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Preface 

The dramatic increase in the use and availability of mobile devices such as cellular phones and Personal 
Digital Assistants (PDAs) in the last few years has resulted in the ability to access information anytime 
and anywhere. IDC, a leading provider of technology intelligence, forecasts that by the end of 2002 there 
will be more wireless subscribers capable of Internet access than wired Internet users. Yet, we are still far 
from the dream of having Web information as conveniently accessible from a handheld device as it is 
from our desktop. Existing information discovery mechanisms for searching and browsing the Web are 
not well-suited to mobile devices which are limited in terms of processing power and memory, screen 
real estate, input capabilities, networks and bandwidth.  

In this workshop, we will explore several issues involved in making mobile search both practical and 
effective and investigate the various challenges imposed in attempting to bring search to the mobile 
world. Topics may include:  

l Text entry assistance for mobile devices  
l Navigation paradigms suited for small mobile devices  
l Viewing results – transcoding and beyond  
l Location awareness and its relation to relevance  
l Performance issues in mobile search process  
l Content sources – all the Web vs. dedicated Wireless Web repositories  
l Vertical sites, topic-specific search, focused search  
l Supporting multiple devices, protocols, platforms, and form factors  

The goal of the workshop is to bring together researchers and practitioners interested in Mobile Search to 
discuss and define the most relevant issues in information discovery tasks such as search and browse on 
mobile devices, present recent results, propose future directions for research, and possibly 
standardization. Possible outcomes of the workshop might be standard formats (possibly XML based) for 
search services that attempt to reach the mobile market.  
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Abstract 
 

Current and upcoming use of mobile devices and services can 
provide information every time and everywhere. However, 
inherent constraints on mobile devices and immature technologies 
caused difficulties of mobile Internet access. Much work has been 
done on addressing technological issues while less on human 
preferences. In this paper, we survey the impact of human 
preferences on designing user interface for mobile web access. We 
describe our experimental setup on evaluating user interfaces 
collected from eighty mobile content providers. Next, we discuss 
the comparative results of our evaluation on human preferences. 
In our preliminary study, we found that commonly used features 
and access strategies are not the human preferred ones and vice 
versa. There is a gap between those that human preferred and that 
content providers provided. In our ongoing work, we are in the 
process of determining factors that govern the quality of user 
interface design, based on not only subjective measurements (e.g. 
human preferences) but also objective measurements (e.g. volume 
of content provided and depth of hierarchy). 

Keywords 
 

Mobile searching, mobile browsing, mobile navigation, 
information access, user interface. 
 

1. Introduction 
 

In several years time, it is believed that “there will be more people 
accessing the Internet via mobile devices (PDAs, phones etc) than 
via conventional PCs” [1][2]. “Mobile knowledge seekers often 
need access to information on the Internet during a meeting or on 
the road, while away from their desktop” [3] via handheld 
browsers [4,5]. However, such browsers as well as devices have 
very different interaction characteristics to those for desktop PCs. 
To meet the needs of the hundreds millions of users who access 
the Internet using such devices, effective user interface and access 
strategy needs to be developed. [6] Although a lot of work has 
been done on technological innovation for user interface [1, 6, 7, 
8] and mobile information accessing methodologies [3, 10, 11, 
12, 13, 14, 15, 16, 17], less has been done on exploring the 
existing user interfaces and access strategies with respect to 

human preferences. For instance, are those user interfaces and 
access strategies provided by current content providers also the 
human preferred ones? How should the content providers create 
or make changes on their user interface design and access 
strategy, in order to meet human preferences? The aim of this 
work is to gain insight into the impact of human preferences on 
user interface and access strategy for mobile searching and mobile 
information access in general. Our results would have an impact 
in the general mobile information access. In particular, [10,18] 
have argued that search result should be accessed by some 
hierarchical structure although it is not known whether users 
prefer list or hierarchical access. It will also have some 
implication to mobile access by voice controls. In this paper, we 
first describe our evaluation on eighty content providers’ interface 
designs and information access strategies in Section 2. Then we 
analyze the evaluation results on searching strategies and user 
interface designs in terms of human preferences in Section 3. 
Finally, we put forward our recommendations and caveats in our 
conclusion. 

 

2. Experimental Setup 
 

We performed experiment to explore three aspects on user 
interface design for mobile web access and navigation. The first is 
human preference, the second is generality on use, and the third is 
factors governing user interface design. 

 

The experiment was carried out with a Palm IIIc emulator (Figure 
1) [21, 22, 23, 24], running on a PC. We believe such substitution 
is acceptable in this case, as only sample selection was required. 

 

Eighty samples of user interface design on list and directory 
collected from eighty English news content providers (Table 1.1) 
respectively, were evaluated by eleven subjects – nine graduate 
students, one undergraduate student and one research assistant 
with human-computer interface educational background There 
were both males and females, aged 23 – 26 years. To be 
summarized, the subjects had experience with PDA and online 
searching varied from modest to expert while most of them come 
with little experiences on searching with mobile equipment and 
Internet browsing with PDA. Potentially, they will be mobile 
knowledge seekers in the future. Accordng to user background 
information collected, it seems no significant indicator on the 
preference towards directory or list. Their attitude towards 
searching with directory and searching with list was positive in 
general. (Table 1.2)   

 

Copyright is held by the author/owner(s). 
WWW 2002, May 7-11, 2002, Honolulu, Hawaii, USA. 
Copyright 2002 ACM 1-58113-449-5/02/0005… $5.00. 
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 1 2 3 4 5 6 7 8 9 10 11 

Personal Information            

1. Age 25 24 24 24 25 23 23 26 25 23 23 

2. Gender M M M M M Fe Fe M M M M 

3. Qualification P P P P P U P U P P P 

4. Human Computer Interface educational background Y Y Y Y Y Y Y Y Y Y / 

            

Equipment experience            

5.  PDA Ex F F F F Ex F F N F / 

            

Searching experience            

6. Online searching (Years) 4 >5 >5 5 >5 4 5 4 4 4 / 

7. Searching with mobile equipment N N F F N N N F N N / 

            

Browsing experience            

8. Internet browsing with PDA N N N N N Ex N F N N / 

            

Attitudes            

9.   Likely level on search with catalog such as Yahoo! Ex Ex F Ex Ex Ex F Ex F F / 

10. Likely level on search with list, such as the search result from Alta 
Vista 

Ex Ex F F F F N F F F / 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number of content providers Access mode Access interface Browser used 

64 Offline HTML / Web AvantGo [19] 

16 Online WML  / WAP WapMan [20] 

Table 1: Profile of content Providers (Samples) 

Table 1.2: User background information 

M: Male , Fe: Female, P: Post-graduate, U: Under-graduate, Y: Yes, Ex: Extremely, F: Fairly, N: Not at all 

Remark: 

1. As subject 11 can’t be contacted while we were collecting user background information, he did not answer 
questions (4 – 10). 

2. For questions (5,7,8,9,10), subjects were allowed to select their answer from Not at All (N), Fairly (F) and 
Extremely(E). 
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Each subject was given a set of tasks. For each of the task, the 
subject was instructed to navigate throughout a sample with the 
emulator (Figure 1) and then to complete a questionnaire (Figure 
2) on their perceptions of the sample. The perceptions were 
measured with preference values (from 1 to 10) on several 
aspects, including general perception on user interface design,  

 

 

 

 

presentation type (list versus directory) and preference on features 
provided for mobile access and navigation. During navigation, 
their actions and related timing factors (e.g. navigation time and 
evaluation time) were automatically logged. Analysis of these data 
was used to produce a series of measurements.  There was no time 
limit set on how long the subjects could spend on navigating the 
content provider and completing the related questionnaire. On 
average, our subjects spent approximately 3 minutes and 14 
seconds to complete a task, where 1 minute and 46 seconds (54%) 
was for navigating/browsing the given sample of user interface 
from a particular content provider and 1 minute and 28 seconds 
for completing the related questionnaire. For this preliminary 

study, each content provider was evaluated by at least three 
subjects and on average; each sample was evaluated by four 
subjects. In order to avoid biases of individual subjects in 
assigning preference values (c.f. the scores of a conservative 
subject and a generous subject), we normalized all the preference 
values as follows. 

 

First, the relative preference values were calculated according to 
the difference between the mean and preference values: 

 

Rjk = Pj – Mk 

Where 

Rjk is relative preference value for feature J assigned by 

subject K 

Pj is preference value for feature J that was assigned by 

subject K 

Mk is mean of preference value of subject K across all 

features 

 

Second, we normalized the score of each subject by shifting their 
preference values of each feature with the mean preference value 
of the "norm" subject, who has evaluated most of the content 
providers. 

 

MRjk = Rjk + M 

Where 

MRjk is the modified relative preference value for 

feature J assigned by subject K 

Rjk is relative preference value for feature J assigned by 

subject K 

M is the mean value of the norm subject

 

     

 

 

 

 

 

 

 
 

1
 http://mobile.yahoo.com/news 

2
 http://www.wap.com.sg 

 

Subject was asked to assign preference values on 
those features s/he confides available on the user 
interface. The scope of preference values ranged 
from 1 to 10 where 1 for least important and 10 
for most important. 

Other related question, such as nature of user 
interface design (List/ Directory), subject 
experiences on content provider, general 
preference on user interface design and 
comments. 

Figure 1: A Palm III c emulator showing contents 

downloaded from Yahoo 1 by using WapMan 2. 

Figure 2: An online questionnaire where subject was asked to answer several questions on the sample s/he had browsed. 
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 Source: Microsoft Word Clip Art]  

[

 

 Source: Palm III c Emulator 3]  

 

 
 
 
 
 
 
 
 
 
3

 http://www.palm.com 

Figure 3: System diagram of our experimental setup 
 
1. Each of the subjects was assigned a list of tasks and they completed the tasks at their workstations. 
2. For each task, the subject was forced to download a PDA emulator from our server and used the 

emulator to browse a content provider. 
3. If the given sample of content provider was in online mode, the emulator communicated with the 

origin server via a protocol gateway (WML Encoder, Protocol Adaptor): 
a. Encoded request 
b. Request 
c. Response (content) 
d. Encoded response 

4. The browsing time will be sent to our server automatically and logged in our database immediately. 
5. Our server sent a related questionnaire to the subject. 
6. The subject completed the questionnaire and the questionnaire was sent to our server, where data 

collected from the questionnaire were logged into our database automatically. 
 

