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Preface

Today, in the middle of the first decade of the 21st century, the Internet has
become a major communication medium, where virtually any kind of content
can be transferred instantly and reliably between individual users and entire or-
ganizations located in any part of the globe. The World Wide Web (WWW) has
a tremendous effect on our daily activities at work and at home. Consequently,
more effective and efficient methods and technologies are needed to make the
most of the Web’s nearly unlimited potential. The new Web-related research
directions include intelligent methods usually associated with the fields of com-
putational intelligence, soft computing, and data mining.

AWIC, the “Atlantic Web Intelligence Conferences” continue to be a forum
for exchange of new ideas and novel practical solutions in this new and exciting
area. The conference was born as an initiative of the WIC-Poland and the WIC-
Spain Research Centers, both belonging to the Web Intelligence Consortium –
WIC (http://wi-consortium.org/). Prior to this year, three AWIC conferences
have been held: in Madrid, Spain (2003), in Cancun, Mexico (2004), and in
�Lódź, Poland (2005). AWIC 2006 took place in Beer-Sheva, Israel during June
5–7, 2006, organized locally by Ben-Gurion University of the Negev.

The book presents state-of-the-art developments in the field of computation-
ally intelligent methods applied to various aspects and ways of Web exploration.
Contributions cover such diverse Web applications as adaptive Web, conversa-
tional systems, electronic commerce, information retrieval, information security,
recommender systems, user profiling/clustering, and Web design. The papers
presented at the Second Workshop on Algorithmic Techniques for Data Mining
(ATDM 2006), which was co-located with AWIC 2006, describe novel data min-
ing algorithms for such popular data mining tasks as clustering, classification,
and feature selection. The proposed data mining techniques can lead to more
effective and intelligent Web-based systems.

All conference and workshop papers were selected after a peer-review process.
The material published in the book is divided into two main parts: contributions
of AWIC 2006 participants and ATDM 2006 Workshop papers. AWIC contribu-
tions and workshop papers are arranged in alphabetical order according to the
name of the first author.

We deeply appreciate the effort of our plenary speaker, Prof. Janusz Kacprzyk
(Systems Research Institute, Polish Academy of Sciences, Poland), and thank
him for his presentation. We are indebted to the reviewers for their reliability
and hard work done in a short time. We also highly appreciate the remarkable
effort made by Ifat Zoltan, the Scientific Secretary of the conference, and the
Public Relations Department of Ben-Gurion University. True thanks are also
given to the series editor and to the Springer team for their friendly help. The
technical cooperation of Ort Braude Academic College (Israel), National Insti-
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tute for Applied Computational Intelligence (USA), and Technical University of
�Lódź (Poland) is highly appreciated.

Our hope is that the readers will find many inspiring ideas in this volume.

March 2006 Mark Last
Piotr S. Szczepaniak

Zeev Volkovich
Abraham Kandel
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Abstract The purpose of the Trustworthiness Measure is to (a) to determine the
quality of the Trusted Agents and (b) once the trusting agent has determined
and recorded the trustworthiness of the trusted agent or the quality of the trusted
agent, the trusting agent can use this determined and recorded quality of the
trusted agent when some other agent queries it about the quality of the trusted
agent. As can be clearly seen, if the trusting agent has not determined the
trustworthiness of the quality of the trusted agent and subsequently recorded it,
then it will not be in a position to communicate recommendations about the
trusted agent. Unfortunately, in the existing literature there is no methodology 
for quantifying and expressing the trustworthiness of the trusted agent. In this
paper we propose a methodology by that the trusting agent needs to following
in order to determine the trustworthiness of the trusted agent. This methodology
helps trusted business transactions, virtual collaboration and keeps the service-
oriented environment trustworthy as well as helping to provide a transparent 
and harmonious nature to the distributed, heterogeneous, anonymous, pseudo-
anonymous, and non-anonymous e-service networks.

1. Introduction

Trustworthiness of an agent / product / service quantifies and expresses the quality of
an agent or service or product. Trustworthiness of an Agent, service or a product in
the service-oriented environment implies the “quality” of an Agent, service or 
product. The quality of a given service in service-oriented environments is determined
by determining the correlation between

(a) The delivered quality of service (and)
(b) The mutually agreed quality of service.



We define the delivered service as the set of all functionalities that the trusted agent 
has delivered to the trusting agent. The delivered quality of service is a numeric value
that quantifies and expresses, in commonly used terminology the value of all the
delivered functionalities.

We define the mutually agreed service as the set of all functionalities that the trusted
agent has promised to deliver to the trusting agent. The mutually agreed quality of
service is a numeric value that quantifies and expresses, in commonly used
terminology the value of all the mutually agreed functionalities.

