consists of a query language and a
calculating engine. With the query language, query request will be represented in the
concepts or relations described in KB. This request will be converted to the final
search request — Boolean expression on keywords, by the calculating engine using
ontologies from KB. At last, the keyword match is run on metadata, and the related
data will be fetched out (Fig. 6).

Because all the metadata is stored in RDF triples, the retrieval request can specify
both the Predicate and Object, that is to say, user can specify both the Predicates to
indicate the search scope and the criteria which the Object value should match:

Predicate = <Predicate List>

Object = <Criterion-expression>
where <Predicate List> specifies the Predicate set, and <Criterion-expression> is
defined as:
<Criterion-expression > ::= < Item > | <Criterion-expression > or <Item >
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<Item> ::= < Factor> | <Item > and <Factor >

<Factor> ::= <Criterion-expression>)|<Ontology-factor>| not <Criterion-expression >

<Ontology-factor> ::= <Concept> | literal | relation (<Ontology- factor >)

<Concept> == class | instance
The bone of the query language is based on the common logical expression, but the

basic <Factor> has been augmented with ontology vocabulary and operators. The

<Factor> can be concepts, literals (keywords) and relations.
When the query request in concept is converted to query request in keywords, the
ontology vocabulary and operators in the query will be interpreted as below:

e First, calculating the relation(<Ontology-factor>) sub expression, it will be
interpreted as the classes or instances which have the relation with the concept
represented by <Ontology-factor>. Repeat the step until all the relations have been
calculated. Now ontology vocabulary in the query is just classes, instances or
literals (keywords).

e Secondly, all the classes and instances in the query will be replaced by the labels of
the class and instance.

e Till now, the query is converted to common Boolean expression on literals
(keywords), which can be processed by Jena’s RDQL to retrieval RDF data.
Taking the ontology in Fig. 5 as example, if the query request is to find the

metadata whose object value matches the class patient, the request can be refined and

described in the query language as follow:
Predicate = *
Object = English ({ patient}) or Chinese ({ patient})

where { patient } means the concept patient, and the query means to search all the

predicate types and find the triples whose Object contains words “patient” or “invalid”

or "JAA" This example demonstrates that with the query language, both thesaurus
based and cross language search can be implemented on the ontology representation.
Of course, more complex criterion expressions can be constructed, even related
concepts retrieval can be implemented by using the relations between the concepts to
specify the user query.

6 Conclusion

Metadata plays an important role in Semantic Web. The MetaData Pro is a platform
for the processing of web resource metadata. It provides metadata extraction,
ontology management, and metadata retrieval. The MetaData Pro project links the
metadata extraction, NLP and ontology together to achieve continuous metadata
information processing. The system has been implemented on the base of Protégé-
2000. Protégé-2000 itself is used to construct ontologies. Both KB and MB are stored
in RDF triples in relational database. A bridge has been developed to link the Protégé-
2000 and RDF database by applying Jena. Both the metadata extraction and retrieval
modules have been integrated into Protégé as its plugin tables.

We will develop more powerful and sophisticated technology. This problem can
also lead to an important work--information structuralization. Metadata is normally
understood to mean structured data about various resources that can be used to help
support a wide range of operations, so it can be undertaken the responsibility to
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structure web information. We plan to further investigate and develop tools to
improve the structural extent of web information by converting them into high quality
metadata.
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References

1. James Mayfield and Tim Finin: Information retrieval on the Semantic Web: Integrating
inference and retrieval. SIGIR Workshop on the Semantic Web, Toronto, 1 Aug. (2003)

2. Dublin Core Metadata Element Set 1.1: Reference Description,
http://dublincore.org/documents/dces/

3. PRISM Specification, http://xml.coverpages.org/prismv1b.pdf

4.  ADOBE XMP.
http://partners.adobe.com/asn/developer/xmp/pdf/MetadataFramework.pdf.

5. IMS Learning Resource Meta-data Specification.
http://www.imsglobal.org/metadata/index.cfm

6. vCard: The Electronic Business Card, http://www.imc.org/pdi/vcard-21.txt.

7. Resource Description Framework Model and Syntax Specification,
http://www.w3.org/TR/REC-rdf-syntax

8. HowNet. http://www.keenage.com/

9.  Natalya F. Noy, Michael Sintek, Stefan Decker, Monica Crubézy, Ray W. Fergerson, and
Mark A. Musen. Creating Semantic Web Contents with Protégé-2000. IEEE Intelligent
Systems, March/April (2001)

10. R.V.Guha. rdfDB : An RDF Database. http://www.guha.com/rdfdb/

11. Jena?2 - A Semantic Web Framework. http://www.hpl.hp.com/semweb/jena.htm

12.  Paolo Tonella, Filippo Ricca, Emanuele Pianta and Christian Girardi. Using Keyword
Extraction for Web Site Clustering. Proc. of WSE 2003, 5Sth International Workshop on
Web Site Evolution, Amsterdam, The Netherlands, September 22 (2003)

13. H.P.Edmundson. New Methods in Automatic Extracting. Journal of the ACM, Vol. 16(2)
(1969)

14. Kaiying Liu. Chinese Text Segmenting and Tagging. Beijing, the Commercial Press
(2000)

15. Roberto Navigli and Paola Velardi. Ontology Learning and Its Application to Automated
Terminology Translation. IEEE Intelligent Systems, January/February (2003)

16. Xuan Qi, Ting Wang and Huowang Chen. Research on the Automatic Semantic Tagging
Method. Journal of Chinese Information Processing, Vol.15, No.3 (2001) 9-15

17. H-M. Haav and J. F. Nilsson. Appr.ches to Concept Based Exploration of Information

Resources. In: W. Abramowicz and J. Zurada (eds.): Knowledge Discovery for Business
Information Systems. Kluwer Academic Publishers (2001) 89-109



Service-Oriented Semantic Peer-to-Peer Systems

Peter Haase, Sudhir Agarwal, and York Sure

Institute AIFB
University of Karlsruhe, Germany
{haase, agarwal, sure}@ifb.uni-Kkarlsruhe.de

Abstract. In Peer-to-Peer data sharing systems, peers typically play equal roles
and have equal capabilities. From the service perspective, peers provide a single
service. For this reason, there is no need to explicitly model services. We argue,
that for knowledge sharing systems, we need an effective combination of the
capabilities of the peers both in terms of the services as well as the content they
provide. In this paper we present an approach for modeling peers with content and
service capability descriptions that allows a decentralized discovery and selection
of peers. We show instantiations for various kinds of bibliographic services that are
realized in the Bibster system, a semantics-based Peer-to-Peer system for sharing
bibliographic metadata.

1 Introduction

Technology for knowledge sharing nowadays benefits from a number of recent research
topics such as Semantic Web, Web Services and Peer-To-Peer. We aim at the convergence
of these technologies for effective support of knowledge sharing in a distributed manner.
Before presenting the outline for the remainder of this paper we motivate potential
benefits of combining these three core technologies.

Peer-to-Peer networks allow peers (nodes) in the network to directly exploit re-
sources available at other nodes without intervention of a central server. Nodes may join
and leave the network in an ad-hoc manner. The advantages of Peer-to-Peer architectures
over centralized approaches have been well advertised, and to some extent realized in
existing applications: no centralized server (thus avoiding a bottleneck for both compu-
tational performance and information update), robustness against failure of any single
component, scalability both in data-volumes and the number of connected parties. How-
ever, besides being the solution to many problems, the large degree of distribution of
Peer-to-Peer systems is also the cause of a number of new problems: The lack of a single
coherent schema for organizing information sources across the Peer-to-Peer network
hampers the discovery of resources and formulation of requests. Further, request rout-
ing and network topology (which peers to connect to, and which peers to send/forward
queries to) are significant problems.

The research community has recently turned to the use of Semantic Web tech-
nologies in Peer-to-Peer networks to alleviate these problems. “The Semantic Web is
an extension of the current web in which information is given well-defined meaning,
better enabling computers and people to work in cooperation” (cf. [1]). The key enabler
for the Semantic Web is the need of many communities to put machine-understandable

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 46-57, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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data on the Web which can be shared and processed by automated tools as well as by
people. Machines should notjust be able to display data, but rather be able to use it for
automation, integration and reuse across various applications.

The combination of Semantic Web and Peer-to-Peer technologies, i.e. the use of
semantic descriptions of datasources stored by peers and indeed of semantic descriptions
of peers themselves, is claimed to help in formulating queries in such a way that they
can be understood by other peers, in merging the answers received from different peers,
and in directing queries across the network. In particular, the use of ontologies and of
Semantic Web technologies in general has been identified as promising for Peer-to-Peer
systems [2], [3], [4] and first approaches exist on how to engineer ontologies in such
dynamic environments [5].

However, so far both Semantic Web and Peer-to-Peer technologies were aiming for
static information, in contrast to dynamic services. On the other hand, Web Services
can be seen as a new programming paradigm for distributed systems. They include a
bundle of technologies such as descriptions of interfaces, properties of implementations
of these interfaces, descriptions of data exchange formats and data exchange quality as-
pects, registry of components, composition of components and security aspects during
exchange of components. In a nutshell, web services are software objects which can
be assembled by using standard protocols to perform functions or execute business pro-
cesses. Semantic Web Services are expected to allow automatic Web Service discovery,
invocation, composition and interoperability, as well as execution monitoring.

In this work we are aiming at Semantic Peer-to-Peer Services. The potential of
the convergence of Peer-to-Peer, Web Service and Semantic Web technology is widely
accepted and has for example been outlined in [6]. Yet, so far there has been little
systematic effort in examining the intersection between Peer-to-Peer, Semantic Web and
Web Services. Among the challenges are the discovery of services and other resources
in a decentralized manner, the selection of peers to send request to, and efficient and
scalable routing of requests. In our work we focus on service discovery and selection
based on semantic descriptions of peers and their services.

We present a novel approach for modeling peer services, integrating semantic de-
scriptions of the peers in terms of their content and the services they provide (Section 2).
We instantiate the model for a set of bibliographic peer services. In Section 3 we demon-
strate how the discovery and matching is realized based on the semantic descriptions of
peers and their services. In Section 4 we present the architecture of Bibster, a semantics-
based Peer-to-Peer system, which has been extended for the explicit support of peer
services. We present related work in Section 5 and conclude with a summary and out-
look on future work in Section 6.

2 Peer Service Modeling

For the modeling of peer services, we follow a layered approach, as shown in Figure 1:
The model is based on the OWL-S model (top layer), which we extend with peer service
specific aspects (medium layer). Concrete peer services for a certain domain (bottom
layer) are modeled as extensions to the peer service layer. These three layers of service
modeling will be described in the following.
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2.1 Semantic Service Descriptions with OWL-S

We will first review the core modeling primitives of OWL-S. OWL-S consists of three
main parts, namely, Service Profile, Process Model and Grounding. Further, each service
is provided by a resource, which can be any type of actor. In the following, we give a
short introduction to each part and refer to [7] for details.

— Service Profile: The service profile describes, what a service does. The capability of
a service is represented as transformation from the inputs and the preconditions of
the Web service to the set of outputs produced and any side effects that result from
the execution of the service. Implicitly, service profiles specify the intended purpose
of the service, because they specify only the functionalities that the Web service is
willing to provide publicly. Service profiles are used for populating service registries,
for automated service discovery, and service selection. From a service profile one
can derive service advertisements and service requests.

— Process Model: The OWL-S Process Model provides a more detailed view of the
Web service than the profile by showing a (partial) view of the workflow of the
provider. The process model allows the requester to verify whether the interaction
with the provider leads to the results that were declared in the profile. The process
model is used for planning, composition and monitoring the execution of services.

~ Grounding: The role of OWL-S grounding is to separate the abstract information
exchange described by the process model from the implementation details, mes-
sage format and so on. The OWL-S grounding is responsible for mapping atomic
processes into WSDL operations in such a way that the execution of one atomic
process corresponds to the invocation of an operation on the server side. In addition,
the grounding provides a way to translate the messages exchanged into OWL-S
classes and instances that can be referred to by the process model.

2.2 Peer Service Extensions

In our peer service model, the peers are the resources that provide peer services (c.f.
Figure 1). In our work, we focus on the peer service discovery and selection process.
Therefore, the most relevant part of the peer service description is the peer service profile,
as the discovery and selection process will be based on it. The peer service profile extends
the service profile of OWL-S'.

Another important extension is the explicit modeling of expertise of the peers. An
expertise description is an abstract, semantic description of the local knowledge base of
a peer based on the shared ontology. This shared ontology can for example be a topic
hierarchy of a particular domain. In this case, the expertise description would contain
references to topics that the peer is knowledgeable about. While the expertise describes
the content available on the peer, the peer services describe an operational dimension.
These dimensions are orthogonal: Different peers might provide the same operations, but
have distinct expertise. Analogously, peers might have the same expertise, but provide
different services.

"The definition of peer service process models with the goal of service composition is beyond
the scope of this paper (see future work). For the service grounding we rely on the mechanisms
provide by the WSDL grounding of OWL-S.
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Fig. 1. Peer Service Ontology

2.3 Bibliographic Peer Services

We will now explain how peer services are modeled in our particular application scenario
of a bibliographic Peer-to-Peer systems: Bibster [8] is a semantics-based Peer-to-Peer
system for exchanging bibliographic data among researchers. As a typical Peer-to-Peer
data-sharing systems, the Bibster system initially only provided one type of service:
processing search request. However, for our bibliographic Peer-to-Peer system many
more types of services are conceivable, some of them have already been realized in the
Bibster system:

— Query Service: The query service is the service that is prominent in all Peer-to-Peer
data sharing systems, although it may not explicitly modeled as a services. A query
service returns a set of relevant results that match a query specification provided in
some query language.

— Retrieval Service: Based on the results of the query service, which in our system only
provides metadata, it is possible to realize a service that retrieves the corresponding
full texts.

— Classification Service: This classification service may be based on the metadata,
which potentially includes an abstract, or on the full text of the publication.

— Recommendation Service: The availability of a peer profile (incl. expertise model,
etc.) allows to define services that proactively recommend bibliographic metadata
based on these profiles. [9] presents a set of recommendation services based on
content and usage information.

—~ Transformation Service: There are many different standards for the representation
of bibliographic metadata. This requires services that are able to transform instances
between these various representations.
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In the following, we will explain one of these services — the QueryService — in detail.

Example 1 (Service Profile). The functional description of the peer service is described
by its peer service profile in terms of the inputs required and the outputs produced. The
function of the QueryService is to evaluate a given query — specified in a particular query
language — against a knowledge base, and to return the corresponding query results, as
shown in the following OWL-S fragment:

<PeerServiceProfile rdf:ID="Profile_Query_Service">
<profile:input>
<profile:ParameterDescription rdf:ID="Query">
<profile:restrictedTo rdf:resource="&xsd;#string"/>
</profile:ParameterDescription>
</profile:input>

<profile:input>
<profile:ParameterDescription rdf:ID="Language">
<profile:restrictedTo rdf:resource="RDFQueryLanguage"/>
</profile:ParameterDescription>
</profile:input>

<profile:output>
<profile:ParameterDescription rdf:ID="Result">
<profile:restrictedTo rdf:resource="RDFQueryResult"/>
</profile:ParameterDescription>
</profile:output>
</PeerServiceProfile>
The query is represented in the profile as input parameter of type Stri ng. The query
language, represented by the input parameter Language, is restricted to be of type
ROFQuer yLanguage, for which there may be various specific more specific types. For
example, the Sesame RDF store used in the Bibster system supports SeRQL and RDQL:

<rdfs:Class rdf:ID="SeR(QLQueryLanguage">
<rdfs:subClass0f rdf:resource="RDFQueryLanguage"/>
</rdfs:Class>

<rdfs:Class rdf:ID="’RDQLQueryLanguage">

<rdfs:subClassOf rdf:resource="RDFQueryLanguage"/>
</rdfs:Class>
Analogously, the query result has to be of type RDFQuer yResul t, for which there may
be more specific representations. For example, Sesame allows to return query results
either as an RDF graph or as tuples:

<rdfs:Class rdf:ID="GraphQueryResult">
<rdfs:subClass0f rdf:resource="RDFQueryResult"/>
</rdfs:Class>

<rdfs:Class rdf:ID="TupleQueryResult">
<rdfs:subClass0f rdf:resource="RDFQueryResult"/>

</rdfs:Class>

For the satisfying execution of these requests, it is not sufficient that the peers pro-
vide a requested service. For example, a peer may very well be able to execute a query,
but if it does not have the appropriate expertise, it may simply return an empty re-
sult set. Analogously, the recommendation service may return (subjectively) irrelevant
recommendations, if the expertise does not match that of the service provider.

We therefore also provide a model for expertise. For the bibliographic domain, we
use a topic hierarchy — the ACM classification scheme” — as the basis of our expertise

% http://www.acm.org/class/1998/



Service-Oriented Semantic Peer-to-Peer Systems 51

model. It describes specific categories of literature for the Computer Science domain,
covering 1287 topics. The expertise of a peer is thus described by a set of ACM topics,
for which a peer provides classified instances.

Example 2 (Peer Profile). The following fragment shows the profile a peer whose ex-
pertise is on the ACM topics Information Systems and Artificial Intelligence.
<Peer rdf:ID="jxta:uuid-59616261646162614A78746150325033CD144F82DEDT4E">
<hasExpertise>
<ACMTopicExpertise>
<isAbout rdf:resource="kacm;#ACMTopic/Information_Systems"/>
<isAbout rdf:resource="kacm;#ACMTopic/Computing Methodologies/
Artificial_Intelligence"/>
</ACMTopicExpertise>
</hasExpertise>
</Peer>

3 Peer Service Discovery and Matching

A transaction in a typical web service scenario involves three parties: The requester,
the provider, and an infrastructure components such as registries for the discovery and
matchmaking between providers and requesters.

In Peer-to-Peer applications however, peers typically have equal roles, such that each
peer can act as both provider and requester. Furthermore, in completely decentralized
Peer-to-Peer systems, there may be no infrastructure component such as a centralized
registry for the matchmaking between capability descriptions and requests. In this sec-
tion, we will present a completely decentralized approach for the discovery and matching
between providers and requesters. This approach does not only consider service capa-
bilities in terms of the service profiles for the selection, but also involves the profile of
the peers in terms of their expertise.

For the peer service discovery and matching we extend our model of expertise-based
peer selection presented in [10]. In this model, peers use a shared ontology to advertise
semantic descriptions of their expertise in the Peer-to-Peer network. In the following we
will present the model with its extensions for service matching.

3.1 Advertisements

Advertisements are used to promote semantic descriptions of peer (according to the
peer service model presented in the previous section) in the network. An advertisement
thus associates a peer with an expertise and a service capability description. Every peer
maintains its own local registry of advertisements. Peers decide autonomously, without
central control, whom to promote advertisements to and which advertisements to accept.
This decision can for example be based on the semantic similarity between expertise
descriptions.

3.2 Matching and Peer Selection

During the process of peer selection, the specification of a request is matched against
the available capability descriptions known from the advertisements stored in the local
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registry of the peer. The matching is performed in two steps: In a first step — service
profile matching — a set of peers is selected that are able to perform the requested service
based on their advertised service profiles. In a second step — expertise-based matching —
the potential peers are then ranked based on how well their expertise matches the subject
of the request. The peer selection algorithm returns a ranked set of peers, where the rank
value is equal to the similarity value provided by a similarity function. Therefore, peers
that have an expertise more similar to that of the subject of the request will have a higher
rank. From this set of ranked peers one can, for example, select the best n peers, or all
peers whose rank value is above a certain threshold.

Service Profile Matching. The matching process at the service profile level recognizes
a match between the advertisement and the request, when the advertised service could
be used in place of the requested service [11]. Operationally, this is correct when the
outputs of the advertisement are equivalent or more general than the outputs of the
request and when the inputs of the request are equivalent or more general than the inputs
of the advertisement. The matcher differentiates among exact match, plugln match and
subsumed match.

Suppose, in4q and ingeq represent the inputs of the advertisement and request
respectively, and out g4 and out geq represent their outputs. The matchmaker recognizes
an exact output match when out g4q = outgeq and an exact input match when in4q =
iNReq- A plugln match is recognized, when out4q J OUlgeq OF iNpey T inag. A
subsumed match is recognized when outgeq 1 out g4 OF i 4q T iNReq.

The three types of matching are scored as in the order: exact match > plugln match
> subsumed match > fail. Further, the matchmaker prefers output matches over input
matches, since a requester in general has better idea of what he expects from the service
than what the service needs from him.

Example 3 (Service Profile Matching). Consider the following service profile, which
is the specification of a request for a service that is able to take a query provides as
String in SeRQL (SeRQLQuer yLanguage) as input and returns the result as an RDF
graph (@ aphQuer yResul t):

<PeerServiceProfile rdf:ID="Profile_Query_Service_Request">
<profile:input>
<profile:ParameterDescription rdf:ID="Language">
<profile:restrictedTo rdf:resource="SeRQLQueryLanguage"/>
</profile:ParameterDescription>
</profile:input>
<profile:input>
<profile:ParameterDescription rdf:ID="Query">
<profile:restrictedTo rdf:resource="&xsd;#string"/>
</profile:ParameterDescription>
</profile:input>
<profile:output>
<profile:ParameterDescription rdf:ID="Result">
<profile:restrictedTo rdf:resource="GraphQueryResult"/>
</profile:ParameterDescription>
</profile:output>
</PeerServiceProfile>

When matching this service request against the capability description from Example
1, we see that the input parameter QuUer y matches exactly. The input parameter Language
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in the request is less general than in the advertisement. Hence, the matcher will detect
an input subsumed match. The output parameter Resul t in the request is also less
general than in the advertisement. Hence, the matcher will detect an output plugln
match. Consequently, the capability description would qualify to process the request.

Expertise-Based Matching. After we have in the first step filtered out the set of peers
that are able to process a service request, in the second we try to select those peers
that are likely to provide satisfying responses. The expertise-based matching builds on
the idea that only those peers should be selected whose expertise is close to that of the
requested service. It employs a similarity function to match subjects against expertise
descriptions. A subject is an abstract description of a given service request expressed
in terms of the expertise ontology, e.g. the ACM topic hierarchy in the bibliographic
domain. The subject specifies the required expertise to process a request. For example,
for a query request, the subject is extracted from the query string.

The similarity function Sim : S x E — [0, 1] yields the semantic similarity between
a subject s € S and an expertise description e € E. An increasing value indicates
increasing similarity. If the value is 0, s and e are not similar at all, if the value is 1, they
match exactly.

For a topic hierarchy the similarity function S#mrepics can based on the idea that
topics which are close according to their positions in the topic hierarchy are more similar
than topics that have a larger distance. [12] have compared different similarity measures
and have shown that for measuring the similarity between concepts in a hierarchical
structured semantic network, like the ACM topic hierarchy, the following similarity
measure yields the best results:

. et M if t1 7é to
. . eBh L e—PBh )
stmTopic(f1, t2) = {1 " otherwise

Here [ is the length of the shortest path between topic ¢; and t5 in the graph spanned by
the SubTopic relation. h is the level in the tree of the direct common subsumer from t;
and 3. & > 0and # > 0 are parameters scaling the contribution of shortest path length
[ and depth A, respectively. Based on their benchmark data set, the optimal values are:
a=0.2,08=0.6.

Example 4 (Expertise Matching). Consider the following SeRQL query, which asks for
articles by Codd about the topic of Database Management:

construct {s} prop {val}
from
{s} <rdf:type> {<swrc:Article>};
prop {vall;
<swrc:isAbout> {<acm:ACMTopic/Information_Systems/Database_Management>};
<swrc:author> {x} <swrc:lastName> {"Codd"}
using namespace
swrc = <thttp://www.semanticweb.org/ontologies/swrc-onto-2001-12-11.daml#>,
acm = <!http://daml.umbc.edu/ontologies/classification#>

The extracted subject of this query according to the ACM topic hierarchy is Database
Management, i.e. an expert on that topic would likely be able to answer the query. The
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Fig. 2. Bibster System Architecture

peer selection tries to match this topic against the available expertise descriptions, and
might for example find that the closest match according to the similarity function is
the expert on the ACM topic Information Systems from Example 2. The query request
would be forwarded to this peer, which would then return the corresponding query result.
Furthermore, the peer might be linked to more peers who are experts on the requested
topic and might decide to forward the request accordingly. The requests can thus be
routed along the gradient of increasing similarity between the requested subject and
expertise of the peers.

4 Peer Services in the Bibster Architecture

In this section we describe how the peer service model presented in the previous sections
has been incorporated into the Bibster system architecture. Bibster’ [2] is an application
of the use of semantics in Peer-to-Peer systems, which is aimed at researchers that share
bibliographic metadata. Figure 2 shows a high-level design of the architecture of a single
node in the Peer-to-Peer system. We now present the individual components which reflect
the service-oriented aspects.

The Knowledge Sources in the Bibster system are the sources of bibliographic meta-
data, such as BibTeX files stored locally in the file system of the user. The Knowledge
Source Integrator is responsible for the extraction and integration of internal and external

3 http://bibster.semanticweb.org/
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knowledge sources into the Local Node Repository. This includes extracting expertise
descriptions from these knowledge sources, which are advertised as part of the peer
profile. The Local Node Repository provides the following functionality: (1) It serves
as storage for and provide views on the available knowledge, (2) it supports operations
on the available knowledge, such as query formulation and processing, and (3) it acts
as a local registry for peer service advertisements as the basis for peer service selection.
In the Bibster system, the Local Node Repository is based on the RDF-S Repository
Sesame [13]. Sesame supports various query languages, among them SeRQL, RQL and
RDQL, to formulate semantic queries against the Local Node Repository.

The task of the Informer is to proactively advertise the available knowledge of a peer
and the corresponding services in the Peer-to-Peer network and to discover peers with
knowledge and provided services that may be relevant for processing the user’s requests.
This is realized by sending advertisements about the expertise and service capabilities
of a peer. In the Bibster system, the expertise descriptions contain a set of topics that
the peer is an expert in and service descriptions as described in 2. Peers may accept —
i.e. remember — these advertisements, thus creating a semantic link to the other peer.
The Controller is the coordinating component controlling the process of handling and
distributing service request. It receives requests generated from the user interface or from
other peers. The controller initiates the processing of the requests locally and may decide
to distribute it further according to the specification of the service request, according to
the model of peer selection presented in the previous section. The User Interface user
interface allows the user to easily create service requests, e.g. to formulate queries. The
Communication Adapter is responsible for the network communication between peers.
It serves as a transport layer for other parts of the system, for sending and forwarding
service requests, such as queries. In the specific implementation of the Bibster system
we use JXTA as the communication platform. Services are invoked using regular SOAP
requests and responses which are encapsulated in JXTA messages.

5 Related Work

Various research projects address the use of semantics in Peer-to-Peer systems and have
implemented running prototypes: For example, Edutella (cf. eg. [14]) is a Peer-to-Peer
system based on the JXTA platform for the exchange of learning material. P-Grid [15]
is a structured, yet fully-decentralized Peer-to-Peer system based on a virtual distributed
search tree. It aims at providing load-balancing and fault-tolerance, assuming that peers
fail frequently and are online with low probability. However, as these systems focus on
sharing data, none of these systems explicitly address the explicit modeling of services.
On the other hand, the idea of capability based matching has been long known and
applied in the agent community[16]. Capability based matching has recently also been
applied for matching of Web Services, e.g. [17], [11]. However, none of these approaches
have considered specifics of Peer-to-Peer systems.

With respect to services on the bibliographic domain, the Open Archive Initiative
(OAl) is an attempt to achieve technical interoperability among distributed archives. Its
core protocol, the OAI Protocol for Metadata Harvesting (OAI-PMH), based on HTTP,
XML and the Dublic Core metadata scheme. The OAI-PMH assumes a separation be-
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tween data and service providers: A Data Provider maintains one or more repositories
(web servers) that support the OAI-PMH as a means of exposing metadata. A Service
Provider issues OAI-PMH requests to data providers and uses the metadata as a basis
for building value-added services. The OAI-PMH makes no attempt for semantic de-
scriptions of the capabilities of service providers in terms of services and content. In this
sense, the semantic descriptions proposed in our paper can be seen as complementary
to the OAI-PMH efforts.

[18] extends the idea of open archives with Peer-to-Peer concepts. There, data
providers, i.e. research institutes, form a Peer-to-Peer network which supports distributed
search over all the connected metadata repositories. In this architecture, there is no sep-
aration between data and service providers. This scenario is similar to our bibliographic
Peer-to-Peer scenario, however, their system has not been implemented up to this point.

6 Conclusion

The combination of semantics-based Peer-to-Peer systems with semantic services holds
great potential. In this paper we have presented a model for describing peers with their
content and services in an integrated manner. Key benefits of our approach include (i)
the decentralized discovery of resources in the Peer-to-Peer network based on semantic
descriptions and (ii) efficient and scalable peer selection (also based on semantic de-
scriptions). The peer service extensions to Bibster have partially been implemented at
the time of writing.

There are many directions for future work: So far we have only considered simple,
i.e. atomic, services. However, in a heteregeneous Peer-to-Peer systems, where peers
provide varying capabilities, it will be interesting to explore how complex requests can
be processed that require multiple to peers to fulfill a goal. For this composition of peer
services we will need extensions of the service process model to capture the specifics
of executing complex composite services in a Peer-to-Peer environment. Some work in
the direction of process-based integration of information sources has been done in [19].
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Abstract. Security is considered as a major driver for the success of E-Business,
especially in a business-to-business environment. Current research activities in
this area are conducted in European Union funded research projects, such as
TrustCoM putting an emphasis on the collaborative aspects of business processes
across administrative and trust domains. With respect to the tendency of business
partners to set up their own security islands, e.g. based on isolated Public Key
Infrastructures (PKIs), this development introduces a contradiction for collabo-
rative business process. Clearly expressed process related security requirements
across domains can not be met by domain specific security infrastructures. This
contribution explores the possibility to bridge the identified gap using semantic
relationships contributed by ontologies.

1 Introduction

1.1 Motivation

Current research in European Union funded research projects is focussing on electronic
business (e-business) in a business-to-business (B2B) setting. B2B is perceived in terms
of collaborating organizations, so called virtual organizations (VOs) being dynamically-
evolving virtual business entities. In a virtual organization different member entities,
such as companies, individuals or government departments, form a construct where the
participating entities pool resources, information and knowledge in order to achieve
common objectives. These objectives cannot be met by one or a subset of members
alone. It is envisioned that such VOs are self-managed spanning different administra-
tive domains enabling the on-demand creation of networks of collaborative business
processes. In B2B scenarios, security is clearly stated as a major requirement for the
success and acceptance of business processes being enacted across multiple administra-
tive domains [1]. A company participating in a VO still considers its business processes
as assets which must not be exposed to the outside world in an uncontrolled manner. The
outside worldis hereby seen as everything outside the company’s administrative domain,
e.g. the company intranet. Research in the area of secure business process enactment in
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VOs is for instance conducted in the TrustCoM' project. Security infrastructures as well
as the security mechanisms have to meet VO security requirements across the multiple
administrative domains spanned by the business processes. Such infrastructures are cur-
rently unavailable since security infrastructures are systematically deployed in a domain
specific fashion. Security infrastructures, even on multiple layers ranging from network
to application layer, were not meant to interact or collaborate across domains. Popular
examples are e.g. firewalls on the network layer, protecting per definition everything
outside a pre-set domain [2], considering everything outside as “evil” or Public Key In-
frastructures (PKIs) [3], already offering configuration mechanisms for interaction and
trust across domains. Butin the case of PKIs, these are typically deployed only to be used
in one domain being unaware of other PKIs, specifically unaware of what is certified and
how the certification is conducted. Especially larger enterprises are frequently running
an own PKI which is only used company internally. “Introducing” a PKI to another, a
process commonly called cross-certification, requires a certain amount of administrative
effort, meaning in terms of VOs a hindrance in the required dynamic, on demand security
support for collaborative business processes.

In summary, security infrastructures are currently rather isolated, administrative is-
lands of security domains. Since already running domain specific security infrastructures
were in most cases expensive to deploy, this contribution explores an approach to connect
such existing set-ups rather than entirely replacing running systems. The approach taken
is to provide an additional semantic layer on top of existing security infrastructures,
particularly using the concept of ontologies for describing declaratively the security
properties, thus enabling an automatic approach for cross-domain certification.

1.2 Outline

Section 2 introduces the basic concepts and technologies of currently existing domain
specific security set-ups. Further on in Section 3 a concrete example, namely a Virtual
Organization in the setting of an aerospace collaborative engineering, is described to
illustrate the practical relevance. Section 4 introduces the notion of ontology and presents
how ontologies can be used to declaratively describe security properties. The paper
concludes with related work in Section 5 and an overall conclusion in Section 6.

2 Current Domain Specific Security Set-Ups

Entities participating in a virtual organization (VO) are infirstinstance pursuing their own
objectives, particularly their business interest. A participating entity therefore manages
its own IT infrastructure, including security related systems, in its own administrative
domain. When coming together in a VO context, they start a collaboration in order to
achieve a common goal. Section 3 will provide a tangible example of this arrangement.
This is also the start of an effort to inter-connect heterogeneous IT systems owned by
different entities and most importantly managed and administered following domain

! http://www.eu-trustcom.com
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specific policies. An approach published in [4] similar to the one described in this con-
tribution, focussing on harmonizing policies across domains, supports the adopted solu-
tion. The described heterogeneity is one of the gravest hindrances in achieving proactive
and automated secure collaboration across domains. Before introducing the envisioned
solution by adding a semantic layer spanning domain specific security set-ups, a tar-
get example for later solution validation is prepared. Public key infrastructures (PKI)
are popular security infrastructures offering mainly authentication, digital signature and
asymmetric encryption for users in domains where their authority is respected. PKIs are
typically run in a specific domain providing services only for this domain, obtruding
themselves as dedicated examples since the provided services are essential for stated
secure collaboration.

A PKl is a representative example in current times for the frequently mentioned term
“domain specific security set-up”. PKI is an abbreviation for Public Key Infrastructure.
The term already mentions the foundation of a PKI quite often lying in asymmetric or
public key cryptography. But public key cryptography is not essential, a PKI is rather a
infrastructure based on a trusted third party (TTP) vouching and certifying for identities
of principals, e.g. employees in a company, by binding public keys to principals. A PKI
consists in simplified terms of the following components:

a root of trust, the topmost certification authority (CA)

a sequence of CAs inheriting trust from the root along a certification path
certificates being the formal expression of trust assigned to a principal containing
evidence of the issuing CA

principals, the entities to whom certificates are assigned to

Root of Trust®

Root CA
Intermediate CA Intermediate CA
,Department A" +Department B*

Employee Bob
assigned to Dep. A"

Employee Alice
.assigned to Dep. B*

Fig. 1. simplified PKI structure

A CAs duty, the issuing of certificates is also based on public key cryptography. ACA
owns a private/public key pair. Certification involves digital signature using the private
key. The public key being embedded in a digital certificate, is attached as evidence for
later signature verification to issued certificates. Since the root of trust has to be protected
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as the component of utmost criticality, direct issuing of certificates to principals is the
task of one or more CAs inheriting trust from the root. Inheriting is also based on digital
certificates issued to them from the root. An inheriting CA’s certificate also contains
certificate information from the sequence of issuing CAs leading to the formation of
a so-called certification path or chain. This high-level description of a PKI is not very
detailed, nor exhaustive, but sufficient for the understanding of the following sections.
More detailed information can be acquired at [5].

It was already mentioned that PKIs are frequently deployed by larger companies,
mainly for authentication purposes. Such an installation then encompasses several com-
plex computer systems assigned to different company intranet network segments and
being tied into other integral IT parts such as corporate directories, e.g. based on LDAP.
Directories are used to store the user’s certificates containing the public key among other
properties. The isolated management of PKIs does not necessarily imply that a PKI has
to be unaware of another. Mechanisms like cross-certification exists where an CA C
in a PKI P is able to sign a CA D’s certificate being part of another PKI structure O.
Cross-certification may be bi- or unidirectional, but the cross-certifying CA C is ex-
pressing a certain trust in the PKI hierarchy O. In reality, this mechanism is rarely used
on a operational level among companies, since it is tedious to manage, involving a lot of
careful negotiation on an inter-domain level and enforcing their outcome on an IT level
in authorisations and access control [6].

Having mentioned certificates frequently, it is now time for a closer look on their
structure. Certificates bind properties to principals, generally users. A common standard
for digital certificates is X.509 [7]. A sample certificate structure in text form would look
like the following:

* Certificate
o Version

Serial Number
Algorithm ID
Issuer
Validity

+ Not Before

+ Not After

00 0O

o Subject
o Subject Public Key Info
+ Public Key Algorithm
+ Subject Public Key
Issuer Unique Identifier
Subject Unique Identifier
Basic Constraints
Extensions
+ ...
* Certificate Signature Algorithm
* Certificate Signature

=]
=]
=]
=]

Basically, it contains information about

the issuing CA

the certification path

the time period of validity

the principal, the subject to whom it was issued

the certificate’s basic constraints enumerating its intended usage, such as authenti-
cation, encryption and (digital) signature
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3 A B2B Example in a Virtual Organization Set-Up

Virtual Organizations are considered as an important focus in recent European research
conducted in the E-Business area. VOs are perceived as a way to model dynamically
collaborating and rapidly evolving B2B scenarios. This section intends to commence
a real-life example for domain-specific security setup-ups based on a PKI which in-
herently part of most existing VOs. More concretely, the chosen example is situated in
an aerospace collaborative engineering context. Whenever a tender for manufacturing a
new plane is announced, one organization or company alone is not able to perform all
required tasks. The actors of the VO encompass all organizations dynamically, as fast as
possible joining together to meet the tender’s requirements. Figure 2 depicts a snapshot
of the overall VO context, the actors meeting the immediate first objective of a plane
design, other objectives encompass the actual manufacturing and maintenance which
are not considered here.

Specifies
technical
requirements

- |

Sub -system i HPC
Provider consultancy Brmeider
Submits design to |
System Stores resulis d  ata to
Integration Selects software from
Company
3
Discusses
requircments
with
| Tests prototypes in
1
Customer

Experimental
Facility

Fig. 2. VO example - collaborative engineering design (Source: TrustCoM project)

All depicted organizations are in general independent organizations and companies
having their own agendas and are protecting their assets. For the latter, domain specific
security set-ups such as PKIs are in place which have to interact in the dynamically
evolving VO context [8]. In the following approach, the example focusses on the in-
teraction of two partners, the Analysis Software Company and the High Performance
Computing provider (HPC), in the following called Organizations A and B. All other
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interaction involving three and more partners can be traced back to this basic example.
We assume two employees, Smith working for A and Anderson working for B. A runs
a CA A issuing certificates to its employees and B runs CA B.

Design and later manufacturing of planes is imposing a complex set of security
requirements since the market competition is high or the tender issuer, e.g. the mili-
tary already introduces these from the beginning. In the following, two simple security
requirements are modeled:

— trust between A and B based on a list of trusted CA certificates
— confidentiality, based on the basic constraint encryption

Trust criteria are hereby rather simplified and static, this contribution doesn’t intend
to enter the highly speculative and vast arena of defining trust. Each organizations man-
ages a list of CAs it trusts, if A trusts B this is represented by entering the certificate of
CA B to A’s list. Confidentiality means that information is only accessible to principals
to whom it is intended to be accessible. A typical example is the set up of a confidential
channel e.g. by the means of asymmetric cryptography using certificates (and corre-
sponding private keys). The intended usage “Encryption” has therefore to be specified in
the certificate’s basic constraints field. In a real-life but more complex scenario, mecha-
nisms like SSL would be used for confidential channels, using less resource consuming
symmetric encryption for bulk data.

In summary, this chapter described a process beginning with trust establishment
based on information offered by the respective domain specific PKIs. The process then
continues asserting trust to meet e.g. business objectives. How this will be done, by
modeling an ontology, will be described in the following chapter. In the end, the business
objective is met by finally exploiting trust in conducting collaborative business.

The simplified basic example is now depicted in Figure 3. Typical use case for VOs is
to establish a collaborative business process between employees, here coming from the
organizations Orga A and Orga B. Both organizations have specified different security
properties which not necessarily match to each other. We will show in the following
section how to use an ontology to (i) describe both security properties declaratively and
(ii) enable the automatic derivation of the fact whether employee Smith from Orga A
is allowed to perform a collaborative business process with employee Anderson from
Orga B.

4 Ontology for Domain-Specific Security Setups

4.1 Introduction to Ontologies

In recent years ontologies have become a topic of interest in computer science. There are
different ‘definitions’ in the literature of what an ontology should be, the most prominent
being published by Tom Gruber [9]: “An ontology is an explicit specification ofa con-
ceptualization. The term is borrowed from philosophy, where an Ontology is a systematic
account of Existence. For Al systems, what ‘exists’ is that which can be represented.”
A conceptualization refers to an abstract model of some phenomenon in the world
by identifying the relevant concept of that phenomenon. Explicit means that the types
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Collaborative business

processes

Fig. 3. Adding a semantic layer

of concepts used and the constraints on their use are explicitly defined. This definition
is often extended by three additional conditions: “An ontology is an explicit, formal
specification of a shared conceptualization of a domain of interest.” Formal refers to the
fact that the ontology should be machine readable (which excludes for instance natural
language). Shared reflects the notion that an ontology captures consensual knowledge,
that is, it is not private to some individual, but accepted as a group. The reference to a
domain of interest indicates that for domain ontologies one is not interested in modelling
the whole world, but rather in modelling just the parts which are relevant to the task at
hand. Methods and tools already exist to support engineering of ontologies (e.g. [10,
11)).

The informed reader might be aware that within the layered W3C* Semantic Web
language stack currently the “logic” layer on top of the recommendation OWL [12] is
being addressed. Thus, there might be a feasible solution to combine OWL with rules,
but this is work to be done in future. Therefore we rely in the following example on
F-Logic as representation language (cf. [13]), basically due to the fact that we want to
model rules as mechanism for declaratively specifying business logic.

We will now introduce subsequently the building blocks of an example security
ontology, namely concepts, relations, instances and rules. Such an ontology reflects the
domain specific entities and allows for description of security logic supporting business
processes in form of rules. Such an ontology enables users to declaratively describe
their domain-specific security properties in a machine processable manner leading to
improved automation. Thus, by using an inference engine such as Ontobroker [14] these
security properties can be applied during runtime on the fly.

4.2 Concepts and Relations

Goal of this and the following subsections is to show the feasibility of formalizing the
previously mentioned example scenario (see Figure 3). Please note that we will not
describe all concepts and relationships etc., but rather the most relevant ones. Before we

Zhttp: // v wW3c. or g/
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introduce the most relevant concepts we declare two namespaces, one for XML Schema
and one as a default namespace.

ontons:xsd="http://www.w3.0rg/2001/XMLSchema"
ontons="http://x.y.2"

Core concept is a Certi fi cat e according to the X.509 standard (see Section 2)
which has certain properties. These properties are modelled on the one hand as relations
suchasver si onorserial Nunber whohave XML Schema datatypes such as STR NG
as range, and on the other hand as relations such as i Ssuer who have another concept
suchasCertification Aut hority asrange.

#Certificate [#version=>>xsd#STRING;
#serial_Number=>>xsd#STRING;
#algorithm_ ID=>>xsd#STRING;
#issuer=>>#Certification_Authority;
#validity_not_before=>>xsd#STRING;
#validity_not_after=>>xsd#STRING;
#subject=>>#Principal;
#basic_constraints=>>#Basic_Constraints].

ACertification Authority typicallyi s managed by an O gani zation. The
concept Pri nci pal is typically be part of a role hierarchy which we will not elaborate
on here. We will show later in the next section what kind of Basi ¢ Constrai nt's exist.

#Certification_Authority[#has_X500_name=>>xsd#STRING;
#is_managed_by=>>#0rganization] .

#Principal [#has_X500_name=>>xsd#STRING] .

#Basic_Constraints.

Each O gani zat i on typically has alist of Trust ed Root Certi fi cat es which
makes explicit in which Cer ti fi cati on Aut hority anorganizationtrusts in.

#0rganization[#employs=>>#Employee;
#manages=>>#Certification_Authority;
#has_list_of=>>#Trusted_Root_Certificates].

#Trusted_Root_Certificates[#has_X500_name=>>xsd#STRING;
#trusts_in=>>#Certification_Authority].

Central for business activities are Enpl oyees whowork for an Organi zation
and have the role of a Princi pal . Each time they want to perform a Task which
has a certain level of confidenti al ity with another partner in the VO (such as a
collaborative business task), they will need a Certi fi cat e.

#Employee [#works_for=>>#0rganization;
#has_role=>>#Principal;
#owns_certificate=>>Certificate;
#performs=>>#Task].

#Task[#involves=>>Employee;
#confidentiality=>>xsd#BOOLEAN] .
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4.3 Exemplary Instances

The ontology provides a schema for general purposes which can be reused by different
applications. We now instantiate the given ontology e.g. with two organizations Or ga A
and O ga B, two employees Smi t h and Ander son who at the same time play the role
of being a specific Pri nci pal , e.g. Princi pal A

#0rga_A:#0rganization.
#0rga_B:#0rganization.

#Smith:#Employee [#works _for->>#0rga_A;
#has_role->>#Principal A;
#performs->>#Business_Task_1].

#Anderson:#Employee [#works_for->>#0rga_B;
#has_role->>#Principal_B].

#Principal A:#Principal.
#Principal B:#Principal.

Each employee owns a specific Certificate, both having different basic
constraintssuchas Authentication, Encrypti onand Signature.

#Certificate_A:#Certificate[#subject->>#Principal A;
#basic_constraints->>#Authentication;
#basic_constraints->>#Encryption;
#basic_constraints->>#Signature].

#Certificate B:#Certificate[#subject->>#Principal _B;
#basic_constraints->>#Authentication;
#basic_constraints~>>#Encryption].

#Encryption:#Basic_Constraints.
#Authentication:#Basic_Constraints.
#Signature:#Basic_Constraints.

CA Aisaspecific Certification Authority whichis managed by the organi-
zation Or ga A who has a specific list of Trust ed Root Certi fi cat es, namely TRC
A Furthermore, Or ga Atrusts himselfand O ga B, but Or ga B only trusts himself (and
not yet or not in general Or ga A).

#CA_A:#Certification_Authority[#is_managed_by->>#0rga_Aa].
#CA_B:#Certification_Authority[#is_managed_by->>#0rga_B].

#0rga_A[#has_list_of->>#TRC_A].
#TRC_A:#Trusted_Root_Certificates[#trusts_in->>#CA_A;

#trusts_in->>#CA_B] .
#TRC_B:#Trusted_Root_Certificates[#trusts_in->>#CA_BJ].