-7-



 
 

 

 

 

 

 
        
 

 

 

 

 

 

 

 

 

            
 
  
 

Dimension of analysis  
Number of 

content 
providers 

using 

Covered area of 
high-preference 
value range (6–

10) 

Mean of average 
preference values 

Median of average 
preference value 

 

           Type of Interface 

Sampling measurements  

List Dir. List Dir. List Dir. List Dir. 

All the samples 50 30 58% 86% 5.93 6.86 5.75 7.10 

All the online samples 10 6 57% 80% 5.85 6.43 6.67 6.42 

All the offline samples 40 24 59% 88% 5.95 7.02 5.68 7.82 

Table 2: Analysis on searching strategies “List” versus “Directory”
 

Figure 4: Usage situation of “List” and “Directory”  

Figure 5: Human preference on “List” and “Director y” (e.g. percentage of content providers, which 
were judged as list, come with an average preference of 6 in all the content providers, which were 
judged as list)  
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3. Results 
 

Based on the collected experimental results, we attempted to 
explore several aspects of user interface design and access strategy 
for mobile devices based on human preferences and generality of 
use. 

 

3.1 Access Strategy 
 

First, we want to study which access strategy (List or Directory) 
was commonly employed by content providers. Furthermore, will 
the commonly used accessing strategy also be the human 
preferred ones?  

To answer these questions, we compared the usage of access 
strategies (Figure 4) and human preference on such strategies 
(Figure 5). To our surprise, visual inspection of (Figures 4 and 5) 
implied that, although most of the content providers used “List” 
as access strategy, human much-preferred “Directory”. We further 
explored and confirmed this observation in three summary 
measurements, namely, the coverage area within the high-
preference value range (6−10), the mean and median of preference 
values (Table 2). Our analyzed results are shown in Table 2. Our 
results based on visual inspection also conform with the three 
summary measurements. One possible reason for this disparity is 
that the cost of building hierarchical access is high compared to 
the list access. Thus, automatic construction of hierarchies [10, 

18] for access is important to satisfy the mobile user in order to 
gain wider acceptance. 

 

3.2 Coverage of Features 
 

The second issue we attempted to address was how well our 
experiment covered those existing features. If the amount of user 
interface features reach the maximum available level, it is likely 
that our sample has covered enough content providers for the 
survey. To study this issue, we employed coverage curves (Figure 
6) to test the coverage level of our experiment. The encouraging 
result is that our experiment had already found almost all the 
existing features, as the coverage curves were saturated. Across 
the eighty content providers, there were twenty-two features found 
in total and the details of those features are shown in Table 3.  

 

An examination on the usage of interface features shows that 
listing, classifying and navigating features are those common 
features across most of the content providers we explored. On the 
other hand, graphics and providing long text without page break 
seem to be specific for offline mode content providers. Online 
mode content providers tend to provide real time and connective 
facilities (e.g. email, key word search), split information into 
small pieces (e.g. page break, showing titles one by one) and 
provide more interactions (e.g. selection on different language and 
real time searching).

 

 
 

 Figure 6: Coverage curve of accumulated features 
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 Groups 
Feature A B C D E 
Articles were classified into different catalog √ √ √   
Provide facility for jumping back to higher-level √ √ √   
List of titles in each of the catalog  √ √ √   
List of all the titles √ √ √   
Provide facility for jumping in between different catalog √ √ √   
Provide facility to jump to next or previous document √ √ √   
List of all the titles together with abstract  √   √ 
List of titles together with abstract in each of the catalog  √   √ 
Provide path of navigation      √ √ √   
Provide page break for long document     √   √  
List of catalog names together with related titles   √   √ 
Use symbols to indicate the nature of link     √   √ 
Use symbols to indicate the nature of catalog  √   √ 
Allow user to construct his customized layout  √   √ 
List of all the titles together with text body     √   √ 
Provide facility for jumping in between different document   √   √ 
Provide related graphic in text body   √   √ 
Allow selection of different language √   √  
Keyword search on news √   √  
List of all the titles together with text body in each catalog   √   √ 
Show titles in the catalog one by one  √   √  
User can email the news to their email A/C  √   √  
Number of features found 12 17 7 5 10 

Table 3: Usage of features 

A: Available in online mode, B: Available in offline mode, C: Common to online and offline mode, D: 
Available in Online mode only, E: Available in offline mode only  

Figure 7: Feature usage of online content providers 

• Left arrow indicates steepest descent between two adjacent values 

• Right arrow indicates 50% cutting point 

Figure 8: Feature preference of online content providers 

• Left arrow indicates steepest descent between two adjacent values 

• Right arrow indicates 50% cutting point 
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3.3 Usage Versus Human Preference 
 

The third issue we study was which interface features were 
commonly used by content providers for their user interface 
design and which features were preferred by human. Moreover, 
were the commonly used features also the human preferred one? 

 

According to our experimental results, the commonly used 
features were different from the human preferred one. We tackled 
this issue by extracting the most significant features according to 
common usage and human preference on the feature (samples 
shown in Figures 7 and 8) as follow: 

 

1. We sort the features for each of the cases (dimensions) by 
their usage or preference value from highest to lowest.  

2. As the lower part of sorted list provided no valuable data, we 
analyzed only the top 50% of features in the sorted list. 

3. For commonly used features, we extracted features from 
highest percentage of use until a biggest drop on the different 
between two adjacent values was found. Those extracted 
features were counted as commonly used features. 

4. For preferred features, we extracted features from highest 
preference values until a biggest drop between two adjacent 
values was found. Those extracted features were counted as 
preferred features. 

 

As illustrated in Table 4.1, 4.2, 4.3, those commonly used features 
are 

• “Articles were classified into different catalog” 

• “Provide facility for jumping back to higher-level” 

• “List of titles in each of the catalog“ 

While those human highly preferred features are 

• “Articles were classified into different catalog” 

• “Provide facility for jumping in between different 
catalog” 

• “Provide facility to jump to next or previous document” 

• “Provide facility for jumping in between different 
document” 

• “List of catalog names together with related titles” 

• “List of all the titles together with text body in each of 
the catalog” 

• “Use symbols to indicate the nature of catalog” 

• “User can email the news to their email A/C” 

• “Allow selection of different language” 

 

Only one out of nine (11%) human preferred features was 
commonly used by content provider and one out of three (33%) 
common features was human preferred. It seems that those 
commonly used features were not the human preferred ones and 
vice versa.  

 

We further explore the difference between common usage and 
human preference by grouping our samples into online, offline, 
list and directory. There are no significant changes on the 
situation. Only the feature, “Articles were classified into different 
catalog”, on directorial presentation was found to be commonly 
used by content providers, and highly preferred by human as well. 
However, other highly preferred features in this group were not 
commonly used by content providers. As for the group of online, 
offline and list, we found that all of the highly preferred features 
were not commonly used by content providers and vice versa. 

 

We carried out the correlation analysis to confirm our findings. As 
shown in Figure 9 and Table 5, there are no significant 
relationships on how common the feature was used and its 
preference value assigned by human in all explored cases. This 
again indicated that common usages of feature do not correlate 
with human preference of the feature.

 

 
 
Figure 9: Preference value of feature against number of content providers using the feature 
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1.1  Dimension of analysis 

1.2 R
ef. 
# 

All samples Online Offline List Directory 

1 66% 8.50 88% 7.76 61% 7.51 46% 7.02 100% 8.01 

2 58% 6.94 88% 6.84 50% 6.99 54% 6.81 63% 7.11 

3 36% 7.26 81% 7.15 25% 7.35 30% 7.23 63% 7.30 

4 19% 6.36 13% 6.08 20% 6.40 30% 6.36 N/A N/A 

5 16% 7.06 6% 9.00 19% 6.89 12% 8.26 23% 7.85 

6 16% 7.69 31% 6.48 13% 8.44 12% 7.37 23% 7.96 

7 15% 6.94 N/A N/A 19% 6.94 24% 6.94 N/A N/A 

8 15% 7.54 N/A N/A 19% 7.54 6% 7.09 30% 7.69 

9 8% 7.02 13% 7.54 8% 6.81 4% 7.54 17% 6.81 

10 8% 6.82 38% 6.82 N/A N/A 4% 6.83 13% 6.81 

11 6% 7.45 N/A N/A 8% 7.75 2% 8.49 13% 7.56 

12 5% 6.04 N/A N/A 6% 6.04 6% 7.13 3% 2.76 

13 4% 7.26 N/A N/A 5% 7.53 2% 6.57 7% 8.01 

14 3% 7.37 N/A N/A 3% 7.37 N/A N/A 7% 7.37 

15 3% 4.57 N/A N/A 3% 4.57 4% 4.57 N/A N/A 

16 3% 8.26 N/A N/A 3% 8.26 4% 8.26 N/A N/A 

17 3% 7.19 N/A N/A 3% 7.19 N/A N/A 7% 7.19 

18 3% 8.50 6% 8.50 N/A N/A 4% 8.50 N/A N/A 

19 2% 7.33 6% 7.33 N/A N/A 4% 7.33 N/A N/A 

20 2% 7.93 N/A N/A 2% 7.93 N/A N/A 3% 7.93 

21 2% 7.00 6% 7.00 N/A N/A 4% 7.00 N/A N/A 

22 2% 8.50 6% 8.50 N/A N/A 4% 8.50 N/A N/A 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.1: Generality of use and human preference on features 
• First column of each dimension refers to percentage of content providers providing the 

feature. The percentage does not accumulate to 100% as one content provider may provide 
more than one features. 