The quality of a given product in service-oriented environments is determined by
determining the correlation between

(i) The delivered value of the product (and)
(ii) The mutually agreed value of the product

We define the delivered value of a product as a numeric value that quantifies and
expresses, in commonly used terminology the value of all the delivered functionalities
of the product.

We define the mutually agreed value of a product as a numeric value that quantifies
and expresses, in commonly used terminology the value of all the mutually agreed
functionalities of the product.

The trustworthiness of an agent in service-oriented environments is determined by
determining the correlation between

(1) The actual behaviour of the trusted agent in the interaction (and)
(2) The mutually agreed behaviour of the trusted agent in the interaction

We define the actual behaviour of the trusted agent as the set of all the functionalities 
that the trusted agent has delivered to the trusted agent in the interaction.

We define the mutually agreed behaviour of the trusted agent as the set of all the
functionalities that the trusted agent has agreed to deliver to the trusted agent in the
interaction.

We can see from the above discussion that the mutually agreed behaviour and the
actual behaviour of the trusted agent / product and the service are the pivotal factors
based on which the the trusting agent can determine the trustworthiness of the trusted
agent/ product / service. In this paper we propose a methodology by which the
trusting agent and the trusted agent can determine the mutually agreed behaviour and
the actual behaviour in the interaction.

This paper in organized as follows,



In Section 2 we propose a conceptual framework comprising of four steps for
measuring and quantification of trustworthiness. Section 3-6 explains each of these
four steps in detail. Section 7 concludes the paper.

Through this chapter I will explain the proposed methodology using an example. The
example is as follows:

Assume that there are two logistic companies namely; East Field and West Field are
located in Sydney and Perth respectively. Let us further assume that they have their 
areas of operation specific to the area that they are located in.

Let us furthermore assume that East Field wants to store some of its consignment of
goods in the warehouse belonging to West Field. It sends a request to West Field
asking for warehouse space of say 6000 sq feet for duration of 6 days. In this paper
we address the sequence of steps that East Field as the trusting agent needs to go
through in order to come to the stage of assigning a trustworthiness value to the West 
Field.

2. Conceptual Framework for Measurement of Trustworthiness
Measurement Methodology 

The process of Trustworthiness Measure Methodology Framework comprises of 4
steps, which are detailed below:

The framework of the Trustworthiness Measure Methodology contains four major
steps, namely:

1) Obtain (Determine) Context from associated domain knowledge
2) Identify the Criteria from the knowledge domain
3) Develop Quality Assessment Criteria for each quality aspect 
4) Measure the Quality and Trust against Quality Assessment Criteria

through CCCI metrics.

In the following section we explain each of the above steps in detail with examples.

3. Determine Context from associated domain knowledge

As discussed in our earlier publication [1], when we refer to the trust that a trusting
agent has in a trusted agent, the trust is specific to a specific context/s and the time
slot/s. The ‘context’, in which the trust relationship exists, is one major basis based on
which the trustworthiness measure by the trusting agent would be carried out. As was
pointed in our earlier publication [1], the context can be regarded as a scenario or
environment in which the trust exists between the trusting agent and trusted agent.



We define the context of an interaction, as a means of representing the set of all the
coherently related functionalities that the trusting agent is looking for in an interaction
with the trusted agent. As discussed above the context of the interaction can be
represented by different terms, as long as they all mean the same. The context of the
interaction can be derived only from the knowledge domain.
As an example, based on the service level agreement between East Field and West 
Field, the context of the interaction could be inferred as ‘Storing Goods’ or ‘Leasing
Warehouse Space’ or ‘Renting Warehouse Space’ or ‘Storing Goods’. As can be
seen, from the above discussion there is more than one way in which a given context
of interaction can be represented by the trusting agent. It does not matter using which
words and terminology how the trusting agent uses to symbolizes or represents the
context in an interaction as far as they all mean the same thing semantically. From
the above example, East Field could have used either of the above three terms
(‘Storing Goods in Warehouse’ or ‘Leasing Warehouse Space’ or ‘Renting
Warehouse Space’ or ‘Storing Goods’ ), to represent the context of interaction as 
semantically they all refer to East Field using the warehouse space of West Field.

Based on the context of interaction, East Field as the trusting agent would determine
the trustworthiness of West Field after the interaction. However the context of
interaction provides little knowledge that the trusting agent can use to determine the
trustworthiness value of the trusted agent. For example, East Field as the trusting
agent has little knowledge based on which it could determine the trustworthiness 
value of West Field.

The context of an interaction has to be determined from the domain knowledge. The
domain knowledge would differ for different trusted agents as shown in Table 1,
below.