Last, but not least, the employee Ander son is involved in a specific business task,
namely Busi ness Task 1.

#Business_Task_1:#Task{#involves->>#Anderson].

4.4 Rules

To describe business logic declaratively we use so-called rules. Simple rules e.g. allow
for a more complete knowledge, e.g. saying that if “X employs Y then “Y works for X”
and vice versa.
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FORALL X,Y
X [#employs->>Y] <-> Y[#works_for->>X].

A more complex rule is the following one which basically says if “X is a specific
employee who has the role of being a specific Principal Y” and “Y is a specific Certificate
who has as subject the specific Principal Y” then “the specific employee X owns the
specific certificate Y. Thus, this rule links different entities playing arole in the security
properties, namely employees, principals and certificates.

FORALL X,Y,Z
X[#owns_certificate~>>Y]
<
X:#Employee [#has_role->>Z:#Principal] AND
Y:#Certificate[#subject->>Z].

Finally, the following rule allows us to derive the fact whether an employee is able
to perform a security-enabled task with another employee coming from a different or-
ganization. The rule itself reads similar to the previous one.

FORALL X
X[#confidentiality—>>"true"]
<=
EXISTS 4,B,C,D,F,G,H,I
A:#Employee [#works_for->>B:#0rganization] AND
A[#owns_certificate->>C:#Certificate] AND
B[#has_list_of~>>D:#Trusted_Root_Certificates] AND
D[#trusts_in->>F:#Certification_Authority] AND
F[#is_managed_by->>G:#0rganization] AND
H:#Employee [#works_for->>G] AND
H[#owns_certificate->>I:#Certificate] AND
Cl#basic_constraints->>#Encryption] AND
I[#basic_constraints->>#Encryption] AND
X:#Task[#involves->>A] AND
X[#involves—>>H].

To sum up, in a practical setting each organization makes its security properties
explicitly available as an ontology. Additional rules make existing knowledge more
complete and allow for linking of existing security properties in a previously unforseen
manner to support the dynamic environment of VOs.

As an afterthought, the presented work did not elaborate on the topic of deployment
yet, who will host the ontology. It would be possible that the ontology is run and main-
tained, from a security perspective, by a trusted third party or each organisation runs its
own instance. The latter would make the administration process regarding updates and
corrections more difficult.

5 Related Work

Related work on the semantic layer as well as supporting technologies and mechanisms
is conducted on different layers in similar fields, but not quite related to integrating
domain specific security set-ups in B2B scenarios. KaOS [4] for instance is looking in
the field of policy and domain services and how these may be connected on the semantic
layer across domains. In the area of trust management and security, approaches based on
a particular domain specific and authoritative PKI called SPKI/SDSI [3] using different
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forms of mediation are taken [15][16]. This work is still below the semantic layer and
would still need a semantic mapping of expressed domain specific security properties.
In [17], similar work using properties stored in directory structures, specifically LDAP,
was conducted. The work is therefore emphasizing on pure property mapping, but not
relying on embedding these on a domain specific security set-up such as a PKI. Research
from a trust perspective in VOs and similar concepts, even on logic level, is conducted
in [18]. This work is laying a foundation for security and trust requirements towards the
semantic layer. On the level of supporting technologies, particularly the (web) service
layer, adding semantics to services is a recent research topic [19]. Such development
will influence the standardization conducted in the WS-I gremium, being responsible for
most security related web service (WS-) standards as will, such as WS-Security, WS-
Trust, WS-Federation or WS-(Secure)Conversation. Mentioned standardization can not
be considered mature at this stage, not all standards are yet fully specified. On a deeper
technological level, protocols like SAML which is standardized in the OASIS body, may
be used to provide interoperability of security related statements, such as assertions.
The presented semantic solution would be supported on the transport layer by such
mechanisms.

6 Conclusion

To conclude, we demonstrated the feasibility of using the semantic layer namely an
ontology to span administrative domains. The emphasis was put on domain specific
security properties which should be known, understood and employed to meet security
requirements which extend a domain horizon and become cross-domain properties. The
approach was successfully exercised in a concrete example, a VO context in collaborative
engineering. However, the approach was not without hurdles. In the security community
especially in trust management, research is conducted up to a service layer — but not
further. Solutions requiring property mapping and translation are expected from the se-
mantic layer — and rightfully though. The introduced example validated this expectation.
But what is not considered in such expectations is the administrative effort to initialize
the required ontology until it is able to perform its duties. This work raised interesting
questions for future work, e.g. how easy will it be, to port an ontology “instance” like
the one derived here and port it to another setting or how much of the rule set and other
concepts can be re-used? How much effort is it in average to link a new organization to
an existing VO? We expect further work in this area especially since the upper layers of
the Semantic Web pyramid which are to be solved include proof and trust.
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Abstract. A knowledge exchange platform, or Open Knowledge Exchange,
(OKE) is an effective means for sharing and re-using knowledge among all
members under the workforce development umbrella in the United States. The
OKE is a necessary step in shaping and pushing forward the evolution of a
workforce development system. The authors are the principals for a pilot OKE
initiative that includes 1) a workforce ontology that serves as a semantic
framework connecting various disciplines, organizations and programs engaged
in workforce development; 2) a knowledge base; and 3) user interfaces, and
tools and templates for automatic knowledge capture. The OKE, the project
will lead to the development of a comprehensive OKE and associated products
supporting interoperable workforce information systems.

1 Introduction

Public financing of workforce development in the United States has evolved from a
handful initiatives beginning in 1933 into a broad array of services and programs
supported by a wide range of policies, practices and points of view and performed by
a diverse set of public agencies, educational institutions, not-for-profit intermediaries,
private providers and employers. The component functions include employment and
training, education, economic development, human resources management,
community development, human services, disability services, veterans’ services, labor
policy and immigrant services. Each is supported by its own theories, policies,
practices, performance goals and vocabularies, adding significant complexity to the
meaning and management of “workforce development”.

Domestic economic realities and global competition require that workforce
development be pulled together into a coherent system. These have prompted policy
makers and practitioners at all levels to push for greater integration and collaboration
across all institutions and programs. By in large, these efforts have floundered.
Although the problems appear rooted in conflicts of laws, regulations, mission, and
performance management structures, a deeper analysis suggests that the issues are
more systemic: different assumptions about the nature of workforce-related problems,

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 73-81, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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different cultures, different logical frameworks and theories, different processes and
solutions and different vocabularies.

The advent of the World Wide Web and the apparent ease by which people are
able to exchange information on a myriad of topics have contributed to the
expectation that knowledge can easily be shared and re-used. Therefore, it is ironic
that an abundance of web sites serving practitioners and policy-makers in workforce
development have not bridged professional and organizational isolation. More
important, neither job seekers nor businesses feel well served by the workforce
system. The tendencies towards specialization and targeted strategies and growing
fragmentation in funding contribute to the shared belief that available resources are
increasingly outpaced by the occurrence of new problems. Although there are other
factors, the experiences of other disciplines suggest that a common ontology is may
transcend organizational cultures and support the transfer and re-use of knowledge
from one organization to another.

Knowledge is socially produced and reproduced: the processes by which it is
manipulated (generated, mobilized, applied) are constrained by the social and cultural
contexts in which it is embedded [1]. Research shows that knowledge and culture are
inextricably linked in organizations. It recognizes the role of organizational culture -
a set of tacit assumptions about how the world is and ought to be that a group of
people share and that determines their perceptions, thoughts, feelings, and to some
extent their overt behavior - as a major barrier to leveraging knowledge [2].
Consequently, the solution for making tacit knowledge held by individuals within an
organization explicit and communicable to those in other organizations requires a
clear explication of the differences and similarities in value systems, a shared
vocabulary, and the selection of appropriate knowledge transfer modes [1]. Even
seemingly explicit knowledge such as that contained in a document is linked
inextricably to a set of culturally based tacit understandings about the problems and
range of appropriate solutions addressed in the document. Consequently, a reader
who does not share the same values as the author may dismiss the document as
irrelevant or misinterpret the findings and apply them in a way that is inappropriate.

There are difficult challenges in explicating the tacit knowledge in workforce
development. Value systems differ by public agency, by community and by
intermediary. Vocabularies are comprised of many common terms having subtle, but
significant differences in meaning. Methods for transferring knowledge vary by
technology, financial resources and organizational culture. However, despite these
differences, practitioners and policymakers across a broad range of disciplines
identify themselves as members of the workforce development field and consider that
field to be a system. There clearly is a sense within the field that much more can be
achieved were it not for the enormous difficulties encountered in exchanging and
reusing knowledge.

2 The Initiative

We developed a digital knowledge center and early prototype ontology for workforce
development beginning early 2001. Development of this early prototype was designed
as a proof of concept demonstration and was structured initially on a simple quality
management hierarchy. The knowledge center brings together training resources,
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digital library functions, and peer-to-peer sharing in order to promote knowledge
reuse and advancement. Three web portals are in operation currently: one gives
special emphasis to promising practices; another covers the gamut of workforce issues
with special attention given to the needs of workforce professional; the third is
supported by the State of Colorado and serves job seekers and employers as well as
workforce professionals. A mission of all three portals is to drive continuous
improvement in the workforce development system.

The process of early ontology development involved experts from several
communities: workforce administrators and frontline staff from state and local
workforce systems and from the Employment and Training Administration at the U.S.
Department of Labor (DOL/ETA), metadata and ontology experts from Syracuse
University and other academic institutions, system developers from the corporate
world, and workforce development researchers from Northern Illinois University and
the Institute for Work and the Economy. Significant challenges were encountered
while reaching common understandings on many issues and terms. There were
debates on the method for constructing the knowledge structure, on the terms used to
represent concepts, on the relationships among various concepts, and on
implementation of the knowledge structure so as to accommodate browsing,
searching, and navigation.

The project team adopted a contextual design approach [3] [4] in which data
addressing both the knowledge structure of workforce development and the system to
be built upon that knowledge structure were collected through face-to-face meetings,
teleconferences, e-mails, virtual team rooms, mockup interfaces and prototypes. The
team distributed the draft conceptual model to content experts. It later was iteratively
revised and tested. The first version of this ontology-based system was launched in
April 2001. It has been serving since as a framework for capturing and meta-tagging
knowledge for the three portals.

3 The Open Knowledge Exchange for Workforce Development

After two years’ trial, we redesigned the ontology and developed a web-based
ontology system (Figure 1). The new version is intended as an Open Knowledge
Exchange (OKE) that will integrate and map semantics, including both knowledge
structures and vocabularies, used by communities of workforce development practice,
which will become the semantic foundation for all workforce development functions.

We established four outcomes for a comprehensive OKE:

— A workforce ontology that contains a hierarchy of concept classes with their
properties and relationships;

— A knowledge base that stores the classes, properties, relationships, instances, and
rules;

— User interfaces for collaborative ontology management and knowledge exchange
applications; and

— Tools for automatic knowledge capture for ontology development and automatic
document processing.
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Based on this larger view, we constructed a working prototype of the OKE supporting
a discrete range of user groups within the workforce development system. The
ontology contains seven main classes (see Figure 1), each of which may have
subclasses and a set of properties. All except class Taxonomy are entities involved in
workforce development. Since definitions for class properties are essentially a
vocabulary issue, we created the Taxonomy class as a vocabulary control to provide
preferred terms as well as references to related and synonymous terms.

Workforce Ontology Tree
Exzpand All - Collapse All

-3 Contact

i Program

3 Tazenomy
1 Regulations_and_laws
0 Industrial_sector

il Key_player

arkforce_development

7 Perfermance_measurement

arkfarce
) Project

) Resource

|73 Organization

I Person

Fig. 1. The main classes in the OKE ontology

The core element of the OKE is an ontology that is “an explicit specification of ... (a)

. shared conceptualization” [5] of workforce development and aimed at facilitating
communication between people and organizations and interoperability between
information systems [1]. Such a specification defines “workforce system” and
provides the foundation for its growth and evolution by enabling policymakers and
practitioners to learn and build from the accumulated knowledge and experiences of
all. It provides detailed, accurate, consistent, sound and meaningful distinctions
among concepts and words used within workforce development. Such distinctions are
required to support effective communication among constituents of workforce
development and decision-making through effective information search and retrieval,
knowledge management, and intelligent databases. Specifically, this ontology will
support knowledge exchange processes in three areas: knowledge generation,
knowledge mobilization and knowledge application [1].

Based on the ontology, we developed two modules for representing and organizing
information about promising practices and workforce development resources. Figure
2 (below) is a screenshot from the promising practices module, in which instances are
organized by the same structure as that in the ontology and the terms defined in the
Taxonomy class are used in each record to categorize the data from promising practice



Open Knowledge Exchange for Workforce Development 77

instances. The workforce resource module uses the similar structure and
representation.

One major advantage of the ontology is that the metadata and even the content can
adopt a consistent set of elements as the semantic markup and use a standard
vocabulary for the indexing, where the vocabulary is controlled by mapping the
preferred terms to related and synonymous terms. As it has been proven in
information retrieval research, such a combination of controlled vocabulary and free-
text terms allows a higher level of performance in information retrieval [6]. The
ontology also provides a uniform interface for the search and browsing functions as
shown in the screenshots. This will provide users with a familiar environment as they
navigate between modules.

3
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Fig. 2. The Promising Practices module: The left column is the ontology tree and records are
displayed under each class; the right column is the record detail, which follows the structure
and vocabulary from the ontology

4 Technical Processes in Developing the OKE

Building a comprehensive OKE system is a large-scale research and development
activity. We have learned that both a well-planned process and effective data
collection methods are required to ensure the validity and usability of the ontology.
We also learned that a comprehensive ontology cannot be developed ad hoc. The
effort must be organized by a strategy that is sensitive to the diversity of the
workforce development community. Therefore, the process of building the OKE may
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be divided into three areas of effort: collection of data and terminologies, knowledge
modeling, and development of systems and tools.

The primary sources of terminology used in the development of the preliminary
ontology are workforce documents produced or published by government agencies,
educational and research institutions, and workforce intermediaries and the recorded
vocabularies used in daily communications by workforce practitioners that may not be
reflected in formal documents. These recorded vocabularies are captured through
internal written communications and expert panels. The main concept classes were
based on analyses of these sources. We also created a small number of mappings
between the preferred terms for a concept and the free-text terms to test the ontology
functionality.

Knowledge modeling is a process of classifying concepts to form a hierarchical
structure while categorizing them as either concrete or abstract. We must then define
the attributes for concrete concepts and establish a knowledge web encompassing
both abstract and concrete.

We use both bottom-up and top-down approaches in modeling a domain structure.
The bottom-up technique is used where many terms already have been collected and
pooled. The task is to group these terms into categories. In the top-down approach, we
first design a structure based on needs (which may take the form of a pre-defined
framework). This structure may consist of two or more levels within a hierarchy and
each level may have a number of classes. Both approaches often are used together in
different stages of ontology development. Conceptually, the modeling process leads
to the determination as to whether the ontology should be organized first into modules
or remain as one large structure. However, the use of modules requires the adoption
of an over-arching framework for relating each module to the others.

Workforce development is a multi-disciplinary domain, involving knowledge of
labor, government, business, social and welfare issues, education, regulations and
laws, and public and business administration. Each area deals with specific aspects of
workforce development. We are employing two tracks in order to ensure the
effectiveness and usability of the ontology system: A fechnical track that combined
both the bottom-up and top-down approaches for structuring the knowledge domain
and a communities of practice track that involves stakeholders in developing the
workforce ontology through an iterative process. The communities of practice track
draws in the disciplines, perspectives, activists, and policy and decision makers, as
well as practitioners and researchers, to obtain as broad as possible input and
consensus on the ontology. The pilot OKE focuses on a discrete number of user
groups within workforce development. These user groups cross geographic regions
and types of providers (public, intermediaries, etc.) and are limited to specific
disciplines, mostly established by program area.

The knowledge modeling process generated the following result:

— A concept tree for the workforce development domain: It consists of a number of
important entities involved in the workforce development as shown in Figure 1. A
concept class may as many as four levels of subclasses. This concept tree also
serves as the taxonomy for categorizing and indexing documents and other
recorded experiences, as well as for front-end browsing, searching, and navigation.

—~ A knowledge base framework derivedfrom the ontology: It was designed initially
for: 1) capturing instances of person, organization, law and regulation,
credentialing and certification standards, and 2) capturing workforce practices. We
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used a small number of instances to test the appropriateness of the ontology
structure. Once the structure is stabilized, a knowledge base will be built as a
distributed collaborative tool for knowledge sharing and reuse among workforce
development communities. This framework will evolve as it is extended across
communities.

— A thesaurus mapping relationships among terms: Keywords having similar
semantic meanings and others that are related will be mapped to concept terms
(preferred terms). The thesaurus will be useful for indexing and for search and
browsing.

The construction of an ontology is the first and necessary step for an Open
Knowledge Exchange, but not a sufficient condition. Systems and tools are required
to implement the structure and to use the products of knowledge modeling. To the
extent feasible, implementation will take advantage of existing systems. Tools related
to ontology development include a set of Web forms for viewing and searching
existing concepts, submit new concepts, and send feedback and comments.

Our foray into ontology development demonstrated that it is an intellectually
intensive and time-consuming process requiring close collaboration among experts
from different disciplines — both within workforce development and among the areas
of workforce development, computer science, library and information science and
linguistics. We learned also that while many may want a comprehensive OKE that
bridges many disciplines, few will invest either time or effort absent a common
context or reference. Consequently, work is organized along communities of practice
and therefore modules, requiring the development and extension of an over-arching
framework as new modules are added.

Testing and evaluation comprise the last step of the process. A working group of
subject matter and technical experts will assess the current and subsequent ontologies
in four areas:

— Appropriateness, inclusiveness, and usability of the knowledge structure: These are
key in validating the ontology and provide feedback for future development
decisions

— Concepts and relationships: The linguistic and semantic aspects of the vocabulary
and mapping will be assessed through user queries and focus groups

— Users’ opinions on the appropriateness and usefulness of the pilot and tools, and

— The effectiveness of the system as a whole.

The assessment will be achieved through surveys, focus groups, and follow-up
interviews. Participants for the surveys and focus groups will be selected using
sampling methods. Feedback also will be solicited and obtained in the course of
presentations and working conferences and through the project’s web site.

5 Extending the Open Knowledge Exchange Throughout
Workforce Development

The final stage is to extend the OKE throughout the workforce development system.
The primary challenges are scaling, standardization, legacy databases, maintenance
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and further growth as the workforce system evolves and grows. The effort is labor
intensive and is a function of both the number of disciplines it incorporates and the
number of members within each discipline. Content developers (e.g., workforce
professionals, researchers, etc.), managers, funding institutions and the knowledge
management community must adopt and adapt the OKE to their specific needs while
supporting its cross-functionality. Tools must be developed and proven that
substantially reduce both time and effort in adapting legacy databases to the OKE.
There are three paths for reaching these audiences:

— Communities of practice supporting improvement and expansion of the base OKE.
The development of the OKE will be incremental and by community of practice.
These groups may work in face-to-face gatherings or virtually. The work of these
groups may be recorded and disseminated to the workforce and knowledge
management communities through bulletin boards, electronic team rooms, stringed
discussion groups, conferences and meetings.

— Users conferences targeted to workforce content developers, content managers, and
funding organizations. The primary objectives of these conferences are to
introduce the OKE, associated tools and templates, and demonstrate the value and
application of the OKE and associated products

— Technical conferences targeted to the knowledge management community. The
primary objectives are to promote peer review of the OKE, promote the
development of tools and templates to support further development and use of the
OKE, and to promote additional research in the use of ontologies in support of
workforce development
Over the long term, the OKE must be maintained and grown as workforce

development evolves. This presents significant logistical and funding challenges since
it will require the open collaboration of a diverse group of professionals and
policymakers. Consequently, processes to extend the OKE across the system will be
developed concurrently with the OKE itself. This will be accomplished primarily by
a committee comprised of content managers from organizations maintaining large
collections of electronic content and through system-wide conferences, one
coinciding with initial deployment of the OKE. The committee will oversee the
development of collection and modeling processes in large-scale applications that
economically feasible and appropriate for use in the workforce development setting.
It also will address the challenges that result to the external and internal validity of
OKE. The project also will rely on other ad hoc user groups. These groups are also
de facto stakeholders supporting dissemination of the ontology through informal
networks. Collaboration technologies and open source strategies will be used to
distribute work through the workforce community while maintaining high standards
for formal inclusion of modifications to the ontology. Finally, the project will
proposed distributed strategies for funding long-term development and maintenance
of the open knowledge exchange.
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Abstract. Grid portal gives a center access point to access Grid applications
and resources. Currently the existing Grid portals are mainly designed for com-
putational Grids which put focus on how to view files, submit and monitor jobs.
That alleviate the complexity of using the Grid application. The ShanghaiGrid
is an Information Grid which puts focus on how to provide various services in
Grid environment to public rather than to scientists. In ShanghaiGrid portal the
portal information service, workflow service and transaction service are very
important to achieve the goal of building a web interface for citizens to seam-
lessly and transparently use the Grid services located in ShanghaiGrid environ-
ment. This paper reports our current research and implementation of the Shang-
haiGrid portal.

1 Backgrounds

There exist some research and implementations on building the Grid Portal in Grid
society, such as GridPort Toolkit(GPDK)[1], Portal Lab[2], DSG Grid portal [3],
Legion Grid portal [4],GridSphere[S5]. Generally speaking, these Grid portal s are
designed to provide Grid users an easy way to view files, submit and monitor jobs ,
and view accounting information. The architecture of the portal is designed to ac-
commodate multiple diverse grid infrastructures, legacy systems and application-
specific interfaces [4]. These portals improve researchers’ access to advanced com-
puting resources, and the Grid users are mainly scientists and Grid administrators.
Meanwhile, the Grid portals are designed case by case for domain-specific Grid ap-
plications.

2 The Characteristics of the ShanghaiGrid Portal

The primary goal of ShanghaiGrid[6] is to develop a set of system software for the
Information Grid and establish an infrastructure for the grid-based applications in
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MOE of China, and grand project of the Science and Technology Commission of Shanghai
Municipality (No. 03dz15026, No. 03dz15027 and No. 03dz15028).
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Shanghai which is the largest city in China .The ShanghaiGrid is an Information Grid,
which means i) gives users and applications secure access to any information any-
where over any type of network[7] ii) integrates heterogeneous information on the
web into a homogenous presentation. The ShanghaiGrid portal is a web based inter-
face to achieve such goals.

In ShanghaiGrid project, the terminology of the Information Grid is a Grid envi-
ronment that provides information (news, weather reports, ticket service, traffic
status, financial information, and so on) to the end users rather than provides compu-
tational power, data access, and storage resources which are the key activities in
Computational Grid. Based on this, the aim and functionality for Computational Grid
Portal and Information Grid Portal (IGP) is not quite same. For example, the Compu-
tational Grid Portal helps to alleviate the complexity of task management through
customizable and personalized graphical interfaces for the users (mainly scientists),
emphasizes the need for end users to have more domain knowledge than on the spe-
cific details of grid resource management such as how to create a job, schedule and
monitor its running in distributed resources, get the results and so on. In contrast, the
IGP helps the end users (mainly the people without much knowledge about computer
science) get the information they want such as long-term weather forecast, financial
analysis and report that based on long-running, complex financial models, and also
some simple services like ticket selling, restaurant booking. The IGP must shield the
complexity of using such services, giving the same experiences for users accessing
Grid Portal like traditional WWW Portal. At the same time, the services must be
enormous to meet various needs of users in IGP especially in ShanghaiGrid portal, so
the Services provider plays very important role in IGP and the ability of composing
existing Services to form a new one which depends on the technologies of workflow
and transaction is strongly needed. Fig. 1 shows the relationship between the Informa-
tion Grid services and Computational Grid Services.

From the different purposes of building Grid portal, we can see that currently, the
existing Grid portals are not suitable enough to construct a portal for Information
Grid. But the design patterns and ideas used in such portals are very usefully to con-
struct the ShanghaiGrid portal. The basic functions for ShanghaiGrid portal are 1)
provide end-users seamless access to any services on ShanghaiGrid, hiding the com-
plexity of using Grid Services, 2)provide a platform for service providers to easy
deploy their services or compose existing services. To achieve such goals, the Infor-
mation discovery, Workflow composition and Transaction support are much more
important.

3 The Architecture of ShanghaiGrid Portal

The architecture used in ShanghaiGrid portal meets the general requirement of Grid
Portal. The notable difference between this architecture and the current existing ar-
chitecture are on the information discovery, job management which is designed to
meet the requirement of Information Grid Portal. The terminology of Information
Service domain (ISD) brows the name of the Service Domain which plays important
role in IBM’s e-business on demand and service-oriented architecture [9].
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Fig. 1. shows that the Information Grid Services which allow a seamless access to heterogene-
ous information sources and providing commonly used services are at the top of the Data Grid
Services and Computational Grid Services. The Data and Computational Grid Services can be
regarded as substructure of Information Grid Services

4 Portal Information Service and Service Discovery

Portal Information Service(PIS) (please distinguish Grid Information Service from the
Information Grid Services, the former is a peculiar Grid Service satisfies the require-
ment of accessing to accurate, up-to-date information on the structure and state of
available resources, the later generally refer to Grid Service that hosts in Information
Grid to provide users with some information) is one of the key services in every Grid
Portal, which usually using the Monitoring and Discovery Service (MDS) provided
by the Information Service component of the Globus Toolkit [10].But it is not scal-
able for thousands of resources. MDS puts focus on the computational resources,
network resource, storage resource, not concerns the data resources. Although we can
use MDS extensions to address grid-aware application requirements, but it still can
not solve problems mentioned above.

In order to solve such problems, we design a distributed, peer to peer architecture
for Information Services. We define the Information Service Domain (ISD) as a group
of services which has same taxonomy, such as booking services domain, financial
services domain. The ISD is an autonomy system based on Grid providing the ability
of creates, monitors, recovers and clusters services. Services which are been provided
by Service provider will be aggregated into certain ISD, and registers their ports un-
der the comparable portTypes. Each ISD has its own local Service Repository, which
currently using UDDI. The UDDI provides a registry for advertising services which
are described according to an XML schema defined by the UDDI specification. Cli-
ents retrieve advertisements out of the registry based on keyword searching. The in-
formation domain agent (IDA) is the interface to communicate portal and ISD, PIS
dispatch keywords to every IDA, and the IDA searches the local repository and finds
the suitable services.
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Fig. 3. shows the GSFL control flow. The ISDs where the workflow description located in have
responsibility of coordinating the workflow

5 Workflow Support in Information Grid Portal

In real world, Grid Services will be aggregated into more complex services or

workflows to offer an even more sophisticated service for either internal use or to

offer this encapsulated and augmented service as a new service to the outside world.
We use the Grid Services Flow Language (GSFL) [11] to implement workflow

management. The workflow service consists of three parts: GSFL Parser, WSDL

generator and GSFL coordinator. The Fig.3 shows the GSFL control flow.
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6 Transaction Support in Information Grid Portal

The transactions in the Portal are i) Atomic transactions(AT). AT is used to coordi-
nate activities having short-lived application and executed within limited trust do-
mains, ii) Compensation transaction (CT). CT is used to coordinate activities having
long-lived application. In order to improve the concurrency, a compensation model
must be applied in CT. The detail implementation of the transaction model can be
found in [8].

7 Conclusion and Future Work

In this paper we introduce our notion of building Shanghai Grid portal and the differ-
ence between current existing Grid portal and Information Grid portal. The imple-
mentation of Information Service, workflow, transaction support is briefly introduced.
Our work is done using commodity technologies including the open-source servlet
container Tomcat, Java CoG toolkit, and others. Our next step will be focus on i)web-
based service integration environment to compose exiting services ii) enhance the
secure issue and policy issue. iii) design a middleware that can provide same interface
for Web service, Grid service, and other existing middleware.
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Abstract. Learning Communities represent a great method to assist in the
learning of academic knowledge as well as knowledge experiential. For this
reason, we propose, in this work, a new architecture model to support mobile
learning communities, based on a PDA approach, thus contributing to the
improvement in students’ learning. Because of resource limitations in mobile
computers, we argue that peer-to-peer — P2P — networks are able to, and
suitable for, helping this category of system to minimize these limitations. We
explore how well the P2P paradigm can bring new solutions to the issues of
mobile data management, data distribution, replication, scalability, robustness
and physical failing of a portable system for the individual learner.

1 Introduction

Several works have been written on how the introduction of mobile computers in
education may change the current education model and how computers can be used to
improve classroom instruction by moving away, from the traditional class, towards
augmenting collaborative learning. However, unfortunately, resource limitation and
frequent disconnection (planned or not planned) of mobile computers make some of
these proposals not applicable. [1], [S] and [13]

In this article we are specially interested in the communities of practice focused on
learning, e.g. learning communities, because they are one method both to complement
teaching in the traditional classroom and to acquire knowledge experiential.
Pawlowski at al. [2] defined a learning community as being an informal group of
individuals engaged in a common interest which is, in this case, the improvement of
the students’ performance. In addition, this group has its events, acts and
organizational intelligence shared using the computer networks.

One of the principles of Wenger et al. [3] for cultivating communities of practice is
the sharing of knowledge to improve personal knowledge. Another issue toward

* This work was partially funded by Brazilian Capes and CNPq agencies.
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making a successful community should be intense communication among members.
Finally, a community should assist the members to build their personal knowledge.

As ubiquitous is an adjective that defines something which seems to be everywhere
or in several places at the same time, there is in an ubiquitous community the
possibility for their members to collaborate anytime and anywhere using a mobile
computer; therefore, the quantity of collaborations (synchronous and asynchronous)
should be higher than in a community based on fixed computers. Mobile computing
facilitates the user’s life because it is pervasive, so a user can take his knowledge with
him wherever he is. In this way, the mobile computers can provide for the members
of the community the possibility to build pervasively their personal knowledge and to
enable communicate among them.

The users of mobile computers are becoming greatly dependent on mobile
computers, and it is reasonable to suppose that, in the near future, the development of
mobile systems to manage knowledge would probably cause the user to keep and
build his personal knowledge in the mobile computer.

The aim of our work is to research the development of ubiquitous systems to
support learning communities. So, in this article we present a proposal of an
architecture model of mobile systems to build the personal knowledge of the learning
communities’ members cooperatively.

The new aspect of the proposed architecture is the use of the P2P model because
we believe that this could bring new solutions to the mobile cooperative applications.
The new solutions are based on the facilities of the P2P model i.g.: decentralizing
community information; robustness to support the frequent and problematic
disconnections in a mobile environment; scalability to make bigger the computational
power of the mobile community; self organization to support disconnection and
computer mobility; and finally, the dynamic behavior of the P2P model, very
recommended for use in a mobile community. [16]

The architecture model proposed was based on the following scenario: the students
from a class of a specific subject in a graduation course are interested in improve their
knowledge, so they arrange a new community of learning. As all the communities
should be, this community would be comprised of different levels of participants:
some students and the teacher. Everyone will have the responsibility to manage the
community, but the teacher will also have three other roles: monitoring the
community, guiding the students toward the best way to discover the knowledge and
encouraging them to collaborate as much as possible.

Another motivation for this work is to extend the COPPEER project, a cooperative
editor of knowledge based on ontology, bringing the knowledge acquired by this
group to mobile computing. [9]

This work is organized as follows. In the next section we discuss the previous
works, detailing the project KnowMobile. In section 3 we present our proposed
model, and, finally, we present a conclusion and future steps of this work.
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2 Related Work

There is a certain amount of research in distance education and learning communities
supported by mobile computers. These projects have turned into reality because of the
great advances in mobile computing research and wireless networking, making these
devices powerful and reliable. [4], [5], [6], [20] and [21]

An example of a project focused on distance education using mobile computers is
presented by [5], called WILD, proposed in order to assist the student in his learning
process when he is far from a school (on a bus, for example). In this project there was
no attempt from the researchers to establish a learning community, but, at the end of
the project, they were able to observe that mobile computers have sometimes helped
users to form occasional groups. But if the mobile computer breaks down, there is not
any feature to prevent losing the knowledge stored in that mobile computer. As this
project is not aimed to communities of practice, this project does not care about the
knowledge built by someone who will leave this occasional group.

The mobile learning community was studied in the KnowMobile project [6],
focused on the learning of medical school students. This project has some similarity
to the model proposed, but this work did not use P2P networks for data
decentralizing, as it will be possible to read in detail in the next section.

The Edutella project [20] is based on P2P networks, aiming at the exchange of
learning information. And, to provide a better search service, this project uses the
standard RDF with learning objects. According to the Edutella developers, the use of
metadata to describe the knowledge is crucial because the learning resources search
service is more complex than the search service for music files, for example. As the
Edutella project uses the P2P architecture, it provides scalability and learning
resource distribution, and all peers have autonomy of association and execution. [19]

There is a project called K-Trek [21], which uses P2P architecture to distribute
knowledge over a large geographical area. To reach this objective, this project uses
agent technology. Nevertheless, this project is not comprised only by mobile
computers, and this project is not focused toward supporting learning communities.
The P2P model was chosen by the K-Trek developers. On account of the facilities for
distributing knowledge and the K-peer autonomy across the network.

2.1 KnowMobile

In 2000, this project began to be developed by a consortium coordinated by the
University of Oslo (school of Medicine). In Norway, a student in the tenth semester
should go to a hospital for training classes, so the aim of this project was the
improvement of learning specifically for this kind of student.

The main purpose was to develop and evaluate net-based solutions for knowledge
access in the distributed and cooperative training of eighteen selected students using
their Personal Digital Assistants — PDA. The students, in the opinion of the
researchers, should naturally create a learning community.
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There were two kinds of information allowed for use in the mobile computer: the
knowledge base in the hospital using the wireless connection, or files similar to an e-
book, previously downloaded. So, all the knowledge used in this project was
centralized on a server, this being computer the project Achilles’ heel. Almost all the
students preferred the second option, because it was simpler and did not need a
wireless connection. Incidentally, a number of users preferred to consult the textbook
because they were accustomed to doing so. Certain students felt that they were losing
credibility when using the PDA in front of their patients.

After the tests, the researchers perceived that the PDA’s were underused because
the PDA was both an interesting and confusing new device for the students, so many
of the latter had difficulties in using it, mainly to find the information needed. The
students concluded that his device it was not reliable on account of its fragility.

There was no data distribution, as all the information was stored in the knowledge
base of the hospital, and all the information required by the students was not
exchanged between them. Also, there was no supposed learning community because
the students preferred others activities than using their PDA’s to collaborate when
they were out of the hospital, or because they assumed that taking practice actions
would be quite difficult when they were in different physical spaces.

A positive conclusion reached by the coordinator of this work concerned the
wireless technology, which, for her, was ready to be used in this kind of application,
although she perceived that they had to improve their PDA training to prepare the
users better in using mobile computers. Regarding the possibility of using P2P
technology, probably the students’ knowledge exchange could have been higher
simply because the knowledge would be not only in the hospital database: it would
also be in the students’ mobile computers.

3 An Ubiquitous Architecture Model for Learning Communities

Before we establish the definition of Learning Communities to be followed in this
work, we should define what our concept is about knowledge, as this is the object that
to be shared and manipulated in the learning community.

But even before presenting a formal definition of knowledge, two concepts need to
be defined: data and information. Data is defined as simple information without any
meaning. Information is defined as a set of data processed to be displayed in readable
way. So, knowledge is defined as a set of information previously analyzed about its
relevance and reliance. Based on constructivism, knowledge is dynamic because it is
always changing its definition, and, consequently, simple knowledge could have more
than one definition. The model proposed in this article is based on the constructivism,
so knowledge will be built following the knowledge already developed by the other
members or developed by the user. [17] and [18]

In this work we understand Learning Communities as a group of members which
use network-interconnected computers to develop their individual knowledge, about a
specific subject, using their personal resources, and in collaboration with the rest of
the community members. So, this group will share their knowledge and their
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computational resources among them. As personal knowledge can be considered an
authorial product, mainly in the case of learning communities of knowledge
experiential, there could be an amount of personal knowledge that the user did not
wish to share, or that maybe the user would share only if there were a counterpart. For
example, there could be a learning community about Java (academic knowledge) or
about Biological Databases (knowledge experiential).

In the case of learning communities of academic knowledge, it should be noted
that the knowledge to be learned by the students is already known by the teacher, and
that there are no urgent contents in the community.

To enhance the collaboration in the community, the communication among the
members should be as ubiquitous as possible. Communities also have a rhythm, and
this is the greatest indicator of their liveliness.

3.1 System Requirements

Based on the literature about learning communities we inferred a list of basic
requirements applied to a computational system to support this kind of community
practice. A list of basic principles in [3] and [7] should be followed to keep a
community of practice alive and successful, independently of the subject of the
community, so these principles should also work in a learning community.

a. All the members must give a small part of their resources (knowledge,
memory, etc.) to reach the community’s aims together;

b. To make the members active and helpful, they must have some guarantee
that, in a limited period of time after a member receives help, this member
will be there assisting; therefore, a person should not be allowed to enter a
community, ask for help, receive it and leave the community without
giving any collaboration;

€. All the members in a community must be identified and everyone can
consult someone else’s record in the community, allowing members to
know more about the others members;

d. The community must have rules and a coordinator to solve the conflicts;

e. The community subject must be clear to all members and to non-members,
thus avoiding non-active members.

List 1: Basic principles of the learning community

The system should permit:

a. Collaborative development of personal knowledge in a dynamic way:
create and edit the user’s knowledge; search for the knowledge of other
users;

b. Ubiquitous communication to permit as much collaboration as possible;

c. Sharing members’ resources and services to improve the community
production.

d. Ensure the persistence of the set of personal knowledge of the members,
and consequently, community knowledge.
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e. Manage the knowledge authorship to privilege the most active participants
in the community: deal with the case of private knowledge;

f. Manage the different types of roles in the system: student’s role and
teacher’s role; record of the community member;

g. Scalability because of the great variation of participants, and consequently
providing autonomy of association to the participants;

h. Fault tolerant, preventing the community to lose any piece of knowledge
because of any catastrophic faults which may happen to the user’s
computer;

i.  Robustness, for the system should continue working even if some members
leave the community.

List 2: Mobile System for Learning Community Requirements

3.2 PDA and P2P System Solution

The first requirement of this system is the possibility for the user to build his personal
knowledge collaboratively and to keep it safe in his mobile computer. There are two
ways to do that: creating a new knowledge from one’s own experiences or creating a
new one from the knowledge created by the other members. To support these
features, the system should have a knowledge editor and a search engine, the latter
based on ontology to improve the quality of this service. (item a of list 2)

Our solution to requirement b of list 2, was choosing to use mobile computers to
implement an ubiquitous system for we believe that mobile computers are able to
provide efficient and functional ubiquitous communication among the members in
learning communities.

Despite the variety of mobile computers we have made our choice, based on PDA
because currently this kind of mobile computer has more computational power than a
cell phone, being more practical than a notebook.

There is a requirement to share resources and services in the learning community,
and the P2P architecture allows the peers to share resources and services. In the
model proposed, members must share two services: the search service (to discover
specific knowledge) and the message service (to exchange messages among them).
The members’ mobile computers should have a small percentage of the storage
capacity to store some community’s knowledge even if the owner of the PDA does
not use it (the striped area in the Figure 2), aiming at information ubiquity, and
consequently making this data easier to be found by the other peers. This rule follows
the cooperative paradigm, in which it is necessary to give a small share of resources
in order to build a bigger one in the end. (item c of list 2)

Being supported by the mobile computer, the system must provide a safe way to
store the personal knowledge of all the members. And, as the community’s
knowledge is a set of its members’ knowledge, the system will consequently provide
the persistence of the community’s knowledge. (item d of list 2)
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The system should manage all the authorship knowledge, as this is an important
issue for the political incentive to create knowledge. The architecture will prioritize
the user who has the highest amount of knowledge authorship. The author is the only
one member of the community authorized to update the definition of his knowledge.
And when this occurs, all the users who have any knowledge based on the updated
knowledge receive an warning, asking if the user also wants to update his knowledge
too. (item e of list 2)

There are two kinds of knowledge in this model, public and private. Public
knowledge can be found and copied by everyone. Private knowledge can also be
found, but, to be copied, the user should ask for authorization by the author of
knowledge. (item e of list 2)

There are two roles of users in this system: the student’s role and the teacher’s role.
The first one has the responsibility of managing the community’s environment and
build his personal knowledge. The second one, is also able to manage the community,
but there are three more responsibilities: guiding the students toward building this
personal knowledge, encouraging them to collaborate and monitoring the students’
behavior. Another requirement is the storage the record of a member’s action in the
community, to be stored in the user’s mobile computer. (item f of list 2)

This system should be prepared for the dynamism of a mobile computer
environment, in which the user enter or leaves frequently. So, there will not be any
restrictions to the number of members in this community. Another feature provided
by the P2P architecture is the autonomy of association, so that a person could become
a member of a learning community easily. (item g of list 2)

In addition, there should be a desktop computer called the “community server”,
whose aims are to keep safe the current information in the mobile computers and
(fault tolerant) store the old and unused information in the past of the community
(robustness). (items h, i of list 2)

There are several reasons to use this fixed computer as a server. Firstly, the mobile
computers are naturally very exposed to catastrophic faults, like breakage, theft or
loss. So, to prevent the community from losing the knowledge stored in a mobile
computer when it is broken, the user will be able to backup this knowledge in the
community server whenever he wants. This feature makes the proposed architecture
fault tolerant. (item h of list 2)

Secondly, when a member leaves the community (a voluntary or planned
disconnection), the server computer will be able to store his knowledge before it is
used by the other member. (item i of list 2)

Thus, the community server will answer just queries submitted by the members of
the community about this specific type of knowledge. Finally, the community server
should work as a knowledge repository, for the mobile computers have a number of
intrinsic characteristics such as their limited capacity of storage; therefore, it is
necessary to store the unused knowledge for the future.

Thus, information exchange between the server community and the mobile
computers will be in two directions: the PDA backups their knowledge to be stored in
the server community; and the server will send theirs knowledge to the mobile
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computers when is requested by the mobile computer which aims to restore its
knowledge after some problem. This feature provides for a more reliant community.

Should be mentioned that the community server is not essential for community, but
its use is strongly recommended because it would make the community fault tolerant,
reliant and lightweight because there would not be an overhead of the mobile
computer storage capacity. [13] and [15]

The environment for a model of architecture proposed for mobile system support is
described in Figure 1, in which great number of mobile computers can be seen, which
could be connected to the community server to backup their knowledge or connected
among themselves to cooperate. The server community is located in the wired
network with other computers which may or may not be other peers in the
community.

= = =+ Wireless Network
= Wired Network

Fig. 1. Environment architecture

Interface
Community Management
Editor |  Search

Knowledge StoreNN

Communication
JATA

Fig. 2. Architecture model

In a comparison between the model proposed and the KnowMobile, presented in
section 2.1, the main differences are the community server and the use of P2P
technology, mainly aiming at better data distribution and data decentralization. Also,
the server will m the system more reliable, in case of occasional mobile computers
crash, for example.

3.3 The PDA and P2P System Architecture Model

The explanation for each module from Figure 2 is as follows:

¢ Interface: a simple, lightweight and friendly graphic user interface developed using
J2ME and MIDP for Palm OS.

¢ Community management:
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This module will be focused on managing the community and how to make it
successful. All the interfaces related with the community participants would be
implemented here, such as the authorization or the user profile.

Each user will store in this architecture module his score of knowledge authorship;
it should be observed that, when the user submits a query, this score is sent attached
because the other peers must know it to decide which query should be processed first.
The backup routine will also be implemented in this module, preventing the
community from losing any piece of knowledge produced. The routine to store the
knowledge of the member who is leaving the community (planned disconnections)
will be also implemented in this module.

Some community rules, following of the basic principles cited at the beginning of
this section, will be stored. Its purpose is to ascertain the possibility of monitoring the
messages, shielding the community from undesirable messages. [3]

o Editor: edit the personal knowledge of the user.

In this module an ontology-based (like proposed in [9]) editor, to build the
personal knowledge of the members will be implemented. The P2P and ontology
combination seems to works well, as ontology has shown the best choice for structure
knowledge and P2P to decentralize it. [11]

Using this editor, the user can build his own knowledge, beginning from zero or
from knowledge copied from another member. Then, a user will be able to copy
knowledge from other users, edit it in his own mobile computer and store it, building
up his personal knowledge. An important observation should be cited: the editor will
not be a cooperative editor; it will only allow users to exchange knowledge.

e Search

The search engine will be situated in this module. Knowledge in the community is
decentralized, and the JXTA search engine is also decentralized, exposing user
services and knowledge for a network of information providers and consumers. This
engine defines a common protocol for the exchange of query and response. The
search service will be based on semantics of knowledge, not just on the knowledge
keywords, because the search service for learning resources is more complex than the
search for a music file, for example. [12]

When a member submits a query for some knowledge, the search engine will
firstly look into its own index, then look into the peers next to the user, and, finally, if
it does not find an answer to the query, it will look into the peers gradually a little
father from the user. As written before, this service will prioritize the query submitted
by the users who have the higher authorship score.

With the implementation of the two modules above, the system will be able to
support the construtivism’s paradigm. The Editor module will able the user to
develop a new knowledge and the Search module will find others knowledges to base
the user’s development of a new knowledge.

e Knowledge Store: this module store personal knowledge in the mobile computer.
The users must share their all knowledge index, but only public knowledge will be
shared. Then, it will be possible for a user to know that specific knowledge exists,
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but, there are two possibilities if he wants to copy it: he could copy the knowledge
because it is public, or he should ask for authorization for the author’s private
knowledge. As cited before, the storage capacity of a mobile computer is reduced,
so, to deal with this problem, the model proposed using a fixed computer for
participants to backup some knowledge that they do not use anymore. All the
members must contribute with some storage capacity to store some community
knowledge even if he does not use it.

e Communication: this module of the architecture will make connections and
disconnections with other mobile computers or desktop computers using wireless
technology. When a user finds a piece of knowledge, he can copy it in his own
mobile computer and edit it, if necessary. The proximity of the members will be
important to establish the connection because the nearer they are, the higher the
transmission rate is.

o JXTA: this module will enable the architecture to use P2P features, as there is
already a project initiated by Sun Microsystems to use this technology for wireless
devices.