• Second column of each dimension refers to average preference value of content providers 
in the group that come with the feature. 
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1.3 Reference number 1.4 Feature 
1 Articles were classified into different catalog 

2 Provide facility for jumping back to higher-level 

3 List of titles in each of the catalog  

4 List of all the titles 

5 Provide facility for jumping in between different catalog 

6 Provide facility to jump to next or previous document  

7 List of all the titles together with abstract 

8 List of titles together with abstract in each of the catalog 

9 Provide path of navigation      

10 Provide page break for long document     

11 List of catalog names together with related titles  

12 Use symbols to indicate the nature of link    

13 Use symbols to indicate the nature of catalog 

14 Allow user to construct his customized layout 

15 List of all the titles together with text body    

16 Provide facility for jumping in between different document  

17 Provide related graphic in text body  

18 Allow selection of different language 

19 Keyword search on news 

20 List of all the titles together with text body in each catalog  

21 Show titles in the catalog one by one  

22 User can email the news to their email A/C  

 

 

 

Dimension of analysis  
All samples Online Offline List Directory 

Total Number of content provider  80 16 64 50 30 

 

 

 

                           Method of analysis 

Cases explored 

Sample correlation 
coefficient  

Percentage of samples accounted by linear relationship in 
terms of preference value and number of content 
providers 

All Samples 0.096 0.93 % 

List            0.382 14.59% 

Directory 0.483 23.32% 

Online 0.073 0.54% 

Offline 0.000 0.00% 

 

 

 

 

 
 

Table 5: Correlation on average preference value of a feature and number of content providers using that 
feature across five dimensions of analysis. Data on this table correspond to those in Figure 9. 

Table 4.2 : Features found against reference number 

Table 4.3 : Number of content provider explored in each of the five dimension 
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4. Conclusion and Caveat 
 
This survey was carried out to explore the impact of user 
preferences on user interface design for mobile access. Our 
preliminary results indicate that human preferences on mobile 
access strategy as well as interface features differ from those 
commonly used by content providers on the market. That may be 
one of the reasons why many mobile Internet systems give a poor 
user experience. It was found that people would much prefer 
hierarchical presentation than list while most mobile content 
providers present information as lists. Accessing information with 
a long list in a small screen seems to be ineffective and difficult. 
This findings suggest that more work needs to be done on 
understanding user preferences on mobile information access and 
exploring access methodologies fitting to people’s preferences. In 
our ongoing works, we are in the process of determining factors 
that govern the quality of user interface design for mobile 
information access and looking at how these factors should 
govern the automatic construction of concept hierarchy for wider 
user acceptance.  
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ABSTRACT 
In this paper, we describe an ontology for the content in the iMode 
service, which can be used in a metasearch system. It is based on 
the Dublin Core standard, and uses RDF as its base format. 

Categories and Subject Descriptors 
Standards Proposal (4) based on Research in Progress (2). C.2.0 
[Computer Communication Networks]: General---data 
communications. 

General Terms 
Design, Standardization, Languages. 

Keywords 
Content, Search, Ontologies, Web Architecture, Content 
Description, Vocabulary, XML, RDF, Dublin Core, iMode. 

1. INTRODUCTION 
One of the most popular applications of the Internet is search 
engines. As Internet applications are moved to mobile systems, 
they will be confronted with some of the problems which are 
endemic to the mobile environment. These include disconnections, 
long latencies, low bandwidth, and the possibility of adhoc 
generation and consumption of data. Our experience of the mobile 
Internet is primarily based on the tremendously popular iMode 
service, which is run by NTT DoCoMo, one of the partners in this 
paper. [IMODE] 
In addition, the mobile environment presents a search engine which 
is based on a centralized index with the problem that it will have 
enormous problems in creating this index updated, once the content 
starts to be distributed. Not only can addresses conceivably change 
frequently, but also the problem of keeping one central point 
updated will be severely aggravated in a mobile network. Instead, 
we propose a model, which enables distributed updates, albeit of a 
coarser description of the data. 
Search engines also have large problems when it comes to handling 
non-textual information. The well-known mechanisms for 
generating and managing indices do not work for multimedia files. 
Efforts such as MPEG-7 go some way towards addressing this, but 
what would be desirable would be to enable the user to do searches 
on entire datasets, irrespective of the object type. 
[MPEG7][RAGGETT] 
However, non-textual information is extremely popular in the 
mobile Internet. A simple use case is teenage girls searching for 
information about their favorite pop group. This information is not 
necessarily the songs, but may be home pages, ticket hotlines, or 
other information unrelated as to type. [IMODE] 

2. ONTOLOGIES 

2.1 Introduction about ontologies 
To enable searches for non-textual information, or information 
which relate to the same topic but use different languages and 
vocabularies, a metadata description is needed. Metadata is data 
about data, and express the facts about an object using an ontology. 
An ontology is a controlled vocabulary in a format that inherently 
expresses the relationships between the ontology terms. [HJELM] 

Several metadata standards, such as Dublin Core [DC], CIDF 
[CIDF], MusicBrainz [MB], MPEG7 [MPEG7], CC/PP 
[KLYNE][WAG], and so on, have been developed and widely used 
for various purposes and domains. One of the successful examples 
of a metadata-based information services is PictureAustralia [PA], 
an information search service that helps users search for pictures 
using metadata element set of Dublin Core standard. 
Looking at the iMode system - the most successful mobile Internet 
system to date, and the one that is deployed in a consumer context - 
we have devised an ontology, which enables this kind of searches. 

2.2 Introduction about RDF 
To express the relationship between the controlled terms of the 
ontologies, and to make these terms machine-readable, it is 
necessary to use a structured data format that enables the 
expression of relations. One such format, and the one we have 
used, is the Resource Description Framework of the W3C. 
[LASSILA][RDF] 
RDF can express semantic relationship between related metadata 
elements and resources by machine-understandable and scalable 
data format, which makes metadata shared, integrated, and 
processed by automated tools across various applications. Fully 
taking advantage of such machine-understandable metadata will 
greatly improve the speed and accuracy of information 
searching. Further, RDF-format metadata makes it possible to find 
some potential semantic relationship between some particular 
resources on the Web through some reasoning mechanism. 
So far, it seems there is no a real complete RDF-model metadata 
schema of Dublin Core. In order to realize the dream of semantic 
web, it is essential to develop a complete and RDF-model DC 
metadata schema for machine-readable and machine processable 
purpose. [DC] 

2.3 Introduction about Dublin Core 
The original objective of Dublin Core Metadata standard was 
focused on resource discovery of digital libraries. But, now the 
view of Dublin Core Metadata standard has been extended to 
almost all areas, such as digital libraries, internet education, 
electronic government, geographic information, and so on. [DC] 
With an addition of the DCMI Type Vocabulary (elements), the 
Dublin Core Metadata standard has been extended from originally 
describing catalogue of library towards more conveniently 
describing multimedia information on the Web, including Image, 
Sound, Service, Software and so on. 
The latest version of Dublin Core Metadata Element Set is 1.1 
issued on July 2, 2000. The document defines15 core metadata 
elements of DC from the following four items: Name, Identifier, 
Definition and Comment. So far, 15 core metadata has been fixed. 
But it is allowed to add some extensive metadata elements based on 
the 15 core metadata in order to meet the requirements of 
respective metadata-based search systems for some specific 
domains. 
The specification of Dublin Core Qualifiers was issued on July 11, 
2000. The document defines two groups of additional elements as 
qualifier for the 15 core elements of DC as follows: 
1) Element Refinement Qualifier: These qualifiers make the 
meaning of an element narrower or more  specific. 
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2) Encoding Scheme Qualifier: These qualifiers identify schemes 
that aid in the interpretation of an element value. 
In addition to the above two kinds of qualifier, a Encoding 
Schemes for Resource Type that includes 9 elements are also 
defined in the spec of DC Qualifiers. 
The Dublin Core Qualifiers were defined and are used with the 
Dumb-Down Principle, that is, a client should be able to ignore any 
qualifier and use the description as if it were unqualified. While 
this may result in some loss of specificity, the remaining element 

value (without the qualifier) should continue to be generally correct 
and useful for resource discovery. 
The Dublin Core Metadata Element Set can be represented in many 
syntax formats, such as HTML, XML, RDF and so on. The 
document supplies a guide about how to create metadata with 
RDF/XML. 
In expressing DC Elements correspond to RDF properties, for 
Unqualified DC, a Hedgehog model is shown; and for Qualified 
DC, an example with declaration of “subPropertyOf “ like 
<rdf:Description about="http://purl.org/dc/terms/abstract"> 
<rdfs:subPropertyOf 
rdf:resource="http://purl.org/dc/elements/1.1/description"/> 
</rdf:Description> 
is given out. 

3. AN ONTOLOGY FOR iMODE 
In order to realize automatic validation of metadata file and to 
develop authoring tool of metadata, it is essential to define the 
semantics of the metadata element set. In the following, we are 
discussing the DoCoMo-Ericsson (DE) Metadata Elements Set, 
which describes content in iMode. It involves classes, the 
properties that apply to those classes, and the hierarchical relations 
between classes and properties, as well as some constraints on the 

property values. As an example, we here give a simple data model 
(figure 1) that shows the hierarchical relations between Classes 
(e.g. “Content” and its sub-classes “MusicContent” and 
“iAppliContent”) as well as Properties (e.g. “creator” and its sub-
properties “singer” and “programmer”). 
*Note: we recommend to code metadata with RDF but it is not 
limited to do that with other ways, such as XML. 
 