Trusted Agent Knowledge Domain
1 Human Agent or Software Agent Mutually Agreed Behaviour(or)

Contract(or)
Agreement 

2 Service Provider or Service Mutually Agreed Service (or)
Service Level Agreement (or)
Advertisements(or)
Contract(or)
Agreement 

3 Product Advertisements (or)
Product Catalogue(or)
Product Manual(or)
Contract(or)
Agreement 

Table 1: Table showing the knowledge domain associated with trusted agent/ 
product and service.

We define the knowledge domain as a clear and precise natural language description
of the mutually agreed behaviour of the trusted agent. The mutually agreed behaviour 
comprises of a set of functionalities that have been mutually agreed to by both the



interacting parties and which the trusting agent expects the trusted agent to perform.
Depending on who actually is the trusted agent in the interaction, the knowledge
domain is derived from various ways. However an important point to be noted here is
that, the knowledge domain specifies the behaviour of the trusted agent in the
interaction and this behaviour has to be agreed to by both the trusting agent and the
trusted agent. If the trusted agent is a

(a) Human agent or software agent, then the trusting agent and the human / software
agent need to enter into a Negotiation Phase. During the Negotiation Phase, the
trusting agent and the trusted agent draw up a description of the mutually agreed
behaviour. The Negotiation Phase comprises of the following steps

Step 1: Behaviour Proposal: The reason why the trusting agent in engaging the
trusted agent in an interaction is to fulfill a certain set of objective/s. The objective/s 
of the trusted agent in an interaction could be achieved by the trusted agent by
performing a set of coherently related activities. The initial behaviour proposal should
in practice contain a finite set of clearly and precisely specified activities that the
trusting agent expects the trusted agent to perform in the interaction. By clearly
specification of the activities, I mean that the activity the trusting agent expects the
trusted agent to perform in the interaction should be spelled out in easily 
comprehensible terminology and in unambiguous terminology during the negotiation
phase. By precise specification of the activities, I mean that the if possible, the out put
of each activity that the trusting agent expects the trusted agent to perform in the
interaction should quantified in terminology that is mutually  understandable to both
the interacting agents.

Step 2: Revision of Behaviour Proposal: Based on the initial behaviour proposal the
trusted agent should revise the first behaviour proposal into a behaviour proposal that
comprises of a set of clearly and precisely specified set of activities, which the trusted
agent feels that it is willing and capable of delivering upon. The trusting agent
determines those set of activities specified in the initial behaviour proposal that it
feels that it is not capable or is unwilling of carrying out. It would then revise the
initial behaviour proposal into a new behaviour proposal that comprises of a set of
clearly and precisely specified set of activities, which the trusted agent is capable and
willing to carry out in its interaction with the trusted agent. The trusted agent in
practice should try it best that the new set of activities would help the trusting agent
achieves its set of objectives in the interaction. The trusted agent would then
communicate the revised behaviour proposal to the trusting agent.

Step 3: Considering the Revised Behaviour Proposal: Once the trusting agent 
receives the revised behaviour proposal, it would consider whether the revised
behaviour proposal would help it to achieve the objectives in the interaction. If it feels 
that its objectives that it aims for in the interaction would be achieved by the revised
behaviour proposal then it has the option of going ahead and changing the revised
behaviour proposal into the Mutually Agreed Behaviour.



On the contrary then if it feels that the revised behaviour proposal form the trusted
agent would not help it achieve its aims in the interaction, then it has two option as 
explained below 

Step 3(a): Propose an alternative behaviour proposal: The alternative behaviour
proposal can be derived by the trusting agent from the revised behaviour proposed
communicated to it in Step 2. Alternatively the alternative behaviour proposal may
comprise of a new set of clearly and precisely specified activities, that the trusting
agent feels would help us in achieving its objectives in the interaction. Irrespective of
whether the new proposal is derived by modifying the revised behaviour proposal or
comprises of a new set of coherently related set of activities the trusting agent and the
trusted agent would need to go through the step 1, step 2 and step 3 in the same order
to arrive on the mutually agreed behaviour. We term each iteration through the step 1,
step 2 and step 3 as a Negotiation Cycle.

Step 3(b): Consider engaging an alternative trusted agent: Based on the revised
proposal from the trusted agent, if the trusting agent feels that the revised proposal
would not help it to achieve its objectives in the interaction, then it may choose to
consider the engaging an alternative trusted agent.