34 PDA and P2P Prototype

We have decided to implement a prototype to analyze how the prototype will work
and solutions will be studied in case some critical problems appears in these tests.
Furthermore, tests will be done to improve semantic search. Another study to be done
in the future will be how this model’s performance in networks comprising mobile
and fixed computers would be. [14]

The decision for the J2ME programming language choice was its interoperability,
solving the diverse types of mobile computers, ranging from simple cell phones to the
new mobile computers. But it should be said that, for this language to work properly,
the Java Virtual Machine specific for personal digital assistants must be installed in
the mobile computer. And implementing wireless connections using J2ME, also
requires installing other programs to provide this feature. As it has been decided to
use the set of JXTA protocols to implement the P2P solution in this model, it would
be correct to choose a language compatible with it, and J2ME is the best choice for it.
An important observation is that we intended to use, in this work, only free- and
open-source applications and software libraries. [8]

The JXTA project was focused not only on PC-based knowledge, but also oriented
to small computers, and this is the reason why the protocols developed have be kept
as thin as possible. Mobile computing has some problems to which the P2P
architecture bears solutions, such as scalability and robustness. In addition, the JXTA
protocols are completely hardware- and language-independent. Another advantage of
using JXTA is to follow the recommended patterns to standardize it so as to
implement P2P solutions. [10]

As all the mobile computers should have an interface to establish communication
in order to exchange knowledge, we decided to initiate implementation using mobile
computers built in Wi-Fi technology. We are currently implementing the first
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prototype in the Tungsten C Palm OS 5.2 simulator. This prototype is already
accepted to be used in four undergraduation courses in two Brazilian governmental
universities this year.

4 Conclusion and Future Works

After several research works like KnowMobile or WILD, it is possible to state that
mobile computing is ready to be used in collaborative applications. The main
advantage of the ubiquitous communities is the possible collaboration anytime and
anywhere by any member, thus making the community more active. And if this is a
learning community, it will improve the members’ knowledge.

In this paper we have presented a new architecture model to support ubiquitous
learning communities, and, comparing with the other related works in the literature,
our proposed model presents ubiquitous communications among the members, the
facility to the users to render their personal knowledge collaborative, and a system
based on P2P architecture bringing its advantages to our model.

Regarding data distribution, this architecture makes it easier to exchange the
knowledge across the P2P networks and prevent the model from being dependent on
a single data server or on a central server. Data distribution is essential for the
learning community, as each member has his personal knowledge stored in his
wireless device. This also makes it possible for a member to contribute wherever and
whenever he wants to do so because the members have all their useful knowledge
stored in their own mobile computer.

Thus, as the model proposed requires scalability, decentralization, robustness, fault
tolerant and self-organization, we decided to implement the it using P2P architecture.
Using the P2P approach, this model will probably not have scalability problems
because it is based on all mobile computers simultaneously, so the community
learning can have any number of participants with whatever needs. Using P2P
architecture, this model is also independent of a wired network and thus could work
normally without the community server. However, analysis should be performed of
who will coordinate the replication of the knowledge produced in the community
among the members’ mobile computers, and how this will be done.

The semantic search of the knowledge to be carried out should be observed, so that
when a user searches for knowledge using a single word, the answer will comprise
definitions of this knowledge, not a set of data consisting of information having the
keyword in its definition. This decision was based on the success of Edutella’s search
service.

The main contribution is the increase of computational power in the mobile
computing environment using the features provided by the P2P architecture.

Another advantage in the model presented in this work was the architecture
reliance, as if something wrong happens with one mobile computer, its knowledge
will be safe in the community’s server. As the server computer is required just to
make the community more reliant, it should be clear that the normal functionality of
the community is completely independent from the server community.
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Another advantage of JXTA’s set of protocols was the transparency of hardware
and network technology. Finally, the portability and compatibility with JXTA was
important for choosing the J2ME programming language.

We decided not to use mobile agents because it would causes an overhead in the
model networks. If the number of participants gets higher, the facilities of mobile
agents should be analyzed again.

In our next paper we intend to report the results of future tests that will be done.
These tests will check as technical questions (like the behaviour of the wireless
network and the mobile computer) and questions about learning (like the behaviour of
students and teachers). In a further test, we intend to use an ad hoc network to
observe how the search engine works and how the knowledge is distributed. This
model should be tested without the using of the community server.
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Abstract. Emerging technologies, such as multimedia and mobile computing,
require a high adaptable middleware platform which provides more flexible
services to those applications in heterogeneous computing environments. To
support persistent services in distributed wired/wireless environments for
advanced learning systems, it is required for applications and middleware to be
aware of the frequent and unpredictable changes in users’ requirements as well
as environmental conditions, and to be able to adapt their behavioural changes.
One of the main limitations of current approaches for supporting adaptability is
that applications themselves are responsible for triggering and adaptive
mechanism when the underling infrastructure notifies them about any changes.
In this paper, we present the designing a component-based context-adaptive
model for context-aware mobile learning applications to support dynamic
adaptation, and demonstrate our being developed mobile agents: adaptation,
configuration, and meta agents, that help applications to adapt their computing
environments according to rapidly changing contexts such as user-specific
preference, application-specific preference, and low-level configurations.

1 Introduction

Weiser described Ubiquitous computing or Pervasive computing is the process of
removing the computer out of user awareness and seamlessly integrating it into
everyday life [1]. Ubiquitous computing allows application developers to build a large
and complex distributed system which can transform physical spaces into
computationally active and intelligent environments [2]. The one of core technology
for application services in Ubiquitous computing environment is context-awareness.

A context can be defined as any information that represents circumstances being
created by the result of any interactions between users, applications, and surrounding
environments [13]. Thus, context-awareness research becomes essential in Ubiquitous
computing, and is considered as indispensable function for ubiquitous computing
applications. To achieve the goal of supporting context-awareness, underlying
platforms in Ubiquitous computing should be able to recognize contextual changes so
that applications use contexts for evaluating new environments and finding an
appropriate action upon the result of evaluation for these changes.

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 102-113, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Previous many researches in context-awareness have been mainly focusing on
location change of users or devices in context-awareness related fields. In ubiquitous
computing environment, not only devices or software services can be added to or
removed from the system at anytime, but also contexts or preferences of users are
changing seamlessly. The users of mobile learning applications tend to access the
application under different computing environments from time to time because they
are nomadic. The users may interact with heterogeneous system using different
devices at different locations over different networks with different quality of service
requirements. To facilitate those users’ requests, we need a method that cans
efficiently aware higher level contexts: user preferences or intended information, and
can drive an optimised solution by intelligent decisions. Thus, adaptability is one the
most important requirements for Ubiquitous computing systems by frequently
occurring of unpredictable changes in different contexts for mobile learning
application.

In this paper, we present our on-going work for context-adaptive middleware
framework which can support adaptability for mobile learning applications. We
describe a component-based context-adaptive model to manage dynamic adaptation in
contextual changes. Section 2 introduces our motivations for this research and section
3 explains our conceptual context-adaptive model and component model toward
reflective middleware for ubiquitous computing, including mobile learning
environments. Section 4 shows how adaptations are triggered by a policy and
represents implementations on agents of this framework. Section 5 discusses several
related works to this research and section 6 remarks our research results and future
works.

2 Motivations

Adaptability is one of the most important requirements for Ubiquitous computing
systems because such environments are highly dynamic, characterized by frequent
and unpredictable changes in different contexts. Hence, mobile learning applications
need to be capable of adapting their behaviors to ensure they continue to offer the best
possible level of service to their users. The required levels of adaptation for a system
are ranged from the operating system level up to the application level. More
generally, adaptation can be applied to a wide range of aspects at different levels of
the system. These aspects include the communications aspects as well as several
issues such as resources allocated to an activity and the set of external services
currently being used. Thus, this adaptation should be driven by awareness of a wide
range of issues including communication performance, resource usage, location, cost,
and application preference [3]. The extreme emphasis on adaptation at specific level
can cause some problems, for example, adaptation at the operating system level can
be quite dangerous in terms of affecting integrity and performance. In opposite case,
leaving all adaptation to the application level would impose a heavy burden on
application programmers. The current approach to providing adaptable services or
applications is based upon the classic layered architectural model where adaptation is
provided at the various layers (data link, network, transport or application layers) in
isolation [4]. Due to the very limited information being shared across protocol layers,
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adaptation strategies are uni-dimensional — i.e. they only consider one parameter at a
time — and often are leading to unsatisfactory results [5]. One of the main limitations
of current approaches is that applications themselves are responsible for triggering
and adaptive mechanism when the underling infrastructure notifies them about any
changes [6]. Consequently, to overcome the main limitation, we need a sophisticated
approach which can manipulate mixed or customized adaptation in contextual
changes.

Even though mobile learning applications can detect changes in their execution
environment, they cannot configure the underlying middleware to adapt these
changes. It is, therefore, more desirable and effective to manage adaptation at the
middleware for providing different adaptive solutions in various situations. In
Ubiquitous computing environments for mobile learning applications, middleware
architecture itself should be context-aware to manage the communication among
objects in a transparent fashion. In addition, the middleware should allow applications
to reason about their using different logics and then adapt them to changing contexts.

3 A Context-Adaptive Model

3.1 Definition and Classification of Context

A term called context has different meaning, and it is used extensively. Meaning of a
context has been used in many various research fields such as operating systems,
programming language, artificial intelligences, and a natural language processing.
Moreover, the meaning of context in a user interface design is very different from
those areas. It has been agreed on that a context is the key concept in Ubiquitous
computing for learning systems, although it is differently understood from and used
by other various fields. An ultimate goal of context-awareness is to provide users with
information and services persistently and seamlessly without users’ interventions
whenever changes of user situations or environments are occurred.

In this work, we regard contexts as environmental information which may cause
to trigger adaptation mechanisms and as requirements of users or applications. We
classify contexts into two levels: high-level and low-level context (figure 1). High-
level contexts include preference of users and applications. Preference is the explicit
requirements about resources and a quality of service, and resources preference is a
use degree of the resources which users or applications request, and quality of service
preference can include elements such as resolution, a frame rate, and security. Low-
level contexts are subdivided into user configurations and resources configurations.
User configurations include user device, location, time, and resource configurations
include memory, power, and bandwidth.

Current existing other works have treated the user preference with a video lecture
note as a kind of the information that a user wanted like learning information or
contents, and to provide services to be suitable for a user through filtering by
similarity measurement. However, with taking into consideration of characteristics of
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Fig. 1. Classification of context

ubiquitous computing, we define the user preference as ‘the explicit requirements for
contexts’ in order to adapt dynamically delivery of services when context changes are
occurred.

3.2 Conceptual Model

3.2.1 Adaptation

We designed a context-adaptive model that defines several elements for context-
awareness and adaptation methods. The relationships between elements of the
context-adaptive model are shown in the Figure 2.
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Fig. 2. Adaptation model
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Both the user preference and the application preference are considered as the
explicit requirements for the usage of resources. We analyze on an associative
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relationship between these preferences numerically in order to decide on how to
provide application services that can maximize satisfaction of user requirements. The
configuration information includes user device types, locations, time, resources
context of user devices, and adaptation policies which specify association rules
between contextual changes of resources and application service behaviours. In our
model, the adaptation method reflects preference and configurations, and satisfies
user requirements that have user environments to be safe and operational.

3.2.2 Application Service

Our application service model puts a focus with individual behaviours which compose
application services, and establish details related to application service offering
(figure 3).

An application service is the abstract concept of a task to be performed. The
functionality of task is realized by service behaviours. An application service can be
expressed with the description about a name and functions. Service behaviour can be
composed of operations or methods which are invoked by an agent. In this model, an
application consists of application services, adaptation polices and preference for
users and services. The adaptation polices in an application are used for the context
adaptation.

Application
Service

<<Uses>>

Description

<<delegales>>

<<hag>>
Preference
User

Fig. 3. Application service model

3.3 Adaptation Management

Most existing middleware systems have been designed to develop server applications
running on workstations or desktops, and provide suitable functions to applications
that have well-known execution patterns and requirements, such as for banking or air
ticket reservation. However, mobile learning applications in Ubiquitous computing
are unable to use previous execution patterns. Due to the heterogeneity associated
with Ubiquitous computing, it is not possible to provide a single static middleware
implementation that fits all scenarios [7]. Therefore, the flexibility introduced by a
reflective middleware turns out to be an elegant approach to cope with the
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requirements for Ubiquitous computing [7]. Reflection refers to the capability of a
system to reason about and act upon itself [8].

To support reflection actively, a middleware should perform monitoring context
sources and should maintain the transparency of adaptation mechanisms by reflecting
users’ and applications’ requirements. Applications running on middleware should be
able to dynamically customize middleware behaviors by specifying their necessary
context information. We have been motivated these reasons and designed a
component-based adaptation management model (figure 4).
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Fig. 4. Component-based architecture for adaptation management
The adaptation management system is composed of the followings:

e AdaptationManager: AdatationManager component performs an adaptation
method to decide the most appropriate service delivery for current context
using context information, and then triggers the selected service behavior.

e AdaptationAgent: AdaptationAgent is an agency of AdaptationManager. It is
responsible for requesting events and delivering required information to
AdaptationManager by interacting with ConfigAgent, UserAgent, and
AppServiceAgent.

e ConfigAgent: ConfigAgent is responsible for gathering and analyzing
configuration information. It offers configuration information to
AdaptaionAgent according to AdaptationEvent types, and produces events
on configuration changes.
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4 Dynamic Context-Adaptation

4.1 Adaptation Policy

Adaptation policy is a set of rules to be used to change application service behaviors
with respect to different contexts, and is a key means for the triggered adaptation in
this paper. The triggered adaptation does not depend on only the notification
mechanism from an underlying system as a voluntary adaptation way of an
application about a context. It depends upon the self and dynamic detection for
changes in an application behavior according to contextual changes or an
application’s needs related to controlling an adaptation process.

A mobile learning application consists of several services, and its each service can
be provided with one component while multiple behaviors are performed upon
context changes. Let’s assume that an application called Cyber Classroom is running
on a middleware. This application can provide Lecture service and Messaging service.
Its each service is carried out a behavior to be exposed to by the current context. For
example, if the critical value memory availability of user device is decreased to the
below threshold value, Lecture service will be provided with a textOnly method. The
Lecture service can be provided a slideShow method if memory availability is
increased to the enough level.

To support context-awareness, it is required to process low-level tasks including
periodic monitoring and detection of changes. A middleware can conceal the
complexity with carrying out this task, and can decrease a burden of application
developer. However, applications should inform a middleware about which a service
should be adapted, and which a behavior should be triggered for each specific context
when applications are being instantiated because it is difficult for a middleware to
predict various changes of each context in requirements of an application.

Adaptation Policy

Application

AdaptiveBehavior
Configuration

ResourceCondition

ResourceThreshold

{ Notify

Fig. 5. Adaptation policy hierarchy

As shown in Figure 5, Adaptation policy describes important information for
application services, required configuration in offering services, and behaviors to be
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triggered when certain context changes occur. A middleware would decide which rule
is to apply for service delivery in current context using adaptation policy when
application service is requested.

4.2 Adaptation Method

A MetaAgent can be considered as a different kind of mobile agent that runs on its
own execution environment. The main purpose of meta-agent is to manage and
control of adaptation processing. Thus meta-agents are responsible for monitoring the
execution of mobile agents and for transferring them to remote hosts. The association
between MetaAgents and mobile agents can be performed on the basis of one-to-one
or one-to-many relationship. In the former case, one MetaAgent can be created per
mobile agent, therefore it allows a MetaAgent to migrate itself which is containing
one mobile agent and to keep track of the behavior of that agent on every node where
it visits. In the latter case, one meta-agent can manage a group of mobile agents.
According to a MetaAgent’s own policy for management, the number of mobile
agents that one meta-agent can encompass is regulated.

When a mobile agent decides to migrate, its MetaAgent suspends the mobile agent
and serializes its state (data state only or data state + execution state) and codes
according to the migration strategy. Its MetaAgent establishes a point-to-point
channel with the destination meta-agent by a remote communication, which will
receive the being migrated mobile agent and de-serialize it. When a mobile agent
arrives at its destination, the MetaAgent examines configuration and restarts it from
where it was stopped. The MetaAgent continues monitoring the execution of mobile
agents and throws an adaptation event to its AdaptationManager when any change
occurs by mobile agents. AdaptationAgent keeps tracking of changes in the policy. If
the adaptation event is happened, an AdaptationAgent analyses the subtype of that
event, and throws an adaptation event to its AdaptationMagner. AdaptationManager
interprets it, and validates policy rules, and triggers adaptation mechanism by
selection of appropriate service behavior (see figure 6).

The adaptation policies can be specified by the user-specific and application-
specific priorities on users’ preference to applications, and quality of services, and
applications’ resource requirements (see figure 7). When any of the contextual
changes occurs, the context agent perceives changes, and then the adaptation manager
has to decide which adaptation method should be invoked. In the example, an
application’s non-functional behaviors are separated into several groups according to
the application’s resource priorities. In order to decide which a behavior is to be
invoke, the adaptation agent checks the prioritization of the applications.

4.3 Implementation of Agents

The MetaAgent is responsible for monitoring execution of mobile agents, while the
adaptation agent and the context agent are responsible for monitoring changes. The
adaptation agent monitors changes of policy and the context agent monitors
contextual changes. For the dynamic adaptation, we present MetaAgent,
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checkPolicy()
adaptPolicy()

interpretPolicy ()
validatePolicy ()}

selectBehavior () execute() .
getConfig()

Fig. 6. Adaptation using agents

Preference
QoS F
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2. Compression 2. Memory
3. Resolution 3. Power

Fig. 7. Adaptation policy and application’s behaviors

AdaptationAgent, and ConfigAgent classes to implement our policy-based
mechanism, as follows:

Meta-Agent Class
class MetaAgent extends UbiAgent implements IAgent{

/* initializes the agent */
public void initAgent (Obeject[] args)

/* monitors mobile agents */
public void checkMAgent {(Agent agent){ . . .}

/* acts on migration event thrown by mobile agents */
public void migrationEvent(){ . . . }
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/* acts on arrival event thrown by mobile agents */
public void arrivalEvent (}){ . . . }

/* acts on adaptation event */
public void adaptationEvent() { . . . }

Adaptation Agent Class
class AdaptationAgent extends UbiAgent implements IAgent {

/* initializes the agent */
public void initAgent (Object[] args) {( . . . }

/* adapts context */
public void adaptContext (Context context) { . . . }

/* monitors adaptation policy */
public void checkPolicy(Policy policy) { . . . }

/* adapts adaptation policy */
public void adaptPolicy(Policy policy) { . . . }

/* adapts configuration */
public void adaptConfig(Agent agent) { . . . }

/* acts on adaptation event */
public void adaptationEvent() { . . . }

ConfigAgent Class
class ConfigAgent extends UbiAgent implements IAgent {

/* initializes the agent */
public void initAgent (Object[] args) { . . . }

/* gets current configuration */
public void getCofig(Config config) { . . . }

/* sets changed configuration */
public void setConfig(Context config) { . . . }

/* monitors changes in configuration */
public void checkConfig(Config config) { . . . }

5 Related Work

Odyssey[8] supports application-aware adaptation based on collaborative model. In
Odyssey, an application can decide proper adaptation policy, and its operating system
can determine precise resource availability. When applications are notified of
resource changes, it is needed to adapt access pattern. However, notification approach
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can be shown to lead to inefficient solutions because it is lack of support for enabling
coordination between the adaptation policies and enable to increase the burden of the
application developer.

Gaia [9] offers a more general approach to reactive adaptation to context changes,
as it does not focus on one particular service. It converts physical spaces and the
ubiquitous computing devices they contain into active spaces. Gaia adapts application
requirements to the properties of its associated active space, without the application
having to explicitly deal with the particular characteristics of every possible physical
space where they can be executed.

OpenORBv2 [10], ReMMoC[11], UIC [7] and LegORB [12]. They all share the
idea of exploiting refection and components to achieve dynamic re-configurability of
middleware. The ReMMoC project and the Universally Interoperable Core (UIC) aim
at overcoming the problems of heterogeneous middleware technology in the mobile
environment. They offer developers the ability to specialize the middleware to suit
different devices and environments. LegORB exploits reflection and component
technology to provide a minimal CORBA implementation for portable devices.
OpenORBV2 offers a general approach that achieves both backward compatibility
with middleware standards and dynamic and efficient middleware re-configurability.

6 Conclusions and Future Work

The context awareness is the essential technology that middleware must be equipped
with in the ubiquitous environment where various computing unit are connected
through a various types of network in order to provide continuous service to a user.
Therefore, the middleware for mobile learning applications in an ubiquitous
computing environment should easily acquire context information from various
context sources and should provide service adapted to context changes.

In this paper, we defined a context and described the design of context-adaptive
model based on component for mobile learning applications. It can support dynamic
adaptation for mobile users and applications using the context(high-level and low-
level) information, and we proposed a policy-based adaptation method using mobile
agents. The adaptation policies can be specified by the user-specific and application-
specific priorities on a user’s preference to applications and quality of services, and an
application’s resource requirements. The implementation of our adaptive middleware
framework is currently ongoing, focusing on supporting context-aware mobile
applications. In the future work, we intend to develop adaptive middleware services
and management mechanism for context information.
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Retrieval Research Center) in Hankuk Aviation University. IRC is a Kyounggi-
Province Regional Research Center designated by Korea Science and Engineering
Foundation and Ministry of Science & Technology.
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Abstract. Mobile devices are becoming more and more important in
the context of e-learning. This requires appropriate models for struc-
turing and delivering content to be used on various devices. Different
technical characteristics of devices as well as different needs of learners
require specific approaches. In this paper we propose a model for struc-
turing content that allows rendering for different devices like Notebooks,
PDAs, and Smartphones as well as presentation of the content in different
levels of details according to didactic concepts like case study, definition,
example, interaction, motivation, directive. This approach allows adap-
tation of content (device, granularity of content, content selection based
on didactic concepts) at run time to specific needs in a particular learn-
ing situation. The approach realized in the joint Mobilearn project of
several universities in Austria shows high acceptance by students during
an initial pilot application.

1 Introduction

E-learning is going to become a standard element in many educational environ-
ments. Approaches and solutions range from very simple FTP-like download-
oriented sites to websites providing a high degree of administrative services like
student administration and organisation of course material for large student
populations. Usually these solutions treat digital learning material as preorches-
trated, canned content, very often available as one single piece of material by
means of e.g., some slide presentation or PDF-file to be read electronically or
in printed form. Since several types of mobile devices like PDA or Smartphones
became highly available for students the demand of mobile learning scenarios is
significantly stimulated.

As part of a concerted activity for creating innovative e-learning environ-
ments the universities of Vienna, Linz and Klagenfurt and the Vienna University
of Technology started the MobiLearn project'. It aims at offering digital content

' The project has been partially funded by the initiative “Neue Medien in der Lehre an
Universititen und Fachhochschulen” of the Austrian Federal Ministry for Education,
Science and Culture.

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 114-124, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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from the domain of “Medieninformatik” composed in a form that specifically
serves mobile learning teams and exploits the WLAN-enhanced infrastructure
already provided at the university sites. The project is based on e-learning sce-
narios that take into account learning any time any where, i.e., providing digital
content in the class room, at the PC or notebook of a student, at a PDA or Smart-
phone, depending on the needs of students and of course on the capabilities of
the devices used. Students also should be supported in terms of collaborative
learning in small teams.

The Mobilearn approach avoids creation of preorchestrated content, but
allows to come up with highly modular content that can be combined as needed
by teachers as well as students and that can be made available in proper form
for the various output channels like online PC/notebooks, online or offline PDAs
or Smartphones as well as for offline print products. MobilLearn content is not
available in terms of single, downloadable files, but is accessible by means of
different views, e.g., a view that very much fits the traditional way of presenting
a subject in a class room at an European university, a view that meets the needs
of students just starting out learning from examples, a view that prefers the
presentation of definitions and concepts to focus more on models and theory, a
view that only contains the essential issues by means of questions that may be
part of an examination later on.

Given these application scenarios it is quite obvious that content needs to
be structured such that it can be used for the various purposes of a any-time-
any-where scenario. This paper addresses the approach taken to support the
creation and management of such kind of structured content. Section 2 presents
the approach taken for modelling and structuring the content. Section 3 presents
architectural issues relevant for the realization of the approach. Section 4 ad-
dresses the open issues that need to be worked on or turned out to be critical
for the overall success. Section 5 concludes the paper and gives some details on
the first version of the prototype deployed at the participating sites.

2 Structuring Content

2.1 Structuring Courses: Learning Unit

In order to be able to process logical pieces of content according to the application
scenario given above it is required to have well-defined means of structuring
content. There are several approaches one can find in related projects, e.g., the
LaMedica project[1], the Cardio-OP project[2][3][4] that already provide semi-
structured content in some way. These approaches either follow some proprietary
model or rely on (quasi) standards that facilitate structuring content, e.g., the
approaches taken by ADL SCORM]I5] or IMS[6], that mainly follow and are
based on the IEEE LOM standard[7].

It is quite obvious and well accepted to structure content by means of “learn-
ing objects”. But there is still no definite answer to the question of what a
learning object is. The Learning Object Metadata Working Group of the IEEE
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Learning Technology Standards Committee (LTSC) provides a very global defini-
tion: “Any entity, digital or non-digital, which can be used, re-used or referenced
during technology supported learning” [7]. David A. Wiley in [11] - criticising the
existing confusion created by the loads of definitions that are either too broad
or too narrow - provides a more focused working definition for learning object:
“any digital resource that can be reused to support learning”.

To avoid any ambiquity, for the purpose of the MobiLearn project, we use the
term of “learning unit” defined as self-contained unit of learning, ranging from
15 minutes to 45 minutes. Each learning unit is independent and can be reused as
is in multiple contexts for multiple purposes (“black-box-reuse”). Learning units
are aggregated to modules. The volume of a module corresponds to a typical
class, i.e., it corresponds to about 1-2 ECTS points. Technically, the aggregation
of learning units to modules is realized according to the IMS Content Packaging
Specification[6]. Following the IMS Specification increases the interoperability
of the learning content between different management systems. Furthermore, a
collection of modules, called course, may be used to form a whole educational
programme.

So far we rather have a very traditional structuring schema. The distinctive-
ness of the Mobil.earn project is the way we structure learning units. The model
considers the new learning paradigms without losing the connection to the tra-
ditional learning content. A student, on her way to exam, recalling the outlines
of a given subject, using her PDA, is accessing the same content as some stu-
dent, sitting at home and just starting to read a lecture about the same subject
on his Notebook. Thus a single learning unit has to be deliverable at various
devices, has to provide for varying degree of intensity of content and even for its
semantic aspects at very low level. Fig. 1 shows the conceptual model of aggre-
gating and structuring learning units in the MobilLearn project by means of an
UML diagram. It shows that learning units are composed of presentation units
characterized by a level of detail (LOD), an indicator for the intended use of the
material. Each presentation unit consists of blocks carrying an optional header
and data (text, figures, etc.). Blocks are intended to be rendered for specific
devices, e.g. PC, PDA or a Smartphone. Intuitive examples of types of blocks
are Definition representing a formal definition of some subject, Example rep-
resenting some example on a subject, Interaction representing some interactive
element on a subject.

The subsequent sections describe the key concepts of the structuring scheme:
structuring according to didactic aspects, multichannel delivery, and level of
details.

2.2 The Concepts of Learning Units

Didactics. Didactic aspects of learning content gain in importance every day.
Students look for direct access to certain parts of a lecture “on demand” dur-
ing various phases of learning instead of going through all the material again
and again. One way to solve this problem is to write really small learning units
and to annotate them with proper metadata (e.g., according to Learning Object
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Fig. 1. Conceptual model of learning unitl

Metadata[7]. The way we choose to go is to tag every single paragraph or even
whole section( “Block”) while writing the content. Authors don’t have to anno-
tated the material later on and users can easily filter the relevant aspects of the
given learning unit or even of whole modules.

The following XML snippet shows and example of a proper annotated learn-
ing unit:

<LearningUnit>

<Definition>
<Header>XSLT</Header>
<Data>
Extensible Stylesheet Language Transformation (XSLT)
is a language for expressing transformation of XML
documents from one form into another.
</Data>
<Explanation>
<Data>
A transformation process expressed in XSLT describes
rules for transforming a source XML tree into a
result tree that can be another XML document, an
HTML document, or any other text format...
</Data>
</Explanation>
</Definition>
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</LearningUnit>

In the MobiLearn project we have defined a set of 16 didactic elements based
on evaluation of existing didactic schemes and our rich teaching experience.
Nevertheless the collection of elements is defined in such a way that it can be
easily extended with minimal change of the XML Document Type Definition
(DTD) that encodes the elements and without any destructive effects to existing
content:

<!ENTITY % BlockType
" CaseStudy | Code | Content | Definition
| Directive | Example | Exercise | Explanation
| Information | Interaction | Motivation | Quotation
| References | Summary | Test | Theorem ">

Multichannel Delivery. The Mobilearn project considers three categories
of devices - Notebooks and Personal Computer, PDA, and Smartphone - with
different capabilities and limited resources related to display size, processing
power and communication bandwidth. Thus the presentation of the content has
to be adapted to the learning device on the fly. Automated transformations from
XML-coded base content into device-specific presentation is supported (see Fig.
2 and Fig. 3).
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Device types are annotated by appropriate attributes at the block level:

<Example Rendering="PC”>

[Encoding of content with e.g., big images, table]
</Example>
<Example Rendering="PDA”>

[Encoding of content only in textual representation]
</Example>
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Again just a minor extension of the MobiLearn DTD with further attribute
values allowed for the attribute “Rendering”
device is required.

is needed, if support of any further

Learning units are sequential compositions of presentation

units. A presentation unit is composed of one or more content blocks presenting
given subject at the same level of granularity, encoded by means of - Level of
Detail(LOD). The MobiLearn project considers three Levels of Detail:

1. Level I gives an overview of the learning content. This level corresponds

2.

approxiamately to a slide view of the content used for lecture readings

Level 2 represents the more comprehensive course material, a script format
or maybe a kind of textbook of the learning content. This level is useful for
students, who are not familiar with the subject and need to rely on more
detailed material in order to understand the subject.
Level 3 summarizes any additional information relevant to the subject and
supporting the better understanding of the subject, including references to
external materials and interactive elements.
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Furthermore the three Levels of Detail are synchronized among each other, i.e.
each Presentation Unit may have one or more corresponding presentation units
at the other levels of detail. Thus switching between the available levels of detail
is provided.

The following XML code illustrates the use of the LOD concept. Note,
that the context of corresponding presentation units is established by the tag
<CorPU> that contains presentation units assigned to different Levels of Detail.

<LearningUnit>
<CorPU>
<PresentationUnit LOD="1">
[Content in a slide view, keywords]
</PresentationUnit>
<PresentationUnit LOD="2">
(Content in a textbook or script stylel
</PresentationUnit>
<PresentationUnit LOD="3”>
[Additional information, references, examples,
interactive element]
</PresentationUnit>
< /CorPU>

</LearningUnit>

Users are able to choose content at different Levels of Detail depending on
their current learning situation - e.g., learning at home or refreshing content
while on the move.

3 Architectural Design

Content stored as XML has one essential aspect: using different transformation
processes it is possible to convert any XML-coded data into various widely used
structured document formats (X)HTML, SMIL, PDF, etc.). In [12] a quite com-
mon architecture for multi channel delivery systems for e-learning is presented.
In that model XML coded data is adapted to the capabilities of the requesting
device via appropriate transformation processes. In the MobilLearn project we
expanded the transformation part of that model as we needed transformation
processes considering all the three key concepts of the project (see Fig. 4). Thus
such a model of multi channel delivery systems enables the adaptation of learning
content to device, desired level of details of content and semantic aspects.
The model proves some remarkable advantages:

1. MobiLearn learning units are XML coded data. Hence interoperability is
guaranteed between systems understanding the Mobilearn approach and
structure of learning units fixed by a pre-defined Document Type Definition
(DTD).
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Fig. 4. Multi Channel Delivery System

. The XML approach allows the definition of transformation processes (e.g.
using the XML transformation language - XSLT[8], XSL-FO[9], or the XML
query language - XQuery[10]). Such transformations enable easy adaptation
of learning content to given requirements.

. Transformation processes enable delivery on the fly as well as delivery of
offline content. Delivery on the fly is used for online access to the content,
where a quick adaptation to learners’ requirements is requested. Still a lot of
experts show significant preference for traditional printed material (see [13])
for reading, because learning online significantly reduces learning efficiency
and speeds up the fatigues of the learners. An example for offline content are
the traditional printed scripts (a kind of textbook). Still some advantages of
the online content, i.e., its interactivity, potential animation, video or audio,
are lost in printed material. For printed material, an easy connection to the
lost multimedia elements was enabled by the idea of so called PaperLinks (
see [14]). PaperLinks establish relationships between locations identified by
e.g. barcodes in printed material and digital content.
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4 Open Issues

Although the approach taken has been realized by the project consortium and
a first version of the system has been put in operation, there are still many
open issues that require further research and effort in order to find adequate
solutions or improve existing solutions. One of the most important issues is the
complexity and the degree of freedom of the Document Type Definition that
specifies the details of the structuring according to the scheme given in Fig. 1.
The richer the structuring primitives given by the various block types and their
possible composition the more complex the authoring process. From the given
experience of the project partners it is absolutely essential to have a WYSIWYG
authoring system that fully supports the primitive concepts including level of
details, rendering types, and didactic elements.

Another very important issue is to provide guiding rules during the authoring
process that support an author in composing the blocks like definitions, expla-
nations, or examples. Such guiding rules should not be “hard-wired” into the
system, but should be configurable such that different didactic models can be
supported. It should not be expected that teachers always agree on the pedagog-
ical model and the underlying didactic building blocks. Hence, configurability of
the composition schemes allowed is an essential requirement for the authoring
system.

Another critical issue is the availability of an adequate e-learning platform.
In our case we have available the SCHOLION system (see [15][16]) that has
been initially implemented by the University of Linz and that has proved its
applicability and usability already in the context of many classes. In the Mo-
bilLearn project that platform has been redesigned and extended to meet the
specific requirements of the project. The platform needs to support the fine-
grained structuring of the digital content in terms of it services, otherwise a user
cannot exploit the added value of highly structured course material. Unfortu-
nately, no one of the widely used and well known e-learning platforms provides
enough support for structured content as given in the MobilLearn project. Even
the possibility to import Mobil.earn content by means of IMS compliant packag-
ing does not solve the problem, as all the structuring within a presentation unit
(see Fig. 1) is lost after importing and not made available for the user because
of missing functionality of the e-learning platform.

These issues are considered to be most critical and there is significant further
research effort needed to improve authoring tools and platform.

5 Conclusion

In this paper we presented a model for structuring content for a mobile e-learning
environment. The structuring scheme incorporates didactically classified pieces
of content (encoded by means of “Blocks”), that can be delivered to and ren-
dered for individual device types (following the multi channel delivery approach
and essentially covering PC or Notebook, PDA, and Smartphone), presented in
different information intensity (encoded in terms of levels of detail), respectively.
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The project follows a very modular approach: didactic elements can be easily
defined and introduced by means of “Blocks” just by extending the predefined
set of didactic XML elements in the MobilL.earn DTD. Further device types
can be easily supported by extending the set of attribute values allowed to be
choosen for the rendering attribute at the block level. And even the level of
semantic granularity of the content can be extended by introducing another
level of detail in case the three levels of detail, currently choosen in the project,
do not sufficiently fit particular learning needs.

We consider the openness and interoperability of the approach as a big advan-
tage and strength compared to other approaches that either do not provide fine
grained structuring of content or only provide hard-wired models that cannot
always be adapted to specific needs.

Given our experience we can conclude that powerful tools are needed for au-
thoring and presenting e-learning material composed according to our approach.
Although we have specific tools available in our project environment, we consider
the development of more suitable collaborative authoring tools as essential as
the improvement of the e-learning platforms. Our future work will focus on these
issues among the incorporation of the experiences resulting from operating the
MobiLearn system in the teaching context of the different universities involved
in the project.
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approach and implementing the tools needed to run the system on a daily basis
for our courses.

References

1. Friedl, R.; Preisack, M.B.; Klas, W.; Rose, T.; Stracke, S.; Quast, K.J.; Hannekum,
A.; Godje, O.: Virtual Reality and 3D Visualizations in Heart Surgery Education.
Heart Surg Forum. 2002; 5(3):E17-21. PMID: 12732500 (2002)

2. Klas, W.; Greiner, C.; Friedl, R.: Cardio-OP: Gallery of cardiac surgery. IEEE
International Conference on Multimedia Computing and Systems 2:1092- 5 (1999)

3. Friedl, R.; Preisack, M.B.; Schefer, M.; Klas, W.; Tremper, J.; Rose, T.; Bay,
J.; Albers, J.; Engels, P.; Guilliard, P.; Vahl, C.F.; Hannekum, A.: CardioOp: an
integrated approach to teleteaching in cardiac surgery. Stud Health Technol Inform
70:76-82 (2000)

4. Friedl, R.; Klas, W.; Westermann, U.; Rose, T.; Tremper, J.; Stracke, S.; Godje,
O.; Hannekum, A.; Preisack, M.B.: The CardioOP-Data Clas (CDC). Development
and application of a thesaurus for content management and multi-user teleteaching
in cardiac surgery. Methods Inf Med. 2003; 42(1):68-78. PMID: 12695798 (2003)

5. ADL Sharable Content Object Reference Model (SCORM) Version 1.3 (January
2004) http://www.adlnet.org/

6. IMS Content Packaging Specification v1.1.3 (July 2003)
http://www.imsglobal.org/content/packaging/



124

15.

16.

M. Zaharieva and W. Klas

1484.12.1 IEEE Standard for Learning Object Metadata (June 2002)
http://ltsc.ieee.org/wgl2

W3C Recommendation. XSL Transformation (XSLT). Version 1.0 (November
1999). http://www.w3.org/TR/xslt

. W3C Recommendation. Extensible Stylesheet Language (XSL). Version 1.0. Oc-

tober 2001. http://www.w3.org/TR/xsl/
W3C Working Draft. XML Query Language. November 2003.
http://www.w3.org/TR/xquery/

. Wiley, D.A.: Connecting Learning Objects to Instructional Design Theory. In D. A.

Wiley (ed.), The Instructional Use of Learning Objects. Agency for Instructional
Technology and the Association for Educational Communications and Technology.
ISBN: 0-7842-0892-1. (2002)

Topland, K.O.: Mobile learning. Technological challenges on multi-channel e-
learning services. Master Thesis. Agder University College, Norway (2002)

Mills, C.B.; Weldon, L.J.: Reading text from computer screens. ACM Computing
Surveys 19/4 (1987)

Hitz, M.; Plattner, S.: PaperLinks - Linking Printouts to Mobile Devices. MLEARN
2004, Italy (2004)

Froschauer, B.; Stary, C.; Ellmer, M.; Pilsl, T.; Ortner, W.; Totter, A.: SCHOLION
- Scaleable Technologies for Telelearning. Proceedings of the 2000 ACM Symposium
on Applied Computing, Como, Italy, ACM (2000)

Auinger, A.; Stary, C.: Embedding Self-Management and Generic Learning Sup-
port into Courseware StructuresProceedings of the 35th Hawaii International Con-
ference on Systems Sciences, IEEE (2002)



Smart Virtual Counterparts for Learning Communities

Mohan Baruwal Chhetri, Shonali Krishnaswamy, and Seng Wai Loke

School of Computer Science and Software Engineering, Monash University
{Mohan. Chhetri, Shonali Krishnaswamy,
Seng. Loke}i nf ot ech. nobnash. edu. au

Abstract. Virtual learning environments can be greatly improved if they can
provide location independent services and personalized interactions to the
learning community. One way of achieving this is by having smart virtual
counterparts to represent the users in the virtual learning environment. We
propose that mobile agent technology is aptly suited for providing such smart
virtual counterparts to represent learners, teachers and institutions in the virtual
learning community.

1 Introduction

Education in the 21" century is undergoing a steady state of transition. There is a
constant shift from the traditional view of regarding teachers as content providers and
transmitters towards that of a mentor guiding and supporting learners through the
process of knowledge acquisition [1]. This change is brought about by the need to
adopt new approaches to teaching and learning in a world highly driven by
technology. As a result of emerging computing paradigms such as ubiquitous
computing, pervasive computing, and nomadic computing [10], learning can now be
viewed as a global, life-long and flexible activity that can be carried in all
environments with the learners themselves directing the learning process [1].

With the integration of technology into the learning process, universities are
increasingly restructuring the educational system to support learning in virtual
environments. A Virtual Learning Environment (VLE) can be defined a social space
[2] in which teachers and students interact both synchronously and asynchronously.
Its central concept is a virtual world in which participants can meet and interact. Users
are represented in this virtual world by an avatar or a virtual counterpart [3]. It is
important to remember that the driving force behind the notion of VLEs is the
learning aspect and the virtuality refers to the technology, which is brought in to
support learning in such an environment [1].

While numerous web-based educational systems have been deployed in recent
years, most of these systems are non-interactive and non-adaptive [4]. They don’t
support features such as delivery of dynamic content, off-line learning and
examinations, or user context awareness. Tools that assist learning in such passive
virtual learning environments include e-mail, bulletin boards, chat rooms and
whiteboards and can be considered as passive virtual counterparts of teachers and
learners because they cannot provide the required level of autonomy, extensibility, re-
configurability and rich personalized interactions required in virtual learning
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environments. Users aren’t able to delegate tasks to these passive counterparts and
some form of human intervention is necessary to initiate and supervise the teaching
and learning process.

Virtual learning environments can be made as interactive and responsive to
individual needs as learning in the physical environment if the virtual counterparts of
teachers and learners can exhibit smartmess. Mobile agent technology is particularly
suited for developing intelligent virtual learning environments because mobile agents
exhibit autonomous behaviour and can be engineered to decide the when, why, with
whom and whether at all [5] of their interaction with other components in their
environment. Mobile agents are also able to adapt to different working environments
such as on-line mode, off-line mode and disconnected mode, and are particularly
suited for building distributed applications involving partially connected computing
[6]. This inherent distributed nature of mobile agents makes them ideally suited for
developing educational applications for sharing resources on heterogeneous systems
and platforms [7][17].

In this paper we propose that smart virtual counterparts can better represent users
in virtual learning environments and can become a natural extension to human
capabilities. They can work on heterogeneous networks and platforms and still be able
to provide the users with personalized interactions in a persistent environment. We
have designed the Smart Seminar Room, an application based upon the concepts of
virtual learning environments [2] and smart spaces [8], in which mobile agents act as
the smart virtual counterparts of teachers and learners. This application combines
wireless technology and portable devices (mobile and stationary) to provide services
to users of lecture theatres namely students and lecturers in universities. We have
customized the service request, service presentation and negotiation process to
support different kinds of users. We have adopted a user-centred approach in
designing the Smart Seminar Room. Each user is represented in the virtual world by a
software agent, which acts in accordance with the explicit/implicit input it receives
from the user.

This paper is structured as follows. Section 2 discusses the smart virtual presence
of real world entities. Section 3 describes the modelling of smart virtual counterparts
while section 4 discusses the mapping of smart virtual counterparts to the
learning/teaching environment. Section 5 discusses the implementation of the Smart
Seminar Room and section 6 concludes the paper.

2 Smart Virtual Presence of Real World Entities

In the physical world, we can divide real world entities into three categories — people,
places and things [9]. People are capable of moving between places, interacting with
other people, and finding and using things. Technological advances enable enhanced
access to people, places and things by augmenting them with useful IT functionality
giving them a virtual presence [9] [10]. However the virtual world appears largely
unstructured and it is difficult to associate real world entities with their virtual
counterparts. This necessitates the need for dedicated representatives of real world
entities in the virtual world, i.e. smart counterparts in the virtual world. Each real
world entity can have several virtual counterparts (both active and passive) as shown
in Figure 1. A virtual counterpart can represent several physical counterparts though
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not all virtual world entities need have a corresponding physical counterpart in the
real world. However, we are more concerned with the active virtual counterparts of
real world entities.

Services in virtual environments are supplied by, or based around people, places
and things. Traditionally these services are confined to physical boundaries and are
user-driven requiring user participation. Considerable research has been done on the
concept of smart spaces/smart environments taking the approach that the smart
environment has a finite physical boundary [9] [11] [12] within which services are
offered by real world entities. Notable examples include Hewlett Packard’s
CoolTown project (www.cooltown.com) and AT & T laboratories’ Sentient
Computing project (www.uk.research.att.com/spirit/) among others.

! IVirl_ual World Entities

Software Agent  Email (Passive eb Page

.(Active Counterpart) CounterparT_,;j (Passivefﬁﬁmerpan)

Person Place Thing

[ Real World Eniies |

Fig. 1. Every real world entity has a virtual counterpart, which enables them to interact in the
virtual world.

We take the approach that users can avail of services provided within smart spaces
irrespective of their physical location. Both, the people and the things need not be
required to physically enter the boundaries of the smart environment in order to
provide services or to access the services offered. Users should be able to deploy their
virtual counterparts who can access the services via logical mobility as if they were
accessing the services locally. Moreover, the services offered to users should be at a
much higher-level, which meet their needs irrespective of place and time. Such
services include services providing remote access to people, places and things [9]. In
smart environments, services are provided by the virtual counterparts of real world
entities and are used by the virtual counterparts of real world entities. In an ideal
situation, a smart environment would be able to provide two kinds of services —
services that can be accessed from only within the physical boundaries, and services
that can be accessed from both within and outside the smart space as shown in Fig-
ure 2.
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This approach can be mapped to the notion of virtual learning environments as
well. Technological advances have made it possible for the teaching community to
provide teaching services within smart environments through their smart virtual
counterparts. Similarly the learning community can also make avail of these services
via their own smart virtual counterparts. The teachers have an opportunity to offer
learning to those learners who are unable to participate in a traditional face-to-face
environment [1]. Similarly smart virtual counterparts of students provide user support
within the environment [3], allow sharing of educational resources [7][17] and
optimize the learning process.

Interaction betweeh passive
< counterpart and service

O'S/O

\hrtual Interaction between
L/ Counterpart active|counterpart and [ ]
Real World = reinote service

Entity Sg)™

®E)E)

S, - Service which canonly be accessed remotely
S, - Service which can only be accessed locally
S, r - Service which can be accessed both locally and remotely

Fig. 2. An Ideal Smart Space should offer different kinds of services that can be accessed by
active and passive counterparts of users.

3 Modelling Smart Virtual Counterparts

In order to achieve effective and personalized interaction with the learning
environments, it is necessary to take the user’s context into account. Keeping this in
mind, we have adopted a user-centric approach while designing the smart virtual
counterparts of users within the Smart Seminar Room. In our design, each user is
represented by a software agent, which acts according to explicit/implicit input it
receives from the user. This agent dialogues, communicates and negotiates with other
agents within the learning environment on their behalf. These virtual counterparts
represent the users in their interaction with the services available in the smart
environment.
We have modelled three types of agents in our design of:
o User Agents: these are the smart virtual counterparts of the users (teachers and
learners) that negotiate services with the smart environment on their behalf.
¢ Service/System Agents: these agents are also smart virtual counterparts of real
world entities (representing a University lecture theatre in this particular case),
which are specialized according to the kind of service they provide to the user
agents.
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e Interface Agents: these agents do not represent any real world entities in the
virtual world. They interact with the user agents and the service agents and
facilitate the interaction between the two.