 
Figure 1. Outline of the Metadata Element Set Construction 
A key point for widespread use of Web-based metadata system – 
for the fixed, as well as for the mobile Internet - lies in its 
international standardization and global adaptability. On the other 
hand, it is also necessary to create some more detailed metadata to 
meet the requirements of describing some particular features of 
multimedia contents on the i-mode information service system. 
Based on the above considerations, we design the metadata schema 
from two levels. Shown in figure 1, the first metadata level is 
called“Basic Metadata” of content. The “Basic Metadata” group 
includes 16 elements that mainly refer to“Dublin Core”, which are 
used to describe basic features of content. 
Different from “Dublin Core”, however, the values of 3 underlined 
Elements (Creator, Device, and Rights) of the basic metadata group 
are defined as “Resources” under which some extensive metadata 
elements (called the second level metadata) to describe detailed 
features of these “Resources” are defined. Therefore, using the 
metadata schema, a user can create metadata about content on the 
Web with a globally adaptable and hierarchical metadata model. 
In order to make the metadata schema easy to be extended, 
maintained, and modified, it is recommended to construct a  
modular metadata schema. Shown in figure 1, the metadata schema 
is classified into 9 classes as follows: “Content” class, 
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“MusicContent” class, “PictureContent” class, “MovieContent” 
class, “IappliContent” class, “MarkupContent” class, “Person” 
class, “Device” class, and “Rights ” class. 
Each class can be implemented with an individual module. The DE 
metadata schema can be built by integrating all these individual-
implemented modules. 
As shown in figure 1, the DE (DoCoMo-Ericsson) Metadata 
Element Set is constructed with 9 different classes. The metadata 
elements are grouped and defined under their related classes. In the 
following sections, in order to define these elements and supply 
users with useful guide, each Metadata Element will be defined 
respectively by 4 items: Element Name, Element Label, Element 
Description, and Controlled Vocabulary. 
*Note: the DE Metadata Element Set is designed to describe (but is 
not limited to) the resources distributed on the i-mode network. 
In order to supply users with flexible and extensible ways to create 
metadata by using DE metadata elements, we here give a sample to 
describe metadata about a picture on the Web, with a hierarchical 
data model as follows: 
<?xml version="1.0"?> 

<rdf:RDF 
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-
syntax-ns#" 
xmlns:DE="http://www.docomo.co.jp/DoCoMo_Eric
sson/DE#"> 

<rdf:Description 
rdf:about="http://www.docomo.ac.jp/Picture/No
00005"> 

<DE:title>SHOUMYOZI Temple</DE:title> 

<DE:subject>Japanese Temple</DE:subject> 

<DE:description>SHOUMYOZI, a very famous 
temple located in Kanazawa-bunko, Kanagawa, 

Japan.</DE:description> 

<DE:date>2001-08-06</DE:date> 

<DE:creator> 

<rdf:Description 
about="http://www.ericsson.se/zhong"> 

<DE:name>Zhong</DE:name> 

<DE:tel>81-468-47-5221</DE:tel> 

<DE:homepage>http://www.ericsson.se/zhong</DE
:homepage> 

</rdf:Description> 

</DE:creator> 

<DE:device> 

<rdf:Description about="DeviceProfile@i-
Mode"> 

<DE:deviceType>i-mode503</DE:deviceType> 

<DE:screenSize>640x400</DE:screenSize> 

<DE:colorCapable>16bit</DE:colorCapable> 

</rdf:Description> 

</DE:device> 

<DE:rights> 

<rdf:Description 
about="http://copyright.DoCoMo.co.jp"> 

<DE:centerId>Tokyo_001</DE:centerId> 

<DE:contentId>Photo_123456</DE:contentId> 

</rdf:Description> 

</DE:rights> 

</rdf:Description> 

</rdf:RDF> 

3.1 Requirements on a metadata 
ontology for mobile content 

During the course of the work, we have arrived at several 
requirements, which need to be applied to an ontology for mobile 
metadata. 
We have already made the case for an ontology based on 
standards. Re-using well-known elements and formats will enable 
simpler design and facilitate deployment greatly. 
Flexibility means that the metadata schema can supply various 
options to create metadata adapted for various use cases. For 
example, a user can create a complete metadata about his/her 
multimedia work by himself/herself, which includes all aspects of 
metadata; or the user can only create a separate basic metadata 
about the content itself while the other aspects of the metadata, 
such as the metadata about the copyright of the content and the 
metadata about network feature, can be automatically generated by 
some agent of the system. 
Extensibility means that the metadata schema can be extensible 
towards future requirements. For example, at the first step when the 
search engine supplies basic metadata search service (the basic 
metadata means metadata about the content itself) only the basic 
metadata is necessary with the system. But in the future, when the 
metadata search service is extended to supplying not only basic 
metadata but also the metadata about the copyright of the content as 
well as the metadata about network features, by some specially 
defined elements the basic metadata should be able to be connected 
to such additional metadata that may be stored in some centralized 
agent or proxy server. 
The ontology also has to enable simple management and data 
creation. In our system, the users are both the metadata creators, 
who create metadata with each multimedia content and the client 
users, who search for content by metadata. In case of metadata 
creator, while he/she creates a multimedia content (including plain 
text and audio-video work) he/she also attaches a metadata to the 
content to describe it by using some related metadata elements. In 
case of the client user, when he/she searches for information 
usually he/she will type some search keywords to match the 
related vocabulary of metadata schema. So, user-oriented 
operability here means both things: a metadata creator can create 
metadata in a simple way and, on the other hand, the elements and 
vocabulary used in a search engine should be easy to understand by 
a client user when he/she searches for information by related search 
keywords. 

4. CONCLUSION 
In summary, we believe that metasearches leveraging a peer-to-
peer environment solves a number of problems that search engines 
would have in handling mobility. Creating an ontology to describe 
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content enables metasearches, which speeds up searches and 
facilitates identification by keywords. 
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Abstract
The availability of technologies that enable mobile access to data has brought great expectations that

users would be able to access information, entertainment and e-commerce any time, anywhere. However,
the existing Web infrastructure and content were designed for desktop computers and are not well-suited
for other types of accesses, e.g., devices that have less processing power and memory, small screens, and
limited input facilities, or through wireless data networks with low bandwidth and high latency. Thus,
there is a growing need for techniques that provide alternative means to access Web content and services,
be it the ability to browse the Web through a wireless PDA or smart phone, or hands-free access through
voice interfaces. In this paper, we discuss issues involved in providing ubiquitous access to Web data.
We present techniques and systems for building wrappers that address these issues, and discuss their
features and limitations in different application scenarios.

1 Introduction

The ability to access the Web anytime, anywhere, and from any device is a fascinating prospect. However,
the existing Web infrastructure and content were designed for desktop computers and are not well-suited
for other types of accesses, e.g., devices that have less processing power and memory, small screens, and
limited input facilities, or through wireless data networks with low bandwidth and high latency. Thus, there
is a growing need for techniques that provide alternative means to access Web content and services, be it
the ability to browse the Web through a wireless PDA or smart phone, or hands-free access through voice
interfaces.

Example 1.1 (Pricing Airfare) Consider the following scenario. Juliana plans to attend the WWW2002
conference and she is looking for flights from Newark Airport to Honolulu that leave from Newark on May
3rd and return on May 12th. From her desktop, she goes to www.travelocity.com and in a couple of
minutes, after navigating through 4 pages, and having 400 Kb of data transferred, a page with the list of
nine flights (as well as ads and additional navigational information) is displayed. Now, assume Juliana is
away from the office and trying to access Travelocity using her Palm Pilot connected to the Internet through
a wireless modem (whose effective throughput rates that vary from 5-6 kbps up to 12-13 kbps). She starts
the Palm Web Clipper version 3.2 and inputs the Travelocity URL. It takes a few minutes just to retrieve
the initial page, and to view the full page on the 160x160 pixel, she must scroll down 16 times. Besides the
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Phone Palm Pilot Typical Laptop
screen size N/A 160x160 (6x6cm) 1024x768 (14”)
bandwidth N/A 5-19kbps 56kbs
input/output keypad and voice/voice Grafitti/subset of HTML keyboard/HTML,XML,voice
processor N/A 16-20Mhz 1GHz
memory N/A 8MB 500MB

Figure 1: Device Capabilities

high latencies inherent to wireless networks, additional delays are incurred for transcoding the content into
a format that can be displayed on the Palm browser. Since transcoding is a rather complex task and very
error-prone, it is not surprising that Juliana was not able to access the flight list, in fact, she was not able to
go beyond the login page: the submit button was not active and could not be clicked on.

2

Whereas there have been many promises and expectations for the ubiquitous Web, the dream has yet to
materialize. The Web is just too complex and does not really scale well to the wide variety of Web-enabled
devices that have widely different screen sizes, network connections, input and output, processors, etc. (See
Figure 1.)

Web developers are faced with numerous decisions to make content available to diverse devices. There
are different approaches and each of them has benefits and drawbacks depending on application require-
ments. In terms of user experience, the best possible strategy is to design device-specific interfaces. Some
content providers have adopted this approach, for example: The New York Times has a palm-friendly sec-
tion [14]; Amazon provides a specialized interface for Web-enabled phones, as well as for the Palm VII [1];
and various other Web sites now have mobile phone-friendly versions (see [17] for a list such sites). How-
ever, from a content-provider’s point of view, creating maintaining multiple versions of an application can
be expensive. Systems and standards have been proposed which try to mitigate the maintenance costs. SISL
(Several Interfaces, Single Logic) [4] is an architecture and domain-specific language for structuring ser-
vices with multiple user interfaces. By separating the logic and presentation aspects of an application, SISL
creates a single specification for an application from which multiple interfaces can be automatically derived
that are suitable for different devices. The W3C CC/PP (Composite Capability/Preference Profiles) work-
group is developing standards for content negotiation that include profiles that describe users’ preferences
and device capabilities, content annotations and rules for adapting content to the capabilities and prefer-
ences of the user. Even though these proposals may lead to a cost-effective solution for designing new sites,
adapting existing sites can be prohibitively expensive, as many changes may be required or even a complete
re-design.

Transcoding proxies and wrappers offer an alternative to export different views of a Web page or service
that does not require changes to the Web sites. Transcoding proxies [15, 8, 9] perform on-the-fly content
adaptation, and in theory, they are a good general solution for allowing users to browse any Web site from
any device. For example, since browsers on the Palm do not fully support HTML and are not able to display
GIF or JPEG images, a Palm proxy must translate pages into the supported subset of HTML and images into
bitmaps supported by the browser. In practice, however, proxies have significant limitations. Since these
transcoders must handle any content and present Web pages as faithfully as possible, they do not perform
any personalization and may generate content that is not well suited for a particular device. Besides, some
features present in HTML pages are hard or even impossible to translate (e.g., client-side script) and it is not
unusual that proxies fail to properly transcode complex pages, or even simple, but badly designed pages.
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Specialized Web wrappers, on the other hand, can be used to to create different views of Web sites
and services that, unlike general proxies, can be both personalized and customized to specific devices [12,
11]. Web wrappers perform two important tasks: access – retrieve a particular page (or set of pages);
and extraction – extract specific elements (or clippings) from the retrieved pages. Although the Web was
designed for human interaction, by automating navigation and performing customized extraction, wrappers
give applications control over the retrieval of pages and allow them to more effectively process Web content.
Consider the scenario described in Example 1.1. A wrapper can be created that provides a shortcut to the
flight list page and extracts from that page just the list of flights – in effect, giving the user a one-click access
to the flight list. In fact, as we discuss below, wrappers can be used to export different parameterizable views
of Web sites that are better suited to be accessed from different terminals.