(b) Service Provider (or) Service : If the trusted agent is a service provider, then the
knowledge domain , may be one of the following

i. Contract (and)
ii. Agreement(and)

iii. Mutually Agreed Service (and)
iv. Service Level Agreement: The trusting agent and the service provider

determine the mutually agreed service by going through the
Negotiation Phase, as explained above. At the completion of the
negotiation phase, the trusting agent will have a specification that
clearly and precisely details the service that will be carried out by the
trusted agent. The service in turn is specified as a set of clearly,
precisely and coherently set of related activities.

v. Advertisement: Service Providers usually advertise their services. The
advertisement of a service, specifies the Quality of Service. The
advertisement of service specifies that the service provider is 
committed to providing a particular level of service. If the trusting
agent is feels that the Quality of Service advertised by the Service
Provider could help it in achieving its objectives in the interaction  then
the trusting agent can go ahead and interact with the service provider
on the terms, conditions and the Quality of Service as specified in the
advertisement.

(c) Product: If the trusted agent is a product, then the knowledge domain , may be
one of the following

i. Product Manual (and)



ii. Product Catalogue: Each product manual and product catalogue is
made by the product manufacturer. The product manual or product
catalogue specifies the functionality of the product. The functionality
of the product should be clearly, precisely specified by the product
manufacturer. The product catalogue (or) product catalogue specifies 
that the product manufacturer assure that the product will accomplish
certain functionalities. The Quality of Product will specify the level to
which the product will accomplish the given functionality.

iii. Advertisement: Provider Manufacturers usually advertise their 
products. The advertisement of a product, specifies the Quality of
Product. The advertisement of a product specifies certain
functionalities of the product. Additionally the advertisement of the
product specifies quantitatively in commonly used terminology the
value that can be obtained by the user. If the trusting agent is feels that
the Quality of Product advertised by the Product Manufacturer could
help it in achieving its objectives in the interaction then the trusting
agent can go ahead and interact with the product on the terms,
conditions and the Quality of Product as specified in the advertisement.

The context of an interaction can be additionally described as a high level
summarized description of all functionalities that the trusting agent is looking for in
its interaction with the trusted agent. The context of an interaction provides little
knowledge of the factors based on which the trusting agent would assign a
trustworthiness value to the trusted agent. Based on the above discussion of the
context of the interaction between East Field and West Field is ‘Storing Goods in
Warehouse’ or ‘Leasing Warehouse Space’ or ‘Renting Warehouse Space’ or
‘Storing Goods’. As can be seen East Field does not have enough information to
assign a trustworthiness value of West Field based on the above description of
context. In order to determine the trustworthiness of the trusted agent, the trusting
agent needs to determine the criteria based on which it would assign a trustworthiness 
value to the trusted agent.

4. Identify the Criteria from the knowledge domain

We define the criteria as a decisive factor, the performance or the output of which has 
been mutually agreed by both the trusting agent and the trusted agent, and the
trusting agent would evaluate the performance of the trusted agent in that decisive
factor in its interaction with the trusted agent. The Criteria of an interaction can be
additionally regarded as a quality dimension for the purpose of quality assessment.

The criterion has to be derived from the domain knowledge. As mentioned before, the
domain knowledge comprises of the mutually agreed behaviour / mutually agreed
service of the trusted agent from the perspective of the trusting agent. From the above
service level agreement between East Field and West Field, the decisive factors the
performance of which has been mutually agreed by both the trusting agent and the



trusted agent and the performance of which the trusting agent would assign
trustworthiness value to the trusted agent is the following

The Space of Leased Warehouse: West Field has agreed to lease a ware
house space of 6000 sq feet to East Field.
The Duration for which the Warehouse space would be leased: West
Field has agreed to lease the warehouse space for duration of 6 days.

Looking at it from another perspective the above two are the criteria or the decisive
factor/s on which East Field will assign a trustworthiness value to West Field.

In this stage the trusting agent, should go through the knowledge domain and
determine all the criteria which,

1. have been mutually agreed between the trusting agent and the trusted agent 
(and)

2. based on which it is going to evaluate the trustworthiness of the trusted
agent.

As mentioned before, the mutually agreed behaviour of the trusted agent in a given
criterion will be expressed and agreed to by both the interacting parties in commonly
used terminologies.

5. Develop the Criteria Assessment Factors 

We define Criteria Assessment Factors as those factors based on which the trusting
agent would assess whether or not a given criteria in its interaction has been
delivered up on. The criteria assessment factors metric can be alternatively defined as
a set of rules, regulations or policies which the trusting agent would use to the
whether or not a given criterion has been delivered up on by the trusted agent.

For the above two criteria in the interaction between East Field and West Field, the
criteria assessment factors developed by East Field are as follows,

Criteria Assessment Factor for Size of Warehouse Space Allocated:

If West Field allocate a warehouse space of greater than or equal to 6000 sq ft then
this criteria has been delivered upon by the West Field else not.

Criteria Assessment Factor for Duration of Warehouse Space Allocated:

If West Field has allocate the warehouse space for a duration of greater than or equal
to 6 days then this criteria has been delivered upon by the West Field else not.