In order to achieve effective personal interaction between the virtual counterparts and

the corresponding real world entities, context awareness is of increasing importance.

Since, with the mobility of users, their context changes constantly, the agents should

be able to take into account, several factors such as the user’s location, interaction

device and time of day among others. From a learning perspective, a student can
move between different environments (home, university, travelling) reflecting
different learning modes (more participatory at university, more focussed while using
the computer, or more passive while engaged in some recreational activity such as
watching TV) [16]. Hence the interaction between the user and the user agent takes on
added significance. The agent can take input from the user in two ways — explicitly
from the user via different means such as a graphical user interface or speech, and
implicitly from a smart to do list [§] which the agent developer has already prepared.

This user input is then transformed into a service request, which is submitted to the

smart environment.

4 Design of the Smart Seminar Room

The Smart Seminar Room is based upon the concept of smart learning environments.
It aims to support the nomadic teaching and learning communities of the universities
namely lecturers and students. The basic functionality of the Smart Seminar Room
focuses on the ability of a user (teacher/student) to delegate agents from his/her
device (such as palmtop, laptop or a desktop) to access the services about the lecture
theatre such as making bookings, checking available facilities etc. In the Smart
Seminar Room, all the real world entities including the users, and the seminar room
system are represented by software agents — mobile and stationary, in the virtual
world. Each interaction between the user and the seminar room is taken care of by
their virtual counterparts.

There are three kinds of users of the Smart Seminar Room — students, lecturers and
the administrator, represented by the Student Agent, Lecturer Agent and the
Administrator Agent respectively. The Seminar Room Agent provides the services to
the user agents in the Smart Seminar Room. It is the virtual counterpart of the lecture
theatre. The services offered by the Smart Seminar Room differ according to the type
of user request. Students can receive information about lecturers and the units they
teach. The administrator performs database administration that includes insert, update
and delete operations on the Smart Seminar Room database. The lecturers are the
main users of the Smart Seminar Room. They can check up information about the
seminar halls, make comparisons, make bookings on these seminar halls and cancel
bookings. In the event that a lecture hall required by Lecturer A at a specific time slot
has already been booked by another lecturer B, the user agent for A can negotiate the
booking with the user agent of B by migrating to the user device of Lecturer B.

In addition to the user agents and the service agents, there are also interface agents
such as the query agent, booking agent and the negotiation agent. These agents do not
represent any real world entity but act as intermediaries between the user agents and
the service agents. Table 1 shows the real world entities that interact with the Smart
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Seminar Room and their virtual counterparts. Table 2 shows the services available to
each type of user of the Smart Seminar Room. As mentioned previously, each user is
offered different levels of services depending upon the user-type. Figure 3 shows the
different users of the Smart Seminar Room and their virtual counterparts as well as
the virtual counterpart of the seminar hall that offers the different services based upon
user type.

Table 1. The different real world entities and their virtual counterparts in the Smart Seminar
Room system

Real World Entity Virtual Counterpart Agent Type
Seminar Hall Seminar-Hall Agent Service Agent
Student Student Agent User Agent
Lecturer Lecturer Agent User Agent
Administrator Administrator Agent User Agent
Query Agent Interface Agent
Booking Agent Interface Agent
Negotiation Agent Interface Agent
Update Agent Interface Agent

Table 2. Services available to each type of user of the Smart Seminar Room

User Type Services Available

Lecturer e Check seminar hall Details
o  Make Bookings

®  Cancel Bookings

»  Negotiate Bookings

Administrator e Add/update users
»  Add/update seminar halls
Student o Check lecturer details

o  Check unit details

The following scenario demonstrates an interesting case of interaction of the smart
virtual counterparts with each other and with their physical counterparts. Let us
consider the case where a lecturer at location A wants to book a seminar hall for a
particular time slot. So the lecturer can trigger the Lecturer Agent, which in turn
invokes the Booking Agent that migrates to the Smart Seminar Room. This is
represented in Figure 4 as ‘1’. It then interacts with the Seminar Hall Agent and tries
to make the booking. If the seminar hall has been booked by another lecturer at
location B, it returns back to its user device at location A and informs Lecturer A that
the hall has been booked by lecturer B for that specific time slot. This movement is
represented as 2’ in the figure. If lecturer A wants to negotiate the booking with
lecturer B, he/she instructs the Lecturer Agent A which then delegates the Booking
agent to migrate to location B to negotiate the booking as indicated by ‘3’ in Figure 4.
On reaching the mobile device of lecturer B, Booking Agent A tries to negotiate the
booking with the Negotiation agent at location B. If the negotiation is successful, the
Booking agent once again migrates to the Smart Seminar Room, cancels the booking
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made by lecturer B and makes the new booking. This migration is indicated in the
figure by ‘5’. Once booking has been made, the agent returns to back to location A
along ‘2’. If the negotiation fails, then the agent returns back to location A from
location B as indicated by ‘4’ and informs the lecturer about the failed negotiation.

AdministratorAgent
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7/ I}
Seminar |
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|
e Agent | SeminarHall

]
S, - Student Service

S, - Lecturer Service
Stud‘-'“— Student S - Administrator Service
Agent - .

A

Fig. 3. The different users of the Smart Seminar Room and their virtual counterparts, and the
different types of services offered by the Seminar Room Agent
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Fig. 4. Scenario showing the migration paths followed by the lecturer agent when the lecturer A
wants to negotiate a booking made by lecturer B

This interaction shows how software agents (mobile and stationary) can be
effectively deployed in the virtual learning environments to better represent the
principal actors (teachers and learners) and provide a richer level of interaction within
the virtual world.
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S Implementation of the Smart Seminar Room

The Smart Seminar Room was implemented using the Grasshopper Mobile Agent
Toolkit [13]. Grasshopper is the first mobile agent toolkit, which has been developed
compliant to the Mobile Agent System Interoperability Facility (MASIF) standards
[14]. The Smart Seminar Room chiefly consists of two components — the user device
on which the Student, Lecturer and the Administrator Agents are created and reside
and the system device on which the Seminar-Hall Agent resides and offers services.
Depending upon the type of user and the user needs, the Query Agent, the Booking
Agent, Negotiation Agent or the Update Agent are initiated in the user device. These
agents are mobile and migrate to the system device of the Smart Seminar Room and
interact with the Seminar Hall Agent to process the queries input by the users. While
the Seminar Hall device is always up and running, and is registered with a region
registry, the users can start up their devices as and when they want to use the Smart
Seminar System. Once they have finished using the services of the system, they can
choose to close the application. However in the case of the lecturers, the agency on
the user device has to be up and running throughout the life cycle of the system in
order to facilitate the negotiation of bookings

Negotiation, which is one of the most important features that is facilitated by using
mobile agent technology, is performed on the user device of the Lecturer. The first
step in running this system is to have the Region Registry running. Once the Region
Registry is started up and is running, the Server agency (representing the Seminar
Hall Agent) has to be started on the system device. This is registered with the Region
Registry. Similarly all the users of the system have to start up the Grasshopper
agencies in their respective user devices and register with the Region Registry when
they want to use the SSR system.

Once the agency has been registered, the user (in this case the Lecturer) is required

to enter the login name and password and select from the list of options available.
He/she is then required to enter the booking details and submit the request for
processing. Once the lecturer has pressed the ‘Submit’ button, the Booking Agent
migrates to the system device with the user request. The lecturer is informed of this
migration via a message box. Once the booking has been confirmed, the Booking
Agent returns to the user device of the lecturer and displays the booking results.
Once the lecturer books a lecture hall, it is possible that another lecturer requests the
same hall at the same time and day. In such an event, negotiation takes place if the
lecturer who originally booked the theatre is willing to swap the booking. The lecturer
is asked if he/she wants to negotiate the booking with the other lecturer. If the lecturer
decides to negotiate the booking, then the Booking Agent migrates to the agency of
the other lecturer and tries to negotiate the booking. If the negotiation fails, the
Booking Agent returns with the negotiation result and informs the lecturer. If the
negotiation is successful, then the Booking Agent for the negotiating lecturer migrates
from the user device of the other lecturer back to the system device and cancels the
original booking. Then it makes the new booking and returns to its own user device.
The Negotiation Agent informs the lecturer who made the first booking before
cancelling the booking. The Booking Agent then goes from the other user device to
the system device, cancels the original booking and makes the new booking. It then
returns with the booking results.
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6 Conclusion

In this paper we have stated that the concept of intelligent environments should not be
confined to physical boundaries but should transcend them. Also with the availability
of ubiquitous and mobile computing environments, it is possible to enhance smart
environments by deploying the smart virtual counterparts of real world entities.
Mobile agents can be used to link the physical world of people, places and things with
the virtual world of services and applications. They can be used to provide
personalized interactions with smart environments and provide location independent
services to the user’s mobile, portable computing device. This approach holds
particularly true in the field of education where the entire teaching/learning
experience can be enhanced by using mobile agents as the smart virtual counterparts
of teachers and learners.
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Abstract. This research is to develop mobile class Web sites for elementary
schools. Even though traditional class Web sites have promoted the
collaboration among teachers, students, and students’ parents, their
communication has been restricted to wired networks. However, with the
development of wireless data transmission technologies, traditional class Web
sites can be linked with wireless networks. Armed with wireless transmission
handset devices such as cellular phones and PDA (personal digital assistants),
students’ parents can get class information directly through those devices. This
research is to develop class Web sites that can be synergistically linked between
wired and wireless networks. The communication through both wired and
wireless networks enables students’ parents to overcome the limitation of space
and time, and further promotes better collaboration with teachers.

Keywords: Wireless Networks, Mobile Networks, Class Web Sites, Wireless
Internet

1 Introduction

The development of information communication technologies has driven people to
access information regardless of location and time, which can be summarized by three
words, anyone, anytime, and anywhere. This trend has been also applicable to
education environments. With the spread of the Internet, schools have provided class
Web sites for the collaboration among students, teachers, and students’ parents.
However, the traditional Web sites have been usually developed on the wired
networks, and parents must be in front of computers in order to get class information.
Considering wired computers and their physical location, parents, especially working
parents, sometimes have difficulties in accessing computer terminals. It means that
limitation of space and time still exists in current educational systems.

Recently, the wireless Internet is growing fast all over the world and it has been
also applied to education environments. The main advantage of the wireless Internet
is in its mobility. In addition to handling voice transmission, smart phones such as
cellular telephones and PCS (personal communication services) can handle voice
mail, e-mail, and faxes, save addresses, and access the Internet to get information.

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 135-144, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Moreover, the wireless digital cellular handset enables to trade in e-marketplace. It
overcomes the limitation of space, which is still common in the current on-line
environments. Especially, wireless services through digital cellular handset and wired
services through computers can be synergistically combined together.

Like business application areas, education is one of the domains where the wireless
Internet through smart phones can be applied. Traditionally, schools have provided
students’ parents with class information through paper document [1]. With the
development of the Internet, the class Web site is used as a more advanced
communication tool. Most schools have used Web sites, but their contents were
usually limited to overall school events and academic activities. Information on
individual student cannot be sufficiently provided through traditional tools. Contents
of paper document written by students are not sometimes accurate, especially by
students in the lower classes, and computers for the Internet connection are not
always available to parents, especially working parents.

Nowadays, smart phones are considered as effective communication tools in
education environments. Above all, most people have smart phones equipped with
micro browsers for the Internet connection, and the use of smart phones is not
restricted by time and space. Parents can get their children’s class information in
timely manner, and share individual information with their teachers for achieving
education goals.

In spite of growing spread of the wireless Internet, scant research has been
conducted on the application of the wireless Internet to education environments. The
main purpose of this research is to expand the wired class Web site to the wireless
class Web site. In this system, the two class Web sites were linked to maximize both
mobility and usability.

This paper is organized as follows. In Section 2, we present the theoretical
background and prior works. In Section 3, we design our wired and wireless class
Web sites. In Section 4, we describe the implementation of the sites. Finally, we give
some conclusions and further research issues in Section 5.

2 Theoretical Backgrounds and Prior Works
2.1 School Education and Students’ Parents

As home is the first social organization of human, parents are the first teachers. In the
rapidly changing modern society, education is not responsible for schools only, but is
based on the cooperation between schools and parents. Schools should provide
parents with education information such as education philosophy, policies,
curriculum, and teaching methods in a consistent manner for the consistent education
environments. In addition, parents have to build a close relationship with teachers to
resolve possible problems, which occur in home.

Parents traditionally have taken diverse roles such as teachers, participants in
school activities, learners, and information consumers [2]. Especially, as information
consumers, parents require effective tools to provide diverse education information.

The research is related to the application of the wired and wireless Internet to
education environments. These tools were used to provide information on education
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in school, which eventually build parents’ participation in school education and close
cooperation with teachers.

2.2 Parents’ Information Requirements

Although most schools provide the Web sites, students’ parents do not frequently
access the sites. In addition, a representative communication tool from schools to
parents is paper document. However, the paper document is one-way communication
method, and its contents may not be the information the parents require.

Especially, according to the degree of concerns, parents’ awareness differs. While
parents may be interested in the information on academic achievement, teacher’s
evaluation, and children’s school life, they may be less interested in education goals,
school budget, and facilities [3].

The research is related to providing information parents need through wire and
wireless Internet technologies. In the situation that more than 90% of parents use
smart phones (cellular phones and PCSs), the wireless Internet may be more effective
as a communication tool. Therefore, according to the information requirements, the
research seeks to link the class Web site with the wireless class Web sites.

2.3 Characteristics of the Wireless Internet

The wireless Internet is a way of accessing the Internet without physical connection
through wires. Smart phones equipped with micro browsers can access Web pages
formatted to send text or other information that is suitable for tiny screens. The focus
of the wireless Internet is ‘mobile’ rather than ‘wireless’, and it usually means the
Internet service through mobile devices such as smart phones, PDA, and notebook
computers. Table 1 compares the characteristics of the wired Internet with those of
the wireless Internet [4].

Table 1. Characteristics of the wired Internet and wireless Internet

Items

Wired Internet

Wireless Internet

Transmission speed

100 Mbps

2 Mbps

Information types

Diverse including multimedia

Text & small size multimedia

Access method

PC (space limitation)

Handset (less space limitation)

Access types

Bidirectional

Unidirectional

Usage time Less time limitation Short period

Usage types Diverse sites, long period Intermittent access with 1-2 sites
User Interface User friendly screen Small and limited screen size
Usage fee Accustomed to free usage. Accustomed to be charged
Languages HTML, JavaScript etc HDML, WML, mHTML etc.

Representative Biz. Diverse e-commerce areas Limited e-commerce area

Under the wireless Internet, information can be delivered correctly by reflecting
the unique characteristics of the wireless Internet. For example, the limitations of
screen size and accessing time by smart phones may require text-based compact
information. Terms in menu should be user friendly and consistent, and numbers
should be assigned to each of menu rather than scrolling the menu. In addition, the
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depth of links should not be deep, and movement by the arrow keys must be
minimized. A method for returning to previous points should be provided [5].
Currently, SMS (short message service) is the most frequent wireless Internet service.
Other services such as bell sound download, character download, and games are also
used.

2.4 Prior Works

Abundant research has been conducted on the application of information
communication technologies to education environments. Specifically, Web-based
systems have been introduced to promote teaching-learning effectiveness. However,
in spite of the spread of mobile handheld devices, scant research on the development
of education systems under the wireless Internet has been conducted.

Some researches introduced applications of mobile devices to education. The
wireless Internet site provides two types of class information; (1) announcement such
as school schedule, school events, and placement, (2) student class information such
as teacher’s evaluation, attending status, academic record, and student school life. A
system is developed by HDML (handheld device markup language) to link between
wireless site and wired site [1]. However because HDML is not prevalent mark up
language supported by most cellular phones, the system users are very limited.

A distance learning system was introduced in [6]. Based on the WAP (wireless
application protocol) and Java middle ware, the systems provide animations and
sound files. Based on mobile C, a system was developed to enhancing English
listening abilities in [7]. Because listening and problem solving is possible through
download function, learning can continue on the off-line.

Although ordinary adults usually have cellular phones, elementary students do not.
Even more, phone fees for basic and supplementary services may be an economic
burden of parents. The unfavorable conditions hinder the expansion of the wireless
Internet application in education.

Considering the limitations of current systems, the system here is focused on
followings. First, information on school events, attending status, school life and
counseling is provided. Second, the system was implemented by diverse mark up
languages such as WML (wireless markup language), mHTML (mobile hyper text
markup language) and HDML, by which diverse users can utilize the system.

3 The Design of a Wireless Class Web Site

The research is to develop both wired and wireless Web system, through which
parents can access education information anytime and anywhere. The system users are
parents who usually need information on their children’s school life in a convenient
way.

3.1 Contents of the System

The contents of this system have following characteristics. First, brief information is
provided in text format. Examples are school events related to first grade, homework
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and class preparation, attending status, class life, etc. Second, the system is very easy
to use for parents, and provided information is accurate. Information is provided
through wired and wireless Web sites and important information is also provided
promptly by SMS. Third, community is provided for promoting users’ participation.
Class preparation is announced and guest book is also used for diverse interactions.
Finally, information can be correctly provided by accommodating diverse cellular
phones, and wireless Web site can be linked with wired one.

3.2 User Interface of the System

The user interface of this system has following characteristics. First, the menu is
prepared for convenient operations of cellular phones. The view of menu is limited to
a screen, and operation is possible by selecting numbers or pressing arrow buttons.
Second, loading time is minimized. Information is text —based, and image is not used.
Third, the wireless Web site is composed of text, and emoticon is used in initial
screen to transfer user’s emotion through icons.

3.3 System Configurations

While parents can search detailed information by using PC, they can also access
wireless Web sites by cellular phones to get brief information timely in a convenient
way. The wirelesses Web sites are composed of simple levels with core information
to support user-friendly operations.

3.3.1 Design of Wireless Web Site

The wireless Web site is composed of WAP documents. The initial screen and menu
are provided by index.asp. After users first access the initial screen of index.asp files
according to default.asp and markup language compatible with cellular phones, they
access the menu screen through the operation of down button.

Figure 1 shows the overall structure of the wireless Web site. The initial screen is
the first screen the user accesses before the menu screen. Emoticons were used for
friendly and positive interface. For the convenience of operations, menu can be
selected by either assigned numbers or arrow keys.

3.3.2 Design of Wired Web Site

The wired Web site is designed to link with the wireless Web site. The primary
purpose of the site is to provide information parents need. Parents can get information
on “announcement” and “preparation notice”, which are also provided through the
wireless Web site. While some information is shared together in the wired and
wireless Web sites, some information such as class album, resource center, directions
of the wireless Web site and site tour is provided on the wired Web site only.

The Web site is managed through the wired Web site. Because cellular phone
buttons are tiny, the complex operations like Web site management are not
appropriate through cellular phones. The common parts linking two sites are also
managed through the wired Web site.
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Announcement Sch. & Class Event
Prep. Notice Class Preparation
Initial G Book Askine & Onini
Sopess uess Bool sking pinions
School Schedule Monthly Schedule
Calling Calling to Teachers

Fig. 1. Overall Structure of the Wireless Web Site

3.3.3 Design of SMS

The protocol of SMS is different from that of the wireless Internet. SMS does not
need special network and works in existing network with the addition of a message
center [1]. SMS is not linked with the wired Web site, but information requiring
speedy delivery and/or being important is provided with parents by SMS.

Because most adults use smart phones, their usage is relatively easy, and message
delivery is near to simultaneous transmission, SMS is well established as one of
useful communication methods. Considering economic and technical aspects,
commercial SMS server is used in the Web sites.

4 The Implementation of the Proposed Web Sites

4.1 Development Environments

The system configuration is shown in Figure 2.

WML was used as a markup language, and Namo and Anybuilder were used for
site development. The wireless Web page is developed as shown in Figure 3. The tool
provides convenience of development and enables to change to other languages
beside WML. UP4.0 was used as a simulator, supporting SK-WML and UP-WML.
Figure 4 shows the wireless Web page presented by the simulator.

After the Web server is established, the WAP server was developed. The WAP
server was developed by setting up MIME (Multipurpose Internet Mail Extensions)
types in the Web server.

4.2 The Wireless Web Site

The screen size of cellular phones is usually 120 to 128 pixels horizontally and 80 to

240 pixels vertically [8]. For the development of the wireless site, in addition to the

screen size, the limitation of file size and transmission speed must be considered.
Figure 5 shows the initial screen of the wireless Web site, which uses emoticons.



Design and Implementation of Mobile Class Web Site 141

@ Computers

IWF Wireless Web site

Switching exchanger Web server _[ DB ]

Cellular Phones

Fig. 2. System Configuration

Fig. 3. Wireless Web Page Fig. 4. Wireless Web Page
by tools by the Simulator

Figure 6 shows the menu screen. The menu is carefully determined so that they
should be seen fully in a screen, and developed to access required information by 2-3
keystrokes only. The menu is composed of text rather than images for users’ accurate
and prompt understanding. The menu can be selected by either assigned numbers or
arrow keys.

“Announcement” provides the relatively detailed information, of which school or
class needs to inform parents. Examples are parents’ meeting, school athletic meeting,
class events, and other educational information. Parents can have more time to adjust
their schedules through prompt announcement. Figure 7 shows “announcement”
screen.

“Preparation notice” is related to information on the preparation of next classes.
Because students sometimes write down the information on their notebooks
inaccurately or do not write down at all, class preparation has been insufficient for
quality education. However, the wireless Web site enables parents to share the
information in advance through cellular phones. Figure 8 shows “preparation notice”
screen.
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Fig. 6. Menu Screen
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Fig. 7. “Announcement” Screen Fig. 8. “Preparation notice” Screen

“Gust book™ is for parents who write to teachers. Because real name and telephone
numbers are recorded in the cellular phone, direct calling is possible between a
teacher and parents.

In addition to the functions mentioned above, “school schedule” and “calling” are
available menu in the wireless Web site. Parents can confirm monthly school and
class schedules, and call to the teacher teaching their children.

4.3 The Wired Web Site

Some common parts are linked between the wireless Web site and the wired Web site.
Examples are “announcement”, “preparation notice”, “guest book”, etc. Parents can
access information whichever they are convenient, wired or wireless Web sites.
Additionally, teachers can update Web contents in a convenient way through a
computer rather than a tiny cellular phone.
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Figure 9 shows the homepage of the wired Web site. Resource center, bulletin
board, class album, and site tour are available in the wired Web site only, and
unavailable in the wireless Web site.

“Resource center” consists of diverse multimedia files such as photos of class
activities and teaching materials. Parents can access or download fast without fees
through a computer. Otherwise, access and download speed would be slow with some
service charge (phone fees) by using a cellular phone. “Bulletin board” is a
communication tool as in other sites. “‘Class album” consists of students’ class activity
photos. Parents can access the class album to get information on their children’s class
activities. Parents are usually anxious to know how their children learn and act in
classes. Figure 10 shows the class album. “Site tour” introduces various helpful Web
sites to parents as well as students.

e et T

| m : WESE %3 i
|
Fig. 9. Homepage of the wired Web site Fig. 10. Class Album Screen

The wireless Web site can be seen by preview screen of the wired Web site. This
function enables teachers to manage the wireless Web site in a simple and convenient
way. In additional purpose, the fact that the wireless Web site is available to parents
instantly, which will promote parents to use the wireless Web site. Figure 11 shows
the preview screen. SMS is available to supplement the other communication ways.
Because SMS is a fast and direct communication tool, it can induce parents’ active
participation. The effect is augmented when SMS is applied with other
communication tools like paper document. Figure 11 and 12 show preview screen and
SMS screen respectively.

B L0 ==
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Fig. 11. Preview Screen Fig. 12. SMS Screen
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5 Conclusions and Further Work

With the development of information communication technologies, a traditional
communication tool like paper document has been expanded to the wired Web site,
and further the wireless Web site. The wireless Web site in this research is linked with
the wired Web site, and also uses SMS. The application of diverse information
communication tools to education environments will get parents satisfied and promote
their participation.

The following positive results are expected with the application of the proposed
site.

First, parents can get information on their students in a convenient way through the
wireless Web site as well as the wired Web site.

Second, parents can get class information faster and more accurately than ever, and
help children prepare their classes accurately in a flexible schedule.

Third, diverse communication tools promote collaboration among students, their
parents, and teachers.

In final, direct communication, especially in SMS and following calls, is available.

In spite of positive results mentioned above, the applications of the wireless
Internet are not currently prevalent in education arena. Current applications of the
wireless Internet seem to be focused on the communication and collaboration.
However, educational applications beyond communication are more required and
expected to be a major part in the near future. Above all, diverse educational contents
for the wireless Internet should be developed.

References

[1] Jang, B.: Design and Implementation of Educational Information Delivery System using
Wireless Internet, Master’s Thesis, Hanyang University, Seoul, Korea (2000)

[2] Hamby, J. V.: The School-Family Link: A Key to Dropout Prevention. In Education and
the Family, edited by Kaplan, L., Allyn and Bacon, Massachusetts, USA (1995)

[3] Ahn, G.: Design and Implementation of Automatic Study Information Delivery System
using Wireless Internet, Master’s Thesis, Graduate School of Education, Shinra
Univeristy, Korea (2002)

[4] Kim, C.: A Study on the Development of Mobile Cultural Contents, Master’s Thesis,
Graduate School of Arts, Chungang University, Korea (2002)

[S] Lee, B,: A Study on the Design Guide for Beginners in Mobile Internet, Master’s Thesis,
Dept. of Information & Industrial Engineering, Hongik University, Korea (2002)

[6] Kim, D.: Design of a Distance Education System using Wireless Internet, Master’s
Thesis, Dept. of Computer Information, Konkook University, Korea (2002)

[71 Park, K.: Design and Implementation of English Listening Study System in Mobile
Environment, Graduate School of Education, Shinra Univesity, Korea (2002)

[8]  http://kr.ks.yahoo.com/service/question_detail.php?queld=46720



A Personal Knowledge Assistant for Knowledge Storing,
Integrating, and Querying

Bogdan D. Czejdo', John Biguenet', Jonathan Biguenet', and J. Czejdo®

! Loyola University
New Orleans, LA 70118
czej do@ oyno. edu
% Edinboro University of Pennsylvania
Edinboro, PA 16412
j czej do@di nbor o. edu

Abstract. Using the underlying Unified Modeling Language (UML) for
knowledge modeling, we discuss how to create a non-graphical interface to
UML models and show how this interface can be used to capture knowledge
from a sample domain specified in a natural language. We demonstrate the
techniques of transforming a natural language text into standard sentences
consisting of three tuples: known information—relationship—unknown
information. We also discuss how to integrate the standard sentences with
existing knowledge through a guided knowledge-discovery process in which
more precise information is requested and added to the diagram in a controlled
manner.

Based on this knowledge-processing methodology, a software prototype was
developed. Using such software, existing PDAs or specialized hardware can
allow the student to process the knowledge. These handheld devices can store,
process, and retrieve knowledge from Knowledge Databases. We refer to such
devices as Personal Knowledge Assistants (PKA).

1 Introduction

Handheld calculators, including graphic calculators and other equipment, have made
dramatic changes in the way many subjects are taught [15]. There are several new
technologies that will allow students in the near future to use small, handheld personal
assistants to use Knowledge Databases covering a variety of subjects. There is, of
course, an important role for larger, yet still mobile, PCs with big displays and huge
memories that will allow students to keep long textbooks and other materials quickly
available with unrivaled text-search possibilities. But we concentrate our discussion in
this paper on small, handheld devices.

The appearance of the first Personal Digital Assistants (PDAs) several years ago
did not cause the dramatic changes in education that calculators did. The educational
use of PDAs in and outside the classroom is not very common. However, proper
software and communication technologies such as WI-FI or BlueTooth provide a
potential for the educational use of PDA-like devices. Such devices might contain
Knowledge Databases.

A variety of approaches were used to store, process, and query the knowledge
[1, 2, 3, 5, 10, 14, 23, 24, 25]. In this paper, we will use the underlying Unified
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Modeling Language (UML) for knowledge modeling. UML is traditionally used for
visualizing, specifying, constructing, and documenting the artifacts of software-
intensive systems [4, 11, 12, 13, 19, 20]. There have been some projects, however,
that show the usefulness of UML modeling of systems not necessarily involving
software [21]. James Rumbaugh, one of the authors of the UML, showed this in [21]
examples of how to model the United States Constitution. We showed in several
papers [6, 7, 8, 9] how we can use UML diagrams to capture classifications that
constitute the basic knowledge about a variety of subjects. These classifications can
be based on a subclass hierarchy, an aggregation hierarchy, named association
relationships, or any combination of these. Such classifications can be used to develop
a deeper understanding of the subject area, to guide in discovery of additional
knowledge, and to support the learning process.

In this paper, we discuss how to create a non-graphical interface to UML models
and show how this interface can be used to capture knowledge from a sample domain
specified in a natural language. We show how to transform the underlying UML
diagrams so that they represent a well-structured knowledge. This transformation is a
guided knowledge-discovery process in which more precise information is requested
and added to the diagram in a controlled manner.

Based on this knowledge-processing methodology, a software prototype was
developed. Using such software, the existing PDAs can allow the student to process
the knowledge. Alternatively, specialized hardware can be designed as a specialized
PDA device with hardware buttons more convenient for knowledge manipulation. In
both cases, we can use handheld device to store, process, and retrieve knowledge
from Knowledge Databases. We will refer to such devices as Personal Knowledge
Assistant (PKA).

PKA can be very useful for computer-assisted instruction (CAI) in many subject
areas. In order to provide the best support for learning activities, the teaching system
should consist of student PKAs and a teacher station being either another PKA or a
regular mobile PC equipped with PKA software. We envision that PKA systems will
provide a spectrum of learning services ranging from a self-contained learning mode
with minimal communication with the teacher to a system that is guided externally
with frequent communications with an instructor or an external Knowledge Database.

2 UML Diagrams for Knowledge Modeling

The UML, though created and used for software design, is not specific to software
design. This kind of modeling is object oriented, meaning that whatever system is
being modeled, its components become abstract objects that have some properties
(also called attributes) and functions (also referred to as responsibilities). A class is a
collection of these abstract objects. Generally, there are several types of UML
diagrams that can be useful for knowledge modeling, including class diagrams and
state diagrams. In this paper, we will concentrate on class diagrams.

Class diagrams contain classes and relationships. Classes can be described by their
name, properties, and functions, and they are graphically represented as boxes. Lines
or arrows are then drawn between classes to describe their relationships, the most
common of which are aggregation, generalization, and named association. Typically,
aggregation is treated as a special form of association [4, 20], but since aggregations
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play an important role in this paper, for convenience we will discuss aggregations
separately from other associations, which are referred to here as named associations.

Human Being

Brain

Fig. 1. Common Knowledge Represented by a UML Class Diagram

Let us consider a UML diagram describing common knowledge about our brain as shown
in Fig. 1. The diagram simply states that there two important concepts (classes), Human Being
and Brain, and that a brain is a part of Human Being. The diamond specifies an aggregation
relationship. Similarly we can specify different relationships using different symbols as shown
in Figure 2.

? consists_offis_part_of
- aggregation relationship
? has_subtype/is_a
- subclass relationship

| name - named association

Fig. 2. UML Relationships

In order for UML diagrams to capture knowledge from various subject areas, two
problems need to be resolved. The first problem is defining a consistent translation
methodology for transferring information from a natural language into a
diagrammatic form. The second problem is to extend the UML class diagram to allow
the student to capture all knowledge in such a form.

3 Natural Language Modeling

The missing link in the process of transferring information from natural language to a
form compatible with the storage, integration, and retrieval demands of a Knowledge
Database has been a consistent and complete translation methodology. Fortunately,
literary theorists have focused efforts over the last twenty-five years in the
development of a relatively new area of research broadly known as translation studies
[22]. Although some fundamental principles have emerged about the process of
translating a text from one language to another, much work in the field has examined
the complexity of the act of translation and the many factors influencing the decisions
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of the translator in transferring words, syntactical patterns, and literary structures to
another language.

This research makes clear that if existing information in print-based natural
language is to be translated accurately into a form such as Unified Modeling
Language (UML) that is compatible with a Knowledge Database, rigorous attention
must be paid to the analysis of the meaning of the original text. That analysis must
extend well beyond the meaning of the vocabulary employed. For example, the
elisions of thought a particular language allows through syntactical subtleties must be
made explicit and represented in the UML translation. Just as importantly, the
controlled ambiguities in the original text must be eliminated from the UML
translation as it gradually refines meaning, but the elimination of these ambiguities
must be sequenced so that a user of the translation is not overwhelmed from the outset
by unnecessarily specific information.

Our approach has been to divide each natural-language sentence into three
categories of information. We first identify what is already known to the reader, either
through previous introduction of that material in the text or as a part of the body of
common knowledge the original author anticipated the reader would bring to the text.
The second element we identify is the relationship between the known and the
unknown information in the sentence; this link is often expressed in the predicate of
the sentence. Finally, we note which information in the sentence is new to the reader.

This approach mirrors the principles of effective argumentation taught in college
freshman composition courses, in which the student author is urged to organize the
evidence in an essay—even at the level of the sentence—from the known to the
unknown. Similarly, a reader can expect that published authors will usually follow
this pattern of organization in conveying information. So our analysis of the text
imitates the strategy of interpretation the intended reader of the material would have
likely employed and its author would have anticipated.

It should be noted that our analytical method has another benefit for manipulation
of information within a database. If known versus unknown information is defined as
new versus old information, the very sequencing of that information within the text
allows an accurate identification of what is known to the reader and what is unknown.
The data identified as unknown, or new, requires a further elaboration in UML, while
old information does not trigger modification of the UML class diagram.

A simple example of our methodology will demonstrate its utility in moving from
natural language to UML. We chose a simple paragraph to translate [26]:

You have five senses—sight, hearing, smell, taste, and touch. Through these
senses, your brain receives information about the world outside. A sense organ,
for example the eye, contains many special receptor cells. These cells collect
information and pass it to the sensory nerve cells which take it to the brain.
Different receptors can receive information in the form of light rays, sound
waves, chemicals, heat, or pressure.

Our analysis of the sentences of the paragraph sought to identify the following
categories: Known Information—Relationship—Unknown Information. To simplify
the explanation below, we have focused on only major elements of the sentences.

In the first sentence, we noted that the ambiguity of “You” as either a particular
“You” or as representative of its class needed immediate clarification, which we
indicated in brackets. As the reader’s common body of knowledge includes an
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awareness of the existence of human beings, the subject of the sentence is known
information. We delayed explicating the controlled ambiguity of “have,” the predicate
of the sentence, as either naming a constituent element or an object possessed,
because the ambiguity did not bear on the meaning of the statement. Though the five
senses might well be understood as common knowledge, we treated the remainder of
the sentence as new information for the purposes of the paragraph.

You [human being]—have—five senses.
These senses— are—sight, hearing, smell, taste, and touch.

The analysis recognizes that in adjectival phrases like “your brain” (in the second
sentence), “‘sense organ” (in the third sentence) or “Different receptor cells” (in the
fifth sentence), a relationship of known and unknown information is implied in the
linking of the adjective to the noun. We state that relationship in brackets just above
the sentence in which it appears. The known information conveyed in the sentence
includes the “senses,” introduced in the previous sentence, and the common
knowledge that a human being possesses a brain. The new data of “information about
the world outside” is related to the old data through the predicate, “receives.”

[A human being—has—a brain.]
Your brain—receives—information about the world outside through these
senses.

The third sentence offers new information about the existence of “many special
receptor cells” in “a sense organ.”

[A sense—has—an organ.]
A sense organ—contains—many special receptor cells.

The fourth sentence is composed of two major relationships of known and unknown
information. “These cells,” introduced in the preceding sentence and therefore known
to the reader, “collect information” and then “pass it to the sensory nerve cells.”
Because the reader is unfamiliar with this new term, a third relationship concludes the
sentence and explains the function of these “nerve cells.”

These cells [special receptor cells]—collect—information and
[special receptor cells|—pass—it [information] to the sensory nerve cells
which take it to the brain.

The final sentence offers new data about the specific forms of information that can be
received by “Different receptor cells.”

[Receptor cells—have—different categories.]
Different receptor cells—can receive—information in the form of light rays,
sound waves, chemicals, heat, or pressure.
Our analysis guides the creation of a UML class diagram and has implications for
the entry of other types of information into Knowledge Databases.
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4 Creating UML Diagrams for Knowledge Modeling

The UML class diagrams can be created explicitly or using a textual interface. Since
in this paper we concentrate on the use of handheld mobile devices, let us describe in
detail a textual interface, which is more appropriate for these handheld devices.

A sample interface for entering well-structured knowledge facts is shown in Fig.
3a. By well-structured knowledge facts, we mean tuples consisting of three
components: first class name, relationship and second class name. The class name can
be expanded by a multiplicity constraint that can be a typical numerical constraint or
more descriptive such as “many,” “always,” “often,” etc. Fig. 3b shows all tuples
corresponding to the first sentence

LEINT3

Known Class Name: Relationship: Unknown Class Descriptor:

e S

Fig. 3a. The Knowledge Database Interface to Enter Tuples.

human being—has—sense(s) (five)
sense— has category—sight

sense— has category— hearing
sense— has category—smell
sense— has category—touch

Fig. 3b. Tuples for the First Sentence from the Sample Text

human being—#has—brain
your brain—receives—information about the world outside through these
senses.

Fig. 4a. Tuples for the Second Sentence from the Sample Text

Known Class Mame: Relationship: Unknown Ciass Descriptor:

e B

_‘_J + |Information aboutthe Outside World through the Sense(s)

o
Named Relationship:

i.’e ceives

Fig. 4b. Knowledge Database Interface for Tuple with Complicated Unknown Class Descriptor

Similarly, the student can enter the first tuple corresponding to the second sentence
as shown in Fig. 4. However, the second tuple is slightly different. If the second class
name cannot be identified (e.g., more than one class), then the longer second class
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descriptor can be used. These longer class descriptors can contain many potential new
classes. All of these are properly annotated so the information about them can be
stored. On the interface, they are specified by underlining. These second class
descriptors can be possibly transformed later into a standard tuple as discussed in the
next section.

The underlying UML diagram is shown in Fig. 5. Please notice that all
relationships and classes do not need to be identified fully in this step. We could stop
accepting new knowledge and refine the diagram. However, to show explicitly the
different phases of diagram creation, we discuss knowledge refinement in the next
section.

Human Being

Sense Brain

1. receives
Information about the
Qutside World
through the Senses

| DT\ |

Touch Sight Hearing Taste Smell

Fig. 5. The Intermediate UML Diagram for a Sample Text

We can continue the process of specifying the tuples for the third sentence as shown
in Fig 6.

The fourth and fifth sentence will result in three tuples as shown in Fig. 7. Again
the second and fourth tuples are in a nonstandard form and will need to be converted
later. The third tuple is different since it does not contain any class name. However,
this a special type of tuple describing the property of the class receptor cell.

The underlying UML diagram is shown in Fig. 8.

5 Processing and Integration of Knowledge Contained in UML
Diagrams

In order to capture knowledge relatively quickly, we might want to postpone the
process of knowledge integration and cleaning. The knowledge integration is mainly
related to identifying common classes and refining nonstandard tuples. The
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sense—has—sense organ
sense organ—contains—receptor cells (many special).

Fig. 6. Tuples for the Third Sentence from the Sample Text

receptor cell—collects—information
receptor cell—passes—information to the sensory nerve cells which take it
to the brain.
receptor cell—has—different categories.
receptor cells—can receive—information in the form of light rays, sound
waves, chemicals, heat, or pressure.

Fig. 7. Tuples for the Third Sentence from the Sample Text

Human Being

Sense Brain
Sense Organ " et ko .
. receives Information
"-i-h;:-- about the Quiside World
through the Senses
|

Receptor Cell

A. has different categories !

Touch Sight Hearing Taste Smell

2. collects Information

3. passes Information to
the Sensory Nerve Cell(s)
which take it to the Brain

4. can receive
Information in the form of
Light Ray(s), Sound
Wave(s), Heat, Pressure, and
Chemical(s)

Fig. 8. The Intermediate UML Diagram for a Sample Text

knowledge cleaning is mainly related to finding similarity in functions/relationships
and determining which are identical, which are refinements, and which are different.
Let us discuss first the translation of nonstandard class descriptors such as the one
from Fig. 4: “information about the world outside through these senses.” The system
can interactively guide the student to identify whether the relationship is n-ary or



A Personal Knowledge Assistant for Knowledge Storing, Integrating, and Querying 153

whether it is a composite of many relationships. If the n-ary relationship is selected,
the system can ask about:

1. active and passive classes;
2. the role (function) of each active class.

Classes in general are classified into active and passive. Even though the relationship
is n-ary, meaning that it involves all n classes, only active classes have the function
associated with the relationship.

Let us discuss it using the above example. Only the senses are identified by the
student as active classes, and the roles are specified as shown in Fig. 9.

%_ﬂctive Class Roles

“Actve Class Name: Raole:
|Sense »| *Isends Informafion to the Brain aboutthe Qutside World|

Fig. 9. N-ary Relationship Description with Roles

receptor cells—pass—information to the sensory nerve cells
sensory nerve cells—take it to—brain.

Fig. 10a. Composite Relationship Split into Two Tuples

Active Class Holes

Actve Class Name: Role:

fSenso[}g Menve Cell _v_i b4 }sends Information 1o the Brain about the Qutside World|

Fig. 10b. N-ary Relationship Description with Roles

The next nonstandard tuple, “cells—pass—information to the sensory nerve cells
which take it to the brain,” is refined differently since it is a composite function. It is
simply split into two tuples, as shown in Fig. 10a. Then the first tuple is refined as an
n-ary relationship as shown in Fig. 10b.

The last nonstandard tuple is left unchanged by not identifying any active classes.

receptor cells—can receive—information in the form of light rays, sound
waves, chemicals, heat,

or pressure.
The necessary cleaning phase in our case required identifying similarity of

functions/relationships like “send,” “take,” etc. The final standardized underlying
UML diagram is shown in Fig. 11.
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6 Querying Knowledge Contained in Underlying UML Diagram

The underlying UML diagram once constructed contains the knowledge about a
specific subject or many subjects (e.g., about Senses). Therefore it can be used to
answer queries in these subject areas. Again we will concentrate on textual interface
for knowledge querying. The queries can be simple, complex, definition, comparison,
or essay. The simple queries would deal with properties, functions, and direct
relationships between class types. The complex queries can involve indirect
relationships. The definition queries would require identifying all properties,
functions and direct relationships for a chosen class. The comparison queries would
request a comparison of classes. The essay queries would require extended definition
of a chosen class identifying not only all direct relationships for this class but also all
indirect relationships.

Human Being
Brain
1 .receives
Information from
the Sense(s) about
the Quiside World
herae |I’ 4. receives
Information. from
Sense Organ has the Sensory Nerve
| e Jaendy Cell(s) about the
Information to the ide Worl
Brain about the
Outside World
|' | [ Outside World
Touch Sight Hearing Taste Smell
Receptor Cell
A. has different Sensory Nerve Cell
categories
= i 3. receives
2. collects Information %
from the Outside World in anc_m;maborm Ihem
i Qutside World
the form of Light Ray(s), ] )mm e
Sound Wave(s), Heat, Receptor Cell(s
Pressure, and Chemical(s) d .
4. sends Information
3. sends Information about the Outside World
about the Qutside World to to the Brain
the Sensory Nerve Cell(s)

Fig. 11. The Refined UML Diagram for a Sample Text

An example of a simple query could involve an aggregation relationship (e.g.,
“What are the components of Sense Organ?”). Another simple query could involve
subclass relationships: “What are the categories of Sense?” Yet another query can
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involve n-ary relationships (e.g., “What sends information to the brain about the
outside world?”).

An example of a complex query would be to identify the relationship between
Human Being and Receptor Cell. The answer would be a “consists-of” relationship.
An example of a definition query would be to ask for a definition of Sense. An
example of a comparison query would be to ask: “What are similarities between
Sense and Sense Organ?” Additionally, we could query a UML diagram to create an
entire essay. The answer would be obtained by traversing the UML diagram from top
to bottom, collecting all definitions.

The prototype of a Knowledge Database was implemented in Access. A query
interface for the Knowledge Database is shown in Figure 12.

Query Type: Known Class Name[s]:

~| |HumenBeing | [ end | [

‘What are the Properties of
‘What are the Functions of Run Query l

‘What are the Components of
‘What are the Categories of
‘What is the Relationship b

|

Fig. 12. Query Interface for Simple Queries for Knowledge Database

7 Computer-Assisted Instruction Using Personal Knowledge
Assistant

The PKA systems allow for a spectrum of possibilities in learning ranging from a
self-contained mode with minimal communication with the teacher to a system that is
guided externally with frequent communications with an instructor or an external
Knowledge Database.

Let us discuss first the least intrusive mode of operation of our teaching system
requiring minimum communication in a mobile environment. In this mode, the PKA
would accept the initial knowledge tuples (facts) from a student, for example the
tuples discussed in Section 4. Next, the student would apply knowledge improvement
rules guided by the PKA as described in Section 5. In each step the system would
check significant constraints. Additionally, the CAI system can check if the UML
diagram is well-formed. By “well-formed” we mean that all possible transformations
have been considered. The architecture of such a system is shown in Figure 13.

A

PKA h— PKA Knowledge
Student ol Interface

i Database

Fig. 13. System Architecture for Less Intrusive CAI System
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Let us discuss next a mode of operation of our PKA-based system using frequent
communications with the outside world. The first reason for such a capability is the
necessity to use common knowledge or additional knowledge available in the
teacher’s Knowledge Database. The need to integrate the specific knowledge
provided by the teacher with knowledge more broadly available cannot be
overestimated. The requirements for modern education stress the importance of such
integration [16, 17].

The second reason to use frequent communications with the outside world is when
the instructor feedback is important [16, 18]. In this mode, the PKA Knowledge
Database would be frequently accessed by the teacher or teacher program to check the
accuracy of recorded knowledge. The same process would be applied to knowledge
processing in which the student would be allowed to apply only some of the
transformation rules as indicated previously by the instructor. These two situations are
shown in figure 14. The thick arrows denote communication needs between different
mobile devices.