Figure 2: Accessing Web content through customized wrappers

The benefits of Web wrappers go beyond simplified interaction. As Figure 2 illustrates, the wrapper
can executed at a server (with a fast connection to the Internet) greatly improving response times: ignoring
latencies, downloading the 400kb required to access the flight list from Travelocity takes anywhere between
240 and 600 secs over CDPD 1, whereas from desktop computer connected to the Internet through a cable
modem the transfer would take less than 5 seconds. In addition, transcoding is greatly simplified: instead of
transcoding each page, only subset of the final page needs transcoding.

Wrappers thus offer an attractive alternative to deliver Web content to diverse devices. There are however
many challenges involved in building an effective wrapper-based solution, most notably: scalability and
robustness. If many different wrappers need to be created, the process to create and maintain these must be
simple, and this is specially hard to attain as Web sites become increasingly complex. In addition, wrappers
should be robust to common changes to Web sites, or at least degrade gracefully as sites evolve.

In this paper we give an overview of Web wrappers and how they can be used to provide ubiquitous
access to Web content. We discuss different approaches to wrapper creation, their features and limitations.
Note that it is not our intent to provide an exhaustive survey of the area, instead we focus on key issues and
solutions. The structure of the paper is as follows. We start in Section 2 we give an overview of wrappers

1CDPD [6] is a wireless IP network that overlays on the existing AMPS (analog) cellular infrastructure.
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import Str;

var P = PostURL("http://people.yahoo.com/py/psPhoneSearch.py?Pyt=Tps&YY=2898",
[. FirstName="John", LastName="Smith".]);

PrintLn(P);

Figure 3: WebL program to looks up e-mail addresses Yahoo!

and the main issues involved in creating wrappers. In Section 3 we describe a wrapper-based architecture
for content delivery and some important features that should be supported by a wrapper API. The interaction
between wrappers and transcoding is discussed in Section 4. We conclude with a discussion in Section 5.

2 Web Wrappers

Web wrappers automate the retrieval of Web pages and the extraction of components or information from
retrieved pages – they encapsulate the actions required to retrieve a particular page, along with the specifi-
cation of which elements should be extracted from the retrieved page. Given the growing trend of creating
interactive and dynamic Web sites that publish data on demand, retrieving information from the Web is be-
coming increasingly complicated for humans, and even more so for wrappers. In what follows, we give an
overview of techniques to create access and extraction wrappers.

2.1 Automating Navigation

The task of an access wrapper can be as simple as issuing an HTTP GET to retrieve a document. However,
Web sites have become quite complex. From online classified ads to banks, many sites require users to fill
out a sequence of forms and/or follow a sequence of links to access a particular page. Often, these pages do
not have a well-defined URL. For example, below is the URL of the flight list in Travelocity:

http://dps1.travelocity.com/airgchoice.ctl?
SEQ=101915357256042704182002&LANG=EN

If an HTTP GET is issued for this URL, a page is returned with an error message. Thus, in order to retrieve
hard-to-reach pages such as the flight list in Travelocity, wrappers must mimic a user’s actions, and execute
a sequence of navigation steps. There are different alternatives to create access wrappers. Programs may be
written in Java, Perl or more specialized languages such as WebL [13]. Figure 3 shows a WebL program
that looks up phones and addresses on the Yahoo People service.2

Writing these programs is a non-trivial task and requires programmer to closely inspect the HTML.
If client-side scripts (e.g., Javascript) are used, the programmer must also understand the logic behind the
scripts. For example, if a site uses Javascript to process the values input in forms before they are submitted
(e.g., change all inputs to upper case), the wrapper must replicate this processing – otherwise, form submis-
sion may fail. In addition, details normally handled by browsers (e.g., cookies) must be explicitly handled
by these programs.

When complex (multi-step) navigation is required, problems are compounded, especially in the presence
of dynamically generated pages. Because pages may change between the time a wrapper is created and
its execution, wrappers must identify at each point during navigation, the correct action to execute. For
example, the wrapper in Figure 3 returns a page with a list of links to people’s names, their addresses and

2This example was modified from a sample from http://research.compaq.com/SRC/WebL.
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<SMB>
<URL>http://people.yahoo.com/</URL>
<FORM>

<action>http://phone.people.yahoo.com/
py/psPhoneSearch.py</action>

<ACTIONweight>25</ACTIONweight>
<encoding>undefined</encoding>
<ENCODINGweight>25</ENCODINGweight>
<method>get</method>
<METHODweight>25</METHODweight>
<name></name>
<NAMEweight>25</NAMEweight>
<target></target>
<TARGETweight>25</TARGETweight>
<dom>opener.document.forms[0]</dom>
<DOMweight>25</DOMweight>
<property>use_stored_value</property>
<ELEMENTS>
<ELEMENT>

<name>FirstName</name>
<type>text</type>
<property>use_stored_value</property>
<required>true</required>
<value>john </value>

</ELEMENT>
<ELEMENT>

<name>LastName</name>
<type>text</type>
<property>use_stored_value</property>
<required>true</required>
<value>smith</value>

</ELEMENT>
<ELEMENT>

<name>City</name>
<type>text</type>
<property>use_stored_value</property>

<required>true</required>
<value></value>

</ELEMENT>
<ELEMENT>

<name>State</name>
<type>text</type>
<property>use_stored_value</property>
<required>true</required>
<value></value>

</ELEMENT>
<ELEMENT>

<name></name>
<type>reset</type>
<property>use_stored_value</property>
<required>true</required>
<value>Reset</value>

</ELEMENT>
</ELEMENTS>

</FORM>
<LINK>
<text>Adam John Smith</text>
<TEXTweight>0</TEXTweight>
<href>http://phone.people.yahoo.com/py/

psPhoneEntry.py?firstname=Adam+John
&lastname=Smith&street=12305+Lorien+Way
&city=Oklahoma+City&state=OK
&zip=73170-4724&phone=4056910981

</href>
<HREFweight>0</HREFweight>
<target>null</target>
<TARGETweight>0</TARGETweight>
<dom>opener.document.links[17]</dom>
<DOMweight>100</DOMweight>

</LINK>
</SMB>

Figure 4: SmartBookmark generated by the WebVCR to looks up e-mail addresses at Yahoo!

phone numbers. Suppose we want to extend this wrapper to follow the link to the first person in the list.
Note that every time the script is executed for a different query, a different set of names will be returned.
For example, for the “John Smith” query, the first link in the list is:

TEXT: Adam John Smith
URL: http://phone.people.yahoo.com/py/psPhoneEntry.py?firstname=Adam+John&lastname=Smith&

street=262+School+St&city=Somerville&state=MA&zip=02145-2836&phone=6176232863

and for the “Mary Smith” query:
TEXT: A Marie Smith
URL: http://phone.people.yahoo.com/py/psPhoneEntry.py?firstname=A+Marie&lastname=Smith&

street=&city=Grass+Valley&state=CA&zip=95945-0000&phone=5302734016

Since names and addresses will be different for the various executions, the script must specify the means
by which the first link in the list will be identified. In this case, it could iterate through the list of links and
return the first link that contains the substring psPhoneEntry.py?firstname.

Due to the complexity involved, writing programs to retrieve Web pages is out of reach for naive Web
users who are not programmers. It is also not a feasible solution for applications which require the creation
of a large number of wrappers. In order to address this problem, in [2] we proposed the WebVCR, a tool
that automates to a large extent the creation of access wrappers. The WebVCR, transparently records a
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user’s actions as she browses through a series of Web pages. The sequence of actions, a SmartBookmark
(SMB), can be saved and automatically replayed at a later time. Figure 4 shows an SMB to lookup people’s
addresses in People Yahoo. It consists of the following steps: go to the Yahoo People service; fill out “John
Smith” in the Telephone Search form; and follow the first link (“Adam John Smith”). Note that an
SMB stores information about each action performed by the user. For example, for links it stores not only
the URL and text, but also the location and target. For forms, besides information about the actual form (e.g.,
form name, action, etc.) it stores information about each of the form’s elements. When a SMB bookmark
is replayed, at each page, the WebVCR tries to identify the action that best matches the recorded action and
executes the selected action – mimicing as closely as possible a user’s actions (e.g., if a Javascript handler
is present in a submit button, it will be executed when the form is submitted).

In order to support different replay semantics, the WebVCR allows the user to control the matching of
steps. One of the techniques used is action weighting – users can assign weights to the different attributes
of links and forms. In the SMB of Figure 4, if we want to ensure that the first link in the list of people is
retrieved, we can give 100% weight to the position and 0% to the link’s text. This way, when the WebVCR
is looking for a match, it will select the link in the retrieved page that has the same location and it will
disregard the text. The reader is referred to [10] for more details about the matching algorithms used in the
WebVCR.

Another important feature of the WebVCR is the ability to parameterize SMBs. Users may edit an
SMB and change recorded input values. For example, for the SMB of Figure 4, we could directly edit the
FirstName field and change its value, e.g.,

<name>FirstName</name>
<type>text</type>
<property>use_stored_value</property>
<required>true</required>
<value>mary </value>

During replay, the value mary would be used to fill out the FirstName field in the form. Parameterization
is possible due to the robustness features of SMBs, and their ability to navigate through dynamic pages.

Two issues need to be resolved to support reliable parameterization of wrappers: internal attribute
names that are undescriptive and invalid selections. Consider for example the Book a flight page at Trav-
elocity, where users specify the itinerary details. The internal name for the departure month attribute is
dep dt mn 1, which can be hard to identify. Also month values must have a specific format, e.g., April
is represented by “Apr”, and if users input “April”, the submission will fail. The WebVCR allows users to
specify mappings from internal names to more descriptive tags of their choice. In addition, extra information
is saved for elements (e.g., all values in a selection list are saved) so that inputs can be checked for validity
(as we discuss in Section 4, this additional information can be very useful for transcoding wrappers). Note
that checking for validity of values is only possible for elements such as selection lists and radio buttons,
where a domain is well-defined – it is not possible for text fields. Thus, even though we can reduce the
likelihood of failures, they cannot be entirely avoided.