6. Measure the Trustworthiness using CCCI Metrics   

Finally in order to determine the trustworthiness of the trusted agent, the trusting
would make use of the CCCI Metrics. The CCCI Metrics, as I will explain below 
determines the correlation value of each individual criterion in the interaction. The
correlation of each individual criterion is subsequently weighted by the clarity of the
criterion and the importance of the criterion. The correlation values of the all the
criteria in the interaction are then combined to determine the correlation of the
interaction.

Figure 2. Through the correlation of the Quality Assessment Criteria with the
actual delivered service, we determine the Trustworthiness of Trusted Agent 

The Measurement of the Trustworthiness against Quality Assessment Criteria is 
carried out through CCCI metrics. Due to space constraints we are unable to provide a
detailed explanation on the CCCI Metrics. Interested readers are encouraged to refer 
to [1] for a detailed explanation of the working of the CCCI Metrics.

7. Summary 

In this paper we have proposed a methodology, comprising of four steps which the
trusting agent can make use of in order to determine the trustworthiness of the trusted
agent. The methodology comprises of four steps, namely 

(a) Obtain (Determine) Context from associated domain knowledge
(b) Identify the Criteria from the knowledge domain
(c) Develop Quality Assessment Criteria for each quality aspect
(d) Measure the Quality and Trust against Quality Assessment Criteria

through CCCI metrics.

We explained each of the first three steps in detail, along with examples. Due to space
constraints, we were unable to explain the working other CCCI Metrics in detail. The
working however has been explained in great depth, detail and along with examples 
in [1]. Interested readers are encouraged to refer to [1], for a thorough discussion on
the CCCI Metrics.
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Abstract. The purpose of this paper is to supply web contents for PC to various multi platform
device as PDA or portable device. The conventional studies could not consider these devices,
so it created mobile contents beforehand, and then transmitted to the limited mobile device. In
this point, the critical problem is to generate mobile contents which are suitable for all kinds of
mobile device from PC Web content. This paper propose a service system for transmitting
wire web content to various portable device by using MPEG-21 Multimedia Framework. It
does not create mobile contents for each device. It just uses DIDL of MEPG-21 as
intermediate language to express the structure, resource and description of mobile contents. In
DIDL, the multimedia resource is transcoded in off-line previously. The description part is
converted in real time as soon as service is requested by end-user. Mobile contents integrate
adapted resource with appropriate description and then are transmitted. In addition, this paper
proposes the Multi-level caching for reusing mobile contents and describes the result in
experiment system.

1 Introduction

During the past few years, due to the tremendous development in the field of wire
and wireless communication, users have been demanding the useful information more
conveniently; whenever and wherever. To satisfy these needs, ubiquitous has emerged.
Supported by the MPEG-21 Multimedia Framework, Ubiquitous provides the
necessary service "Any time, any where, any device" overcoming the existent limits.
MPEG-21 is a multimedia framework unlike the concept of the existing MPEG series
for transmitting and consuming multimedia data efficiently. The gold of the MPEG-
21 is to offer a multimedia resource variously, safely, and clearly in extensive
network and equipment [1]. Recent research involving MPEG-21 is being undertaken
in the field of DMB (Digital Multimedia Broadcasting)[7][8]. Wireless Internet is 
another area for the application of MPEG-21. It is the technology which provides
internet service to portable devices (e.g., mobile phones, PDA, and etc) in a wireless 
environment at the same time providing services based on the traditional Web
pages[9].

* This work was supported by the Korea Research Foundation Grant. (KRF-2004-005-D00198)



However, to offer wireless internet, we should consider the following issues. One is 
how to display contents including various multimedia such as image, animation,
movie and picture on a mobile device which has less powerful hardware than PC. The
other is how to create adapted contents for various mobile devices. The purpose of
this paper is to find a solution to the problem of displaying conventional web contents 
accessible from PCs to a mobile. In the following chapter, we describe problems that 
arise in the process of creating mobile contents from PC web contents. We will also
propose a system which applies the MPEG-21 Multimedia Framework to provide
optimized contents to the mobile device. As a method of expressing optimized
contents on the various portable devices, this paper will suggest DIDL(Digital Item
Declaration Language) of MPEG-21, written by XML, and proposes Multi-level
caching as a method of providing faster response rate.

2 Problems and Solution

2.1 Problem and Related work

Our objective is to enable web contents originally constructed for PC to display on
the various multi platform devices such as the PDA or mobile phones. However, there
lie several problems in achieving its objective.