It is important to note that even though our PKA-based system requires the student
in teacher-controlled mode to reach the specific well-formed knowledge, the order of
application of the transformation rules is not imposed. In this way the student is
allowed to discover new knowledge components that are tailored to his/her learning
style. For example, he/she can choose the easiest sentences first or can pursue the
learning process in some other order. In each step, the system would check not only
significant constraints but also if the rules that the student applied belong to the set of
answer rules previously stored by the instructor.

< PKA 4——| PKA Knowledge
Student Interface Database
i Database
< Teacher’s Teacher’s
Teacher Interface Knowledge
E— Database

Fig. 14. System Architecture for More Intrusive CAI System

The third reason for frequent communication is related to potential student
cooperation. Another requirement for modern education is to teach students teamwork
in solving problems. We believe that a PKA-based teaching system would be most
natural and effective in developing team-working abilities.

Within each of the communication modes, there are a variety of parameters that
can be set by the instructor to control/relax the teaching activities. For example, as
was described in section 3, the restriction can be imposed to allow the student to enter
only the known class name as a first name in the knowledge tuple. That would mean a
requirement to work with only one UML diagram. Alternatively this restriction can be
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relaxed allowing the student to start a new UML sub-diagram not linked with the
existing one.

8 Summary

In this paper we discussed a methodology for creating a missing link between the
information contained in natural language expressions into a form compatible with the
storage, integration, and retrieval demands of a Knowledge Database. We used some
experiences of an area of research broadly known as translation studies.

We showed the techniques of transforming a natural language text into what we
called standard sentences consisting of three tuples: information known—relationship
—information unknown. We also discuss how to design underlying UML diagrams to
store this knowledge. Finally we showed how to integrate the standard sentences with
the existing knowledge.

Based on this knowledge-processing methodology, a software prototype was
developed. Using such software, the existing PDAs can allow the student to process
the knowledge. Alternatively, a specialized hardware can be designed as a specialized
PDA device with hardware buttons more convenient for knowledge manipulation. In
both cases, we can use handheld device to store, process, and retrieve knowledge
from a Knowledge Database. We referred to such devices as Personal Knowledge
Assistant (PKA). The PKA systems allow for a spectrum of possibilities in learning,
ranging from a self-contained mode with minimal communication with the teacher to
a system that is guided externally with frequent communications with an instructor or
an external Knowledge Database.
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Abstract. Enrollment for online learning and virtual campuses is increasing in
secondary education and higher education as educational institutions cope with
an increased demand for specialized and asynchronous educational curricula.
Our preliminary investigation shows approximately 50% of virtual groups
formed online for the purpose of collaborative learning will encounter barriers
that prevent them from forming an effective learning team. Our ongoing re-
search is designed to identify the barriers that stand in the way of online learn-
ing groups in order to develop and test various intervention techniques, which
can effectively remove the obstacles. Our secondary goal is to analyze the
conversations of virtual group members using computational linguistics tech-
niques and to develop a learning activity discourse model. The model is being
used to construct an automatic system, which can be used to monitor the activi-
ties of the online learning group members to alert the instructors when the
members encounter barriers.

1 Motivation

Online education is one of the most dynamic and enriching forms of learning that
exist today. Online education is an appealing alternative for individuals balancing the
demands of full time jobs and care of their families with the desire to advance in their
careers and gain new skills. Online education is typically delivered through a learning
management system, which facilitates the interaction of the students and instructor
and the exchange of information. Learning management systems contain synchronous
and asynchronous tools for interaction and input. Members of a learning community
can exchange ideas and discuss course topics through a virtual discussion area using

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 161-166, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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synchronous tools like Centra’ while those who can’t participate in a live event can
use asynchronous tools like a threaded discussion to exchange ideas. The students are
beginning to access these tools through mechanisms such as Short Message Service
(SMS) available on mobile phones.

Online education has increased in popularity for many reasons: it offers the com-
bination of asynchronous and synchronous communication tools, it addresses the fact
that an instructor can’t be available to students 24/7, and it appeals to the innate social
need of humans, who want to work in teams and share knowledge. These features of
online education have translated into a seismic shift in curriculum design away from a
hierarchical approach centered around lectures and tests to peer-to-peer learning.
Online curriculums are designed around constructivism and conversational learning
pedagogies that are ideally suited to virtual learning communities.

One of the most difficult and challenging aspects of Internet based learning
courses is social interaction. To be a successful member of an online learning group
requires not only mature interpersonal and communication skills but also a carefully
architected group design and a moderator to intervene when necessary. In a face-to-
face classroom, individual group members call on a diverse set of informal strategies
to form cohesion, while those used for aligning a virtual group are still being re-
searched. For instance, Wiske [1] identified common purposes, shared trust, and in-
teraction as aspects of dialogue that are important for constructive virtual interaction
to occur. Ironically, however, current online learning systems do no facilitate or en-
hance these skills.

Intercultural collaboration presents another set of challenges to virtual learners.
Harper [2] argues that “In the early years of internet adoption many people worried
about a digital divide that would develop between those who had access and those
who didn’t...but it is the social, cognitive, and communicative factors that truly di-
vide groups.” The ability to listen and appreciate diverse perspectives is not innate
and needs to be inculcated in any online learning activity. Others have identified
additional requirements for successful online learning. Miltiadou and Savenye [3]
examined social cognitive constructs of motivation to understand student success in
online learning. In their review, they noted that self-regulated students who employ
cognitive and metacognitive strategies involving planning, organizing, self-
instruction, and self-evaluation will be more successful in learning online than those
without these skills.

Clearly students who come to virtual communities with strong communication,
social and cognitive skills are more likely to succeed in online environments than
those with weak skills. If members of a group provide regular patterns in their written
communication that they are failing to connect with group members, these signs can
be identified, codified, and categorized, resulting in the creation of a smart teaching
agent that can help an instructor create successful learning groups.

!'Centra is an e-meeting tool provided by Centra Software (http://www.centra.com/index.asp)
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2 Problem

Enrollment for online learning and virtual campuses is increasing in secondary edu-
cation and higher education as educational institutions cope with an increased de-
mand for specialized and asynchronous educational curricula. Based on our experi-
ence at Yonsei University and the University of Massachusetts Boston, approximately
50% of virtual groups formed online for the purpose of collaborative learning will
encounter barriers that prevent them from forming an effective learning team. Strate-
gies that are successful in a face-to-face classroom will not work in an environment
that depends on the written word. Slower speed of expression, demand for clear un-
ambiguous expression, and the permanency of written records are factors that impede
the communication of virtual teams.

Our research questions are: 1) What characteristics are important for the formation
of a successful online learning groups?; 2) What are the barriers for successful cohe-
sion of online learning?; 3) What technology independent activity can be adopted by
online faculty that will ensure successful group alignment and cohesion?; and 4) How
can an intelligent computer agent technology be employed to facilitate the formation
of online learning groups and prevent them from falling apart?

We are working to identify the barriers that stand in the way of online learning
groups by analyzing the recorded conversational texts of both successful and unsuc-
cessful groups. We looked for key words and key activities that signal problems. To
collect the group conversation data, we developed an online test-based activity similar
to ones that have been successful for real-time group cohesion. The activity was cre-
ated with the facilitation of the cohesion of online learning groups in mind.

3 Research Design

The experiments to gather the research data were conducted at Yonsei University,
which is one of the private Korean universities with about 52,000 students. The sub-
jects of the experiments were four-hundred and fifty undergraduate students, who
were taking two different sections of an introductory course in library and informa-
tion science. There were about equal number male and female students. About 70%
of the students were freshmen and the rest of the students were equally divided
amongst sophomores, juniors, and seniors. The course was one of the liberal arts
requirements for the undergraduate students. However, the students included wide
variety majors including the ones from the natural science and engineering disci-
plines.

The experiments were conducted in a series of stages. Initially, we devised struc-
tured “warm up” team activities, which could involve synchronous and asynchronous
communication, negotiation, and resolution. The activities were 1) find ways to re-
solve conflicts around the recent nuclear waste treatment construction site selection
fiasco in Korea; 2) find ways to improve the rights of the gays and lesbians in light of
the recent discussions regarding the same sex marriage issue; 3) find ways to increase



164 W. Paik, J.Y. Lee, and E. McMahon

the female employments; 4) find ways to reduce the number of people with bad credit
and runaway adults; and 5) find ways to develop Korean movie industry in a balanced
manner. Four-hundred and fifty students were randomly divided into ninety five-
person teams. Each team was given a team activity and was told to carry out the ac-
tivity by communicating with the team members either by using 1) email, 2) threaded
discussion, or 3) email plus threaded discussion. The students were told not to meet in
person to discuss the activity. At the end of the exercise, each team was asked to
submit the results of the activity and the transcripts of their communication. In addi-
tion, the students were asked to provide narrative description of each message they
wrote or read. The description should include the goal of sending, posting, or reading
a message, reasons for carbon copying a message, appropriateness of the posted mes-
sage, and/or problems the students perceived in the message.

All activity data were collected and the sample transcripts are currently being
analyzed by using content and discourse analysis techniques. When the analysis is
completed, we plan to build a prototype of “learning team agent” software. Then, we
will conduct another set of activity based group problem solving experiments to de-
termine whether a computer program can help students to become members of suc-
cessful online learning groups.

3.1 Discourse Analysis Model

To develop a learning activity discourse model, we are manually coding a randomly
chosen sample of transcripts with a pre-selected range of features that characterize
successful linguistic interaction—features taken from the work of linguists and phi-
losophers who have studied human communication systems.

Grice [4] proposed that all linguistic interaction is subject to four constraints that
are part of what he terms the “cooperative principle.” That is, when people communi-
cate, there is an underlying agreement that interlocutors will:

(1) Make their conversations as informative as possible by not saying too much
or saying too little (maxim of quantity)

(2) Insure that what they say is relevant to what is currently being discussed and
does not digress from the topic at hand (maxim of relevance)

(3) Strive to communicate in a clear and appropriate manner, avoiding ambigu-
ity (maxim of manner)

(4) Be truthful in what they say, avoiding falsehoods (maxim of quality)

To determine whether on-line communication follows these maxims, we are cod-
ing (a) the frequency that individuals contribute to communications and (b) the length
of their contributions; (c) the number of times that individuals stay on the topic in
discussions vs. the number of times that discussions lead to digressions; (d) the clarity
of communications, measured by the extent to which individuals query each other
concerning misunderstandings in their interactions; and (e) the number of times that
individuals provide each other with accurate information vs. inaccurate information.
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It is our hypothesis that it is possible to quantify successful vs. unsuccessful on-line
interactions by coding the extent to which individuals adhere to or violate the maxims
of the cooperative principles.

It is also possible to study human communication by identifying the intentions of
interlocutors. Searle [5] classifies speaker intentions into the categories he identifies
as “speech acts.” Although Searle proposes a variety of speech acts, we see four
acts—representatives, directives, commissives, and expressives—as particularly rele-
vant to on-line communication. Representative speech acts are the statements of the
facts that can be judged as true or false. Directive speech acts are, for instance, im-
perative sentences that are attempts to get somebody to do something. Commissive
speech acts commit an individual to carrying out some activity. We hypothesize that
successful on-line communication can be judged by the density of these three acts;
that is, by the extent to which interlocutors present facts to one another, tell each
other what to do, and commit themselves to actually doing something. But successful
communication also has an affective dimension. Thus, we are also coding speech acts
that are expressives: greetings, acts of thanking, congratulations. These kinds of
speech acts indicate that individuals are comfortable with one another—an important
characteristic of any human interaction.

4 Results

Our preliminary analysis of 921 randomly selected email messages yielded eighteen
goal types and ten problem types. We also deduced twelve goal types and thirteen
problem types based on the analysis of 1,073 randomly selected threaded discussion
postings.

The most common type of problem identified while using email as the interaction
medium was the speed of the communication namely the difficulty to communicate
instantly. Out of one-hundred and fifty-five descriptions of the email messages by the
students, which included any mention of the problems they perceived, there were
forty-three occurrences of this problem type (i.e. twenty-eight percent). Other top
problems included 1) problems with email service or Internet connectivity, which
occurred nineteen percent of the time; 2) difficulty to reach a consensus occurred
seventeen percent of the time; 3) the lack of other members’ participation occurred
fourteen percent of the time.

Similarly, seventy-one percent of the students described the slow rate of propa-
gating his/her opinion as the top problem in using the threaded discussion as the only
source of interaction to conduct the group project. The difficulty of keeping confi-
dentiality of messages as the second most frequently identified problem (i.e. twenty-
nine percent). There are a lot of data yet to be analyzed especially discovering when
the group project participants become aware of the problems with respect to the group
interaction or communication by correlating the goals or the contents of the messages
with the reported problems. Once the correlation is discovered, we will be able to
develop a prototype of “learning team agent” software.
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5 Summary

The study reported in this paper is an ongoing effort. We reported a preliminary
analysis of the data in the paper. The current experiments varied the subjects to con-
duct online group learning activities by the communication media such as email and
threaded discussion. Although, we could have easily learned the impact of mobile
devices in learning if we divided the subjects to use different hardware such as per-
sonal computers, personal digital assistant, or mobile phones, we believe our findings
will still be able to provide useful insights on the difficulties that the mobile learners
will face in solving problems as a group. Our analysis result will also provide base-
line information on whether the traits of the successful or failed online groups are
applicable to the mobile learners. For example, we expect the SMS will be a better
medium to overcome the major problem of instant communication or the rapid
propagation of the information as the mobile phones have built-in mechanism to
remind the users of the incoming new messages and also the mobile phone users are
expected to be interrupted for the incoming messages. However, we need further
investigation of other problems, which hinder the optimum online group work. For
example, ‘accuracy of the transferred information’ was identified as one of the prob-
lems of using emails as the communication medium. Personal Digital Assistant
(PDA) or SMS are more apt to deliver shorter messages than the typical emails.
Thus, we do not expect the PDA or SMS will serve as better platforms to deal with
the accuracy problem if we assume that there is a strong correlation between the accu-
racy and the length of the messages. Our next set of experiments will include the
exclusive use of SMS to conduct group projects to accurately determine the appropri-
ateness of the mobile devices in group-based e-learning activities.
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Abstract. With the advance of information communication technology,
specifically the Internet technology, most schools have developed their own
sites for the communication of diverse parties such as students, their parents,
teachers, and others. The purpose of this research is to develop the Web-board
system for schools, which can be applied to the adaptive school Web site. It
would the foundation for the mobile school Web site. This Web-board system is
designed to reflect the educational environments as well as the user
characteristics under the idea of customization and optimization. The main
advantage of this Web-board system is that it can allow the easy access to the
system through user-friendly interface, and also promote interactions among
users through their personalized Web pages.

Keywords: Web-board, Bulletin Board, Adaptive Web Site, Mobile Web Site

1 Introduction

With the rapid development of information communication technology and heavy
investment on information systems, many schools have developed their own Web
sites. However, the school Web sites have evolved in terms of their contents as well
as the functions of the system, and became a space to induce interactions among
relevant parties, students, their parents, teachers and others [4,8,9]. Interactions can be
conducted in diverse forms such as bulletin boards, e-mail, chatting, and other
electrical media. Especially, bulletin boards have become a major role of sharing
materials and communication in school Web sites.

The research is to develop the Web-board systems for the adaptive Web site that
can reflect educational environments and users’ characteristics on system usages. It
would the foundation for the mobile school Web site. For this research, theoretical
backgrounds are introduced in Section 2. Adaptive Web site and the types of bulletin
boards are explained in this Section. Section 3 is related to the design of the Web-
board system for the adaptive school Web site. It includes an algorithm of the
adaptive school Web site. The implementation of the Web-board system is described
in Section 4. Finally, some conclusions and future work are in Section 5.
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2 Theoretical Backgrounds

2.1 Definition of Adaptive Web Sites

One of the major problems in current Web sites is that the initial sites are seldom
updated timely and in the right forms. In order to overcome this problem, the concept
of adaptive Web sites applying artificial intelligence techniques is introduced [1,5,7].
According to Etzioni, an adaptive Web site can be defined as a Web-based system
that improves its own structures and/or forms through learning visitors’ accesses
[3,6]. An adaptive Web site can be eventually the foundation to reduce users’
operation burdens, which are usually issues in mobile environments.

2.2 Implementation Approaches of Adaptive Web Sites

Two major approaches for adaptive Web sites are customization and optimization
[2,5,10]. Customization means that information is provided in timely manner
according to user’s (visitor’s) requirements and interests. Because the interface is
designed individually for users, users can be more satisfied. The adaptive Web sites
induce users to select their needed information, or automatically expect users’
navigation paths through internal processes.

While customization is relevant to the effective navigation of individual user,
optimization is for every user. The adaptive Web sites learn (past and potential)
visitors’ characteristics, and adaptively change their structures and/or forms.

The implementation of the adaptive Web sites consists of two phases, monitoring
and transformation. The former is related to information on access frequencies,
navigation, visitors’ profiles, and unexpected operation problems. The latter is
concerned with the actual transformation of structures and/or forms by using
monitoring results. Customization and optimization is more emphasized in mobile
environments.

2.3 Web-Board and Bulletin Board System

Web-board is the program that enables users to generate and manage bulletin board
systems in a Web server through interworking with databases. Bulletin board system
(BBS) is the two-way media that have searching, posting, and replying functions.
Because it is usually open to every user, its purpose is to share information rather than
exchanging private messages. According to the usage of bulletin boards, bulletin
board systems can be classified into free bulletin board, Q&A bulletin board, FAQ
bulletin board, announcement bulletin board, resource center, and visitors’ book. In
other way, bulletin board systems can be classified into three types by their forms,
data-type board, reply-type board, and comment-type board.

Prior research on adaptive Web sites and Web-board shows that they were
independently treated. Moreover, the application domain, educational environments,
is not reflected in developing Web-board for the adaptive Web site. The research is to
develop the Web-board system for the adaptive Web site that can reflect educational
domains and users’ characteristics on system usages.
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3 The Design of Web-Board System for Adaptive School Web
Sites

3.1 The Characteristics of the Proposed Web-Board System

The characteristics of the proposed Web-board system are as follows.

First, individual Web utilization for customization and optimization is classified by
the algorithm of a step function, which generates index pages. Individual index page
is generated for closed user groups, while index pages through analyzing utilization of
total visitors are presented for guests. Second, most prevalent bulletin board type is
identified through in-depth analyses of school bulletin board systems, and it is
generated by the proposed Web-board system. Third, a Web master has a separate
page for generation, modification & deletion of bulletin board as well as membership
management. Fourth, members are classified into a Web master, teachers, students,
and their parents. In final, for the consistent design, the environments for SSI (Server
Side Include) application are presented.

3.2 Algorithm for Adaptive Pages

Individual index pages of this Web-board are based on the utilization of the sites.
Users’ activities such as reading and posting contents on the bulletin board are
analyzed for producing individual index pages. Although a simple way of analysis is
to count the number of clicks, it is not widely accepted as a measure of the bulletin
board utilization. In the Web-board system of this research, individual index pages
were generated by the step function below.

Zn:Rai iWai
— | i=0

ka =

+ i=0
10(1 - Rf) 10(1-Wrt)

(*O0<Rt<l, 0<Wt<1)

Where,

ka: Degree ofreflection for creating individual index page,
a.: Bulletin board,

i: Contents posted in bulletin board,

Rai: Score of reading contents i in bulletin board a,

Wai: score of writing contents i in bulletin board a

The shape of this function is determined by Rt and Wr. A Web master can assign
adjusting scores for different activities, that are, reading, frequent but less active
participation, and writing, less frequent but active participation. It assumes that the
higher is the value of reflection, the more the bulletin board is utilized. Individual
pages are presented according to the order of values. The assigned hyperlinks enable
clicks to move to the desired pages.
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3.3 Types of Web-Board System

Bulletin board types, their purposes, and detailed items were determined by in-depth
analysis of the current bulletin board systems used in various schools. Table 1 shows

the analysis result, which is applied for the research.

Table 1. Bulletin Board Systems for Schools

Classification Detailed Items BBS Types
Basic Public Announcement Announcement BBS
Relations School Album Image BBS
Teaching - Teaching-Learning Materials Materials BBS
Learning Education Sites Links BBS
Information Resource Center for Teachers _
Sharing Resource Center for Guests Materials BBS
Resource Center for Students
Free Bulletin Board Generic BBS
Visitors’ Book Visitors’ Book BBS
Alumni Bulletin Board Generic BBS
Communications | Counseling Privacy BBS
Suggestion Generic BBS
Questions and Answers Generic BBS
Discussion Rooms Discussion BBS

According to the types of bulletin board systems, different items are shown. The
relationship between bulletin boards types and items are shown in Table 2.

Table 2. Types of Bulletin Board Systems and their Items

Types | Title | Writer :::1:’;;— Cont, | Reply | Ans. 1?3 apd tz':& Link {ST:;:; l\:::rgk
Generic ® @® ® ® [C] @

Materials | © @® ® ® O] ® ®

Announ. ® ®

Visitors’ @ @ @ ®

Privacy @® ® ® @ ® @

Links @® O] ® ® ® ® ®

Image ® ® ® ® 5] @® @
Discuss. ® ® ® ® ®

3.4 Web-Board Administration

A Web master installs and manages Web-board systems. Information on databases is
installed in the process of initialization, and databases required for bulletin board
generation are automatically created. After that, Web master input his or her
information. After logging in, a Web master have the authorization for membership
management such as grading adjustment and deletion of members, and also bulletin
board administration such as generation, modification, and deletion of bulletin board.
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4 Implementation of the Proposed Web-Board System

Implementation environments for this research are as follows. IIS 5.0 for Windows
2000 as a Web server, ASP 3.0 as server script language, VBscript and JavaScript as
client script language, SQL-Server 2000 as relational database management systems,
Namo 5.0 and Edit plus as an authoring tool.

4.1 Web-Board System Installation

Execution of ./setup/setup.asp, the compressed Web-board program, generates the
screen for accessing databases. Inputting [P address, name, administrator name,
passwords to the database established by ODBC automatically generates tables for
creating bulletin boards. By applying OLE-DB type in linking databases, a Web
server and a database server can be used in a distributed manner.

After completing database linkage and table generation, a screen for administrator’s
logging in is generated. The administrator has the authorization of every screen by
session, and any accesses without the authorization automatically move back to
administrator screen. Figure 1 & 2 show the database environment input screen and
administrator login screen, respectively.

Fig. 1. DB Environment Input Screen Fig. 2. Administrator Login Screen

4.2 Administrator Screen

Membership management and bulletin board management are performed in the
administrator screen. Bulletin board can be generated, and the preview of generated
bulletin board provides its forms and styles, IP address. Modification of bulletin board
types and other options is available, and also entire bulletin board can be deleted.

Clicking the button of ‘creating bulletin board’ generates a screen for generating a
bulletin board. Bulletin board types, title, name, color, and other options can be set up
in the screen. Width adjustment to the screen size, file and text inputs for consistent
design through SSI, and the number of posting materials are established.

4.3 Customization Pages

Based on users’ utilization, customization pages are presented after member’s logging
in the system. Bulletin boards are presented in the order of users’ utilization, and
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linkages by hyperlink allow users to move to the relevant items. Periodic refresh
provides the latest information.

5 Conclusions and Further Work

Based on the in-depth analyses of current school bulletin boards, a Web-board system
is developed for adaptive school Web sites. Especially, customization is achieved
through the algorithm of a step function. The following desirable results are expected
from this research.

First, friendliness and customization of bulletin board systems will motivate
students to utilize school sites frequently. Second, the bulletin board fitting to
educational environments will promote interactions among relevant parties. Finally,
Web-board is easy to install and manage, which will save Web master’s time and
efforts.

The study should be expanded to mobile environment, linking the adaptive Web-
board to mobile devices in the future. Further, it should encompass more diverse
educational environments. For example, customization on the other pages of the sites
in addition to bulletin boards can be a future research subject.
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Abstract. This paper presents M-CALL, a mobile computer-assisted language
learning courseware for Korean language learners. Since conventional com-
puter-assisted language learning is often boring, it exploits a cyber pet game to
increase the learner’s interest. M-CALL runs on a personal digital assistant with
public wireless LAN for mobile learning. It grows a cyber pet by solving
problems of Korean language learning. Korean Proficiency Test (KPT), a na-
tionally certified Korean language test, was used as problem sets. It consists of
cyber pet game, mobile learning courseware, mobile learning system, and mo-
bile tutoring. It provides various functions for Korean language learning. Cur-
rently, the prototype M-CALL was designed and partly implemented between
mobile PDA and personal computer.

1 Introduction

Mobile learning on wireless devices such as personal digital assistant (PDA) with
wireless local area network (wireless LAN) overcomes spatial and temporal limita-
tions of traditional education. In Korea, the information infrastructure is well pro-
vided for mobile learning, and people can connect their PDAs or notebook computers
to Internet on many places such as libraries, schools, offices, department stores, thea-
ters, and restaurants. There are several public wireless LAN services covering more
than 100,000 spots all over the country.

In Korea, there are a large number of foreign students studying Korean language.
They learn Korean language in Korean language institutes. However, most of them
have little chances to learn Korean language once they go out of their language insti-
tutes. Computer-assisted language learning (CALL) gives them more chances to learn
when they are home with their PCs, but it is of little use when they are in the bus or
they do their part-time jobs. Mobile learning can help them to learn everywhere they
are. Most of the students stay in the metropolitan area, where public wireless LAN is
available.

* This work was supported by the Soongsil University Research Fund.
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A serious problem of CALL is lack of interest. Most CALL courseware is just a
computerized textbook, so learners often feel bored. One possible solution is exploit-
ing computer game [1],[2]. In this paper, we propose and implement M-CALL, a
mobile CALL courseware on the PDA with public wireless LAN. It is basically a
cyber pet growing game, where a learner solves some problems to feed or bathe a
cyber pet. When the learner encounters a difficult problem, he/she can ask a tutor to
help him/her. He/she can listen to written problems in Korean or reads its English
version. His/her score is analyzed and reported to the tutor for efficient learning.

2 M-CALL Courseware

Fig. 1 shows a prototype M-CALL courseware. It is written in C# programming lan-
guage, and runs on the PDA with Pocket PC operating system. It is connected to
Internet via NESPOT public wireless LAN on 11Mbps. Fig. 2 shows a network con-
figuration. All learners are connected to a learning center that performs CALL.
Learning center also connects a tutor to a learner in need of help. Usually, there are
many volunteers who wish to teach Korean language to foreigners, but most of them
cannot do it due to the special and temporal limitation. In the proposed M-CALL,
they can easily help and teach learners while doing their jobs. Fig. 3 shows the M-
CALL system architecture. It consists of cyber pet game, mobile learning courseware,
mobile learning system, and mobile tutoring.

Fig. 1. Prototype M-CALL courseware on mobile PDA with public wireless LAN.
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028 SABLW

Fig. 4. Operation of M-CALL courseware. (a) Status of cyber pet when no event occurs.
(b) Event occurs when cyber pet is hungry. (c) Learner should choose and solve problems to
feed cyber pet. (d) Vocabulary problem. (¢) English translated version of vocabulary prob-
lem. (f) Listening problem.
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Fig. 4. (continued) (g) Learner can see full-text of dialog. (h) Learner can make a reservation
for tutoring.

2.1 Game

The cyber pet game runs on the learner’s PDA. Learner grows a cyber pet by feeding,
loving, bathing, and lodging (Fig. 4(a)). When the cyber pet is hungry, it sends an
alarm on the screen (Fig. 4(b)). A learner can feed the cyber pet by solving problems.
When the learner gets a good score, the cyber pet grows up fast, but it dies or gets
weaker when he/she repeatedly fails the problems. Feeding and other cyber pet caring
occurs sparsely in order not to disturb the learner’s daily life.

2.2 Courseware

M-CALL courseware runs on the learner’s PDA. It shows the problems (Figs. 4 (c)
and (d)) and gets learner’s answer (Fig. 4(f)). Korean Proficiency Test (KPT), a na-
tionally certified Korean language test, was used as problem sets. These problems are
classified into five categories, i.e. vocabulary, grammar, writing, listening, and read-
ing. The problems themselves are stored in the learning center due to the storage limit
of PDA.

The courseware provides tutoring reservation, where the learner can make an ap-
pointment with the tutor (Fig. 4(h)). The tutor can help the learner by short message
service (SMS), chatting, or phone call. When the learner wants to read the menus or
problems written in Korean, he/she can see their English versions (Fig. 4(e)). The
learner can listen to the menus or the problems in Korean. In the listening problems,
the learner can see the full-text of the problems or dialogs (Fig. 4(g)). When the
learner feel difficulty using the courseware, he/she can see the help.
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2.3 System

M-CALL system runs on the main computer of the learning center. When the answer
is transmitted from the learner’s PDA, it checks the answer whether it is correct or
not. The score is recorded, and the assessment and the evaluation are analyzed to get
the learning inclination of the learner. This information is useful for future tutoring. It
also connects the learner and the tutor, and makes a reservation for tutoring.

2.4 Tutor

Tutor is usually a volunteer helping the learner to learn Korean language. When the
tutor has some knowledge on the instruction method, he/she can gives personalized
instruction based on the learning inclination of the learner. Most tutors prefer tutoring
the learner by SMS, since most tutors are volunteers.

2.5 Design, Implementation, and Future Work

Currently, we designed the whole M-CALL except for assessment/evaluation module,
learning inclination analyzer module, analyzed result reporting module, and person-
alized reporting module. The prototype M-CALL was partly implemented on PDA
(cyber pet game, courseware, and tutoring) and PC (system) with public wireless
LAN. M-CALL including missing modules is expected to be finished at the end of
2004.

3 Conclusion

In this paper, M-CALL, a mobile computer-assisted language learning courseware for
Korean language learners, is proposed. It runs on PDA with public wireless LAN. To
increase the learner’s interest, it employs a cyber pet game where the learner feeds,
loves, bathes, and lodges. It consists of cyber pet game, mobile learning courseware,
mobile learning system, and mobile tutoring. The prototype M-CALL was designed
and partly implemented between mobile PDA and personal computer. We expect that
M-CALL is useful for foreign students who learn Korean language.
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Abstract. We argue that the generic co-design approach to the devel-
opment of web information systems is powerful enough to cover diverse
applications. We illustrate the validity of this claim by comparing the
key features of the approach with needs arising in e-business and e-
learning applications. While this does not exclude that there still exist
application-specific features that need to be handled separately, it under-
lines that it is advisable to consider the most generic approach first. In
addition, it is recommendable trying to generalise specific features that
arise in e-business and e-learning to the whole area of web information
systems.

1 Introduction

Data-intensive information systems are a well-researched field that has found
a lot of applications. Over the last decade there has been a shift of interest
toward web information systems (WISs), i.e. information systems that are made
available via the world-wide web. This area also has found a lot of applications in
information services [13], electronic learning [5,4,3,14,16,22], electronic business
[18,19], and others.

In these application fields, in particular in Electronic Business (EB) and
Electronic Learning (EL) we now find groups of researchers claiming the field to
be not just a field of application but a genuine research area in its own right.
Of course, both areas have to link to business or education, respectively, but
the question is, whether there are enough research problems that would lead
to substantively different results than those achieved for WISs, i.e. on a more
generic level.

In this position paper we argue that it is better to treat them still as ap-
plication areas for WISs and not as separate fields in their own right. In order
to present evidence for this claim we will briefly sketch the key concepts of the
generic co-design approach to the development of web information systems [20],
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i.e. storyboarding [11] and media types [12]. Both components have been deeply
analysed with respect to their expressive power in [21,20] and [17,20], respec-
tively. Both approaches have also been tailored to applications in EB [19] and
EL [22].

We will demonstrate that key features such as story spaces, actors, media
types and adaptivity each have a specialisation in EB and EL. That is, the generic
co-design is very well reflected in the application area, and most of the specific
needs arising from the application will already be captured by the approach.
While this does not exclude that there still exist application-specific features
that need to be handled separately, it underlines that it is advisable to consider
the most generic approach first.

For instance, in e-learning didactic design is extremely important as strongly
emphasised in the literature [9,10,7]. We do not argue that the arrangement
of course material is enough for e-learning, but it is at the core of systems
design for e-learning. In addition, our model for actors including roles, profiles,
a deontic logic for obligations and rights, and intentions puts a strong emphasis
on users, i.e. in e-learning on the learners and their behaviour. This addresses
what might be called a model of the “learning experience”. Of course, defining
learner profiles, anticipating learner behaviour and arranging the course material,
the learning steps and personalisation procedures exceeds the limits of a pure
technologically focussed approach. In fact, it is one of the major differences in
our work in comparison to others, e.g. [8]. Nevertheless, the modelling approach
is still a generic one.

There are lots of other generic approaches to the development of WIS such
as ARANEUS [1,2], WebML [6,8] and OOHDM [23]. We do not want to discuss
the individual merits of these approaches, their advantages and disadvantages
(see [17,20] for some comparison). We are confident that our argument will also
hold largely for these other approaches.

2 Story Spaces

On a high level of abstraction we may think of a WIS as a set of abstract
locations, which abstract from actual pages. A user navigates between these
locations, and on this navigation path s/he executes a number of actions. We
regard a location together with local actions, i.e. actions that do not change the
location, as a unit called scene.

Then a WIS can be decribed by a edge-labelled directed multi-graph, in which
the vertices represent the scenes, and the edges represent transitions between
scenes. Each such transition may be labelled by an action executed by the user.
If such a label is missing, the transition is due to a simple navigation link. The
whole multi-graph is then called the story space. A story is a path in the story
space. It tells what a user of a particular type might do with the system.

The combination of different stories to a subgraph of the story space can
be used to describe a “typical” use of the WIS for a particular task. Therefore,
we call such a subgraph a scenario. Usually storyboarding starts with modelling
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scenarios instead of stories, coupled by the integration of scenarios to the story
space. At a finer level of details we may add a triggering event, a precondition
and a postcondition to each action, i.e. we specify exactly, under which conditions
an action can be executed and which effects it will have.

Looking at scenarios or the whole story space from a different angle, we may
concentrate on the flow of actions:

— For the purpose of storyboarding actions can be treated as being atomic, i.e.
we are not yet interested in how an underlying database might be updated.
Then each action also belongs to a uniquely determined scene.

— Actions have pre- and postconditions, so we can use annotations to express
conditions that must hold before or after an action is executed.

— Actions can be executed sequentially or parallel, and we must allow (de-
monic) choice between actions.

— Actions can be iterated.

— By adding an action Ski p we can then also express optionality and iteration
with at least one execution.

These possibilities to combine actions lead to operators of an algebra, which
we will call a story algebra. Thus, we can describe a story space by an element
of a suitable story algebra. We should, however, note already that story algebras
have to be defined as being many-sorted in order to capture the association of
actions with scenes.

In the area of EL the story space corresponds to the curriculum, which can be
modelled by an outline graph that describes the navigation of learners through
an e-learning system [3]. Formally, an outline graph is a finite, directed graph
G = (V,E),ie. V and E are finite sets with E C V' x V. The vertices, i.e. the
elements of V, are called learning units, and the edges, i.e. the elements of E are
links between these units. Thus, scenes in story spaces correspond to learning
units in EL systems.

Take for example a course dealing with e-learning systems. Then we might
have learning units such as Introduction, Learner Profiling, Course Outlining,
Data Management, Adaptivity, Style Definition, and Implementation.

Actions on a learning unit may depend on the successful completion of the
learning unit by the learner. According to our view this is part of the action
specification, and should be left for further refinement of the outline.

From a more conceptual point of view we model learner interaction with
an e-learning system according to two primitives: transition between learning
units and using the functionality offered at a given learning unit. This allows
for a two-step modelling procedure to be applied. First at a coarse-grained level
learning units and navigation links are modelled. Then in a refinement step the
actual activities of the the learners are added. This procedure allows for a good
separation of concern with respect to personalisation and localisation.

In the area of EB, the notions of story space and scenario have been adopted
directly [18]. Describing the application story for e-business systems permits
concentration on the business aspects. In particular, the accentuation of the
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communication aspects can be more easily approached on such a level of ab-
straction. Thus, it satisfies the primary criterium for conceptual modelling of
not being implementation-biased. Furthermore, the approach is both grounded
in solid mathematical theory such as Kleene algebras and deontic logic [20], and
in the sophisticated pragmatics of a successful business branch — movie produc-
tion — which may be considered a godfather for the approach.

3 Actors

A second key feature of storyboarding concerns the description of the actors,
i.e. groups of users with the same profile. Users can be classified according to
their roles, intentions and behaviour. We use the term actor for such a group
of users. The role of an actor indicates a particular purpose of the system. As
such it is usually associated with obligations and rights, which lead to deontic
integrity constraints. Roles are also connected with the tasks, but tasks will be
handled separately. The intention of an actor can be modelled by goals, i.e.
postconditions to the story space. Modelling the behaviour of an actor leads to
user profiles, which can be modelled by giving values for various properties that
characterize a user. Furthermore, each profile leads to rules that can again be
expressed by constraints on the story space.

In addition, each actor has an information portfolio, which specifies the infor-
mation needs as well as the information entered into the system. We do not model
the information portfolio as part of an actor, but instead of this we will model
the information “consumed” and “produced” with each more detailed specifica-
tion of a scene. However, we associate information consumption and production
with each scene of the story space. Assuming that there is a database for the
data content of the WIS with database schema S, information consumption on a
scene s definitely accounts for a view V,; over S. That is, we have another schema
Sy and a computable transformation from databases over S to databases over
Sy. Such a transformation is usually expressed by a query gy . Such views will
form the basis of the theory of media types.

The presence of roles indicates a particular purpose of the system. For in-
stance, in a web-based conference system we may have roles for the programme
committee chair(s), the programme committee members, and for authors. On
the other hand, in an on-line loan system we may not wish to distinguish roles,
as all actors will only appear in the one role of a customer.

A role is defined by the set of actions that an actor with this role may execute.
Thus, we first associate with each scene in the story space a set of role names,
i.e. whenever an actor comes across a particular scene, s/he will have to have
one of these roles. Furthermore, a role is usually associated with obligations and
rights, i.e. which actions have to be executed or which scenes are disclosed.

An obligation specifies what an actor in a particular role has to do. A right
specifies what an actor in a particular role is permitted to do. Both obligations
and rights together lead to complex deontic integrity constraints. The intention
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of an actor can be expressed by goals, which can be modelled by postconditions
to the story space.

Modelling the behaviour of an actor leads to user profiles. We may ask which
properties characterize a user and provide values for each of these properties.
Each combination of such values defines a profile, but usually the behaviour for
some of these profiles is the same. Furthermore, each profile leads to rules that
can again be expressed by constraints on the story space.

The dimensions used in user profiles depend on the application. Formally,
in order to describe such user profiles, we start with a finite set A of user
dimensions. For each dimension 6 € A we assume to be given a scale sc(d).
Formally, a scale is a totally ordered set. If A = {41,...,0,} is a set of user
dimensions, then the set of user profiles is gr(A) = sc(d1) x ... X sc(8y). A user
type is a convex region U C gr(A).

The analogue of the actor in EB and EL applications are the customer and the
learner, repectively. In particular, user types become customer types or learner
types, respectively. The only decisive feature in both application areas is the
decision on the relevant user dimensions and the associated scales. Formally,
however, there is no need to introduce a particular new theory.

4 Media Types

The central concept for modelling the content and the functionality of a WIS is
the media type. We may assume that we have an underlying database. On the
basis of a given database schema we may introduce interaction types as views
that are extended by operations. This permits to apply completely different
design criteria for the database schema and the interaction schema. One major
facility used in interaction types is the possibility to create a navigation structure
via URLs and links. Media types arise from tailoring the information types in
such a way that different presentation options will be enabled.

A media type is an interaction type M together with an cohesion order =<,
(or a set of promimity values) and a set of hierarchical versions H(M).

Cohesion introduces a controlled form of information loss. Formally, we define
a partial order < on content data types, which extends subtyping. If cont(M)
is the content data type of a interaction type M and sup(cont(M)) is the set
of all content expressions exp with cont(M) < exp, then a preorder =<js on
sup(cont(M)) extending the order < on content expressions is called an cohesion
preorder.

Small elements in sup(cont(M)) with respect to <jps define information to
be kept together, if possible. Clearly, cont(M) is minimal with respect to <s.
This enables a controlled form of information decomposition. If we want to de-
compose an interaction type or if we are forced to decompose according to user
requirements or technical restrictions, then we may choose a minimal elements
t1 € sup(cont(M)) with respect to <ps such that it satifies the representation
requirements. Note that if we only provide a preorder, not an order, then there
may be more than one such ;.
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Taking just t; instead of cont(M) means that some information is lost, but
this only refers to the first data transfer. When transferring ¢;, we must include a
link to a possible successor containing detailed information. In order to determine
such a successor we can continue looking at all content types t' € sup(cont(M))
with t; Aar t/. These are just those containing the complimentary information
that was lost. Again we can choose a least type t2 among these ¢’ with respect to
=< that requires not more than the available capacity. ¢, would be the desired
SuCcessor.

Proceeding this way the whole communication is broken down into a sequence
of suitable units t1, %9, ...,%, that together contain the information provided by
the interaction type. Of course, the cohesion pre-order suggests that the relevance
of the information decreases, while progressing with this sequence. The user may
decide at any time that the level of detail provided by the sequence ti,...,¢; is
already sufficient for his/her needs. An alternative to cohesion preorders is to
use proximity values, which we do not discuss here.

Another possibility to tailor the information content of interaction types is
to consider dimension hierarchies as in OLAP systems. Flattening of dimensions
results in information growth, its converse in information loss. Such a hierarchy
is already implicitly defined by the component or link structures, repectively.

For an interaction type M let H(M) be the set of all interaction types arising
from M by applying a sequence of flat-operations or their converses to interaction
types or underlying database types. A set of hierarchical versions of M is a finite
subset H(M) of H(M) with M € H(M). Each cohesion order <3s on M induces
an cohesion order <,y on each element M’ € H(M).

Media types are used directly in EL applications [16] and in EB applica-
tions [17].

5 Adaptivity

In order to avoid an unnecessary replication of WISs with the undesired increase
in maintenance costs we prefer to have a single server-side specification of the
system, which adapts itself to various needs of the clients. Basically, we see two
dimensions of this adaptivity problem.

The first one concerns the distinction between the adaptivity of content and
process. Processes determine which functionality becomes available to users and
which not. Process adaptivity thus results in discarding access to part of the
system and to reduce the number of available actions. Content adaptivity on the
other hand refers to tailoring the data content that is presented to a user. This
may result in reducing the content, splitting or merging it, or aggregate it to a
more compact representation.

The second dimension of adaptivity concerns the parameters that determine
the adaptation. Here we distinguish between adaptivity to users, locations, chan-
nels and devices. With respect to the users we consider preferences of users and
requirements resulting from profiling characteristics of users. With respect to
locations we consider the actual location of a user. With respect to channel we
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consider the communication channel used by a user, e.g. fixed line, telephone,
broadband, mobile, TV cable-net, etc. With respect to devices we consider the
end-device used by a user, e.g. PCs, PDAs, cellphones, TVs, etc.

Content adaptivity can be approached on the level of media types. In fact,
that is exactly the purpose of cohesion. We already described the adaption pro-
cedure. Obviously, there is no need for a particular theory in the areas of EL or
EB.

Process adaptivity to can be obtained on the level of the story space. For this
we may exploit the fact that a story space can be described by an expression in a
many-sorted Kleene algebra with tests (MKATSs) [15,20]. The general approach is
as follows. We express the story space or parts of it by some process expression
p. We then formulate a problem by using equations or conditional equations
in this MKAT. Furthermore, we obtain equations, which represent application
knowledge. This application knowledge arises from events, postconditions and
knowledge about the use of the WIS for a particular purpose. We then apply all
equations to solve the particular problem at hand.

The equations that define the application knowledge formulate preferences of
a user. Furthermore, we formalised the intention of a user by some propositional
formula 4. Then the problem is to find a minimal expression p’ in the MKAT
such that py = p’4 holds.

The equational reasoning with MKATSs used for process adaptivity is indepen-
dent from the application. The application area only determines the equations
and the goal formulae. In EL these correspond to learning style and learning
goals [14]. In EB no particular notions were introduced.

6 Conclusion

In this position paper we claimed that the generic co-design approach to the
development of web information systems is powerful enough to cover diverse
applications, in particular in EB and EL, and therefore it would not be justified
to treat EB and EL as fields in their own right. We demonstrated the validity
of this claim by comparing the key features of the approach with corresponding
features in these two application areas.

From this we may conclude that a generic theory for WISs is needed, and
that the development of such a theory is the preferable scientific approach. This
does not exclude that there still exist application-specific features that need to be
handled separately. In addition, it is recommendable trying to generalise specific
features that arise in applications to the whole area of WISs.

Acknowledgement. We would like to thank the anonymous reviewers for their
valuable comments. According to the theme of the FIPWIS workshop this paper
is written as a position statement emphasising that there is a generic approach
that covers quite well various applications, which we illustrated by the two areas
of e-learning and e-business. We admit of course that in a concrete application
context expertise from other areas such as teaching or business knowledge has to
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come in as well, but this is nothing new, as systems development has always been
an inter-disciplinary effort. To that end some statements in our paper are meant
to provoke the discussion about the respective merits of generic versus specific
theories in web information systems. From the comments of the reviewers we
conclude that this provocation was quite successful.
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Abstract. The paper discusses the representation and integration of domain
ontologies using the Conceptual Predesign Model KCPM. This model initially
was developed as a means to bridge, within the information system design cy-
cle, the ‘impedance mismatch’ between natural language requirements specifi-
cations and abstract conceptual models (schemas) by an user centered interlin-
gua: Requirements are represented in a formalized fashion by focusing the
structural, functional and behavioral terminology of an application domain.
Methods and tools have been developed so far, to derive KCPM schemas out of
natural language specifications by natural language processing and interpreta-
tion techniques, and, to map these schemas, after validation, to any conceptual
representation. We introduce the main KCPM modeling concepts and demon-
strate, how these may be used to define domain ontologies. Based here-on, as-
pects of reuse, extension and integration are discussed.

1 Introduction

Today the development of ontologies is no more reserved for a narrow circle of spe-
cialists in Artificial Intelligence but has been moving to the desktops of domain ex-
perts. Many disciplines are occupied with the discussion and development of stan-
dardized ontologies, the evolvement of the Semantic Web will even accelerate that
trend. Using ontologies domain experts can share conceptualizations of their domain
and annotate information about their understanding of the particular concepts resp.
notions and their interrelationships. Represented in an machine-interpretable form
ontologies are the key means for a more semantic-driven communication between
(partly) autonomous software systems.