It is worth pointing out that parameterization only works reliably for deterministic sites – if there are
different navigation paths for different values (or combination of values) of parameters, it will invariably fail
when an alternate path is taken. For example, in DBLP3 one can search for authors of papers in databases
and logic programming by name. If the name is unambiguous, the result of the search will be a list of all
that author’s papers. But if multiple authors share that name, a list with these authors is displayed. To create
a parameterized wrapper for DBLP, WebVCR would need the ability to express conditional statements.

3http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/index.html
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2.2 Extraction Wrappers

Not only Web navigation but als individual Web pages are becoming increasingly complex. Consider the
main Travelocity page. It has over 1300 lines of HTML, more than 100 links and almost 200 gif images.
It is very hard to interact with such a page on a small device such as a Palm Pilot (one needs to scroll 16
times to view the full page), and for devices such as a Web-enabled mobile phone with a 3-line display, it is
impossible.

Extraction wrappers can be used to extract individual elements in a page that are of interest to a user
(or class of users), effectively filtering out irrelevant information. There are different kinds of extraction
wrappers: some perform coarse-grained extraction, e.g., extract an HTML table from a page; while others
perform finer-grain and more structured extraction, e.g., extract individual records from a table. Figure 5
illustrates the two modes.

(a) Coase-grain

<name_list>
<person>
<name> A Marie Smith <name>
<address> Grass Valley, CA </address>
<phone> (530) 273-4016 </phone>

</person>
<person>
<name> A Mary Smith <name>
<address> 344 Quivera St, Dauphin Is-

land, AL </address>
<phone> (334) 861-6100 </phone>

</person>
...
</name_list>

(b) Fine-grain

Figure 5: Different kinds of extraction

Fine-grained extraction outputs structured information which can be userful for applications that process
the data (e.g., a transcoder). However, this mode of extraction only works reliably for pages where the

7
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information to be extracted has some structure. Many tools are available that perform fine-grained extraction
[3, 5, 16, 13]. For example, W4F [16] defines a declarative language that allows programmers to specify
extraction. LiXto provides a user interface where users can specify the desired extraction by pointing and
clicking on page components – the system then automatically generates a set of rules (a script) to perform
the extraction. For pages where there is no structure, or for which structure is not important, coarse-grained
extraction can be applied. This is the approach we used in the WebViews system [12].

Important issues that must be handled for extraction wrappers include: how to identify elements to
be extracted; how to deal with changes to Web pages. Different systems use different approaches. For
example, LiXto wrappers use DOM addresses which are manipulated by the rules derived by the system.
In WebViews, we use XPath [19] as the mechanism for specifying extraction expressions. XPath views
an XML document as a tree and provides a flexible mechanism for addressing any node in this tree. One
drawback of using XPath is its requirement that pages be well-formed. Since browsers are very forgiving
in this respect, many Web sites generate pages that are ill-formed (e.g., have overlapping tags, missing end
tags, etc.). Consequently, the WebViews system must first clean up HTML pages (e.g., using tools such
as HTML Tidy [18]) before XPath can be applied. Although we considered using the XML DOM API for
specifying extraction expressions, we selected XPath because it allows a more flexible and easier way to
create robust clipping expressions that are immune to minor changes in page structure. DOM addresses
(without storing extra information, or using other heuristics to compensate for page changes) can be very
brittle even to minor layout changes.

Note that extraction wrappers can also be used to customize the presentation of the results to different
devices. In the People Yahoo scenario, different wrappers could be created for different devices, e.g., for
a mobile phone, the wrapper could return the first address; for a Palm, the first three addresses could be
returned; and for a laptop the complete table.

2.3 Correctness and Robustness

Usually, changes to Web pages do not pose problems to a user browsing the Web, but they do present a
challenge to a system that performs automatic navigation. If a wrapper contains references to dynamic
objects, e.g., links that have embedded session ids, and forms which hidden elements that change from one
interaction to the next, during navigation, the wrapper must locate the correct object (link, form or button) to
be operated on, and this can be challenging in the presence of changes to Web pages (e.g., addition/removal
of banner ads). Moreover, any algorithm used to determine the new position of the object on the changed
page must be reasonably fast, since it needs to be executed for every recorded user action. Hence, we cannot
rely on algorithms that require expensive parsing or pattern matching (e.g., [7]). As discussed in [2], during
replay, if an exact match for a navigation action cannot be found in a page, heuristics (and optionally, users’
hints) are an effective means to find the closest match for the action.

Extraction expressions also need to be made robust to changes to Web pages. Consider the following
expressions that extract the first three itineraries at Travelocity:
(1) //html/body/center[2]/div/table[2]/tr/td/table[position()>=3 and position()<=8]

(2) //table/tr/td[(contains(string(),’Price:’) or contains(string(),’Option’)) and
not(descendant::table)]/parent::tr/parent::table[position() >= 1 and position() <= 6]

In the XPath expression (1) above, if the position of the center tag containing the desired tables changes
(e.g., a new preceding sibling center tag appears in the document), the expression will no longer retrieve
the correct tables. Instead of absolute positions of nodes, the specification needs to include other information
that helps the wrapper uniquely identify elements to be extracted, even if the node positions happen to
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change. For instance, the XPath expression (2) specifies tables that contain the “Price” or “Option” string –
this expression would still retrieve the correct itineraries even if new center tags are added.

Even though the heuristics and techniques can be developed to improve robustness [10], in some cases
– if the page structure or navigation sequence changes radically – wrappers will break. Therefore, wrapper
systems must be able to detect and report errors to the client, and ideally the wrappers should be easy to
repair. In the WebVCR, if the system is not able to locate an object involved in a recorded action, it suspends
the replay and notifies the user. The user may then re-record the SMB (to correct the problematic step) before
the corresponding SMB is used again.

3 Delivering Web Clippings

As illustrated in Figure 2, in a thin-client environment, it is advantageous for wrappers to be executed in a
Web server. Since processing (retrieval and extraction) is done in a powerful server with a fast connection to
the Internet, communication between the client and the server is greatly reduced. This feature is especially
useful in wireless environments where users must access the Web through high-latency, low-bandwidth
connections, and through simple devices where some navigation steps (e.g., those involving Javascript) are
impossible to execute. Further, the task of transcoding the content becomes much easier – only a portion of
the final page needs to be transcoded, and none of the intermediate pages.

gateway
Voice

proxy
Palm

proxy
WAP

Applications
Web sites and

HTTP
Web

HTTP
voice

HTTP/

HTTP

Create and upload wrapper 

WML
WAP/

Proxi

HTML

Wrapper Server

Figure 6: Wrapper-based content delivery architecture

By placing wrappers in a Web server, users may access them through virtually any browser. Figure 6
shows a general wrapper-based architecture for content delivery to diverse devices. Note that a wrapper
server can be used in conjunction with gateways that perform protocol conversion to and from HTTP, as
well as the necessary transcoding of content retrieved by the wrapper, e.g., a WAP proxy to allow access
to WAP-enabled devices, a Voice gateway to enable voice access to Web content, and even specialized
gateways such as a Palm proxy.

Some useful features of a wrapper API include:

� The ability to specify values for parameterized wrappers, e.g., the password to access a bank account.

� Specify the mode of delivery, pull or push.
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� Specify whether the results of a wrapper should be cached and how often it should be refreshed.

Given the Web’s unpredictable behavior (network delays, unreachable sites, etc.), caching plays an im-
portant role in that it gives users instant access to information. Users should be able specify for each wrapper,
if and how often it should be executed and cached (e.g., execute the Travelocity SMB every 24 hours, and
cache the itineraries). In addition, users may also specify how they want the wrapper to be delivered. In
pull mode, the URL invokes a CGI script at the server, which in turn executes the wrapped specification and
immediately returns the clipped content to the requesting client. In push mode, the execution and delivery of
the wrapper are asynchronous, i.e., the wrapper can be returned to the client later, possibly through protocols
other than HTTP (e.g., clippings could be emailed). Push mode is preferable when back-end Web sites are
slow or temporarily unreachable, or when the end user cannot or does not want to keep a session open for
too long. (Some wireless data services, such as Sprint PCS, charge for usage time.)

4 Transcoding

By simplifying the content retrieval process, and filtering out uninteresting components of Web pages, a
wrapper-based architecture for content delivery can greatly simplify transcoding and render the desired
information in far more user-friendly manner than general transcoders can. Whereas a loosely-coupled
approach is possible where generic transcoders process the content output by a wrapper, the transcoding
functionality can also be incorporated into the wrapper server, with the added advantage that the user can
now annotate a wrapper and supply extra information that can be used in the transcoding process to produce
better quality content.

Consider for example transcoding information in an HTML table into voice. A table may be organized
row-wise, column-wise, or neither (e.g., being used simply for layout) – and each requires substantially
different transcoding. For instance, if the table of interest in Figure 5(a) is treated as being there simply for
layout, the transcoded voice would be partially incomprehensible—something like: “Showing 1 -10 of 200
First Previous Next Last...”. The knowledge that Name, Address and Phone are columns to transcode and
that the table is laid out row-wise allows the transcoder to pair headers and values together and to eliminate
uninteresting data.

Also, information may be available in the wrapper specification that can aid in transcoding. For example,
SMBs store the list of acceptable choices about entities like radio buttons and pull-down lists. Not only
does this information allow the system to prevent bad user-input, it also makes it possible to transcode the
parameterized data in a more convenient form. If such a form needs to be read out to a user, rather than
reading out each possible value with an associated number and having the user enter that number by voice
or touchtone, the system can generate a grammar that accepts the legitimate choices. The lists are generally
small enough that voice recognition will work reasonably well. For example, when giving a user the choice
to enter the name of a state, allowing the user to say “WV” immediately is far more convenient than asking
her to wait to hear and respond to “47 WV”.