First of all, it is difficult to reconstruct original web contents for wireless device.
Namely, it is impossible to display the same general web contents to the mobile
device. In addition, reconstructing the web contents to specific mobile device will be
ineffective. The reasons are that the resolution and the multimedia processing
capability of the mobile device are very weak, and there are many types of device.
Secondly, it is impossible to transcode multimedia data in real time. Generally, There
are diverse sorts of multimedia data such as image, audio, animation, and video in
Web contents. The transcoding time for multimedia costs too much. Accordingly,
it is inconsistent to transmit in real time. Finally, it is difficult to determine its
demands for transformation regarding the various mobile devices. Since there are
many varieties of mobile device, it is difficult to know what kind of contents should
be transcoded before a mobile device requires contents to server.

There are 3 methods according to the scope of automatization. The methods are
about converting the construction of existing web contents into mobile contents.
The manual approach considers the characteristic of each device to create new mobile
web pages manually. This method is efficient when developing new wireless internet
service and contents. An advantage is to generate an optimized mobile page
[2][13][14]. Semi automatic approach, page filtering, is a method which selects and
transforms specific parts of the web page[2]. Finally, the fully-automatic approach is 
efficient when there is existing web service and contents. It services to mobile device
by converting existing HTML documents into mobile internet format. Since it 
transforms all web pages automatically, it is the most convenient and the most 
efficient method [2][12]. However, the above mentioned methods have some
difficulties. One is to express optimized multimedia data according to the



specifications of various mobile devices, and the other is to create the appropriate
page for the new devices that are being produced.

2.2 Solution

In a process of servicing general web contents to a wireless device, the most
significant problem is the reuse of PC web contents for mobile device, the possibility
of transcoding service for multimedia data in real time, and the method of
transforming contents according to various multi platforms. To solve these
problems, we first convert and store multimedia data which will be used by mobile
device. Server analyses information of device and delivers the most similar data
when end-user connects with server. More specifically, after reconstructing various
mobile contents referring PC web content, the result, including multimedia data and
design, is saved as an intermediate language. When a multi-platform device requests 
service to the server, multimedia data and description are automatically created and
then are transmitted. Here, multimedia data have been pre-transformed according to
each device characteristic such as media processing capability or browser information
and description has been optimized according to each mobile device. This paper 
proposes an adaptive PC to Mobile Web contents Transcoding system using MPEG-
21 multimedia framework and describe improvement of in the caching method for a
faster response rate.

3. A Mobile Gate System based on MPEG-21

3.1 Mobile Gate System Architecture

Mobile Gate System based on MPEG-21Multimedia Framework help service Web
content for PC to various mobile devices. The entire structure is as [Fig. 1].

Fig. 1. Mobile Gate system Architecture



To service mobile content to wireless terminal referring wired web contents, this
system first edits the existing web contents consisting of HTML or XML by using the
Digital Item authoring Tool. The following step is to define the newly constructed
mobile contents using DIDL. Among contents defined by DIDL, multimedia data that
converting time is too long is transformed beforehand utilizing information about
mobile browse by X-Crawler r. When the portable device requests service, the Call
Manager analyzes the accessed device information and searches for appropriate
contents (i.e., WML, mHTML, xHTML, and etc) in the Contents Cache. If proper
content for device exists, Call Manager will service the contents, and if it does not, it 
requests transformation of contents suitable to the respective device to the Mobile
Content Generator, and then services to the device along with the pre-transcoded
Resource. In this process, Device Controller saves information about new mobile
terminal to the Device Database.

3.2 Components of Mobile Gate System

Digital Item Authoring Tool. As a type of editor, it assists in reconstructing
various web contents for mobile use by selecting only resource which will be
displayed on the PDA or mobile phone from web content displayed on the PC. This
component is done off-line. The produced mobile web contents are automatically
created in the type of DI which satisfies MPEG-21 standard. Specific information
regarding DI will be referred to in Chapter 4. It consists of three major modules.

Web Contents Analyzer. It parses PC Web pages wrapped by HTML or XML, and
then divides the web page into resource and expressive specification and assists users
in choosing the resource more conveniently.
Editor. Using the extracted and arbitrary resource, it helps the user construct the
mobile web contents more simply through a copy and paste.
DI Generator. it creates the reconstructed mobile page into MPEG-21 DI format using
DI Tag Table and saves it in DIDL DB.

X-Crawler. This is a part which carries out transformation in advance regarding
actual resource in DI edited by administrator. This component is performed in Off-
line. Specific modules are the following.

Mobile Digital Item Parser. It parses DIDL generated by authoring tool, extracts
information relative to the resource from DIDL.
Transcoder. Among resources which need transformation, it performs the actual
transcoding using the transformation information[3][4]. It is a part of the Resource
Adaptation Engine of DIA (Digital Item Adaptation) in MPEG-21[6].
Resource DB. It saves and manages the transcoded resources and these information

Call Manger and Cache Server. In case that a mobile terminal has accessed to
server, this module finds out the characteristic of device in Device DB, reconstructs
web documents which browser device is able to be recognizable and then sends these.
The following are the specific modules.