We concentrate here on so-called domain ontologies which focus on a specific appli-
cation domain. Developing such ontologies is not at all a trivial task for the applica-
tion expert. He/she has to reveal the concepts to be specified, to choose between an
increasing number of different approaches and thus languages for ontology represen-
tation, to associate the right notions (e.g. ‘concept’, ‘class’, ‘attribute’, ‘property’,
‘facet’, ‘rule’ etc.) to his/her concepts, and to iteratively validate the results. Thus,
guidelines and process models are needed, as discussed e.g. in [4], [12], that support
these tasks from planning to validation. For eliciting ontology constructs from natural

' The work underlying that paper has been financed partly by the Klaus-Tschira-Stiftung,
Heidelberg.

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 190-200, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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language texts different techniques are proposed (repertory grids, clustering methods,
frequency-based approaches, CommonKADS), see [13].

This work proposes an application expert centered approach by using the Klagenfurt
Conceptual Predesign Model (KCPM) [9], [10] as a means for domain ontology de-
velopment by the ‘business owner’. KCPM initially was developed to bridge, within
the information system design cycle, the ‘impedance mismatch’ between natural lan-
guage requirements specifications and abstract conceptual models (schemas). Re-
quirements are represented in a formalized fashion by focusing the structural, func-
tional and behavioral terminology of an application domain. As such KCPM meets
the increasingly postulated ‘verbalization’ of specifications w.r.t. to the ‘business
owner’s’ needs (see, e.g. [7]).

Methods and tools have been developed so far to derive KCPM schemas out of natu-
ral language specifications by natural language processing and interpretation tech-
niques, and, to map these schemas, after validation by the users and stakeholders, to
any conceptual representation’. Thus, KCPM acts as an interlingua, i.e.as an interme-
diate language, on both, the conceptual and the technical level. It turned out that this
approach comes with two further benefits: First, KCPM schemas may be used as a
kind of reusable knowledge base [2], [8] describing a certain domain (Universe of
Discourse, UoD) which evolves, by repeated application, extension and generaliza-
tions, to a domain reference model, i.e. what is called usually a “domain ontology”.
Secondly, due to the nature of the KCPM modeling concepts, the integration of dif-
ferent, possibly distributed schemas representing partial knowledge is a quite straight
forward process which may be executed by domain experts independently from sys-
tem analysts or design specialists.

The paper consists of 5 sections. Section 2 outlines the most important notions in the
context of ontologies. Section 3 introduces KCPM and shows how it can be used for
the development and representation of domain ontologies. Section 4 is devoted to the
integration, sharing and reuse of ontologies. The paper closes with a short summary
and the reference list.

2 Ontologies

A quite commonly used definition of the term ontology is that of Fensel [6] who de-

fines an ontology to be a formal and explicit specification of a shared conceptualiza-

tion. Typical ontology components supporting that conceptualization are the follow-
ing:

» Concepts, also called classes or frames, are the key elements of most ontologies.
They specify any abstract or concrete, elementary or compound, real or fictitious
thing of interest. I.e., a concept could also specify a task, action, strategy, reason-
ing process, etc.

% The reader who is interested in more details is referred to:
www.ifi.uni-klu.ac.at/IWAS/HM/Projects/NIBA
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Slots specify features, characteristics, and aspects of relations between concepts.

¢ Taxonomies: Most widely used are generalization/specialization relations which
serve to establish taxonomies and provide simple and/or multiple inheritance.
They are not defined by slots but by separate relationship definitions (e.g. sub-
class—of in OIL).

¢ Rule types or Constraints specify valid dependencies (e.g. restrictions, causali-
ties) between concepts and relations.

e Facets are associated with slots and specify their properties, e.g. value type and
value type restrictions, min-cardinality or max-cardinality. Some languages also
allow the definition of axioms and production rules.

o Facts relate instances to concepts and relations.

For ontology development Cristani and Cuel [4] propose the following (iterative)

phases:

e plan phase: definition of the goals and limitations, determination of the (amount
of) resources needed,

e introspective phase: definition of the draft schema, such as the general concepts
and relations, their formalization into a chosen formal language and its demon-
stration; this phase is based on references to literature and on ‘arm-chair research’,

e Dbottom up phase: the draft terminology is constructed and refined; relationships
among terms are established. This process might be supported by automated tools,
i.e. for lexical text analysis and data mining,

e provision of basic axioms: by domain experts interviews or participation,
validation phase: the obtained set of specifications is tested, corrected, refined,
validated, and used.

3 KCPM

3.1 KCPM Modeling Notions

An important aim for the development of KCPM was to harmonize the developer’s
and the end-user’s (‘business owner) view of a given UoD, i.e. to provide an interface
for their mutual understanding. To enforce that understanding, two kinds of KCPM
schema representations have been developed: A graphical one and a tabular one using
glossaries adopted from [3]. Within this paper we restrict ourselves to the latter. Espe-
cially for business people dealing with ontologies, glossaries seem to be more easy
read and checked, in particular in the case of large schemes where tool supported
groupings and aggregations are not interfered with layout rearrangements as may
happen in graphical representations. The column headers of the glossaries represent
KCPM meta-attributes of the resp. modeling notions. Traceability between all the
glossary entries and their source (the natural language text of the business owners) is
given by means of so-called requirement source references.

KCPM provides modeling notions for both static and dynamic aspects of an UoD.
However, it suffices to concentrate here on the former since we do not deal with op-
erations on ontologies within that paper. The most important KCPM notions for mod-
eling static aspects are: thing-type, connection-type and perspective:
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Thing-type is a generalization of the ontology notions concept and value-type. Thus,
typical things (instances of thing-types) are

natural orjuridical persons,

material or immaterial objects,

abstract notions as well as

descriptive characteristics of the above mentioned examples (e.g. a customer
name, aproduct number, aproduct description) which can be seen as attributes or
as specific legal domain determiner.

Thing-type glossary meta-attributes help to specify synonyms belonging to a thing-
type as well as quantity descriptions, restrictions on values of a thing-type (see col-
umn value domain). Example instances of a thing-type are named in the examples
meta-attribute.

i = = e e - e
Id# name ; ; las_sl . descrip- examples @ do- | Al . descrip- = ment
cation | . | nyms | > : !
i tion . main tion . sources |
............. i il v T et T s
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D003 = ISBN 500 | string [iraseel| =8

Fig. 1. Part of a thing-type glossary

Things are related within the real world. This is captured by the notion of connection-
type. Two or more thing-types can be involved in a connection-type. To define a con-
nection-type completely, it must be described from the point of view (perspective) of
all of the involved thing-types. This corresponds to the NIAM object/role model [11].
Sentences leading to connections (and perspectives) are e.g. the following:

(S1) Authors write books. (perspective of author)
(S2) Books are written by authors. (perspective of book)
(S3) An ISBN number identifies a book.

3.2 Ontology Modeling Using KCPM

We now will show how KCPM can be used as an ontology modeling language by
associating the KCPM notions with the corresponding ontology notions concept, slot,
taxonomy, constraint, axiom and production rule as introduced in section 2.
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Fig. 2. Part of a connection type glossary

As has been said already, thing-types generalize the ontology notions concept and
value-type, i.e. may be used for the specification of concepts and value types. Con-
nection-types may be used as follows:

e If the involved thing-type of a perspective specifies a concept, the perspective
corresponds to a slot of that concept, and its min-/max-cardinalities correspond to
facets of that slot.

e Ifthe involved thing-type of a perspective specifies a value type, it corresponds to
a slot facet (value type) of a concept specifying the (or in case of multidimensional
connection-types of an) other involved thing-type of that connection-type. This
implies that at least one of the involved thing-types has to be related to a concept.
Such a restriction, however, is not generally imposed by KCPM which, as an in-
terlingua, also complies with e.g. the ER model that allows for relationships be-
tween attributes.

The abstractions generalization (to build ,,is-a* taxonomies with set inclusion on the
instance level; i.e. extensional) and component/object (,,is part of”) are treated by
KCPM as specific connection-types. An example for a generalization resulting from
the sentence

(S4) an author is a person.

is given in figure 3. These abstractions correspond to ontological ‘subset-of’ (or
‘kind-of”) relations and ‘part-of” relations, respectively.

Note that these interrelationships between KCPM and ontological notions may be
used as heuristic mapping rules for an automated tool transforming KCPM schemes
into statements of an ontology language (similar to the mapping of KCPM require-
ments schemes to UML models as discussed in [10]). Clearly, for a specific ontology
language, these rules have to be refined. E.g., if the ‘part-of” relation is not supported
by an ontology language, it can be mapped to slot definitions.
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Fig. 3. Part of a connection type glossary with Generalization

KCPM is open for further semantic connection-types (e.g. possession) by a mecha-
nism similar to that of stereo-types in UML.

Aspects of an ontology that cannot be modeled using these notions are captured by
(textual) constraints. Again these constraints are represented in glossaries. This is not
very sophisticated, but allows the designer to specify various kinds of constraints (e.g.
production rules, axioms etc.).

3.3 Structuring Ontologies

To structure an ontology KCPM provides the following notions: A Universe of dis-
course (UoD) is a certain part of an application domain for which an ontology is to be
built (e.g. publishing, library, procurement, sales etc.). Several Universes of Discourse
can be related to a Domain according to features which are shared by these UoD’s.
This can be seen as a clustering of a given set of UoD’s to one or more domains to
which they belong.

UoD’s often are of concern for people (users) having a different educational back-
ground (e.g., engineers, accountants, salesmen) and thus speaking in different “lan-
guages” (in the sense of different terminologies and notions) based on different on-
tologies. In order to enhance the ontology development process from problems that
might raise from that babel KCPM supports the splitting of UoD’s into Organiza-
tional Units having an homogenous community of people concerned. A further split-
ting into Task Areas is offered for mastering complexity in cases of very large appli-
cation domains. The same is true for the partition of a domain into sub-domains.
Clearly, in subsequent steps, these isolated units should be systematically integrated
to construct a whole domain ontology. Instead of or in addition to integration, specific
ontologies could be introduced on each level containing common concepts of several
other ontologies (usually of lower levels) thus supporting knowledge sharing (see next
section). KCPM provides a platform to model these “islands”, to merge them into
domain models or to extract shared knowledge (see figures 4-6).
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(Sub)Domain: (Sub)Domain:
Lending Book
 UoD: UoD: UoD:
Video Store Library Book Publishing
Organi- /’/‘ \ /
zational  OU 1 ou_2 ou_3 ou_4 ou_5

Units

LN

| I ! . Task Areas TA51 TAS52 TA 53

H

Ontologies

Fig. 4. Ontologies on different levels of detail

4 Integration, Sharing, and Re-use of Ontologies

It should have become obvious now, that KCPM glossaries representing ontologies
may serve as an easy to understand basis for the communication between domain
experts and ontology designers. Moreover, the tabular form also supports grouping of
related concepts as well as consistency and completeness checks. In addition to that,
they also prove to be appropriate for ontology integration and reuse analogously to the
integration and reuse of conceptual schemas [1], [2], [8]. More generally, KCPM
schemas act as containers of knowledge for sharing, discussion, reuse and reference.

Having KCPM schemas as a starting basis it suggests itself to choose, for their inte-
gration, a bottom-up approach along the hierarchy, i.e. from task areas via organiza-
tional units and UoD’s to the root domain (see figure 5). At each integration step, the
usual tasks have to be performed: conflict analysis, conflict resolution, merging and
restructuring. Since KCPM provides only connected thing-types structural conflicts
[1] are easier to detect than in the case of traditional conceptual models.

For knowledge sharing, sharable concepts are collected in a particular ontology
(KCPM schema) which usually will be ‘higher’ in the hierarchy than the sharing ones.
As an example, in figure 6, O_Book_shared would contain the shared concepts
(shared terminology) w.r.t. ‘books’ of the UoD’s library and book-publishing.
Whereas it might happen, that ontologies on the task area and even on the UoD level
might be completely shared and thus form what is usually called a reference model,
this is not probable on the (sub-)domain level. The usual case will be that of the be-
fore mentioned example, namely the sharing of (invariant) parts:
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(Sub)Domain:
Book

Fig. 5. Integration of task area and organizational unit ontologies

single thing-types like “author”, “person”, “book”, “ISBN”",
e connection-types like ‘ISBN identifies/is_identified_by book’, ‘author
writes/is_written_by book’, ‘author is a person’ as well as
e constraints.
It should be even possible to share meta attributes of thing-types or connection-types
(e.g. examples that can be reused, min- and max cardinalities of perspectives etc.)

Sharing glossary contents can be based on either an expert’s decision or on analogies
derived from the different domains (e.g. the same thing-types, connection-types etc.).

(Sub)Domain: (Sub)Domain:
Lending Book ¢
UoD: UoD: UoD:
Video Store Library Book Publishing

sharing

Fig. 6. Sharing notions of several UoD’s
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Domain:
Publications

Fig. 7. Reusing shared knowledge

If an ontology is to be generated for a new domain, then it suggests itself to check,
which pieces of existing ones might be shared and thus reused. E.g., concepts in O-
Book-shared might be reused when developing a new ontology for the UoD “scien-

tific index” (see figure 7).

4 NIBA - Microsoft Inlernet Explorer
Detel w M Eovorken | Earés 1

Addisige

authar

author name

Ques - O @L@% ﬁﬁwwem@ %&g@'@a&
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THINGTYPE

birthdate_of_author

THINGTYPE

isbn-number

price

publisher

writer

THINGTYPE

THINGTYPE

THINGTYPE

THINGTYPE

THINGTYPE

Fig. 8. Screenshot of the tool representing the thing type glossary
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S Summary

Currently KCPM is not completely formalized as is required by Knowledge Engi-
neers. However it provides an interlingua and a first means of communication be-
tween domain experts (business owners) and designers which have to develop an
ontology. In particular, KCPM comes with the following benefits:

Domain experts are not forced to make early decisions on what is a concept and what
not, they simply have to collect domain specific notions and to specify these accord-
ing to the KCPM meta attributes of thing-types. In other words, in a first step every
thing which is relevant to a domain becomes a thing-type (i.e. is understood as a con-
cept) although it may become a value type when mapped to a particular ontology
language later on. This generalization is possible since the answer to the question of
‘what is a concept and what is not’ is encoded within the semantic network of thing-
types related to each other by connection-types. For conceptual modeling it was
shown in [10] that the answer can derived by applying heuristics on this network, first
hints on how this could work for ontologies have been given in section 3.

Furthermore the glossary representation gives end-users a natural view on the schema
which looks like a lexicon. For the domain expert, some extended views on such a
lexicon support the check for completeness and consistency.

Actually we have developed a prototype to collect KCPM notions. This prototype is a
web-application based on an Apache Web-Server and PHP Scripts. Figure 8 shows an
example screen shot of that prototype. The idea of the prototype to present the ontol-
ogy in a glossary. The main notions (thing-type, connection-type, constraints, coop-
eration-type, conditions are presented in a tabular form. For each entry, there are
properties like meta attributes as well as other information like questions the designer
has to answer, and answers to that questions. Each notion may be connected to a
source (a document, a sentence, a reference to a person) from which the notion was
retrieved. All sources again are presented in a tabular form. The prototype will be
integrated into and uses components of the NIBA toolset” which is developed to sup-
port a user centred requirements analysis by using natural language processing tech-
niques, KCPM and model mapping heuristics.

Acknowledgement. We thank the anonymous reviewers of the previously submitted
version of that paper for their valuable comments and suggestions.
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Abstract. We formulate an approach to adaptively structuring content for
access via mobile devices, based on finding a global minimum of a cost
function. The approach accounts for variations in communication channels,
end-user device capabilities and user profiles, and can be easily extended to
meet additional requirements by adding new terms to the cost function. In
addition, we outline a simulated annealing algorithm for maintaining
personalised views of a web site with continuously updated content.

1 Introduction

Within the last few years, the emergence of small, mobile and ergonomic devices
such as PDAs or smart phones opens the market for a large variety of new
information services. These devices enable mobile usage of digital information during
mobility. Thanks to wireless networks, portable devices can connect to the Internet
(the Mobile Internet) and thus allow users constant access to information services. At
the same time, however, service providers offering such services for mobile clients
have to consider a number of restrictions which exist due to both limitations of mobile
devices (e.g. display properties, input methods, power consumption, varying
standards) and of wireless networks (e.g. slow data transfer, connectivity).

Consequently, Mobile Internet poses a number of unique requirements to content
services [3,4,7]. One option to cope with the new requirements is to redevelop
existing services for each different portable device and environment. As pointed out
in [3] this approach has been taken surprisingly often and is still rather popular in
everyday practice. Providers offering services to heterogeneous mobile devices and
with frequently if not steadily changing contents face a severe problem: keeping their
services up to date and consistent binds resources in terms of time, intellectual man-
power and money. This problem is even more severe as really innovative services for
the Mobile Internet are often developed by small and medium enterprises which can
typically not rely on exhaustless resources as global players can. To save maintenance
costs and to ensure service consistency it would be preferable for them to maintain
only a single description of the content they are providing which then can be
automatically converted to the format most suitable for the current mobile
environment.

[7] divides the requirements specific to mobile content services into three
categories: adaptivity to communication channels, adaptivity to technical environ-
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ments, and adaptivity to the user. Mobile devices present a much wider variety of
device capabilities in terms of screen size, memory size, colours available etc., than
personal computers. Thus, content has to be adapted to the client’s technical
environment. Also, different mobile devices may need to operate over a wide variety
of bandwidths, leading to the requirement of adaptivity to communication channels.
In addition, as mobile devices may be used under a wide variety of circumstances,
there is a greater need (than with classical PC clients) to support customisation of
end-user experience via user profiles - adaptivity to the user.

In this article, we propose a unified approach to achieving adaptivity to technical
environments, communication channels and to the user, as far as the selection of
media to be displayed on a single screen is concerned. Our idea is to model the
adaptivity problem as a discrete optimisation problem that can be tackled using well-
established heuristics the behaviour of which has been widely studied in mathematical
optimisation. Taken that the diversity of mobile devices is rapidly increasing while
the actual time frame for developing content services is steadily decreasing this
approach should help to make adding adaptivity more independent from the particular
content service to be enhanced.

2 Existing Approaches

The most straightforward approach to mobile content adaptation is re-authoring:
manually redeveloping the web site for each target device. While guidelines such as
[11] are available, considering the effort required, re-authoring is likely to attract
significant costs. The alternative is to deploy adaptation logic server-side, and to
automatically generate content suitable for the current combination of client device,
connection and user type.

We distinguish two aspects of mobile content adaptation: adaptation within the
existing web site structure, and adaptation involving re-allocation of content and the
commensurate readjustment of the navigation graph.

Adaptation within the existing web site structure, or page-level adaptation, can be
reduced to transforming media objects found in each page. Among the rather large
number of publications devoted to page-level adaptation (see the review article quoted
above), [8] stands out by providing a conceptual framework. According to [8], each
media object can be rendered with different modalities (text, image, audio etc.) and
fidelities (summarised, compressed etc.). The optimal combination of modalities and
fidelities for media objects belonging to a page is obtained by minimising a cost
function leading to a combination of high content value and low load time, under the
preservation of device constraints reflecting the ability of the device to render media
objects with given modalities and fidelities, and to fit their combination on a screen.

An approach to adaptation involving re-allocation of content is proposed by [7].
[7] introduces two algorithms for splitting a web page into smaller pages (possibly,
with some common content). The algorithms ensure that media objects that need to be
presented together (have a higher “proximity”) are likely to remain on the same page.
Proximity is formalised by defining cohesion order on possible combinations of
media objects, or (alternatively) by specifying a proximity value for each pair of the
media objects.
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[7] uses the vocabulary of the media types theory [6], according to which the web
page itself is a composite media object, an instance of a media type, and media
objects such as images or text are basic media objects, instances of the corresponding
basic types. We follow [7] by adopting the media types notation in this article.

Although the approach taken by [7] offers more flexibility than page-level
adaptation, it does not allow for extensibility to incorporate tutoring strategy
concerns. In the following section, we extend and generalise it to take account of the
necessary trade-offs.

3 The Unified Approach

3.1 Formalising the Web Site Structure

Consider a set £ of all base media objects belonging to a web site. A base media
object is a media object that can not be subdivided, for example, an image, a chunk of
text, or a sound track. Depending on the nature of the web site, base media objects
may appear to have structure. For example, a decision can be made that a figure,
composed of an image and a textual caption accompanying the figure should not be
separated and displayed on separate pages. Then, in our terminology, a figure is a
base media object.

We assume that each base media object @ can be attributed to some base media
type, for example each image could be considered to be an instance of the PICTURE

media type. We denote it as #@=PICTURE.

We formalise web pages as sets of base media objects. We assume that a web page
is small enough to be experienced at once, and that the actual layout can be
determined by a layout algorithm. Then, following [6], a web page can be regarded as
a composite media object, an instance of a composite media type structured as a bag
of base media types. For example, a web page u containing two figures and some

text can be described as u ={ay,@,, @}, where
#a, =#w, = FIGURE, , = TEXT )
and
#u ={FIGURE(2), TEXT(1)}. @)

The web site structure is defined by assigning the base media objects belonging to
the web site to web pages. We make an assumption that each base media object is
assigned to one and only one web page. This is in the spirit of recommendations for
mobile content adaptation given by [1], who suggest not using repeating elements
such as navigation bars, to save bandwidth and screen space. Now, the assignment of
base media objects to web pages can be formalised as a partition = of £ into non-
intersecting, non-empty subsets:

[
1]

{u} 3)

so that
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Q:Uui,whereuimuj=®fori¢j. @)
t

Obviously, € can be partitioned into web pages in many different ways. In the
rest of this section we will build a cost function defined on the set of all possible
partitions. The minimum of the cost function will correspond to a partition (and
hence, to the web site structure), for which factors such as the necessity to keep
certain base media objects together, the bandwidth and the screen size available, the
user preferences, and the tutoring best practice considerations, are balanced against
each other to form the optimal combination.

3.2 Minimising Separation

Let us assume that a non-negative function ¢ is defined on the power set (the set of
all subsets) of the set of base media objects £ :

2% Z>[0,+o<>) )

The function expresses the importance for a set of base media objects to appear on
the same web page. For example, to express that base media objects @, @, and @
should (preferably) appear together, ¢’({a’1’a’z’ws}) can be defined to have a

relatively large value.
We should note that while the domain of ¢ is rather large (2 in the power of the

number of base media objects in the web site), we assume that the support of @,

defined as A E{ zlxcQand (o( x)> O} is relatively small. In other words, the

number of subsets of £ for which ¢ is greater than zero is relatively small, so that it

is practical to consider algorithms involving enumerating all such subsets.
For web page u, a cost function describing how well the base media objects
belonging to the page fit together can be defined as

&, (u)= _Z 03 ©

feA

The lower is the value of & (u) , the better is the selection of base media objects.

Now, the separation cost function for a partition = of the web site into web pages is
obtained by adding up cost functions for all pages:

E,(E)=E, ({u’.})=ng (). @)

The lower is the value of the separation cost E » (E) , the better is the partition, as

far as putting related base media objects on the same page is concerned (base media
objects that should not be separated, are not separated). However, a partition
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corresponding to the minimum of the separation cost function would not produce a
usable web site. Indeed, it is easy to see that the minimum can be achieved by putting
all base media objects on the same page.

3.3 Adaptivity to Communication Channels

Let us denote time required to download a base media object @ to client device as
r(a)). Time required to download a web page u can be estimated as

T(u)= Zr(a}) ®)

Let (x) be a step function:

0(x) =

Owhenx <0
9

1whenx20

Let 7, be an acceptable (from the user’s point of view) download time for a web
page. We define the communication channel cost function for a web page as follows:

&, (u)=6(r(w)~7o )7 (z(u)), (10)
where 7, (x) is a function growing faster than linearly, for example one could take

= .2
N (x ) =X
The communication channel cost function for a partition = is, again, obtained by
adding up cost functions for all pages:

E.(S)=E, ({u,-})=z€c(u,-)- (11)

By construction, for as long as all pages can be downloaded within the time given
by 7, , communication channel contributes no cost. Among the partitions with some of

the pages with r(u) greater than 7,, partitions with “excessive” load uniformly
spread between pages are favoured, because r](x) grows faster than linearly with x.
Partition corresponding to a minimum of @E, (E)+BE,(Z), with >0 and

B >0,and a+pPf=1, corresponds to a balance of separation and communication

channel costs. While minimising the separation cost function leads to larger pages,
minimising the communication channel cost function leads to smaller pages, so that
minimising a linear combination of both cost function is likely to result in reasonably
sized pages, with base media objects that are particularly important to keep together
(that belong together to sets with high values of @) still staying together. The degree

to which separation cost and communication channel cost influence the location of the
minimum can be adjusted by setting the values of & and £
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However, if only separation cost and communication channel cost are taken into
account, there is no way to assure that the resulting pages fit on the client device
screen or to take into account user preferences and tutoring strategies / best practices.
These factors are incorporated in the subsections to follow.

3.4 Adaptivity to Technical Environments

Technical environment of the target client device may be limited in a number of
ways: it may have a limited memory, limited ability to display colours, fonts etc.
Roughly, we divide the limitations in two categories: qualitative and quantitative.

Qualitative limitations are due to the inability of a device to render base media
objects of a certain base media type. Qualitative limitations can be overcome in a
straightforward manner, by either skipping the base media objects that can not be
rendered or by transforming them into base media types that can be rendered. For
example, when serving colour images to a device with a monochrome screen, they
can be transformed (server side) to black and white images. In the following we
assume that qualitative limitations are overcome by applying a suitable trans-
formation, and do not consider them any more.

Quantitative limitations are due to the web pages served being “too large” for the
device in some sense, for example, too large to be displayed on a single screen or to
fit into memory. To adapt the web site to account for a quantitative limitation of the
target device, it is of essence how base media objects are allocated to web pages, in
other words, which partition is taken. Some partitions may result in web pages that
are too large for the device (even if they are within the limits imposed by the
communication channel). Here, we take the screen size limitation as an example of
quantitative limitations of a device. Other quantitative limitations can be dealt with in
a similar manner.

Let s(u) be the size of a web page u . Size could be measured, for example, as the
page height, with the page width fixed equal to the width of the target device screen.
s(u) is determined by the layout algorithm used and can be roughly estimated by

associating size with each base media object, and taking a sum for all base media
objects belonging to the page.
Let s, be the size of the screen. We define the technical environment cost function

for a web page similarly to the communication channel cost function:
& (u)EB(s(u)—sO)nd(s(u)), (12)
where 77,(x) is a function growing faster than linearly (e.g., one could take

= 2
n,(x)=x").
The technical environment cost function for a partition Z is obtained by adding up
cost functions for all pages:

E,(E)=E, ({“i})zzgd(“i)' (13)
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3.5 Adaptivity to the User

We call a set of users with similar requirements for web site appearance a user type.
We introduce a subtype relation and require it to be a partial order. In addition, we
assume that all user types are subtypes of the Generic User type, which we denote as
1L . Each user belongs to the Generic User type L (which, then, by construction, is a
set of all users). In addition, a user may belong to any number of subtypes of 1. We
impose the following constraint, necessary to preserve the “is a” semantics of subtype
relation: if a user belongs to user type P, he also has to belong to all supertypes of
P . As an example, consider the diagram in Figure 1. A colourblind user accessing
the system on-campus would be a member of On-Campus User and Colorblind
User types, which automatically also makes him a member of Disabled User and
Generic User types.

Generic User

.

Disabled User

On-Campus
User
i Colorblind User
User

Fig. 1. An example of a user type structure. User types are shown as rectangles. The immediate
subtype relation is indicated by arrows (UML notation).

The type system for user types outlined above is inspired by a type system for
object-oriented databases introduced in [5]. However, it does not imply that the user
model should be stored in an object oriented database. For as long as the properties
postulated in the definitions given above are maintained, the type system could be a
view over a traditional user model, for example, users with user model parameters
falling within certain predefined ranges of values could be automatically assigned to a
corresponding user type.

Let us assume that for each user type P, a cost function is defined on the power
set of Q (in other words, on all possible combinations of base media types that can

be put on a web page). We denote it as E,P (u), it should possess properties similar to

the cost functions we defined for adaptivity to communication channel and to the
technical environment. In particular, for a given user type, it should assume a global
minimum for the selection of base media objects that is the most suitable for this user
type. For practical reasons we again assume that the support of the cost function for a
particular user type is relatively small.
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The cost function for a particular user x (rather than for a user type), can now be
defined as a linear combination of cost function for all user types the user belongs to:

Zﬂ.(P)E,P(v)
E(v)= ZJ(P) ’ (14)

xeP

where ﬂ.(P) >0.

Here, A(P) are positive numbers reflecting the relative importance of each user

type. The adaptivity to the user cost function for the web site as a whole is obtained
by adding up cost functions for individual pages:

E; =ZEJ(")- (15)

By construction of the type system for user types, the adaptivity to the user cost
function is guaranteed to incorporate the component accounting for tutoring strategy.

To make sure that tutoring strategy is properly represented one needs to set ﬂ.(J_),

the weight of the Generic User type, to a sufficiently large value.

4 Unified Approach to Adaptivity

A unified cost function can now be constructed by taking a linear combination of cost
functions for separation, adaptivity to communication channel, adaptivity to technical
environment, and adaptivity to the user:

E(E)=aE,(E)+E, (E)

+7E, (E)+JE, (E),
where @20, #20, y20and 620,
and o+ fS+y+ S=1.

(16)

The minimum of E (E) corresponds to a balance of all adaptivity concerns. The

degree to which various concerns are taken into account can be configured by
assigning valuesto &, £, y and .

5 Minimising the Cost Function

It should be noted, that there is no necessity to find an absolute minimum, but rather a
good approximation would suffice. On the other hand, one needs to ensure, that the
minimum found is a global minimum, over all possible partitions, rather than a local
minimum, providing the best partition only for a small subset of all possible



Mobile Content Adaptation as an Optimisation Problem 209

partitions. Here, we outline how the simulated annealing technique, known to allow
finding an approximation to the global minimum without falling into local minima
[2,9,10] could be applied to maintain personalised views of a continuously updated
web site close the corresponding global minima with respect to the cost function

E(z).

Consider a given combination of 7, 7,, s, s,, and a given assignment of the
current user to user types. Clients corresponding to such a combination (essentially,
similar users, using the same device over connections of the same bandwidth) share
the same cost function E (E), and thus, should experience the web site via the same

partition Z. If, as one would expect in a realistic environment, there are large
numbers of similar clients, it is more efficient to constantly maintain an optimal
partition as a customised view of the web site, rather than to create it in response to a
user request. Such a view can be maintained by continuously executing the following
algorithm:
At each step, choose one of the following updates with probabilities p,, p; or p,,
respectively:
» Fusion - combine two random web pages in one;
¢ Fission - split a random web page in two web pages (with base media objects
distributed between the new pages at random);
e Transfer - remove a random base media object from a random web page, and put it
into another (randomly chosen) web page'.

Estimate the cost function E (E)after the update. If E (é) <E (E), where é is

the projected partition after the update, than execute the update. Otherwise, execute

the update with probability exp[—(E(EJ—E (E)]/ Ti|, where T (the so-called

“temperature”) is a parameter controlling the speed of the algorithm divergence, and
its precision: the higher is the value of 7, the faster an approximate minimum is
reached, but the precision is higher for smaller T.

The value of T'is to be dynamically controlled as follows: every time the web site
is updated (for example, by adding or removing base media objects), T'is raised by
the value of A, that may depend on the extent of the update (e.g., it could be linear in
the number of added, removed or changed base media objects)’. Then, as the
minimisation process continues, the value of T is gradually decreased (e.g., linearly in
the number of steps) until a low enough (but non-zero) value 7 is reached. The

minimisation process may be stopped once E (E.), on average, no longer shows a

systematic change. However, in a system with relatively high rate of updates, the
minimisation process may be executed continuously. The absolute minimum may

' Tt should be noted that transfer can be obtained as a combination of fusion and fission.
However, the probability of such a transfer is rather low, so that the dynamics is different
from a situation where transfer is included as an independent elementary step.

2 The situation at time zero can be treated as the result of an extensive update, so that the
minimisation starts with a relatively high value of T .
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never be reached, however, at each moment of time, for an appropriate choice of the
parameters controlling the minimisation process, a reasonably good (close to
“optimal”’) view should be provided.

6

Resume

We introduced an approach allowing us to achieve adaptivity to communication
channels, device technical environments and to the user within a single conceptual
framework. In addition, we outlined a simulated annealing algorithm for maintaining
personalised views of a web site with continuously updated content.
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Abstract. Today’s search engines build their indices on the basis of document
mark-up in XML and significant letter sequences (words) occurring in the docu-
ment texts. There are some drawbacks, however: the XML mark-up requires skill
as well as tedious work from the user posting the document, and the indexing
based on significant word distributions, though automatic and highly effective, is
not as precise as required by many applications.

As a complement to current methods, this paper presents an automatic content
analysis of texts which is based on traditional linguistic methods in conjunction
with a comparatively new data structure ([6]) and algorithm ([3]). Having already
presented the formal definitions elsewhere, we aim here at illustrating the system
in action, based on an ongoing implementation in JAVA.

Database Semantics is the name of a computational system modeling natural language
communication. DBS is designed for the construction of talking robots. Because of
this background, applications of DBS to the internet will be presented by going from
the agent’s hearer-mode (interpretation of language) to the agent’s conceptualization
(choosing what to say and how to say it) to the agent’s speaker-mode (production of
language). Once the basic functioning of DBS has been explained, we will show how to
incorporate its components into the internet and which www applications it improves.

1 Word Form Recognition in the Hearer-Mode

For the computer, the word forms in a text are merely sequences of letters. The first step
towards computers understanding natural language is automatic word formrecognition.
This software component provides each word form in a sentence or text automatically
with a lexical analysis.

Consider the following example of automatically recognizing the word form girl:

1.1 Example of Automatic Word Form Recognition in DBS
dbs2.DBS2-HEAR> -lex girl
[sur: girl ]

[noun: girl]
[cat: sn ]

[sem: sg f ]
[mdr: 1
[fnc: 1
{idy: +1 ]
[prn: 1

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 211-220, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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This lexical analysis has the form a feature structure, called proplet. Feature structures
consist of a set of attribute-value pairs. Proplets are restricted, however, in that their at-
tributes may not take feature structures as values, thus preventing a recursive embedding
of feature structures in proplets.'

For better readability, the attributes of a proplet are displayed in a predefined stan-
dard order. The attribute sur contains the surface of the word as value. The attribute
noun specifies the part of speech; its value is a concept which characterizes the core
of the word meaning. The attributes cat (for category) and sem (for semantics) specify
the morphosyntactic properties of the word.” The remaining attributes mdr (modifier),
fnc (functor), idy (identity), and prn (proposition number) receive their values during
syntactic-semantic parsing (see Section 2 below).

A system of automatic word form recognition provides much more detailed and reliable
grammatical information than statistical tagging. Based on a finite lexicon and rules
for inflection, derivation, and composition, the system recognizes a potentially infinite
number of words. Furthermore, if a traditional lexicon is available on-line, a suitable
system of automatic word form recognition can be built in a matter of weeks for any
new language. Unlike statistical tagging, mistaken analyses can be precisely located
and permanently corrected.” With the support of a reference corpus and a continuous
sequence of monitor corpora, a system of automatic word form recognition can be
maintained to provide near-perfect coverage, serving a wide range of applications.

2 Syntactic-Semantic Parsing in the Hearer-Mode

The next step in modeling the hearer-mode is syntactic-semantic parsing. It has the task
of establishing the grammatical relations between the lexically analyzed word forms.
In Database Semantics, grammatical relations are coded by copying values between
proplets. Consider the following example of parsing the sentence the girl sleeps:

2.1 Building the Functor-Argument Structure

result of word form recognition = result of syntactic-semantic parsing"
[sur: the ] [sur: girl ] [sur: sleeps] [sur: 1 [sur: ]
[noun: _n1 ] [noun: girl] [verb: sleep] [noun: girl ] [verb: sleep]
[cat: nn’ np] [cat: sn ] [cat: ns3’ v] [cat: snp ] [cat: v ]
[sem: def ] [sem: sg f ] [sem: pres ] [sem: def sg f] [sem: pres ]
[mdr: 1 [mdr: ] [mdr: ] [mdr: ] [mdr: ]
[fnc: 1 [fnec: ] [arg: ] [fnc: sleep ] [arg: girl ]
[idy: +1 ] [idy: +1 ] [ctn: ] [idy: 1 1 [ctn: ]
[prn: 1 [prn: 1 [ectp: ] [prn: 1 1 [ctp: ]
[prn: ] [wrdn: 1 ] [prn: 1 ]
[wrdn: 3 1

! The attributes of proplets may take more than one value, however, as in a list.

% More specifically, the values sn stands for singular noun, sg for singular, and f for feminine.

? For a comparison of different approaches to automatic word form recognition see [4] and [5],
Chapters 13-15.

* Once the values of the sur attributes have been used for automatic word form recognition, they
are discarded during syntactic-semantic parsing, resulting in a more language-independent
semantic representation.



Applying Database Semantics to the WWW 213

The three proplets on the left result from automatic word form recognition and serve as
input to the parser. The two proplets on the right are the output of the parser.

The parser reconstructs the functor-argument structure of the sentence by copying the
noun value girl into the arg attribute of the verb, and the verb value sleep into the fnc
attribute of the noun (bidirectional pointering).” Note that the input proplets the and girl
are fused into a single proplet in the output (function word absorption), whereby the
contribution of the is reflected by the value def in the sem slot of the resulting noun
proplet. Furthermore, the valency position Nns3’ (for nominative singular third person)
in the cat slot of the verb proplet in the input is being canceled in the output.

In addition to the intrapropositional functor-argument structure of isolated sentences,
Database Semantics characterizes the concatenation of sentences in a text. There are two
kinds of extrapropositional relations, (i) the conjunction between verbs and (ii) the iden-
tity between nouns. The following syntactic-semantic analysis shows the conjunction
between the verbs of

The big girl has been sleeping. The young girl ate a big warm meal. The old

girl is eating a big apple.

2.2 Result of Parsing a Short Text

[sur: 1 [sur: 1 [sur: 1 [sur: ] (sur: ] (sur: ]
[noun: gir? ] [adj: big ] [verb: sleep ] [noun: girl ] fadj: young] [verb: eat ]
[cat: SNP ] [cat: ADN ] [cat: DECL ] [cat: SNP ] [cat: ADN ] [cat: DECL 1
(sem: def sg F] [sem: stand]) [sem: hv-pres perf progl [sem: def sg F] [sem: stand] [sem: past b
[mdr: big ] [mdd: girl ] [mdr: ] [mdr: young ] [mdd: girl ] [mdr: ]
(fnc: sleap ] [idy: 2 1 [arg: girl ] [fnc: eat 1 (idy: 3 1 [arg: girl meal)
[idy: 2 ] [prn: 2 ] [cta: 3 eat 1 [idy: 3 ] [prn: 3 1 [ctn: 4 eat b]
(prn: 2 ] [urdn: 2 ] [etp: ] [pm: 3 ) [wrdn: 2 ] [etp: 2 sleep ]
[vrdn: 1 b [pra: 2 1 (wrdn: 1 ] (prn: 3 ]

[wrdn: 4 ] [wrdn: 4 ]
(sur: 1 [sur: 1 [sur: 1 [sur: [sur: 1 [sur:

(noun: meal ] [adj: big ] [adj: wvarm ] [noun: girl
(cat: SNP ] [cat: ADN ] [cat: ADN ] [cat: SNP
[sem: indef sg] [sem: stand] [sem: stand] [sem: def sg F
[mdr: big wvarm] [mdd: meal ] [mdd: meal ] [mdr: old

[adj: old ] [verb: eat

[cat: ADN ] [cat: DECL

[sem: stand] [sem: be-pras pro,
[mdd: girl ] [mdr:

oo od3oow
coomuo®oan

[fnc: eat ) lidy: 4 ] (idy: 4 ] [fnc: eat [idy: 6§ ] [arg: girl apple
(idy: 4 ] [prn: 3 ] [prm: 3 1 lidy: & (prn: 4 1 [etn:
[pro: 3 ] [wrdn: 6 ] [wxdn: 7 ] [prn: 4 [wrdn: 2 ] [ctp: 3 eat
[vrdn: & ] [vrdn: 1 Iprn: 4

(urdn: 4
(sur: 1 [sur: ]

[noun: apple ] [adj: big ]
(cat: SNP 1 [cat: ADN ]
[eem: indef sg] [sem: stand)

[mdr: big ] [mdd: apple)
(fnc: eat 1 [idy: 6 ]
[idy: 6 ] [prn: 4 ]
(prn: 4 1 [urdn: 7 ]
[vrdn: 6 1

The concatenation of the three sentences in the sample text is coded by the values of the
ctn (connection to next) and Ctp (connection to previous) attributes of the verbs. More
specifically, the ctp attribute of the verb proplet sleep has no value because there is no
previous sentence, while the ctn attribute has the values 3 eat, representing the prn value
and the verbal concept of the next proposition. Accordingly, the ctp attribute of the verb
proplet eat has the values 2 sleep, while the ctn attribute has the values 4 drive, etc.

5 Other values are provided by the control structure of the parser: the pm attributes receive a
common number, the idy attribute receives a number, and the new attribute wrdn (for word
number) is being added and supplied with suitable values.
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Example 2.2 also shows the integration of the adjectives big, young, and old into
the functor-argument structure (cf. values of the mdr and mdd attributes). It shows
the handling of transitive sentences with the objects meal and apple. And it shows
the complex verb constructions has been sleeping and is eating, which are each
represented by a single proplet (another instance of function word absorption, cf. 2.1).

The syntactic-semantic parser producing the set of proplets in 2.2 is based on the time-
linear algorithm of LA—grammar6 ([31, 5], [7]). Extending the coverage of this parser
is considerably more demanding than providing the lexical entries and rules for the
automatic word form recognition of a natural language. This is because automatic word
form recognition can be built on centuries of lexicographic work analyzing word forms
grammatically, while no suitable’ analyses are available for the grammatical relations
between word forms in sentences and texts.

Nevertheless, near complete syntactic-semantic coverage of a natural language in the
format shown in 2.2 can be achieved in a few years. Our strategy is as follows: Using
automatic word form recognition in combination with a chunk parser ([1], [9]), the
sequences of word forms in a corpus are boiled down to sequences of categories in
phrases. After ordering these category sequences according to frequency and analyzing
the most frequent ones first, the time-linear syntactic-semantic coverage of free text can
be upscaled very efficiently.

3 Storage and Retrieval in a Word Bank

By coding the intra- and extrapropositional relations between the words in a text as
attribute values, proplets are autonomous items which can be stored independently of
any restrictions imposed by graphical representations such as trees. In other words, the
storage of proplets is completely free and the principle for their storage can be chosen
according to the needs of one’s database.

In DBS, proplets are stored in the format of alphabetically ordered foken lines. The
first item of a token line is a concept; itis followed by all proplets containing this concept
as the value of their second attribute. This data structure resembles a classic network
database with its owner and member records, and is called a word bank. As an example,
consider the following word bank storing the proplets derived in 2.1 and 2.2:

3.1 [Illustrating the Data Structure of a Word Bank

Owner Proplets | Token Line >

[noun: applel [sur:

[noun: apple
{cat: SNP
[sem: indef s
[wdr: big
[fne: eat
[idy: 6
[prn: 4
[vrdn: 6

[P N

® LA-grammar is named after its Left-Associative derivation order. LAG computes possible
continuations, always combining a sentence start and a next word into a new sentence start.

7 Most efforts in modern linguistics are not time-linear and therefore not input-output equivalent
with the speaker-hearer. For further discussion see [5], Chapters 8 and 9.



(adj: big) [sur:

(adj: big ] [adj:
(cat: ADN ] [cat:

[sem: stand) [sem: stand) [sem: stand}
(mdd: girl } (mdd: meal ] [mdd: appls)
(idy: 2 ) {idy: ¢4 ] [idy: 6 ]
(pro: 2 1 [prn: 3 ] [prn: 4 ]
[vrdn: 2 ] (vrdn: 6 ] [wxdn: 7 ]
[verb: eat] [sur: 1 [sur: 1
[verb: eat ) [verb: eat )
[cat: DECL ) [cat: DECL ]
[sem: past ) [sem: ba-pres prog]
[mdr : ] [mdr: ]
[arg: girl meal] [arg: girl apple )
(ctn: 4 sat ) [ctn: ]
[ctp: 2 slesp ] [ctp: 3 eat ]
(prn: 3 ] [pro: 4 ]
[wrdn: 4 ) [wrdn: 4 ]

(noun: girl] [sur: ] (=ur: ] (sur: ]
(noun: girl ] (moun: girl ] [noun: girl ]
[cat: SNP ] [cat: SNP ] [cat: SNP ]
[sem: def sg F] [zem: def sg F] [sem: def sg F)
[mdr: ] [mdr: big ] [mdr: young
(fnc: sleep ] [fnc: sleep ] [fnc: eat ]
[idy: 1 ) [idy: 2 ) lidy: 3 ]
[pro: 1 ] [prn: 2 ] [prn: 3 1
(wrdn: 1 ] [wrdn: 1 ] [wrdm: 1 1

(noun: meal) ([sur: h)

(ooun: meal ]
(cat: SNP ]
(sem: indef sg)
[odr: big varm)
(fnc: eat ]
[idy: 4 1
(prn: 3 ]
[wrdn: 5 ]
(adj: old] [sur: ]
(adj: old ]
[cat: ADN ]
[sem: stand]
(mdd: girl ]
[idy: & ]
fpro: & )
[vrdn: 2 ]

[verb: sleep) [sur: ] (sur: ]
[varb: sleep] [verb: sleep ]
(cat: DECL ] ([cat: DECL ]
(sem: pres ] [sem: hv-pres perf progl
[mdr: 1 (mdr: ]
[arg: girl ] [arg: girl ]
[ctn: ] [ctn: 3 eat ]
(ctp: 1 Cetp: ]
(prn: 1 ) (prn: 2 ]
[wrdn: 3 ] (wrdn: 4 ]

(adj: varm) [sur:
[adj:
[cat:
(sem:
[mdd:
[idy:
(prn:
[wrdn

(adj: young) [sur:
[adj :
(cat:
(sen:
(mdd:
[idy:
(prn:
(vrda: 2

) [sur:

1
varm ]
ADK ]
stand]
meal ]
4 ]
3 ]
701

]
young)
ADN ]
stand)
girl ]
3 )
3 )

]

1 [sur:

1

big ] [adj: big ]
ADN ] [cat: ADN ]
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(aur:

(noun: girl

(cat:
(sem:
[mdr :
(fnc:
(idy:
(prn:

(wrdn: 1

SKP

def sg F.
old

eat

5

4
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The reordering of a proplet sequence produced by the parser, e.g. 2.2, into the word bank
format, e.g. 3.1, is automatic.
The word bank format has the advantage of easy storage and retrieval. The storage of a
new sentence consists in adding its proplets at the end of their token lines. For example,
a new proplet girl would be added at the end of the girl token line. The proplets in a
token line reflect the temporal order of their arrival, by position and their prn number.
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The retrieval of proplets is based on their concept value, their proposition number
(prn), and their word number (wrdn), which jointly serve as the unique primary key.
Proplet retrieval is needed by the following operations:

3.2 Operations Using Proplet Retrieval

1. Internal navigation
For any proplet, a successor proplet may be retrieved. Repetition of this operation
results in a time-linear navigation through the content of the word bank.