5 Discussion

We have given an overview of Web wrappers and discussed how they can be used to provide ubiquitous
access to Web content. Wrapper-based solutions to content delivery can be used in many different scenarios:

� ISP/WSP: ISPs and WSPs may create wrappers that give their users personalized access to content
published by a third-party content provider;
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Figure 7: Signing up for Yahoo! mail

� End-user: an end-user may create her personal wrappers;

� Content provider: content providers such as CNN and Yahoo! may provide wrappers that give cus-
tomized access over their content;

� Enterprise: an enterprise may create wrappers that export device-specific views for some intranet
services.

These different application scenarios have different requirements and directly impact the choice of tech-
niques for creating access and extraction wrappers. For example, since in the ISP/WSP scenario wrappers
are created over third-party content that change constantly, wrapper robustness is critical. In contrast, ro-
bustness is less important in an Enterprise scenario, where wrappers are built over proprietary and often
more stable (and static) content.

Wrappers, however, are not a panacea. Although they offer a good alternative to export some Web
content to diverse devices, they are not the final answer to the ubiquitous Web problem. Since, in general,
wrappers are not guaranteed to work, using wrappers for important transactions (e.g., for writing checks or
performing bank transfers) is not a good idea. In addition, even though solutions exist to wrap complex Web
sites, sites – sometimes intentionally – make it virtually impossible to automate access to their content. A
good example is Yahoo Mail. In order to sign up for a new Yahoo mail account, the user is forced to read a
distorted string (see Figure 7) and type the string into a form field – a true wrapper stopper!
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ABSTRACT 1. INTRODUCTION  
 We investigate the importance of focused search for mobile web-

based services. Focused search aims at delivering only those 
query results to a mobile client that are best matches wrt. the cur-
rent location, situation and individual preferences of the mobile 
user. Our approach is characterized by an intuitive and powerful 
notion of preferences, which are modeled as strict partial orders 
under a �I like A better than B� semantics. The underlying theory 
of preferences, their implementation and integration into data-
bases and Internet services has been investigated for several years 
within the research program Preference World at the University 
of Augsburg. For the scope of this paper we discuss some of its 
results with special attention to the topic of mobile search and we 
will outline ongoing research work. In particular we demonstrate 
how to do preference engineering for focused search applying the 
database query languages Preference SQL and Preference Xpath. 
The performance aspects of mobile services are addressed by 
architectural considerations and by a novel algorithm called SR-
Combine for efficient top-k search. We show how techniques for 
progressive delivery, which change the delivery order preferring 
most relevant document parts within a given level of detail, can 
improve mobile search. Moreover, advanced personalization in 
mobile services will require to pay an even closer attention to the 
key notion of preferences, taking cognitive modeling aspects into 
account. In summary we claim that careful preference modeling 
and efficient preference-based queries are crucial for the success 
of mobile search and personalized mobile services. 

Appropriate focused search capabilities are an essential problem 
when designing mobile services. Due to low bandwidths and 
small display sizes, it is reasonable to return only a few result 
objects. However, these should have a high precision, because 
discarding irrelevant result objects using mobile devices is a very 
tedious task. To avoid the flooding of users with irrelevant ob-
jects, the paradigm of top-k querying has proven to be a valuable 
feature in today�s applications. Users specify the number k of 
objects to return and get only the k best matching objects from the 
application. However, this requires a cooperative answer behav-
ior [1] delivering the best matching objects only, even if no exact 
matching objects were found. Thus also the well-known �empty 
result effect� can be avoided.  
But of course the problem is how to determine the best matching 
objects with respect to a user�s intuitive notion of relevance. For 
this problem we propose a new preference-based retrieval 
model that allows users to specify their queries in a qualitative 
and thus intuitive manner. Recently preferences are catching 
wide-spread attention in the software community, in particular in 
terms of personalization for B2C or B2B e-services. Here espe-
cially user profiles, location-based information and domain 
knowledge are integrated into the query process.  
After some best-matching objects have been determined effi-
ciently, they have to be delivered to the user. For this task appro-
priate service architectures for a variety of mobile clients have 
to be implemented using efficient components for querying, ag-
gregating information and delivering the result documents. Espe-
cially for online information services, a progressive delivery of 
documents with media types specifically adapted for each client 
device�s capabilities is desirable. We will show how to design a 
delivery component that automatically adapts digital content in 
generic XML formats for a suitable delivery to a variety of client 
devices. Finally we will focus on techniques for advanced person-
alization and investigate some factors having a strong influence 
on the search process. 

Categories and Subject Descriptors 
H.3.3 [Information Systems]: Information search and retrieval � 
retrieval models, query formulation, search process.  

General Terms 
Management, Performance, Design, Human Factors. 

Keywords 
Personalized Mobile Access, User Profiling, Cooperative Data-
bases, Preference SQL, Preference Engineering, Preference 
XPATH, Focused Search. 

 

2. PREFERENCE ENGINEERING FOR 
FOCUSED SEARCH 

 

 
 
Generally speaking personalized searches show different facets: 
There is the �exact world�, where user wishes can be satisfied 
completely or not at all. Database queries in this context are char-
acterized by hard constraints, delivering only objects exactly 
matching the constraints, otherwise rejecting the user�s request. 
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But in real world applications personal preferences have to be 
understood in the sense of wishes. However, there is no guarantee 
that wishes can be satisfied at all times. In case of failure for a 
perfect match people are usually prepared to accept worse alterna-
tives or compromises. This is true in particular for mobile situa-
tions, where a decision should be made rather quickly, e.g. think 
of a mobile restaurant search. 
A careful examination of the nature of preferences in the real 
world reveals that they share a fundamental common principle 
[2]. It turns out that people express their wishes frequently in 
terms like �I like A better than B�. This kind of preference mod-
eling is universally applied and intuitively understood by every-
body. Thinking of preferences in terms of �better-than� has a very 
natural counterpart in mathematics: a preference can be formu-
lated as strict partial order on a set of attribute names with an 
associated domain of values, which figuratively speaking is the 
�realm of wishes�. Recently, [16] has been advocating a similar 
approach towards preference modeling. 
But before we study a few examples, let us look at  the unsatisfy-
ing state of the art: In today�s e-services too often no or no rea-
sonable answer is returned, though one has tried hard completing 
query forms to match one�s personal preferences closely. Espe-
cially in mobile services including PDAs, WAP or i-mode phones 
the case of repeatedly receiving empty query results turns out to 
be extremely disappointing to the user, because it is not only tedi-
ous to reformulate a query several times, but also mobile services 
costs are often charged with respect to time.  
Now consider a typical query in e-commerce applications: 
Example1: 
Get the best offers for compact hi-fi systems including a CD 
player in a price range of 100 to 115$. 

 

 
 

Figure 1: Using a Preference SQL WAP service 

 
Figure 1 shows a result delivered via a WAP gateway by a search 
engine based on Preference SQL [3]. Preference SQL implements 
a Best Matches Only (BMO) query model, which is obviously an 
appealing choice for e-services, especially for mobile search: The 
first query delivers already the best possible results only. In our 
case a perfect match to the user query was not available. But in-
stead of delivering the empty result or an excess of irrelevant hits, 
Preference SQL returns only the best matching alternatives as 
shown above. Clearly such a behavior is preferable over other 

widespread ad hoc approaches to focused search like e.g. para-
metric search. 
In general decisions are not based on a single preference, but on a 
complex combination of preferences. Let us consider another 
application example: 
Example 2: 
An insurance company is storing their letters, e-mails, contracts 
and related documents on a central server. At each damage event 
the person in charge wants to know about recent similar cases or 
the same persons involved in different cases. Thus a query has to 
be performed like: �Give me the top cases preferably recently 
with most similar kinds and costs of damages and same people 
involved.�  
In this typical example we can already identify four basic prefer-
ences (kind, costs, people, time) and rank documents by their 
relevance towards these issues. This ranking requires to build a 
complex preference from the basic preferences. To assemble 
complex preferences three construction operators (that can of 
course also be used in combination) have been proven to be espe-
cially useful in today�s applications [2]: 

• Pareto accumulation of preferences retrieves all those 
objects that are better or equal to other objects with re-
spect to every single preference. The intuitive semantics 
of Pareto accumulation is a non-discriminating combi-
nation of equally important preferences.  

• Prioritization evaluates preferences according to a user 
defined order. The intuitive semantics of prioritization 
is to evaluate more important preferences first and only 
refer to less important preferences, if the values for 
more important preferences are equal. An example for 
this kind of evaluation is the lexicographical order. 

• Numerical ranking of preferences calculates score val-
ues for each database object and sorts objects according 
to their scores. In contrast to the qualitative Pareto 
accumulation and Prioritization this is a quantitative 
approach which is already quite common in today�s da-
tabase systems. 