Mobile Contents Generator. By applying the multimedia data which has been
converted according to each device platform, it creates documents suitable for each
device in XSL. It is similar to the Description Adaptation Engine of DIA in MPEG-21
DIA[6].
Cache Manager. It provides data appropriate for each device platform. Contents
accessed frequently are saved to the Contents Cache and it is serviced immediately in
case that the requested document exists in the Contents Cache.
Device Controller. It analyzes information about mobile device which is requesting
service and manages the Device DB.

4. Mobile Content Definition Language based on MPEG-21

4.1 Digital Item for expressing Mobile contents 

DI is a structured digital object with a standard representation, identification and
metadata within the MPEG-21 Framework[5].
Definition : Digital Item within Mobile Gate System
In Mobile Gate, Digital Item is a kind of intermediary file generated by Digital Item
Authoring Tool. This help not only transcode Web contents created by inputted
HTML, XML, XSL into wireless one such as WML, mHTML, HDML but also make
multimedia data playable in every wireless environment.

The following [Fig. 2] indicates how DI is used in the Mobile Gate System.

Fig. 2. Use of DI within Mobile Gate

In Mobile Gate, DI consists of resource part and description part. Resources part of
DI includes local path or URL of multimedia data filtered from general Web contents.
X-Crawler converts resources in Database with a couple of information described in
Resource part such as image size or clipping size. Description part of DI is to
describe how to present contents in mobile device and short information about
resource. Description part is adapted by description transcoder and then transmits
contents to mobile device with transcoded data by resource transcoder when service is
required by end-user. Hence, although mobile device has been rapidly developed and
varied, digital item generated by Authoring Tool help server perform flexible
transformation according to properties of device and overload of server may be
minimize, once device information is extracted.



4.2 A Structure of Digital Item

In MPEG-21, DI is described in DIDL as represented in XML[5]. The <DIDL>
element is the root element of a DIDL instance document and may contain an optional
element, followed <Container> or <Item>. <Container> element is a grouping of
items and arranges items by means of package shelf. In contrast, <Item> element is 
intended to be the lowest level of visible to an end-user and systematically construct
digital items.

We describe that entire attributes of reconstructed mobile page is in <Container>
element and metadata of individual objects in contents and resources is in <Item>
elements. Besides, we describe that actually transcoded resource URL is in
<Resource> of <Item> element. However, in a stage that express DIDL about
mobile pages with Internet contents, we have known that defining a variety of objects
within mobile page using DIDL elements within MPEG-21 has limitation. To solve
the boundary, we redefine and append necessary elements and their attributes such as
text, image, audio, video, flash, form, table or cell in table by namespace in DIDL.

5 Multi-Level Caching Scheme for DIA of PC web-to-Mobile web
Service

Cache is to store frequently requested document to a side closer than server and to
help transmit faster service to wireless device. The performance of cache is
determined by the Response Time when client gains the desired web page and Hit
Ratio which is the probability of desired web page to exist within cache. Accordingly,
various researches have been doing in order to enhance Response Time and Hit
Ratio[10][11]. Our system suggests Multi-Level-Cache method to provide clients of
fast response time. Mobile Gate has two Caches inside. First Level Cache is Content
Cache and Second Level Cache is Description Cache. Content Cache stores adaptive
contents such as WML, mHTML, xHTML, etc. including information of resources.
Description Cache converts style sheet for mobile content of DIDL into XSL style,
suitable to various mobile terminal, Markup Language by using Mobile Content 
Generator and stores the result. Transcoded document does not involve resource
information.

Fig. 3. Multi-level Cache in Mobile Gate system



Algorithm : Multi-level Cache Algorithm

Step 1. A Mobile terminal requests service to Web Server.

Step 2. Cache Manager receives device information from Device Controller.

Step 3. Cache Manager finds out contents that suit the device information in
Contents Cache.

Step 4. If it does exist, corresponding content is provided to mobile terminal. If not,
content that fits device information is requested to Description Cache.

Step 5. If the requested content exists in the Description Cache,
Copy the content into Content Cache.
Provide the content to mobile terminal.

If not,
Convert it to correspond to the device information in real-time. During
the converting process, convert the content of terminal that is similar to
present device information and store it to Description Cache and Content
Cache.
Integrate it with converted resource and create desired content.