2. External activation
For any concept provided by recognition, all proplets corresponding to this concept
are retrieved by activating the concept’s token line.

Both kinds of operations result in a selective activation of the content in a word bank.

The first type of operation is used to activate a sequence of propositions. For example,
if we pick the second eat proplet in 3.1, the first arg value and the prn value tell the
system to retrieve the girl proplet with the prn value 4. After returning to the verb, the
second arg value is used to navigate to apple. After returning to the verb, the ctp value
is used to navigate to the verb of the previous proposition, and so on.

The second type of operation is used to answer questions. For example, to answer the
question Which girl ate the meal? based on the word bank 3.1, the system searches the
token line of eat from right to left (i.e. going back in time), looking for the arg values
girl and meal. The matching eat proplet has the prn value 3. Next, the system retrieves
the girl proplet with the prn value 3 (first kind of 3.2 operation). Based on its mdr and
prn values, the system determines that it was the young girl who ate the meal.®

This kind of retrieval is much more precise than a comparable full text search. For
example, a Google search with the words girl eat meal currently results in 433 000 sites
like the following:

... In fact, I had way too many for the whole of Mexico to eat. ... They make
good apple sauce and they don’t cost a dime. ... 2000-2003 You Grow Girl &
Fluffco. ..

4 Semantic-Syntactic Parsing in the Speaker-Mode

In DBS, the production of language is based on an autonomous navigation through the
content of the word bank. The navigation uses the relations between the proplets as
a railroad system and an LA-grammar, called LA-think, as the motor-algorithm for
moving the word bank’s unique focus point along the rails.

Given that proplets usually provide more than one possible successor proplet, the
system must make choices. The most basic solution are random choices. For rational
behavior, however, the LA-think grammar must be refined into a control structure which
chooses between continuation alternatives based on the evaluation of external and in-
ternal stimuli, the frequency of previous traversals, learned procedures, theme/rheme
structure, etc.

8 For a more formal description see AIJ’01.
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Alternative navigations through the same propositional content are illustrated by the
following set of proplets. It was generated automatically by LA-hear interpreting the
sentence sequence The girl left the house. Then the girl crossed the street.

4.1 Proplets of Girl Leave House. Girl Cross Street

[sur: ] [sur: ] [sur: ]
[noun: girl ] [verb: leave ] [noun: house ]
[cat: SNP ] [cat: DECL ] [cat: SNP ]
[sem: def sg F] [sem: past ] [sem: def sg ]
[mdr: ] [mdr: ] [mdr: ]
[fnc: leave ] [arg: girl house ] [fnc: leave ]
[idy: 1 ] [ctn: 1 [idy: 2 ]
[prn: 1 ] [ctp: 1 leave ] [prn: 1 ]
[wrdn: 1 ] [prn: 1 ] [wrdn: 4 ]
[wrdn: 3 ]
[sur: 1 [sur: ] [sur: ]
[noun: girl ] [verb: cross ] [noun: street]
[cat: SNP ] [cat: DECL ] [cat: SNP ]
[sem: def sg F] [sem: past ] [sem: def sg ]
[mdr: 1 [mdr: ] [mdr: ]
[fnc: cross ] [arg: girl street] [fnc: cross ]
[idy: 1 ] [ctn: ] [idy: 3 ]
[prn: 2 ] [etp: 1 leave ] [prn: 2 ]
[wrdn: 1 ] [prn: 2 ] [wrdn: 4 ]
[wrdn: 3 ]

This data structure may be traversed forward, as in
girl leave house | girl cross street
which is reflected by the English surface
The girl left the house. Then she crossed the street.
It may also be traversed backwards, as in
girl cross street | girl leave house
which is reflected by the English surface
The girl crossed the street. Before that she left the house.
Furthermore, using the identity between the two girl proplets,’ the navigation may enter
the second proposition before finishing the first, as in
girl| girl leave house | cross street,
reflected in English by the relative clause construction
The girl who left the house crossed the street.
Using the conjunction between the verb proplets, the navigation may also produce ad-
verbial subclauses such as
After the girl left the house, she crossed the street. (forward)
Before the girl crossed the street, she left the house. (backward)
An intrapropositional kind of backward navigation is passive, as in
The street was crossed by the girl.
Each of these traversals is based on a particular rule sequence of LA-think."
The choice between these different traversals is motivated by how the agent views the
content, i.e. from where the navigation enters the content (forward or backward), which

° Because identity-inference has not yet been implemented, the idy values of the two girl proplets
were set to equal by hand.
10 For explicit definitions of these rules see [5], [6], [7].
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part is evaluated as foreground and which as background, etc. In addition to navigation
merely activating the content contained in the word bank, there is also navigation which
produces new content, called inference navigation. Like all kinds of navigation, inference
navigation is controlled by the rules of a suitable LA-think grammar.

S Word Form Production in the Speaker-Mode

A computational model of the speaker-mode raises the question of where the content to
be uttered should come from. Intuitively, the answer is obvious: it should come from
thought. But how should thought be modeled?

In DBS, thought is modeled as the time-linear navigation through the wordbank,
controlled by LA-grammars for activating content, evaluating recognition, initiating
action, planning, drawing conclusions, etc. In principle, any such navigation through
the word bank is independent of language. However, in cognitive agents with language,
the navigation serves as the speaker’s conceptualization, i.e., as the speaker’s choice of
what to say and how to say it.

A conceptualization defined as a time-linear navigation through content makes lan-
guage production relatively straightforward: If the speaker decides to communicate a
navigation to the hearer, the concept names (i.e., values of the second attributes) of
the proplets traversed by the navigation are translated into their language-dependent
counterparts and realized as external signs. For example, traversing the proplets

eat girl young meal big warm
results in proplet sequences with the following sur values, depending on the language:

English: eat girl young meal big warm

French: mange fille jeune repas copieux chaud

German: essen Madchen jung Mahlzeit grof3 warm

Korean: mek.ta so.nye e.rita um.sik manh.ta tta.ttus.ha.ta
In addition to this language-dependent lexicalization of the universal navigation, the
system must provide

1. language-dependent word order
2. function word precipitation
3. word form selection for proper agreement

For example, each of the above base form sequences must be mapped into

English: the young girl ate a big warm meal

French: la jeune fille mangait un copieux repas chaud

German: das junge Madchen af3 eine groe warme Mahlzeit

Korean: e.ri-n so.nye-ka tta.ttus.ha-n um.sik-ul manh-i mek-nun-ta
This process is handled by language-dependent LA-grammars, called LA-speak, in
combination with language-dependent word form production systems. For example, the
English word form ate is produced from an eat proplet the sem attribute of which
contains the value past.

Given the time-linear derivation order common to LA-hear, LA-think, and LA-speak,
one would hope that semantic-syntactic parsing and automatic word form production
(speaker-mode) would reuse much of what has been built for automatic word form
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recognition and syntactic-semantic parsing (hearer-mode). The tasks of the two modes
are quite different, however.

For example, automatic word form recognition disassembles a given letter sequence
into a sequence of lexically analyzed allomorphs which are reassembled into a proplet,
while automatic word form production selectively matches the values of a given proplet
or set of proplets with lexically analyzed allomorphs which are assembled into a suitable
letter sequence (surface). Nevertheless, the goal for designing the interpretation and the
production system for a language must be to utilize the same data as much as possible.

6 Applying Database Semantics to the World Wide Web

The JAV A implementation of Database Semantics ([8]) is a prototype handling fragments
of English, German, and Korean in the speaker- and the hearer-mode. Because there are
presently no suitable robots available, the system runs on standard computers — which
limits recognition and action to the language level.

Without the technology of robots recognizing their environment and acting in it au-
tonomously, concepts cannot be defined in terms of recognition and action procedures,
and thus are not available to be reused as the core of lexical meanings (word semantics).
This happens to be a serious, though hopefully temporary, deficit for the software design
of autonomous cognitive agents communicating in natural language. For the transfer
of Database Semantics to the internet, however, it presents no obstacle. Consider the
following www applications:

LA-hear grammars improve precision by parsing www documents, representing their
content in the uniform format of a word bank (cf. 3.1). All that is required to utilize this
giant index structure for document retrieval is one additional proplet attribute, called
URL, for specifying the location of the proplet’s document.

In this word bank, noun proplets specify their functors, verb proplet specify their
arguments, modifier proplets specify their modified and vice versa, nouns specify identity
with other nouns, and propositions specify their predecessor and and successor. For
example, if the user is looking for documents on professors driving BMWs, the system
would search through the token line of drive, collect all drive proplets with the arguments
professor and BMW, and retrieve the associated documents by using the value of the
proplets’ URL attribute. In comparison, a free text search in Google using the words
professor drive BMW currently returns 19000 sites such as:

... Developing a hybrid vehicle that drives for long ... a realistic development
proposition,” emphasizes Professor Goschel. BMW has already played through
an extreme ...

LA-think grammars improve recall by inferencing. For example, a search for profes-
sors driving German cars would initially overlook professors driving BMWs. However,
based on the absolute propositions BMWs are German cars, Mercedes are German cars,
Porsches are German cars, etc., the system infers that documents on professors driving
BMWs are relevant for a query on professors driving German cars.

In addition, LA-think grammars can be developed into what Berners-Lee et al. [2] en-
visage as agents roaming the net to perform jobs for individual users. However, instead of
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being based on the railroad system of RDF, owner-coded in XML for each document, web
agents based on LA-think use the relations between proplets, provided automatically
by LA-hear. This kind of web application may utilize LA-think inferences developed
independently for artificial cognitive agents as well as foster its own.

LA-speak grammars, finally, map content resulting from inferencing and represented
as a sequence of proplets into natural language. Thus, in a web extended to DBS, the
response to a query would not only be the retrieval of thousands of documents, but a
selectively derived to-the-point answer using various resources and formulated in the
user’s chosen natural language.

7 Conclusion

This paper has described a general model of human-computer communication in natural
language, called Database Semantics, and shown applications to the www such as the
improvement of recall and precision, inferencing, and a user-friendly processing of
answers. In the talk, the current JAVA implementation of DBS will be demoed in the
speaker- and the hearer-mode.
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Abstract. XML is studied and used as a key technology in many research and
applications today. Accordingly there is an increasing need for the efficient
XML document retrieval. Bitmap indexing is an efficient technique for deter-
mining true and false fast and it has been used mainly for reducing search ex-
tent rather than retrieving data. BitCube, an existing three-dimensional bitmap
indexing for XML document retrieval, constructs bitmap from the entire index.
In case high volumes of documents are loaded in a single cluster, however, this
causes significant performance degradation in memory usage and operation
speed. xPlaneb which is another bitmap indexing technique solves this problem
by reconstructing three-dimensional bitmap index of BitCube using linked list.
xPlaneb, however, has a high memory usage problem compared with BitCube
when low volumes of documents are loaded because BitCube index consists of
small field of one bits. This paper proposes X-Square which is a hybrid of Bit-
Cube and xPlaneb. X-Square takes both advantages of BitCube and xPlaneb.
Experimental results show that X-Square has better performance in memory us-
age than xPlaneb and BitCube although the operation speed is a bit worse than
xPlaneb.

1 Introduction

XML(eXtended Markup Language) is studied and used as a key technology in many
research and applications today. Especially XML plays a key role in the technologies
such as multimedia data retrieval, e-commerce, e-books, and web services. Accord-
ingly there is an increasing need for the efficient XML storage and retrieval [1,2].
The technique of three-dimensional bitmap indexing appeared as a study for XML
document retrieval. It retrieves information using three-dimensional bitmap based on
the path while alternative techniques are tree-based. BitCube [3] is a representative
three-dimensional bitmap indexing which is proved to be very fast in retrieving data.
BitCube constructs bitmap from the entire index. In case high volumes of documents
are loaded in a single cluster, however, the size of index increases rapidly and this
causes significant performance degradation in memory usage and operating speed.
XPlaneb [4] which is another three-dimensional bitmap indexing solves the problem
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of BitCube by reconstructing efficient nodes from the three-dimensional array index.
xPlaneb, however, has higher memory usage when the document volume loaded in
the cluster is small because it uses index consisting of nodes of 128 bits.

This paper proposes X-Square, a hybrid three-dimensional bitmap indexing, which
adopts the advantages of both BiCube and xPlaneb. X-Square showed higher per-
formance in the memory usage than BitCube and xPlaneb in the experimental results.
In terms of operation speed X-Square was better than BitCube.

Section 2 describes the general of XML document retrieval techniques including
BitCube and xPlaneb. Their problems are also discussed. X-Square and the idea of
hybridizing BitCube and xPlaneb is introduced in the section 3. Section 4 illustrates
the experimental results that are basically the performance comparison of BitCube,
xPlaneb, and X-Square. Finally the conclusion and future work are discussed in the
section 5.

2 Related Work

The research and effort to use XML more effectively are still continued. This research
resulted in the standardization such as ebXML [5], MPEG-7 [6], and EBKS [7] and
also the effort that the RDBMS vendors allow users to use XML on their system.
Recent systems can specifically retrieve the semi-structural documents like XML.

The existing techniques for XML retrieval usually map XML documents to tree
structure first, and retrieve the information or analyze the semantic based on the tree
nodes. This is because the XML documents themselves are semi-structural trees.
Recent indexing techniques include the hierarchical index [8] that split the tree par-
tially. The method used in [9] saves the query as the view in the database and then
retrieves the documents using the saved query. The techniques above are based on the
tree structure and they all aim to search the tree nodes efficiently.

Three-dimensional bitmap indexing does not construct the index in tree structure
as done in the other indexing methods. Unlike the alternative indexing techniques
which retrieve the tree nodes, the three-dimensional bitmap indexing, for the fast
retrieval, extracts the path of the XML documents and then performs the retrieval
based on the path. Consequently the performance of three-dimensional bitmap in-
dexing is better than the other techniques which suffer from the performance degra-
dation due to node-based search.

2.1 BitCube

Bitmap indexing uses the operation of True and False to efficiently determine the
range and the existence of the data. It is a lot faster than others because it operates on
one bit basis. BitCube, three-dimensional bitmap indexing, also uses the traditional
bitmap indexing. BitCube constructs three-dimensional array index which consists of
documents in the cluster, their paths, and word identifiers to effectively extract infor-
mation from XML documents. Each field is one bit so that the bit-wise operation can
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be performed on it. The documents which have similar structure are collected in one
bitmap index. BitCube clusters the documents which have similar structures based on
their paths. The criteria to determine the similarity is measured by how many docu-
ments have the same paths. Figure 1 shows the architecture of BitCube. BitCube con-
sists of the documents loaded in the cluster, the paths, and the word name list. Each
cell of in the architecture of BitCube is 1 bit-index fields which represent true or
false. BitCube performs bit-wise operation using the index fields. BitCue also per-
forms clustering with paths. The first plane used in the clustering is called the base
bitmap.

BitCube supports three basic operations, e-path slice, word slice, and document
projection, to extract information for user’s query. BitCube generates the result very
fast from the three-dimensional bitmap index by using bit-wise operations. BitCube
already showed the better search speed in the performance comparison with existing
systems such as XYZFind [10], XQEngine [11], and Xyleme [12].

BitCube, however, suffers abrupt increase in the size of index as the document
volume increases. This also means the abrupt increase in the memory usage as the
document volume increases. Consequently the operation speed is degraded.
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Doc. Name List

1

]
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a‘!h Name List
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9 @ @ OO0 D Ge--- Base Bitmap

Fig. 1. The architecture of BitCube

2.2 xPlaneb

xPlaneb reconstructs the three-dimensional bitmap index using the linked list to over-
come the problem of BitCube. xPlaneb reconstructs the planes of BitCube with the
nodes of 128 bits so that better performance is guaranteed when high volumes of
documents are loaded in a single cluster.

Figure 2 shows the architecture of xPlaneb. BitCube performs clustering with paths
using the base bitmap as mentioned. Consequently, the base bitmap is filled mostly
with true values. The other planes of BitCube, however, become the sparse matrices.
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xPlaneb reconstructs the true valued-index fields with nodes. xPlaneb has the array of
pointers which correspond to each field of base bitmap. This is called Document and
Path Pointer Reference Map. xPlaneb also has the array of pointers which correspond
to each field of word name list. This is called Word Pointer Reference List. Instead of
performing bit-wise operations, xPlaneb accesses the index and produces the results
using the two pointer reference indices.

xPlaneb employs three fundamental operations to extract information for user’s
query. These are the path linking, the word linking, and the document linking. xPlaneb
does not perform the bit-wise operation. Instead, it prevents the performance degrada-
tion by eliminating False fields. xPlaneb showed better performance than BitCube in
the situation that high volumes of documents are loaded in a single cluster.

In case the low volumes of documents are loaded in a cluster, however, the index
size of BitCube can be less than that of xPlaneb because the field size of BitCube is
one bit while the field of xPlaneb consists of fields of 128 bits. As the number of
documents increase in the cluster, the memory usage of BitCube increases more rap-
idly than that of xPlaneb. However, during the intervals from the begining of the
document loading to some specific point, the memory usage of BitCube is less than
xPlaneb.
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Fig. 2. The architecture of xPlaneb

3 Hybrid Three-Dimensional Bitmap Indexing

This section proposes X-Square which is a hybrid three-dimensional bitmap indexing
that takes only the advantages of BitCube and xPlaneb. X-Square determines which
indexing method is more effective between xPlaneb and BitCube through documents
in the cluster, their paths, and the number of words. Consequently X-Square over-
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comes the problems of xPlaneb and BitCube and uses less memory than those two
methods.

3.1 Design and Implementation of X-Square

xPlaneb solves the problem of abrupt increase in memory usage that can be found in
BitCube when high volumes of documents are loaded in a single cluster. It also solves
the performance degradation of operation speed. Although the index size of BitCube’s
depends on the size of a particular plane in the entire index, since the field that con-
sists index is very small (one bit), small memory usage is required for the small docu-
ment load. Therefore each cluster can have different indexing technique as for the
memory usage.
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Fig. 3. The architecture of X-Square

X-Square determines which indexing method is better by looking the basic cluster
information. X-Square creates different index in each cluster using the information.
X-Square primarily consists of the Query Processing Module, the Database Manage-
ment Module, and the Index Management Module. The Query Processing Module
analyzes the query between the user interface and the system. It also returns the result
to users by interacting with the Index Management Module. The Database Manage-
ment Module interacts with the DBMS to load the updated information to the local
databases when there is a change in the data. The Database Management Module also
allows X-Square to use the information of BitCube and xPlaneb without having a
special transformation. The Index Management Module interacts not only with the
two modules mentioned above but also with the indexing module in BitCube and
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xPlaneb. The Index Management Module determines the most effective indexing
module for each cluster based on the information that is provided by the Database
Management Module. It actually creates the index using the determined index mod-
ule. It also processes the user’s queries that came from the Query Processing Module
and pass them back to the Query Processing Module. If the query affects the data, the
Index Management Module passes the information to the Database Management
Module. Fig. 3 depicts the architecture of X-Square, the hybrid three-dimensional
indexing method, which is proposed in the paper.

3.2 Selective Index Construction of X-Square

X-Square determines the more effective indexing method between BitCube and
xPlaneb using the basic information of the cluster. By the selected index method it
constructs individual index for each cluster. For this to be done, X-Square needs an
evaluation function to predict the effective indexing method through the basic infor-
mation of the clusters.

X-Square can get the information about the clusters through the Database Manage-
ment Module without actually creating the indices. The extractable information in-
cludes the number of non-redundant documents (d), the number of non-redundant
paths (p), the number of non-redundant words (w), and the number of whole words in
the clusters (w,). Some additional information is needed for the evaluation function.
They are the size of integer data (a) and the size of node (b) that xPlaneb uses to con-
struct index. Using this information, X-Square can predict the memory size when the
individual cluster actually constructs the index. Following is the evaluation function
when the clusters construct BitCube index.

Fricue =d -p -w
Following is the evaluation function when the clusters construct xPlaneb index.
FxPIaneb:a (dP+W) +b * Wy

When the system starts, X-Square calculates the two evaluation functions for each
cluster. X-Square chooses the evaluation function which gives lower value and con-
structs the index with the corresponding method. While executing, if there are changes
in the data, X-Square has to recalculate the evaluation functions. X-Square does not
have to recalculate for the whole clusters. It is done only for the cluster which is af-
fected by the data change.

X-Square must be able to decide that which indexing method to be used in the
cluster when the operation for retrieving the information is done. X-Square also uses
the bitmap index to minimize the operation time. The index has the value of True
when a cluster consists of xPlaneb index while it has False for BitCube. Using this
information, X-Square can determine fast which index method operation must be used
when retrieves the cluster. Following is the algorithm of the X-Square for the selective
index construction.
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Method IndexSelection()
cNumber=getClusterTotalNumber () ;
mode=new bool [cNumber] ;
for i=0 ~ cNumber
mode[i]= getEstimatedSize(i);
if mode[i]=true then X_ Square.setCluster(i);
else Bitcubes.setCluster(i);

Method getEstimatedSize(int id)
d=getDocSize(id) ;
p=getPathSize(id);
w=getWordSize(id) ;
wn=getNonDuplicatedWordSize (id) ;
a=getIntSize(id);
b=getNodeSize (id)
esB=d * p * w;
esX=(a * ((d * p) + w)) + (b * wn);
if esB < esX then return false

else return true

4 Experimental Results

The method proposed in the paper was implemented with MS Visual C#.NET, MS
Windows 2000 Server operating system, and MS SQL Server 2000 database manage-
ment system. The experiments were done on Intel Pentium III (1.0 GHz) personal
computer with 256 MB main memory.

The experiment used a criteria called Duplication Rate. It is the probability that a
word that is contained in a document in a cluster appears again in another document
that has to be inserted into the same cluster. It is an important criterion because al-
though there is a word that appears again in the documents, the memory usage does
not increase at all in BitCube. The number of paths that are contained in a document is
ten in average, the number of words in a document is 100 in average. The performance
evaluation of X-Square should be based on the performance change as the average
number of document change on the clusters. Two types of clusters were employed in
the experiments. They differ in the number of documents loaded. One type of clusters
has 100 documents in each cluster which represent “heavy loading”. The other type of
clusters has 10 documents in each cluster which represent “light loading”.

Performance evaluation is done on two aspects. One is on the memory usage and
the other is on the operation speed. The evaluation for the memory usage is measured
by the amount of memory usage as the number of document increase in the situation
that heavily loaded-clusters and lightly loaded-clusters are mixed. The evaluation for
the operation speed is similarly measured by the operation speed as the number of
document increase in the same situation.
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4.1 Experimental Results of Memory Usage

Fig. 4 shows the memory usage of BitCube, xPlaneb, and X-Square in the situation
that heavily loaded-clusters and lightly loaded-clusters are mixed. The duplication
rates for the documents were all 45%. In the experiment, half of the clusters were the
lightly loaded-clusters in which each cluster has 10 documents while the other half
were the heavily loaded-clusters in which each cluster has 100 documents. The mem-
ory usage of BitCube, xPlaneb, and X-Square were measured as the numbers of
documents increase from 1000 to 5000. As the result indicates, X-Square effectively
selects the better indexing method for each cluster between BitCube and xPlaneb in
the situation that the cluster sizes are diverse. Therefore the memory usage of X-
Square for the entire index is always better than the other two methods.
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Fig. 4. The memory usages in multiple clusters

4.2 Experimental Results of Operation Speed

X-Square, as mentioned earlier, selectively constructs different types of index for
each cluster. Therefore when retrieving is done in multiple clusters, determining the
indexing method between BitCube and xPlaneb for each cluster should be done in
actual operation time. X-Square, however, minimizes this operation time for the de-
termination by using bitmap index. Due to this, X-Square does not show any per-
formance degradation compared with the operations on the index only with either
BitCube or xPlaneb.

Fig. 5 shows the speeds of path retrieval operation as various numbers of docu-
ments among BitCube, xPlaneb, and X-Square with the duplication rate 45%. The
experiment was done in the same environment with the section 4.1 where various
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Fig. 5. The speeds of path retrieval when various types of clusters exist

types of clusters are mixed. The documents were increased by 1000. The paths which
were retrieved in the experiment were included in all the documents. This means that
the experiment was done in the worst condition. In case that the paths exist in some
particular documents but do not exist in most of the documents, the performance will
be always better than the result of Figure 5. As shown in the figure, the performances
of xPlaneb and X-Square are always better than that of BitCube. X-Square shows a
little bit worse performance than xPlaneb.

Fig. 6 shows the speeds of word retrieval of BitCube, xPlaneb, and X-Square when
there are various types of clusters. As in the operation of path retrieval, the words
which were retrieved were included in all the documents. Therefore the experiment
was done in the worst condition. In case that the words exist in some particular
documents but do not exist in most of the documents, the performance will be always
better than the result of Fig. 6. xPlaneb and X-Square showed better performance than
BitCube. With the same reason in the path retrieval, X-Square shows a bit worse
speed than xPlaneb.

Fig. 7 shows the speeds of document retrieval of BitCube, xPlaneb, and X-Square
when there are various types of clusters. In the operation of document retrieval, un-
like the path retrieval or word retrieval, a document cannot exist in more than one
cluster. The number of clusters that has to be retrieved to retrieve a document is al-
ways one. Since the documents are exactly divided in multiple clusters, the perform-
ance degradation in the clusters with 100 documents is the same as in the clusters
with 10 documents. The experiment measured the performance degradation for the
clusters with 100 documents. As shown in the figure, X-Square and xPlaneb show
less performance degradation than BitCube in the condition that various types of
clusters exist. This is because the operations of BitCube and xPlaneb are affected by
the operation time in heavily loaded-clusters rather than in lightly loaded-clusters.
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BitCube and xPlaneb did not show any performance degradation when the number of
documents loaded were low. Therefore xPlaneb did not suffer the performance deg-
radation either in the condition with various types of clusters. BitCube, however,
showed the performance degradation. Since X-Square selectively construct index for
each cluster, it showed a bit less performance than xPlaneb, but much better perform-
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Fig. 6. The speeds of word retrieval when various types of clusters exist

Time (Millis)
20 g

15 |

10—

0 B Y R " =t bl el
0 000 2000 300 4000 5000

Number of Documents

I—O—-— BitCube —#— xPlaneb —A— X-Square

Fig. 7. The speeds of document retrieval when various types of clusters exist

ance than BitCube.
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5 Conclusion

BitCube, the existing three-dimensional bitmap indexing method, has the problem of
high memory usage and operation speed degradation when high volumes of docu-
ments are loaded in a single cluster. xPlaneb overcame the problem of BitCube by
reconstructing three-dimensional bitmap index using 128 bit-nodes and showed better
performance through the experiments. However, xPlaneb has a problem of higher
memory usage than BitCube when low volumes of documents are loaded in a cluster
by using relatively large size node of 128 bits.

In the paper, X-Square, a novel hybrid three-dimensional bitmap indexing method,
is proposed which takes the advantages of BitCube and xPlaneb. The design, imple-
mentation, and experiment were shown in the paper. The experiment showed that X-
Square has always better performance in memory usage than BitCube and xPlaneb,
independent of cluster size. In terms of the operation speed, X-Square showed always
relatively good performance, although it was a bit slower than xPlaneb. The reason
that X-Square suffers from performance degradation earlier than xPlaneb is due to the
effect of BitCube when retrieving the clusters with the low volumes of documents are
loaded. However, this performance degradation is small because the performance
degradation of BitCube is higher when high volumes of documents are loaded. There-
fore the performance degradation of the proposed X-Square is small. In the experi-
ment, the heavily loaded-clusters exist nearly the same portion with the lightly
loaded-clusters. It is true that in the real situation this portion can be various. X-
Square performs the retrieval regardless of this portion due to its “flexible” index
construction.

Further research aims to the clustering method which can cluster the documents
with various structures by using the characteristics of the propose method.
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Abstract. Grid computing is the key technology of next generation Internet. A
promising way of solving the problem of resource allocation in a Grid envi-
ronment is an accounting procedure based upon a computational economy
model. Charging and accounting is a base activity in an economy society, so it
is an important part of grid computing system in computational economy envi-
ronment. In this paper, we present firstly architecture of changing and ac-
counting system, which support an economy-based approach to regulating the
distribution of the resource. Afterward, we discuss briefly key technologies of
the grid charging and accounting in a grid computing system, and accounting
mechanism.

1 Introduction

Resources interconnected via the Internet with middleware supporting remote execu-
tion of applications constitute what is called the computational Grid [1,2,3]. The pur-
pose of the computational grid is to provide dependable, consistent, pervasive, and
inexpensive access to computational resources for the computing community in the
form of a computing utility [1]. Grid infrastructures need support various services:
security, uniform access, resource management, scheduling, application composition,
computational economy, and accounting [5]. The grid will contain a large number of
unconnected sites, and these sites will need to exchange accounting and information.
Therefore grid economy and accounting have attracted more attention and research.

A charging and accounting service to be functional in a grid environment will
manage the cost of usage of grid and support the economic activity according to the
computational economy. It should be decentralized, scalable and flexible.

Charging and accounting for grid has been taken into account for some grid proj-
ects and researchers. DGAS [4] presented a accounting system for European DataGrid
project; GridBank[5] was introduced as a grid accounting services architecture for
computational grids; IBM’s ‘Extreme Blue’ grid accounting project proposed a grid
accounting framework GSAX [6] with dynamic pricing strategies independent of
economic model. The problem of the accounting on a computational resource can be
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of MOE of China, and grand project of the Science and Technology Commission of Shang-
hai Municipality (No. 03dz15026, No. 03dz15027 and No. 03dz15028).
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faced in many different ways. The aim of this paper is not to describe analyze the
details of all these approaches but to propose our vision of the problem.

In this paper, we will propose an economy-based accounting system for Grid
Computing Environments. The paper is organized as follows. In Section 2, we de-
scribe the architecture of the grid computing system and interaction of various serv-
ices in accounting system. Then, we briefly give an introduction to service elements
to be charged and accounted in a grid computing system, and pricing and cost algo-
rithms in Section 3. Finally, we give the conclusion of this paper and the future work
in Section 4.

2 Changing and Accounting System

The choice of an adequate economic model has an important impact on the Workload

Management. Accounting System that we designed is based on grid computational

infrastructures, which accommodate different economic models used for resource

allocation, and is able to support accounting of resources and service usage. Figure 1

shows architecture of Accounting System and Services Interaction.

® Grid Resource Consumers (GRPs) submit job and request resources; offer
payment mechanism.
Grid Payment Service (GPS) provides a service to a payment infrastructure. It
can trade between Grid Resource Consumers and Grid Resource Providers, and
include systems based around electronic cash, credit cards, pre-paid account,
service tokens, etc.

® Grid Resource Broker (GRB) [7,8] is a mediator between the user and grid
resources by using middleware services. It hides the complexity of resource
management and scheduling. It is responsible for discovers resources, negotiates
for service costs, performs resource selection, schedules tasks to resources and
monitors their execution, stages the application and data for processing on re-
mote resources, and finally gathers results and hands them to the user.

® Grid middleware offers services to connect grid user and remote resources
through grid resource broker.
Grid Account Server (GAS) provides a service to manage and maintains ac-
counts and resource usage records of the Grid Resource Consumers and Provid-
ers. GSI provides a GAS interface to other services, and security mechanism;
GAS Manager provides basic account operation and management such as open
account, update account, close account, deposit, transfer, etc; DB is a database
that stores account and resources usage information of the Grid Resource Con-
sumers and Providers.
Information Service provides a complete list of resources, and Job Manage
Service deals with job submission to Grid Resource Provider.

®  Grid Resource Providers (GRPs) advertise their services with the discovery
service; negotiate service cost with Grid Resource Broker; offer pricing, ac-
counting mechanism, and resource usage record.
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Pricing Algorithms define the prices that resource provider would like to
charge users. In order to maximize profit, resource provider may follow various
policies to user, and the pricing can also be driven by demand and supply. Grid
Charging Service calculates total cost of resources usage. Resource Usage
Service (RUS) [9,10] provide a basic infrastructure to support the auditing and
monitoring capability for the resources consumed by OGSA services in the grid
and allows entities within the Grid to extract information from the service on
potentially aggregated resource use.

Grid Re- Asvount Server Grid Resource
source Providers
Account DB
Consumers Man-
5 ek Grid Charging
Grid : as Service
Payment
Service = o
%‘ < > Prlcl.ng Algo-
A Information s
__p A [P :
“é Service
=
2 le 1 Job Mgnage g N Rcsource' Usage
<« Service Service
= Grid Middleware
@) RLRZ: oo Rn _|
Grid Higher Core Services Local Services
User Level
Services

Fig. 1. Accounting System and Services Interaction

In Grid environment, Grid Resource Consumers and Grid Resource Providers open
an account in account server. Then the user submits their applications with some
parameters including budget and deadline to the Grid Resource Broker so that GRB
may correctly choose resources, and estimation the application cost. The Information
Service provides a complete list of resources to GRB, and then GRB selects suitable
resources and Grid Resource Provider according to different scheduling criteria, such
as data access times, estimated queue wait times, etc.

GRB interacts with Pricing Algorithms to consult acceptable price of services for
both grid resource provider and consumer. If they come to an acceptable price, Pric-
ing Algorithms informs Grid Charging Service about negotiatory price.

The GRB, having received the job description and select suitable resources for the
given job, estimate the overall cost of the job by multiplying the corresponding re-
source prices with the resource usage expectations. Then, GRB needs to check the
user accounts, in order to determine whether the user can afford the job to be com-
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puted or not. Ifthe job cost exceeds the user’s funds, the job is suspended. Otherwise,
user job was submitted.

Then GRB submits user job to Grid Resource Provider via Job Manage Service.
Grid Resource Provider provides the service by executing the user job and Grid Re-
source Provider’s Resource Usage Service measures the resources consumed while
the user job is executed. After the job finished, Resource Usage Service will obtains
the usage statistics of the grid resources, and then generates a standard Resource Us-
age Record (RUR) [10]. Afterward, RUR inform Grid Charging Service about re-
source utilization.

Grid Charging Service receives the price from pricing algorithms, which negotiates
with resource users, and the data from RUR. Then It calculates total cost based on the
resource usage and pricing algorithms that the mutually agreed (Shown in Figure 2).
Afterward, Grid Charging Service sent the total service cost and the resources usage
statistics to Account Server.

Pricing Algorithms RUR Account Server [
Price RUR - )
Resourcel-price] Resourcel-usagel Resource]-Cost
Resource2-price? Resource?-usage? = Resource2-Cost
Grid Charging Service Total cost

Fig. 2. Total Cost Calculate

The Grid Charging Service asks Grid Resource Consumer’s Grid Payment Service
to pay charge the user resource usage. Grid Resource Consumers will pay resource
usage charge by using payment strategies of Grid Payment Service.

In the end, the Grid Resource Broker returns the results to the user.

3 Accounting Mechanism
3.1 Resources Elements to Be Accounted and Charged

It is necessary to decide for which resource elements one should pay. Any services
invocation will consume a wide range of resources. However, a services provider may
only be interested in a relatively small subset of these resources for the purposes of
deciding a price to use a service. We have to correctly define how to implement the
counters for each charged element. In addition, according to computations performed
and algorithms used in solving problems, user applications have different resource
requirements. Therefore, the consumption of the following resources may be ac-
counted and charged [9]:



An Economy-Based Accounting System for Grid Computing Environments 237

CPU - User time (consumed by user App.) and System time (consumed while
serving user App.)

Memory

Disc

Wall Clock Time

Node Count

Network

Processors

Software and Libraries accessed.

3.2 Pricing Scheme and Calculating Cost

The pricing scheme to be adopted is still an open issue. In the grid computing envi-
ronments, once a valid pricing policy has been established, a state of nearly stable
equilibrium, which able to satisfy the needs of both resource consumers and resource
producers, can be presented.

A simple pricing scheme is a fixed price model, which allows the resource owners
to set the prices of the single resource elements, but it doesn’t accord with QoS de-
mands. In computational grid, the pricing depends on the resource supply and de-
mand. Resource provider attempts to get maximal profit, and simultaneously user
hope the price paid should as low as possible without failing to obtain the resource.
Consumers and producers appeal to GBR to mediate resources price. We propose a
pricing function for GBR: P(t) =P £g At where t is the time parameter. With time
elapsing, GRB increases or decreases the price by a small amount ¢ after each nego-
tiation. GBR sets a price for a resource and then queries both producers and consum-
ers whether or not accept that price. If producers and consumers agree to this price,
resources price are set. Otherwise, if resources consumers unsatisfied, resources price
will be decreased a small amount € by GRB, namely P(t) = P, —gAt; if resources
producer unsatisfied, resources price will increased a small amount g, namely P(t) = Py
+eAt.

The calculating cost is a procedure that calculates the price of the resource, which
depends on the user’s resource usage and pricing algorithms. The computing usage is
defined as the product p * u, where p is a performance factor and u is the amount of
usage of that resource element [11]. For example if p refers to the CPU power, u
should be the amount of CPU time used by the job. We define resource cost as
a e (p *u), where p and u are defined above, a is weight factors used to image the
price of resource, which was get according to the chosen pricing algorithm. The cost
of the whole job can be obtained from cost of every resource by computing:

C:Zai'(pi “U;)
i=1

The i index runs over the resource elements (i.e. CPU, RAM, Disk, etc...).
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4 Conclusions and Further Work

We have shown that an economy-based accounting system for Grid Computing Envi-
ronments, which is a complex system that involves many services interaction. Then,
we briefly describe accounted and charged resources elements, and discuss pricing
and cost algorithms. The system we discuss in this paper will apply to ShanghaiGrid.

Other works that will need to be considered and need further investigation include:

® Detailed pricing algorithms that depends on the supply and demand

® Devise accounting policies and payment policies

® Increase reliability and fault tolerance of the released services;

®  Study the related economic model that suitable for our grid.

Moreover, the interaction of this system with other services of Grid needs to be
analyzed in further.
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Abstract. The emergence of Web services has promised to IT industry a
technology that provides the ability to establish integration standards and
therefore to evolve and integrate business-to-business (B2B) applications
effectively in a platform-neutral and language-neutral fashion. Consequently,
quality of service (QoS) has become a significant factor for this promising
technology. The question is “How to provide accessible, reliable, secured, and
trustworthy Web services?” Since the nature of communication of Web services
is based on exchanging messages, therefore message-oriented middleware
(MOM) is often seen to be the first solution to promote the quality of service
for Web services. Web Services Message Queue (WSMQ), a MOM, has been
designed at the University of New South Wales to answer some of the above
questions. In this paper, we summarize WSMQ features and functionalities, and
describe new extensions in order to further augment the quality of service
support in WSMQ.

1 Introduction

W3C defines a Web service as “a software system designed to support interoperable
machine-to-machine interaction over a network. It has an interface described in a
machine-processable format (specifically WSDL). Other systems interact with the
Web service in a manner prescribed by its description using SOAP-messages,
typically conveyed using HTTP with an XML serialization in conjunction with other
Web-related standards.” [3]. This definition gives us a closer look on the approach of
how Web services operate over the Internet (e.g., definition, description, and
discovery via the Internet-based protocols) and what makes Web services
interoperable (e.g., XML-based messages).

Web services stepped into distributed computing whilst there have already been
number of prior technologies like EDI (Electronic Data Interchange), CORBA
(Common Request Broker Architecture), DCOM (Distributed Component Object
Model) and Java RMI (Remote Method Invocation). But neither of the existing
technologies could gain broad industry supports and acceptance due to their
complexities (e.g., CORBA, DCOM), cost factors (EDI), or platform/language
specifics (e.g., RMI). Moreover, these attempts have yielded tightly coupled systems
that are not suitable for B2B communications [4]. Web services promises to overcome

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 241-251, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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these limitations by promoting standards-based interoperability and loose coupling
[12].

Along with the emergence and widespread proliferation of Web services, Quality
of Service (QoS) has been seen as a significant factor in determining usability, utility
and trustworthiness of a service. The major requirements for supporting QoS in Web
services are as follows [2]:

» Availability: Readiness of a Web service for immediate use.

o Accessibility: Capability to scale and serve increasing number of requests.

o Integrity: Correctness of the interaction in respect to the response.

e Performance: Measured on the basis of throughput and latency of services.

e Reliability: Assured and ordered delivery for messages being sent and received
by service requesters and service providers.

e Security: Authenticating, encrypting messages for providing access control to
Web services to maintain confidentiality and prevent unauthorized access.

The rest of this paper is organized as follows. In Section 2, we present a short
overview of Message-Oriented Middleware (MOM) and its relationship with Web
Services. Section 3 describes the functionalities and features of existing Web Service
Message Queue (WSMQ), whilst QoS, which it offers, is presented in Section 4.
Section 5 presents the motivations of enhancing WSMQ, some extensions and
implementation at glance. Section 6 finally concludes the paper.

2 Message-Oriented Middleware

MOM was one of the first technologies to develop the concept of a common
communication mechanism allowing applications to exchange data in terms of
messages across the network [6]. The interesting idea about this approach is that it lets
the system to be loosely coupled - messages can be sent asynchronously without the
destination is to be available, and it coordinates traffic in network communications —
to provide reliable message delivery in point-to-point or publish/subscribe fashion [7,
12].

2.1 MOM and Web Services

Web services interactions are based on exchanging of standards-based XML
documents, i.e. SOAP messages. This is called message-based interoperability, the
natural interaction paradigm of MOMs [12]. And also because message-based
systems are loosely coupled and document-oriented, they fit well with Web services.

On the other hand, providing reliable and secured Web services determines largely
the success of service providers and the popular of Web services whilst Internet
protocols, like HTTP, on which Web services are based, are definitely unreliable
medium of communication and not to mention that there is absolutely no assurance
that a server would be able to handle possibilities of a load of myriad requests per
second. Especially those are significant issues that must be resolved to survive in a
distributed computing environment. We will show that a MOM plays important roles
to address these necessities.
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2.2 Related Works and Technologies

There are number of industrial MOM products available such as IBM WebsphereMQ
[15] (previously known as MQSeries), SonicMQ [13], Sun One MQ [14], etc. Those
messaging systems are built on different technologies and having their own unique
features. For example, SonicMQ is a standards-based enterprise messaging system,
and supports SOAP, both publish/subscribe and point-to-point messaging, guaranteed
message delivery, dynamic routing and security with SSL, LDAP, etc. IBM
WebsphereMQ supports for industry standard communication protocols, including
HTTP, TCP/IP and Java protocols. Security is enhanced by built-in security, apart
from SSL option.

3 WSMQ - Functionalities and Features

3.1 Functional Overview

WSMQ includes a number of components aiming to improve the reliability of Web
services, to strengthen the operation of Web services with prioritizations, to increase
the performance under certain circumstances, and to provide a set of administrative
tools [1].
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Fig. 1. WSMQ functional overview

Figure 1 illustrates a good picture of WSMQ functional and operational overview.
The colored rectangles indicate components controlled by WSMQ. Observably, there
are two main components:

e The simulation of Web service invocation library provides the communication
between clients and WSMQ by creating a message object that contains the
necessary details to invoke a Web service as well as additional information
required by WSMQ such as user name, password, client connection details, etc.

e The messaging service component contains a number of sub-components
through which an incoming message is required to undergo in order to be
successfully processed:

- Listener: through which incoming messages arrive at WSMQ as Java
objects, and threads are created to handle these requests.

- Decryptor: is responsible for decrypting messages that were encrypted by
the Web service client.



244 P. Maheshwari, T.N. Kien, and A. Erradi

- Message backup: the message is then saved into permanent storage
database for future use (re-invoke if target Web service is not available,
maintain persistence if server is down...).

- Message classification and prioritization: Figure 2 shows the functions
of the Classifier component. The owner of the message can be
authenticated upon entering the Classifier. Once authentication is
completed, the status of the message would change. Then relevant
information is retrieved from the message. This includes details of the
clients that would be needed to complete the messaging service. Finally,
the message is prioritized under certain scheme specified at the
configuration of the system.

Classifier
| Authentication Uinit 'i—-ui Admmissin Linit }—.—‘ Pricritization Unit J e
FRANED ~— s A R e

Database

Fig. 2. Classifier component

- Message queue: After being assigned a priority in the Classifier, message
is forwarded to a message queue that is responsible for the specified
priority. For example, a message with priority 5 would be queued in
internal queue number 5. An algorithm is in place such that messages in
higher prioritized message queues are fetched more frequently than those
with lower priority.

- Message relay: The working mechanism in message relay component is to
ensure that the invocation is done with maximum possibility of success.
Indeed, if the target Web service is offline, then it will look up in the
database for a backup Web service that provides equivalent service. If
found, the message will be transferred to the corresponding WSMQ (could
be itself or another remote WSMQ) and start the entire process again. If
not, the message is suspended and its status is updated. Periodically,
number of attempts will be executed until target is available or the client
time out occurs.

- Message completion: The status of message is updated, appropriate
results from target Web service is returned to the client.

3.2 Message Status

The key idea of WSMQ in order to achieve reliability feature is managing message
status. There are five different statuses throughout a message lifecycle:

¢ Processing: The first status for any message arriving at WSMQ.

o Completed: is assigned to the message after processing successfully.
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* Clustered: is assigned to the message when the invocation of the target Web
service fails and the request is routed successfully to an alternative service.
e Zombie: is assigned to the message when the first invocation fails.
¢ Dead: is assigned to the message when the response can not be delivered to the
client (e.g., timeout or erroneous connection).
When messages obtain the status of ‘completed’, ‘clustered’ or ‘dead’, no further
messaging services is performed on such messages. Diagram in Figure 3 expresses
status transition of a Web service during its lifetime.
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Fig. 3. Messsage status transition

3.3 Communication Between WSMQ and Target Web Services

Any Web service must first be registered in WSMQ in order to use messaging service.
The registration involves associating Web services with one or more queues that can
reside locally or remotely.

The cost of this decision is that in the case where a target Web service is
unavailable and an alternative is found, it would probably be more efficient to invoke
the alternative Web service directly. However under this scheme, WSMQ sends the
message to the corresponding queue of the alternative Web service and the queue
would repeat the whole process as it has received a new message. There are reasons
why this decision was made:

¢ Consistency: Each service invocation can be tracked through its request
message in the corresponding queue.

e Fair: Does not allow single message to consume large amount of resources
by repeated invocation. This reduces the probability of starvation particularly
in a system where prioritization of messages exists.

o Efficiency: Allow implementation of load balancing.
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4 WSMQ - Quality of Service

Fundamentally, QoS is a combination of various quality criteria to which a good
service must comply. There are number of approaches to achieve QoS, and they
usually depend on type of service offered. In the case of congestion-management, one
tries to raise the priority of a flow or limiting the priority of another by queuing and
servicing queues in different ways. If the objective is to achieve reliable data flow,
different reliability mechanisms may be considered. The scalability of a system may
be obtained by balancing the load in the system, forwarding requests to other
relatively remote systems.

WSMQ provides several QoS features. The most important approaches include
message prioritization, message reliability and Web services innovation performance
enhancement with load balancing. We now examine each feature in the following
sections.

4.1 Message Prioritization

WSMQ implements two schemes of prioritizing Web service executions:

¢  User prioritization — A user may wish to pay more to complete its usage of
a service before other users; WSMQ allows this by assigning the service
request message of that user with a higher priority. The higher priorities
messages own, the more often they get executed.

e Web service prioritization — Upon registration, each Web service is
assigned a priority. Under this scheme, as each service request message
enters the Queue server, it is prioritized according to its target Web service.
Again, highly prioritized messages are executed more frequently.

The two approaches for prioritization cannot guarantee the timely completing
certain service requests. There are many reasons that are beyond the control of
WSMQ, for example, the unavailability of Web services, inundated requests for
certain services, etc. The prioritization mechanism does however greatly improve the
probability of completing highly prioritized messages within a short time. Logically,
the cost is the longer processing time for messages with lower priorities. In most
cases, this is not an issue as long as we can avoid starvation and promote accessibility
of Web services.

4.2 Reliability and Fault Tolerance

WSMQ provides fault tolerance by using three different approaches:

» Guaranteed delivery: If a message is not delivered, the system is able to
identify the error, and try to recover from the error and redeliver the message;
otherwise error notification is reported to the requester.

¢ Restart mechanism: In case of failure, WSMQ has the ability to recover from
errors and continue processing pending messages without affecting the clients.

¢ Clustering Web services: Clustered service improves the probability of Web
service completion by allowing similar Web services to form a cluster upon
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their registration. In case of failure, WSMQ will dynamically swap the target
Web service with an equivalent backup service from the cluster.

To evaluate the reliability introduced by WSMQ, we conducted a series of tests to
compare direct Web service invocation — using Apache Axis client libraries and
through WSMQ. In this implementation, we generated 20 concurrent clients invoking
a simple Web service; each client sent 50 messages continuously. This scenario is
meant to attempt to overload the target Web service. Figure 4 summarizes the test
results (zero response time means that the client failed to invoke the Web service).
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Fig. 4. Message reliability with WSMQ

Though there is a weak performance observed for WSMQ but since it is adding
new values to provide QoS to invocation requests before doing the actual Web service
invocation, the degradation on performance is trivial. Later on, in section 5, we will
present a new implementation in order to leverage the performance of WSMQ.

4.3 Load Balancing

There exists a situation that some queue servers may be inundated with service
requests while few others are idle. Load balancing reduces the severity of this
situation by attempting to distribute the message load from congested queue servers to
some other queue servers, which are at rest. Each queue server is associated with a
number, called load factor, in order to measure the percentage of the total capacity.
Numerically, it is linearly proportional to the product of the number of internal
priority queues and the highest level of priority. Anytime the queue server accepts a
new message, the load factor is checked to make sure it does not exceed 75%
otherwise load balancing will take place.

4.4 Security

WSMQ provides the built-in security functionalities with authentication/authorization
and encryption algorithm DES/MDS5. Clients are able to use the simulation library in
order to perform encryption. Additionally, they are assigned user names and
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passwords bundled within sent messages, which will be authenticated at queue
servers.

5 WSMQ - Extensions

As a messaging system dedicated for Web services, WSMQ plays an important role in
leveraging Web services in real settings. It is specifically designed to address some of
the major issues relating to Web services and offers a number of significant QoS
features, namely reliability, scalability, security and performance; therefore trying to
achieve all of them in one attempt cannot be done without compromises and
inconclusive features.

WSMQ has achieved some success in adding more values to QoS for Web services
such as guaranteed delivery and recovery mechanism, but since this is the first design
iteration of WSMQ, essentially there is a need for improving the system towards
industry standards. Few ideas to enhance WSMQ are discussed below to make it more
robust framework for future developments.

5.1 Interoperability with Multiple Transport Protocols

Currently, WSMQ accepts Java objects generated using the simulation library. This is
proprietary and not compliant with any standard messaging protocols. The suggested
enhancement is to provide multiple channels to reach WSMQ by supporting various
transport protocols such as HTTP, JMS, TCP, etc. In order to accept SOAP messages
over different transport protocols, WSQM will provide a flexible framework that
allows plugging transport handlers to extract the coming SOAP message and dispatch
it to the appropriate queue for processing. The idea is depicted in Figure 5.

WsMQ
q—siimp—mp HTTR
Web service d—b(_ JMS Transport SOAP Queue | SOAP Target Web
Clients ‘_S_QAE’ Manager | T Server service
SO (" TCP

Fig. 5. Supporting Multiple transport protocols

5.2 Scalability and Performance

As highlighted in section 4.2 the QoS features of WSMQ comes at the cost of poor
performance compared with direct invocation. This section discusses various
strategies that will be used to improve the performance and scalability of WSMQ.
They are summarized below:
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52.1 Improve the Scheduling Algorithm for Message Processing

WSMQ prioritizes messages and processes them on the basis of their priorities
(Fixed-priority scheduling), but for messages with the same priority, WSMQ operates
on first-come-first-serve (FIFO) basis. One of the problems is that one request may be
stuck behind another one that requires a long time to generate a response. The
scheduling algorithm will be enhanced to take consideration of the approximate
execution time for Web service invocations. Initially, upon Web service registration,
the queue server can estimate invocation time of Web services, and this estimate will
be revised on the basis of subsequent invocations. At runtime the scheduling
algorithm will dynamically assign higher priority to requests for Web services with
shorter execution time. This enhancement will improve WSMQ throughput and
reduce congestion by first serving requests for fast services.

5.2.2 Optimize WSMQ Server Resources Usage

Our analysis of the reasons of poor performance points to the high number of threads
being created by WSMQ. When a message arrives at the Listener component, a thread
is created to serve the request, and this will not scale with high number of requests.
We plan to enhance the scalability of WSMQ by extending the ideas developed by
SEDA (Staged Event-Driven Architecture) project [17]. SEDA proposes staged event
driven architecture for highly concurrent Internet applications to overcome the
limitations of traditional thread based Web Services Engine. The issues with
threading, including cache and TLB misses, scheduling overheads, and lock
contention, can produce poor performance when there are large numbers of threads
that have been created.

Another cause of poor performance is the PostgreSQL database used for queues
persistence, we plan- to replace it with YFilter [18], a highly scalable XML query
processing system, and this will also improve the performance of cache lookup.

523 Shorten Response Time with Caching

The service responsiveness is one of performance measurement for the success of a
Web service. There are number of solutions which have been investigated to define
protocols, operating between service requesters and service providers, ranging from
network protocols enhancement to mechanisms running on end systems such as
caching, prefetching, etc. [10].

Caching is one of the standard techniques employed in distributed systems to
reduce the latency [10]. The idea of caching has been successfully applied to Web
contents and it will still be an ideal solution in caching Web services which have been
recently invoked. Each time there is a request for invoking a Web service, WSMQ
would look up the cache and return the results to clients without communicating to
target Web service, thus reducing the response time and increasing throughput
significantly.

To cache Web services efficiently, we will implement the architecture of a
response cache for Web services client middleware [11], as shown in Figure 6.

Although caching may affect the performance of the queue server but it is worthy a
trade-off for faster response time to clients and higher throughput that WSMQ will
provide.
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Fig. 6. Responsive caching component

6 Conclusions

In this paper, we first presented WSMQ, a MOM-based queue implementation for
Web services, which has achieved a number of QoS features for services such as
reliable messaging, recovery mechanism, and security. We also discussed weaknesses
of existing WSMQ in terms of interoperability, which is the dependence on the
simulation libraries, and serious performance degradation comparing with direct Web
service invocation, therefore proposed two essential extensions to overcome these
limitations and to strengthen the QoS offered by WSMQ. They are:
¢ Interoperability enrichment: Web services interoperability is achieved
mainly because of SOAP. By accepting SOAP messages directly from clients
over various transport protocols, WSMQ can provide services to client
applications in a platform and language independent manner, and the
simulation library is disregarded from the system.
e Scalability enhancement: Improving scheduling algorithm for message
processing, applying ideas of staged event-driven architecture and caching
Web services are three potential strategies to promote scalability of WSMQ.
At the time of writing this paper, the implementation of the above extensions is
underway and the results will be reported in the coming months.
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Abstract. In this paper, we extend the current approaches to service
discovery in a service oriented computing environment, such as Web Ser-
vices and Grid, by allowing service providers and consumers to express
their promises and requirements for quality of service (QoS). More specit-
ically, we allow service providers to advertise their services in an extended
DAML-S that supports quality specifications, and we allow service con-
sumers to request services by stating required quality levels. We propose
a model here for incorporating QoS specifications and requirements in
service discovery, and describe how matchmaking between advertised and
requested services based on functional as well as quality requirements is
supported in our model.

1 Introduction

There is a growing interest in service oriented computing (SOC) in recent years
[1,2,3,4]. Central to SOC is the notion of a service which can broadly be con-
sidered as a software component that represents some computational or data-
offering capability. By allowing services to be advertised declaratively, discovered
dynamically and invoked remotely, SOC makes it possible for users to locate,
select and execute services without having to know how and where they are
implemented. As such, this new computing paradigm offers great potential for
distributed applications in an open environment and on a large scale.

In this paper, we consider the problem of how to support dynamic service dis-
covery within an SOC environment. This is an important issue because an SOC
environment can potentially contain thousands of autonomous services which
may come and go at any time. It is desirable therefore that the user is able to
request a service by stating declaratively what is required, rather than having
to specify how to obtain or access a specific one at a pre-determined location.
In other words, discovering which services are available to meet the requirement
of a specific service request should be performed dynamically at the time the
request is made.

A general approach to supporting this type of service discovery is based on the
register-find-bind model [5] outlined in Figure 1. Here, service providers (SPs)
make their services available by registering their capabilities in a centralised

C. Bussler et al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 252-263, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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service registry. Service requesters (SRs) then locate their required services by
sending their requirements to the registry. A matchmaking component is often
implemented as part of the registry to match an incoming service request with
those available in the registry. If a match is found, the details of the advertising
SP are returned to the requesting SR. The SP and SR are then said to be bound
to complete their task.

Service Registry

Register Find

Service Providers [* Service Requesters
Bind

Fig. 1. A Generic Service Discovery Model

Currently, matchmaking between requested and registered services is largely
based on their functional attributes. To illustrate this, consider the following ex-
ample. Suppose that there are several SPs who offer multimedia services to PDA
or mobile phone users, and we have an SR who wishes to purchase a monthly
subscription package for science-fiction movies and news services, including 30
free text messages and at least 50 free talk minutes. This service request may be
represented abstractly as follows:

subscription_type = monthly

+ Video_Content where media_style = science_fiction
+ Himl_content where himl_content_type = news

+ text_messages where number_of free_messages = 30
+ Phone_Calls where number_of _free_minutes = 50

Fig. 2. A Request for Service

Here, the request is made in terms of the required functions, for example, the
qualifying SP must offer sci ence fiction movies. To determine which SP(s)
can offer the required service, the matchmaking component searches through
the registry, typically using a string comparison method, to see if any registered
services match some or all of the functional attributes listed in the request.
If, for example, SP1 has advertised that it offers sci ence fi cti on movies or
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car t oons, then SP1 is identified as a potential provider for the required service
and its details are returned to the SR.!

The above model works fine if we assume that the SR is only interested in
the functional aspects of a service. In practice, however, it is quite possible that
we may have several SPs offering the same service, and just like in a common
marketplace, an SR may wish to select a service based on functional as well as
other attributes such as quality and cost. Thus, it would be desirable that the
SR can pose the following request, where frane rate = 24 and availability
= 7 days/ week are QoS requirements:

subscription_type = monthly

+ Video_Content where media_style = science_fiction
(frame_rate = 24 & availability = 7 days/week)

+ Html_content where html_content_type = news

+ text_messages where number_of_free_messages = 30

+ Phone_Calls where number_of free_minutes = 50

Fig. 3. Service Request with QoS Requirements

The current function-based approaches are not sufficient to support this more
advanced form of service discovery. In this paper, we extend the existing ap-
proaches to service discovery by incorporating QoS specifications and require-
ments into matchmaking. That is, we let SPs advertise their functional capa-
bilities and QoS promises to the registry, and monitor the actual quality of the
services offered by the SPs. An SR can then request a service by specifying not
only functional requirements, but also QoS expectations. We propose a two-step
service discovery model here, and describe how matchmaking between adver-
tised and requested services based on functional as well as QoS requirements is
supported in our model.

The rest of the paper is organised as follows. Section 2 discusses the related
work. Section 3 introduces our service discovery model. We will explain how
service advertisement, request and matchmaking are supported in our model.
Section 4 presents conclusions and discusses future work.

2 Related Work

The progress on supporting dynamic service discovery in SOC is largely repre-
sented by the development of UDDI [6], which is currently a de facto standard
for service advertisement and discovery. The standard UDDI does not offer any

! Note that it is not necessary to find a single SP who can satisfy the SR’s request
completely, and the matchmaking component will search for all the SPs who can
serve any part of the request.



Incorporating QoS Specifications in Service Discovery 255

support for QoS specification and relies largely on keyword matching for service
discovery. Recently, some extensions have been made to UDDI to allow inclu-
sion of QoS in service specifications [7], but they support only a very limited set
of specific attributes, for example, network response time. Our approach differs
from these extensions in that we employ a QoS ontology in service specification.
This allows richer semantics of services to be specified and more sophisticated
matchmaking between advertised and requested services to be performed, using
a wide range of QoS attributes that require different means of representation,
monitoring and assessment.

Integrating QoS with service description has also been considered by the
work on deriving service level agreement (SLA) for web services. IBM, for ex-
ample, has recently introduced a framework which allows SRs to form contracts
with SPs using an XML-based language [8]. This framework also allows a rep-
resentation with which the QoS provision agreed by the SPs can be monitored.
While these works also attempt to integrate QoS with service descriptions and
store such extended service descriptions in a repository for reference, they dif-
fer from our work in that they consider QoS representation and integration for
services after they have been discovered, rather than in the initial discovery of
relevant services. In other words, we attempt to use QoS information as part of a
service-selection process, whereas the works on SLA consider it from the service
provision perspective.

Various service description languages, such as WSDL [9], DAML-S [10] and
OWL-S [11], have been proposed. WSDL is used currently in conjunction with
UDDI as a standard for describing web services. This is a low level mechanism
which does not support semantic description of services. DAML-S, and its newer
version OWL-S, are developed by the semantic web community for describing
services at a higher level. They support the use of service ontology in service
description and allow some form of reasoning in service discovery [12,13]. Al-
though these languages are quite powerful in describing the functional aspects
of a service, they offer little support for specifying the non-functional aspects.
We also use DAML-S for service descriptions, but extend it to include explicit,
separate QoS specifications.

3 QoS-Based Service Discovery

In this section we introduce our QoS-based service discovery model. Our ap-
proach is outlined in Figure 4, which is an extension to the generic service dis-
covery model given in Figure 1.

The service registry in our model consists of two components: the Yellow
Pages (YP) component and the QoS component. The YP component is similar
in purpose to the matchmaking component that we described in Section 1, and
is used to determine which advertised services match the requirements stated
in an incoming service request. Note however that in our model both functional
and quality properties may be specified. The QoS component, on the other hand,
is used to calculate the quality of a service on demand, using the QoS ratings
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Fig. 4. QoS based Service Discovery

collected from the previous uses of the service. By interacting with these two
components, an SR can find a required service in two steps:

Searching. In this step, the SR sends a service request containing func-
tional and/or QoS requirements to the YP component. For example, SR1
may request a service that can offer sci ence fi cti on movies (a functional
requirement) and the frame rate of movie delivery is required to be 24
frames per second (a QoS requirement). The SR uses this step to search for
SPs who claim to be able to offer the required service. The YP component
will return a list of SPs whose advertisements match what is required in the
SR’s request.

Evaluation. Following the searching step, the SR can ask the QoS compo-
nent to assess how well each SP returned by the YP component can actually
provide the service in this step. This is necessary because service advertise-
ments can not entirely be trusted, and some SPs may not honour what they
have promised. For example, the YP component may find, from the adver-
tisements, that SP1 can provide the movie service that SR1 has requested,
but the past experience by other users may suggest that SP1 is more likely
to provide, on average, 22 instead of 24 frames per second for its movie deliv-
ery. Allowing QoS assessment by the QoS component in this step therefore
gives the SR the opportunity to establish what can really be expected from
a particular SP.

We consider this two-step service discovery model being a significant improve-
ment over the existing approaches. By allowing QoS attributes of a service to
be specified (by SRs and SPs), searched (by the YP component) and evaluated
(by the QoS component), our approach supports a more meaningful, accurate
and relevant service discovery in SOC. In the rest of the paper, we will primarily
consider the searching step, and will discuss how service advertisement, request
and matchmaking are supported in our model. The reader is referred to [14] for
a detailed description of the evaluation step.
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3.1 Description of Services

To support dynamic and automatic service discovery, it is first necessary to be
able to describe services in a machine-processable way. To enable this, we need
an expressive service description language and some ontologies for common ter-
minology. In our model, we use DAML-S [10] for service description. We choose
DAML-S because it allows us to describe not just the low-level service function-
ality and requirements in terms of message format, data types and protocols, but
also attach semantic information, such as service classification and descriptions,
to the services. For standardising terminology in service description, we create
two ontologies. The service ontology provides SPs and SRs with a common ter-
minology for advertising and requesting services, and enables the YP component
to match advertisements with requests. The quality ontology, on the other hand,
specifies what QoS attributes are and how they are related to the services.

Creating a service ontology is supported by DAML-S and is relatively
straightforward, but is domain dependent. Thus, different service ontologies are
needed for different domains. For a simple medi a application, for example, a sam-
ple service ontology is given in Figure 5 (for simplicity of presentation, we have
expressedzthe ontology here as a class diagram, rather than its implementation
in RDF).

TextMessaging

Video
Content

Fig. 5. A Service Ontology for a Simple Media Application

Creation of a quality ontology is, however, not currently supported by DAML-
S, and requires some explanation. For different classes of services, a large number
of attributes may be used to describe their QoS properties. Some are domain
dependent and will only be relevant to a specific class of services. For example,
frame rat e is only relevant to a movie service. Others are domain independent
and are applicable to all types of service. For example, avai |l abi lity [15] is
applicable to movie as well as other services.

2 Note that due to naming conflicts with DAML-S our top-level service is of class
Product — DAML-S itself defines Servi ce as a class from which all services inherit.
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Thus, it is important that our quality ontology distinguishes between these
two types of QoS attributes, so that we do not repeat ourselves in specifying
service independent QoS for each individual service. Motivated by this observa-
tion, we group all QoS attributes into service specific and service independent, as
shown in the example ontology given in Figure 6 for the simple nmedi a service. As
can be seen, a service must include a service specific QoS attribute explicitly (e.g.
Vi deoCont ent has Fr aneRat eCat egor y as one of its QoS property), but will in-
clude service independent QoS attributes implicitly (e.g. Vi deoCont ent also has
Avai | abi | i t yCat egory, PerfornanceCategory and ReliabilityCategory as
its QoS attributes).

Service
Independent

Service
Specific

Video
Content
2 ¢/ accuracy
¢ frame rate

Availability Performance Reliability 3
Category Category Category N Accuracy
Category Category

Fig. 6. A Quality Ontology for the Simple Media Application

The two ontologies are then integrated with DAML-S to facilitate service
description. This is achieved by making our Product class to inherit from the
Ser vi ceProf i | e class provided by DAML-S. This is illustrated in Figure 7. Note
that DAML-S defines its Ser vi ce classinterms of Servi ce Profil e, Servi ce
Model and Service Qounding. For our work, we have only used Service
Prof i | e as this is sufficient for service discovery purposes.

It is worth noting that in the extended service description in DAML-S, we
have also included the Qual i t yPreference class. This is to allow an SR to
specify preferences in searching for the required service. By stating whether
it wishes to maximise service quality or perform some user specified tradeoff
between quality and cost, a flexible service discovery can be supported. More
detailed discussion on this is, however, beyond the scope of the current paper.

SPs and SRs can then advertise and request services using the extended
service description facilities given in Figure 7. To ensure that service advertise-
ments and requests adhere to the service and quality ontologies, we introduce
advertisement and request schemas. Due to space restrictions we will not dis-
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Fig. 7. The Extended Service Description in DAML-S

cuss these schemas further. However, it is worth noting that SPs and SRs do
not have to specify values for all QoS properties that are listed in the quality
ontology. If some QoS property is unspecified, we will treat it as unknown (if it is
in an advertisement) or uninterested (if it is in a request). Once created, service
advertisements and requests are sent to the YP component for registration and
matchmaking, respectively.

3.2 Matchmaking

Matching a service request with the advertised ones is performed by the YP
component. In this section, we explain how this is done. Suppose that we have
a set of advertised services A and a service request R, respectively, as follows

A={st,s5,...,82} R = {s],s5,...,8L}

where each s¢ (1 < < n) is an advertised service and each s; (1<j<k)isa
requested service. Note that a single service request may ask for several services.

For matchmaking purposes, we assume that an advertised service (s*) and a
requested service (s”) are represented as follows:

s = (sn, sp, fs,qs) s" = (sn, fs,qs)
where sn is the service name, sp is the service provider, fs is the set of func-
tional specifications and gs is the set of QoS specifications. We refer to these
components using the “.” notation, that is, s*.sn refers to the service name
of s*.
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Our matchmaking task is to find a set of SPs who offer services that will
match any subset of R. That is, we search for

M={s}|s}>R CR,1<i<n}

where s > R’ denotes that s¢ provides a service that satisfies the functional
and QoS requirements of each s” € R’. The following steps describe how M is
found.

1. Determine which advertisements are relevant to R. This is not simply a
process of comparing sj.sn to s7.sn. Since our service ontology organises
classes of services as a hierarchy, it is necessary to traverse the service on-
tology too. For example, the example ontology given in Figure 5 defines
Vi deoCont ent and HTM.Cont ent as two sub-classes of Mul ti nedi a. If an SP
advertises to offer Mul t i medi a service, then this SP is considered to offer
both Vi deoCont ent and HTM_Cont ent  services together. Thus, to search for
SPs who can provide Vi deoCont ent and HTM_Cont ent services, it is neces-
sary to consider the advertisements that offer Mul ti medi a services too. The
following procedure explains how this is performed by the YP component:

input A = {s},s5,...,s%}, R={s],s5,...,sL}, ont = service ontology
output Rel C A

1 Rel=10

2 for each s; (1<j<k)

3 Rel = Rel U {s}.sp | sf.sn = s7.sn,1 <i<n}
4 p=Ss;

5 while (p # null)

6 p = get ParentClass(p, ont)

7 S={s}|stsn=pl<i<n}

8 for each s € S

9 ¢ = getComponentServices(s)

10 Rel = Rel U {s?.sp| ¢ C R,s¢.sn =p}
11 return Rel

The YP component will first find all the advertisements that have the same
service names as those requested (line 3). Then, the YP component recur-
sively traverse the service ontology up (line 6) to find those services that
are more general than s}, but contain no component services that are not
requested in R (lines 9 & 10). This “no more than required” restriction is
necessary because currently we assume that an advertised service must be
taken in its entirety. For example, one is not allowed to take the HTM_Cont ent
service alone from an SP if it has advertised to offer Mul ti medi a service.
Clearly, SPs who offer more than necessary (and perhaps will charge more)
are undesirable.

2. Determine which advertisements meet functional requirements. In this step,
the functional requirements specified in each s” € R are used to determine
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which advertised services that the YP component discovered in Step 1 must
not be returned to the SR. That is, the YP component performs the follow-

ing:

input Rel = {s{,s3,...,8%}, R={s],s5,...,3}}

output RF' C Rel

1 RF=0

2 for each s7 (1 <j <k)

3 RF = RF U {s{.sp | s{.sn = s}.sn,s{.fs > s7.fs,1 <i <m}
4 return RF

where s¢.fs > s7.fs expresses that advertised functionality (s{.fs) must be
equal to or better than the requested (s}.fs). For example, if the SR requires
Medi a style = science fiction,then movie services advertisements that
offer cart oons will be disregarded at this stage. This is a fairly straightfor-
ward process. If no advertisements can be found, the YP component will
send f ai | ed message to the SR.

3. Determine which advertisements meet QoS requirements. This is similar to
Step 2, except that the conditions for matching are different. Assume that
ga € si.gs is one of the advertised qualities for s7 and gr € s7.gs is one
of the requested qualities for s7. The YP component will match ga with gr
according to the following:

ladvertised (ga)[requested (gr)|matching condition|

specified specified qa > qr
specified unspecified matching
unspecified specified matching

That is, if either ga or gr is unspecified, then the YP component considers
the two qualities unconditionally matching. This is justified because they
represent the cases where either the SR is not interested in some QoS prop-
erties or whether its QoS requirements can be met or not cannot be verified.
At the end of this step, any advertisements that do not meet the required
QoS properties will be dropped from RF, and the details of SPs for the
remaining advertisements are returned to the SR.

The above description explained how the YP component performs matchmaking
between advertised and requested services during the searching step. As we have
outlined earlier in this section, our service discovery model also has a second
step — the evaluation step. The SR may decide to use the QoS component in the
evaluation step to establish what can really be expected from the SPs returned
by the YP component. This is particularly useful in cases where some SPs cannot
be trusted or some QoS requirements specified by the SR are unspecified by the
SPs. The QoS component can in such cases help to establish some “facts” about
the “unknowns”, based on other users’ experience with the services. We have
developed an expectation-based QoS calculation model and for details of our
algorithm, the reader is referred to [14].
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4 Conclusions and Future Work

In this paper we presented a framework for incorporating QoS specifications in
service discovery. The proposed service discovery model is currently being imple-
mented as part of the CONOISE project [16], which aims to develop agent-based
technology for forming and managing virtual organisations (VOs) in an SOC en-
vironment. In our model we extended the standard DAML-S to allow SPs and
SRs to advertise and request services with both functional and QoS require-
ments, and described our matchmaking mechanism. It is important to note that
the service and quality ontologies developed here are not fixed schemas. They
can be created and modified as required, without affecting the underlying ser-
vice discovery mechanism. Thus, our model provides a scalable, dynamic service
discovery in an open, distributed computing environment.

We also introduced a two-step QoS-based service discovery model in this
paper. With this model, we distinguish between what might be expected of a
service (derived from advertisements, previous experiences or recommendations)
and what might be materialised (calculated from previous uses of the service).
We see this distinction being significant, as it mirrors service discovery in the
real world and allows meaningful service discovery to be conducted.

There are several issues which will need further studies. Currently, we use a
single YP component. It will be interesting to consider the case where multiple
YP components, either distributed or working as a cluster, are used, and study
how they may collaborate, especially if we allow each YP component to have its
own local domain service and quality ontologies. It will also be useful to consider
service composition, that is, to allow SRs to request composition of services, and
to extend our matchmaking with a similar capability. Finally, our matchmak-
ing mechanism is rather basic at the moment. There is a need to consider a
more powerful matchmaking mechanism whereby ontological reasoning is fully
exploited.

Acknowledgments. This work is supported by British Telecommunications
plc, and we would like to thank the members of the CONOISE project team for
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Abstract. Web Services technologies have over a period of time replaced ex-
pensive EDI links and have come to stay as the backbone for collaboration
between various enterprises. While currently majority of Web Services are
available free, over a period of time increased business dependencies of cus-
tomers on Web Services are resulting in demands for better Quality of Service.
Investments in newer technologies to improve Quality of Service results in in-
creasing Cost of Service, which needs to be offset by revenues. While service
providers seek predictability in revenues, customers and users of the Web
Services seek flexibility in pricing by not being charged for services not used
and service features that are not provided. QoS thus becomes a key determinant
of pricing in Web Services. This paper attempts to define a framework for
pricing Web Services based on the QoS features provided, the underlying Cost
of Service and the level of predictability of revenues that accrue to the service
provider based on the transaction volumes of various services. The proposed
framework suggests a Subscription-based Pricing for Commoditized Web
Services, Transaction-based Pricing for Channelized Web Services and Risk-
Based Pricing for Customized Web Services.

1 Introduction

The use of Web Services both in B2B and B2C transactions is maturing and evolving.
At current levels of maturity, Web Services technologies are used to replace
expensive EDI links, design application that connect legacy applications to advanced
web based frontend applications, link applications, data and systems over intranets,
and in some cases over public Internet. These applications are predominantly used
within the boundaries of the enterprise, and at most available to their extranet users.
For instance, Dell Computer sees Web Services as a cost effective way to connect
with suppliers and third-party logistics providers. General Motors uses Web Services
to coordinate its interactions with dealers and auto purchasers [1].

C. Bussleret al. (Eds.): WISE 2004 Workshops, LNCS 3307, pp. 264-275, 2004.
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Apart from these Web Services enabled business functionalities are also being har-
nessed and subscribed to by end users over the internet. The market for such services
are emerging and evolving. Due to low entry barriers in producing and publishing
Web Services, there are a plethora of services that are available, majority of them
available free of charge. These include services such as SMS text messaging, stocks
update, and faxing services [2]. While this helps promote a new technology and edu-
cate customers, companies are learning from their experiments and evolving viable
business models so as to aggregate value to be offered at a price. As the market for
smaller applications gets saturated and more customers hook on to Web Service ap-
plications, large scale implementations are expected to kick in. In some respects these
will change the course of Web Services development, and make paid Web Services
offerings available to large corporations. Web Services vendors will then begin to
look for designing newer services demanded by educated customers and scientific
means of pricing the same.

A price of a service can be set by two fundamental methods namely a cost based
approach or a value based approach. All other factors affecting pricing, such as set-
ting competitive expectations or considering elasticity of the market to determine the
maximum profit at a given price and volume function leads to one of the two ap-
proaches [3]. Our approach to addressing the issue of pricing for Web Services is the
cost based approach or the “cost-plus” approach, as it is traditionally known and
modeling it around the Quality of Service, Cost of Services sold and transaction vol-
umes.

The paper first illustrates the impact of Quality of Service, Cost of Service sold
and transaction volumes on pricing. We then define the types of Web Services and
modes of Web Services delivery that have implications on Quality of Service, Cost of
Service sold and transaction volumes. We then propose three types of pricing models
that can be employed, establish links between the types of Web Services and these
pricing models.

2 Pricing Web Services

Web Services pricing can be complex due to non-standardization across the industry
and the emergence of changing business models and architectures for deployment [4].
However, pricing is critical for value recognition and value aggregation for the serv-
ices consumers are willing to pay for. In today’s freeware domain, it will bring in
legitimacy by ensuring high standards of quality, content and reliability. Web Serv-
ices are not the first of its kind to charge for technology delivered functionality. For
many years Application Service Providers (ASP) have supplied and charged for
functionality available over the Internet [2], Both Web Services and ASPs are similar
in that they both charge for business functionality serviced (Table 1) using technol-
ogy but there are differences.
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While traditionally ASP pricing is done based on pay-as-you-go models with a
subscription fee plus a transaction based charge, the variations in pricing have been
dependant on the variations in volumes of transactions. For example SAP uses a role-
based pricing for blanket subscription to all of its products under mySAP.com in
addition to transaction based pricing for usage of specific components. JD Edwards
uses a pricing model for its JDe.sourcing program, wherein as part of the contract
companies pay an initial implementation fee and then a monthly per-user charge.

Web Services however are relatively complex when compared to ASP models as
they offer dynamic and random configurability of services delivered. ASP is context
dependant. While both enable subscription based and transaction based pricing, the
ability to configure and customize the services delivered by Web Services demands
that the pricing needs to take into account the Quality of Service. Unlike the ASP
pricing models which are predominantly based on volume variations, Web Services
pricing models need to be based on QoS variations.

Table 1. Web Services and ASP models — key differences

Web Services

ASP Models

1. Automate dynamic connections
across applications/data  eliminating
human intervention or the need to lay
expensive plumbing

2. Offers flexible service delivery ca-
pability.

3. Technology independent. Uses stan-
dards oriented architecture.

4. Still emerging. Low entry barrier.
5. Caters to both B2B for B2C.

6. Technology driven: Web Services
leverages on technology to deliver vari-
ability in services

1. Make traditional application soft-
ware available to a broader range of
customers and relies on very tradi-
tional software technology

2. Service delivery is pre-defined and
context specific.

3. Technology dependant.

4, Has a
model.

5. Caters to B2B.

clearly defined business

6. Business driven: ASP model decides
on the service to be delivered and
leverages appropriate technology to
deliver it.
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3 Impact of QoS, Cost of Service, and Transaction Volumes on

Pricing

Quality of Service is an important consideration in B2B and B2C transactions [5].
Rajesh Sumra et al [6] listed out various QoS properties that need to be addressed in
the implementation of Web Service applications.
availability, accessibility, integrity, performance, reliability, interoperability, and
security. These QoS features need investments in technologies. Varying demands on
QoS levels lead to the service providers incurring variations in Cost of Service. In the
cost based pricing approach, the Cost of Service which is dependent on the demands
of QoS will become an essential criterion in deciding the pricing of a Web Service.
More specifically, cost of technology types associated with providing specific QoS

functionality are described in Table 2.

These, according to them, are

Table 2. QoS induced Technology Investments and Cost of Service

QoS Derived QoS benefits Associated Technology
Parameter Investment Areas
Availability Readiness for immediate Sequential and parallel proc-
execution essing capability
Time taken to recover from Systems, storage, network
service failure infrastructure redundancy
Capability of systems to meet Scalable infrastructure, Loose
variable load coupling, Web Services Man-
agement & Clustering
Accessibility Capability to serve multiple Data Formats, Network/ sys-
clients and diverse requests. tem throughput, Load balanc-
ing capabilities
System/location independence Platform/device independent
Integrity Prevent unauthorized access Encryption, Intrusion detec-
to, or modification tion
Transactional integrity Identity and Information
Lifecycle Management
Performance Number of requests executed, Variable load capacity,
time needed to complete Robustness of application

transactions

logic, protocols

Reliability

Ability to maintain Web Ser-
vice quality

Robustness of asynchronous
messaging systems

Assured and ordered delivery

Reliable transport protocols

Interoperability Robustness of interfacing Standardization of interop-
standards erability framework
Security Providing non-repudiation and Reliable security standards

confidentiality

and management systems

User authorization

Encryption, Access control
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Gunjan Samtani et al [7] in their paper on Web Services ROI list some of the non-
QoS specific cost elements that need to be considered while costing for services sold.
These elements have been listed below:

Operational costs

Vendor consulting fees and retainer fee
Hardware and Software requirements
Training requirements

Network bandwidth requirements
Monitoring tools

O 0 0 0 0 0

There is also a relationship between Quality of Service and transaction volumes.
The ability of the Web Services Infrastructure to bear the varying load (aka
transaction volumes) affects the Quality of Service delivered to the customer [§].
There are cost implications associated with managing transaction volumes while
delivering requisite QoS. For example, load balancing prioritizes various types of
traffic and ensures that uptime of the Web Service is ensured. This needs to be
executed both at the web server level and at web application server level implying
that there are cost implications both at the vendor and customer end. Loads or
transaction volumes also help in understanding the capacity of the asset that will be
required to provide QoS for a defined volume of service demanded. Hence the need
for vendors to understand the volumes when aggregating the cost of services sold.
Therefore pricing will be a function of transaction volumes (or load), which has a
direct bearing on both the QoS as well as the cost of services sold. It is incumbent
therefore to have various pricing models depending on the load expected on the
system as discussed in subsequent sections.

While a method for pricing Web Services is still evolving, the premise of this paper
is Quality of Service being a fundamental expectation [9] from a Web Service
offering, provides a good starting point for evolving a pricing mechanism.

Service providers can provide differentiated servicing by modelling the demand on
the infrastructure capacity for different customers and service types and define
appropriate QoS levels for different applications and customers.

For example, a multimedia Web Service might require good throughput, but a
banking Web Service might require security and transactional QoS. The former
requires an engaged experience for the user while the latter is transaction oriented.
Therefore it is imperative that pricing models be contextualized to the Web Services
Delivery model and customer types [10] as detailed in the subsequent sections.
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4 Three Types of Web Services

Depending on the cost of service, which is directly correlated with the number of
features in the QoS demanded by a customer, service providers adopt either a cost
plus approach or a value based approach for pricing their services. However, such
pricing is dependent on the volume of transactions, the number of customers sub-
scribing for the service and the demands for customization.

4.1 Commoditized Web Services

Commoditized services are those where standardized functionality is needed by all
customers over a defined period of time. These may be based on critical data which
changes continuously and is of critical use for a large base of customers. Such serv-
ices are further characterized by high volume transactions with very low customiza-
tion. Service providers offering Commoditized web services need to deliver standard
services to a large group of buyers. Web Services providers who cater to such a de-
mand thrive on high volumes and the ability to pass on the costs to multiple users
through standardized pricing of their offerings. To deliver such services vendors
require highly available and scalable delivery capabilities.

A bundled Web Service of stock quotes which provides news along with currency
exchange rates is an example of this. The pricing model is based on the nature of Web
Service delivered which in this case is characterized by well defined packaging that
appeals to a large number of customers, rapid request fulfillment, and large volumes
both for the vendor as well as the user. Being a commodity service, the service pro-
vider needs to assure a high degree of availability, accessibility, very high perform-
ance and high degrees of reliability, interoperability and security. The Cost of Service
for providing such features would be high and hence the service provider looks for
predictability of revenues by seeking to spread such costs over large volumes.

4.2 Channelized Web Services

Channelized services are those which are standard, but offered only on an on-demand
basis to selective users. The volume of usage of such applications is very user spe-
cific. There could be a few number of users with high levels of usage of certain serv-
ices. However, the service provider needs to possess an array of such offerings in
order to spread the costs over a larger market base. Here the services are designated to
similar customer profiles, depending on their specific level of utility.

A good example of such services is an equity research firm providing customized
client specific quotes and analysis for various customers. Not all the customers have
access to all the quotes. By subscribing to a set of quotes, the customers get custom-
ized in-depth analysis of these stocks (more rigorous than the Commoditized serv-
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ices). Unlike the customized services which are useful for all, these services are use-
ful for only a few. Hence customers have a choice of not subscribing to services
which are not of use to them. This helps the buyer to keep costs low by not procuring
information which is not needed and information when it is not needed. Thus service
providers need to charge the customers only for the services used by them. For deliv-
ering such services they need to invest in technologies which ensure a very high de-
gree of availability, accessibility and integrity compared to commoditized services,
high levels of performance and reliability, very high levels of interoperability and
security compared to commoditized services. Such investments for assured QoS
would result in very high Cost of Service. However, since the utility of these services
is not uniform across the customer base, the customers seek flexibility in choosing
only those they value and do not mind paying a premium for the same.

4.3 Customized Web Services

A customized web service is delivered to a specific end user. This calls for investment
in relation-specific assets, as the vendor needs to cater to client specific requirements.
These types of services are typified by low customer and vendor volumes. Web serv-
ices vendors who offer brokering services between firms or those that form collabo-
rative exchanges are examples of these. End users are attracted to such models be-
cause of prohibitive costs associated with EDI and extranet pipes. Customized Web
Services are characterized by both low vendor and customer volumes and are driven
by specific vendor offering that meet specific user need.

For example, General Motors uses Web Services to coordinate its interactions with
dealers and auto purchasers. Over time, GM plans to use a consortium it established
with Ford and Daimler-Chrysler to extend this technology architecture to its relation-
ships with suppliers. Such a network is characterized by high levels of availability
and accessibility, very high levels of integrity, medium levels of performance, high
levels of reliability and interoperability and very high levels of security. Such QoS
features require large investments which are relationship specific. Thus the Cost of
Service per customer is high.

Table 3 outlines the characteristics of various types of Web Services which are
categorized based on QoS, Cost of Service and transaction volumes. The other fea-
tures like relation specific investments and customization have also been taken into
consideration while justifying the three categories which we defined, as we found that
they really determine nature of web services pricing. These features together have
been called as business features.
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Table 3. Types of Web Services

Commoditized  Channelized Customized
Web Services Web Services Web Services
Business Features
Volume High High Low
Cost of service Low Medium High
per user
Relation-specific Low Medium High
investments
Customization Low Medium High
QoS Features

Availability High Very High High
Accessibility High Very High High
Integrity High Very High Very High
Performance Very High High Medium
Reliability High High High
Interoperability High Very High High
Security High Very High Very High

5 Three Pricing Models

5.1 Subscription-Based Pricing for Commoditized Web Services

The subscription-based pricing is an often used model in the information services
industry wherein the user of the service pays a time bound subscription fee during
which the service provider provides unlimited access to the resources subscribed for.
There would be no restrictions on the number of transactions. A stock quote service
is a typical example of this.

Service providers need to invest high amounts in the infrastructure for parallel
processing, storage, redundant systems, network infrastructure, fault tolerance logic,
load balancing capabilities etc., in order to provide QoS features of high availability,
accessibility, integrity, performance, reliability, interoperability and security. Such
high investments add to the Cost of Service. These investments being very high in
their order of magnitude, service providers need to spread them across a large market
base for achieving an effective ROI. The service providers can also hedge their risks
by planning for assured returns by prescribing pre-calculated prices of their services.
The standardized nature of the service helps in arriving at a pricing model helping a
well defined packaging that appeals to a large number of customers, rapid request
fulfillment, and large volume both for the vendor as well as the user. This ensures
predictability of revenues for the service provider. Since the services are standardized
the customers do not have much of flexibility in choosing a pricing scheme.



272 G.E. Mathew, J. Shields, and V. Verma

5.2 Transaction-Based Pricing for Channelized Web Services

Transaction based pricing is a combination of cost-plus and value-based pricing re-
lying on the number of web service transactions requested and executed. Services that
fall into this category are those that are packaged for a finite number of similar cus-
tomers who might be willing to pay on an ad hoc basis. The cost of providing the
services is divided among the number of customers through a retainer fee mechanism
and customers are charged on per use basis. Such models are applicable to scenarios
where there are customers whose demands are not pre-defined or pre-known.

In order to meet the QoS demands of buyers and to facilitate an effective access to
services on an ‘on-demand’ basis, the service providers need to invest in robust asyn-
chronous messaging systems, reliable transport protocols etc., which facilitates effec-
tive selective access of services, while not compromising on the basic QoS features.
Such risks can be offset by pricing the service with an assured revenue by providing
for a fixed component as a retainer fee and also providing the benefit to the buyer of
not getting charged for services not used, by incorporating a variable component
which is dependant on the usage. This ensures predictability for the service provider
as well as flexibility to the customer.

5.3 Risk-Based Model of Pricing for Customized Web Services

This model is an exception as the customer defines the Quality of Service required
from the vendor and is willing to pay the price for ensuring this. This model is em-
ployed when a customer is outsourcing a non-core functionality but requires SLAs.
The customer may also stipulate that the vendor service only one customer at a time.

Such model is also applicable for scenarios where in the service provider needs to
invest in relationship-specific assets for assuring buyer-defined QoS. Such invest-
ments focus on security and user-defined performance while ensuring the basic qual-
ity parameters like availability, accessibility, integrity, reliability and interoperability.
The risks and costs are shared by the buyer and the service provider, with the buyer
investing in some of the relationship specific assets and assuring a predictable stream
of revenues to the service provider. The Web Services types and pricing models are
as summarized in table 4.

6 Application and Conclusion

Using these considerations Web Services can be priced using context specific models
which allow for flexibility for the customer and predictability for the service provider.
Services which require high transaction volume, at high quality of service, incurring
higher Cost of Service sold are at best commoditized offerings The pricing for such
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Table 4. Web Services types and pricing models based on transaction volumes and cost of

services
Web Sug- QoS Stakeholder Impact Pricing
Services gested Features Transaction Cost of Ser.  Model
Type Pricing Volume vica Descrip-
Model Ven- Cus- Ven- Cus- Hom
dor tomer dor tomer
Commodi Sub- Standard-  High High Low Low A cus-
tized scrip- ized func- tomer
Web tion- tionality pays for
Services  based needed by unlimited
Pricing all cus- use of a
Model tomers. defined
High vol- set of
ume services
transac- over a
tions with specified
very low period of
customi- time
zation.
Channel-  Trans- Select High Low Me- High Cus-
ized Web action- services dium tomer
Services based for select pays by
Pricing customers the num-
Model available ber of
on “on transac-
call” ba- tions
sis. Pack- using
aged Web
services Services
desig- within a
nated for defined
similar period of
custom- time.
ers.
Custom- Risk- Services Low Low High High The
ized Web based delivered customer
Services Pricing are spe- makes a
Model cific to an one-off
end user. payment.
These
types of
services
are typi-
fied by
low cus-
tomer and
vendor
volumes.

offerings are relatively lower compared to the other pricing options which helps en-
courage the volumes required to sustain the pricing model.

Services that are needed on an ad hoc basis such as prices of automotive parts for
example, can be offered on a pay per use basis as the service may not be needed by
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all the customers of the vendor but clusters of customers such as the automotive
manufacturers. The Cost of Service sold may not be as low as the subscription based
model since there is some element of “channeling” involved in the creation of the
service and an element of unpredictability in demand. Such services are best priced
on a per transaction basis in addition to a retainer fee.

Customers may also require very focused and customized services for which they
are willing to pay a premium. These are low volume transactions which entitles the
customer to a certain set of Web Services that may be generically available and a set
of premium services on an additional payment basis. Such a model can also be used
in situations wherein the Web Services firm provides the collaborative exchange and
user participants pay an enrollment fee to join in. A specialized application of this
model can be applied to outsourced functionalities to a Web Service vendor which
offers customers stricter SLAs and QoS guidelines.

7 Further Research

The authors are conceptualizing models to enumerate ROI as the basis for pricing of
Web Services. The ROI approach will use the cost based pricing approach for the cost
side of ROI and use value based pricing approach for benefits realization beyond QoS
including parameters such as production efficiencies in case the customer firm is a
manufacturing firm and transaction efficiencies in the case where the customer firm is
a service firm. Such a model extends the value of QoS based pricing to real industry
contexts.
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