Multi-level Cache is a method for reducing system overload brought by content
conversion in real time. This not only operates conversion for accessed terminal
information, but also extracts terminals with high similarity within Device DB. As the
standard with high similarity, we select terminals that have identical Markup and
browser with lower specification like resolution than accessed terminal has. Hence,
Pre-transcoding of Multi-level Cache will be able not only to enhance the Hit Rate of
Contents Cache, but also to minimize the number of content conversion.

6 The Result of Implement and Experiment 

6.1 The Result of Implement

We have implemented and tested the system in environment that is Windows 
2000 Professional, Intel Pentium IV 1.8 GHz, and 512MB. First, we have generated
DIDL file that fits rules of [table 2] by using Digital Item Authoring Tool, and have
created wireless contents in real-time by Call Manager and X-Crawler. [Fig. 4] shows
the result in displaying on portable terminal. We used to two simulators. Openwave is 
expressed as WML and KTF supports mHTML. Following [Fig. 4] is simulated, but
the actual result shows no difference.



Fig. 4. Sample page generated by XSL Generator 

6.2 The Result of Experiment 

In order to check the response time of a mobile terminal requesting web page to a
server, this paper compares conversion time of mobile contents between On-line and
Off-line. Cache does not apply to the process of this experiment. Since it was difficult
to experiment many real terminals logging on to web page, we used test client to
simulate the identical process.

Table 1. Response Time

The number 
of Access

Off-Line On-Line

100 290 625
200 567 1125
300 748 1688
400 1131 2187
500 1240 2688
600 1421 3375
700 1618 3687
800 1881 4312
900 2058 4750

1000 2309 5250
Fig. 5. The graph of response time

As depicted in [Fig 5], Off-line has faster response time than On-line because
additional time for converting and creating contents is unnecessary by retaining pr-
transcoded content prior to service. Mobile Gate System is showing slower response
time than the case of contents converting previously. The reason is that even though
resource conversion is taken in off-line beforehand, it is necessary to convert
description so as to be fit characteristic of mobile device in case that there is no
contents in Contents Cache. In addition, the System not only estimates specification
of terminals but also generates mobile contents that suits these terminals in real-time.



7 Conclusion

In a ubiquitous environment, wireless internet has been constantly trying to provide
users with scattered information whenever and wherever. However, providing internet
service through personal communication system requires recreating contents to match
its environment. This is not able to avoid additional cost for development and
maintenance. To overcome such problem, this paper suggests Mobile Gate System
based on MPEG-21 that enables PC Web contents to display in Cellular phones and
PDAs. In addition, we have suggested DIDL to efficiently and flexibly provide
various contents to mobile terminals, and proposed Multi-Level Caching to minimize
the response time. The suggested system shows slower response time than the case of
convergence in off-line, but it has an advantage of providing various and new
terminals with flexibly created exact pages. Moreover, it is possible for existing pages
to be served to wireless environment without re-creation of mobile contents newly. To
make up for the weak point of longer response time, Multi-Level Caching Schema
will be considered to be a good method.
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Table 2. DIDL in Mobile Gate

Element Name Description Element Name Description

Mobile Content Image Attribute

<CONTAINER> Definition of Content 

<mbd:TITLE> Title of Content 
<mbd:CLIP>

selecting specific
part within the a
image

<mbd:MAXOBJECT>
The number of
Resouce in Content 

<mbd:ROTATION> Rotation angle

<mbd:BACKCOLOR> Background Color 

<mbd:BACKIMAGE> Background Image
<mbd:BRIGHT> Brightness 

<mbd:BACKAUDIO> Backgound Sound
<mbd:CONTRAST
>

Color contrast 

Resource command Attribute Form Attribute

<ITEM> Definition of Resouce

<RESOURCE> URL of Resouce

<mbd:OBJECTTYPE> Resource Type

<mbd:NAME> Retrive parameter 

<mbd:OBJECTSUBTY
PE>

SubType of
Resource

<mbd:SIZE> Potision and Size <mbd:CAPTION>
text to be
displayed

<mbd:Z_INDEX>
Priority given when
several resources are
overlapped

<mbd:ALIGN>
Alignment of Resouce
on a line

<mbd:MODE>
object of the form
that mode will be
applied

<mbd:HYPERLINK>
Hyperlink of Selected
Resouce

<mbd:
DEFVALUE>

default value to be
shown in the
screen

Text Attribute Video and Audio Attribute

<mbd:FAMILY> Font 

<mbd:FSIZE> Font size
<mbd:VOLUME> Volume

<mbd:COLOR> Color 

<mbd:ITALIC> Italic
<mbd:LOOP>

The number of
loop for Playing

<mbd:BOLD> Bold <mbd:MUTE> Mute

<mbd:LINE> Underline <mbd:PLAYPOS> Range of playing




































































































































































































































































































































































































































