Reconsidering example 2 our insurance company could want to 
focus more on those people involved rather than on the kind of 
damage , time or costs. Then a prioritization of people over a 
Pareto accumulation of the other three issues would be the ade-
quate complex preference expressing the company�s needs in a 
very intuitive and easy to handle way.   
With these definitions of base preferences and constructors for 
complex preferences we are ready to pose queries in a very intui-
tive manner, in particular if the non-numerical constructors are 
employed. But performing the proper preference modeling to 
compose the query to be issued is only one important constituent 
of a focused search. The second crucial part concerns the answer 
semantics of the query engine. A crucial design feature of our 
preference modeling technique is that preference construction is 
closed under the strict partial order semantics. Thus for every 
preference the notion of maximal elements is precisely defined. A 
�Best Matches Only� BMO semantics retrieves exactly all maxi-
mal elements of a preference. In this way the notorious empty 
results, which are even worse in mobile applications, are avoided. 
But also the unwanted flooding effect can be controlled effec-
tively by combining the virtues of BMO and of a general top-k 
retrieval model: If all BMO objects are less than k, some non-
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maximal objects may be delivered as well. If it�s greater than k, k 
objects may be selected (randomly) for display at the mobile de-
vice. 
To include a BMO query semantics within worldwide SQL stan-
dard the commercial product Preference SQL has been imple-
mented [3]. It has been tested extensively in e-commerce applica-
tions for comparison shopping [4, 5]. For the use in XML docu-
ments our sophisticated preference semantics has also been im-
plemented in the XML query language Preference XPath [7]. In 
the following we will take a closer look at the features of Prefer-
ence SQL.  
Preference SQL compatibly extends standard SQL by introducing 
new language constructs that treat preferences in the form of par-
tial orders as first class citizens. Preferences can be constructed on 
the fly when issuing a query, or they can be defined as persistent 
objects using a Preference Definition Language. Up to now stan-
dard SQL allows only for the specification of hard constraints in 
the WHERE clause. In Preference SQL soft constraints are syn-
tactically expressed inside an SQL query block following the new 
keyword PREFERRING. In general, the Preference SQL query 
block offers the following options, allowing for hard and soft 
selections to co-exist within one single query: 

SELECT      <selection> 
FROM        <table_references> 
WHERE       <where-conditions> 
PREFERRING  <soft-conditions> 
GROUPING    <attribute_list> 
BUT ONLY    <but_only_condition> 
ORDER BY    <attribute_list> 

 
The elements that extend standard SQL appear in bold. Like in 
standard SQL, the WHERE and ORDER BY clauses are optional. 
Without a PREFERRING clause, it is not a preference query. The 
GROUPING (performing with soft constraints what GROUP BY 
does with hard constraints) and BUT ONLY (performing a quality 
control: tuples that are considered too bad to appear in the result 
set can be excluded directly) clauses are both optional. Prefer-
ences only apply to tuples fulfilling the WHERE condition. The 
condition of the BUT ONLY clause is logically tested after apply-
ing the preferences of the PREFERRING clause.  
Reconsidering example 1, the Preference SQL query might look 
as follows, where �AND� expresses Pareto accumulation: 
        SELECT description, price 
        FROM  devices 
        WHERE category = �hi-fi systems� 
        PREFERRING description CONTAINS �CD�  
                        AND price BETWEEN(100, 115) 
 
Of course such a Preference SQL query is not supposed to be 
entered directly by a mobile user, instead it has to be generated 
automatically from a  query form entered by the user. 
The answer semantics of Preference SQL logically implements 
the Best Matches Only (BMO) query model:  

• Find all perfect matches with respect to preference P in the 
PREFERRING clause. If this set is non-empty, we are done. 

• Otherwise consider all alternative values, but discard worse 
values with respect to P on the fly. All non-dominated values 
are returned (modulo the BUT ONLY constraints). 

Note that in case of Pareto accumulation BMO returns exactly the 
Pareto-optimal set. The SQL extension using a SKYLINE clause 
proposed in [3] is a subset of Preference SQL. 
Preference SQL is implemented as an intermediate layer between 
the application and the database. It processes preference queries 
by rewriting them to standard SQL queries and submitting them to 
the database. Queries without preferences are just passed through 
to the database system without causing any noticeable overhead. 
Legacy SQL applications run without any restriction. 
 

3. PERFORMANCE ISSUES IN MOBILE 
SERVICES 

 

3.1 Service Architecture 
 
With the current developments of devices like cell phones or 
PDAs, mobile services will play an important role in future in-
formation technology. Pervasive access to information becomes 
more and more attractive not only for business work, but also for 
private uses. The research area of data integration over the web 
has lead to several architectures for different applications [8, 9, 
10]. Basically architectures for mobile services are mainly two-
fold:  

• Central Server Architecture (CSA): If the service 
provider is also the content provider, services are pro-
vided using a high performance server with central data 
repositories. 

• Distributed Sources Architecture (DSA): If the ser-
vice provider and content provider are different or short 
update ranges are necessary, services may be provided 
using an application server gathering information on 
demand from distributed external data sources. 

Enabling queries in mobile environments, however, poses some 
severe efficiency problems. In [10] ways to enable top-k querying 
for mobile services with a distributed sources architecture provid-
ing direct access to various Internet sources are presented. 
Though some of these services (e.g. location-based city maps or 
restaurant guides) would be desirable, tests show that the process-
ing times even for simple tasks often need minutes to even hours. 
But psychology teaches that users only tend to accept response 
times up to 3 seconds before their questions are answered. This 
real-time restriction can generally be applied to online search 
engines. Users will allow higher run-times only for very difficult 
tasks (e.g. in desk top work environments), where they strongly 
depend on the results. Of course mobile users definitely do not 
want to wait an hour for on-demand real-time services like mobile 
traffic information or restaurant guides. 
When trying to meet real-time requirements with today�s band-
widths, a central server architecture is necessary. A solution to 
combine Internet sources with local database servers is given by 
[9] handling accesses to Internet sources in an asynchronous man-
ner. Results are cached for later use in a central database server. 
Since the service provider obviously knows which type of queries 
to expect, what data is commonly accessed and how often updates 
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updates are needed, a caching strategy with asynchronous updates 
is well suited for most mobile services.  
Figure 2 outlines the intended architecture. The mobile service 
resides on an application server providing a query engine to proc-
ess preference queries, a combining engine to get the top k results 
sets efficiently and a delivery engine that prepares complex 
documents for (progressive) delivery. All digital content is re-
trieved from a local server that is updated in an asynchronous 
manner. As shown in a prototypical implementation [11] for the 
example of mobile online auctions our delivery engine is able to 
transform e.g. generic XML formats using XSLT to support any 
mobile device e.g. via WAP or i-mode gateways (cf. section 4). 
Another advantage of this architecture is that all data on the local 
server can be indexed to suit the design of the service. Through 
statistical analysis also the costs for certain usage patterns can be 
estimated providing the cost estimations to determine the ratio 
between different kinds of access personalized for each user. 
 

external 
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clients
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Figure 2: CSA architecture for mobile services 

 

3.2 Performance Issues 
 
To implement a top-k query model for middleware applications a 
variety of approaches has been presented recently [10, 12, 13]. 
All of them rely on numerically ranked preferences so far, at-
tempting to minimize the number of database objects that have to 
be accessed before being able to deliver a correct result set. We 
just argued that for mobile applications the performance require-
ments even become harder. Though algorithms have to return 
only a few objects (the parameter k is typically rather small for 
mobile access), they have to be tuned well to a central server CSA 
architecture as just claimed, taking IO- and CPU-costs into ac-
count to meet stringent mobile real-time response time require-
ments.  
Our approach towards this problem proposes the SR-Combine 
algorithm [14] overcoming the disadvantages of existing algo-
rithms by suitably self-adapting to a variety of  environments and 
controlling the run-time costs. SR-Combine optimizes the num-
bers and specific costs for object accesses and thus leads to short 
run-times. In particular it allows the earliest possible output of 
objects, while the algorithm is still running. Especially in mobile 
environments this is a useful feature, because the available band-

width can be used more efficiently. Besides even in cases where 
the psychological 3 seconds barrier cannot yet be met, the succes-
sive output behavior is important. If an object is delivered every 
couple of seconds, psychologically users will not notice the wait-
ing period until all requested objects have been returned. Thus 
though the total running time may exceed 3 seconds, the mobile 
application requirements can psychologically still be met. 
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Figure 3: Benchmark of SR.-Combine�s Runtimes [sec] 

 
In a set of synthetic benchmarks simulating different mobile ap-
plication scenarios, the efficiency of SR-Combine (in contrast to 
[12] and [13]) was shown to meet the psychologically founded 
barrier of 3 seconds response times in many practical cases for 
medium database sizes of 50000 objects for 3 and 5 preferences 
involving even skewed data (figure 3). But [14] shows also ways 
to deal with cases where the strict requirements are not yet met. 

 

4. PROGRESSIVE CONTENT DELIVERY 
 
With the convergence of Internet technology and mobile commu-
nication the bandwidth for e-services will significantly increase in 
near future. The current trend towards the mobile Internet even 
points to a wide acceptance of flexible, adaptable and personal-
ized multimedia applications in public and private life. But digital 
content for mobile applications cannot be handled like common 
multimedia documents. Every document delivered has to take the 
client devices capabilities and technical limitations into account.  
But also the user�s interaction with digital content changes: for 
instance users in mobile environments will not be interested to 
wait for a complete document (possibly including media objects 
like images, etc.) to be delivered, but will expect techniques for 
progressive delivery changing the delivery order in a way that 
prefers most relevant document parts within a given level of de-
tail. Thus users should be able to choose their relevance profile at 
a certain level of detail and get the most relevant document parts 
first. This would enable them to decide during data transmission 
whether their information need is already satisfied and the transfer 
can be aborted or some more document parts are needed. 
For mobile searches in [15, 11] we propose a content selection  
investigating the progressive delivery of digital content in mobile 
environments. Content selection is concerned with selecting most 
relevant document parts for preferred delivery and choosing most 
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appropriate data types and qualities of media objects to meet the 
user's profile. Major tasks of content selection are the personal-
ized adaptation of digital content for specific applications and a 
progressive delivery of documents under technical constraints. 
Our approach towards content selection uses XML as a powerful 
tool for both structure description and semantic annotation. Due 
to a variety of established standards and tools XML has proven to 
be well suited for the implementation of value adding Internet 
services.  

Figure 4: Progressive deliver

To make the content selection as effective as possible we exploit 
three main information sources: 

• Basic user preferences stating their specific notion of 
relevance 

• Structural characteristics of each document together 
with semantic author annotations 

• Usage profiles and technical constraints of mobile 
client devices (e.g. memory or display size) 

For delivery the complex XML document has to be broken down 
to single blocks with a certain level of detail. These blocks form 
the smallest units of information and must be delivered without 
further division. By definition XML documents form tree-like 
structures. Basically these documents consist of mark-up nodes, 
which are assembled inductively to document trees. Our approach 
towards relevance includes textual and structural properties to get 
an overall satisfying result.  

-3
 

 
 

y of an XML newspaper article 
However, using the structural semantics via author annotations 
provides an additional benefit: annotations can be used by service 
providers to support specific usage patterns. Anticipating these 
patters can essentially improve the quality of service. Consider for 
instance the restricted Internet capabilities of a modern cell 
phone. Due to its rather small display, low resolution and low 
bandwidths it may be preferable to delay or even suppress the 
delivery of images. Using appropriate style sheets and XSLT 
transformations a selection of generic XML documents can be 
adapted automatically to the user�s needs and the client device�s 
technical profile.  
An example of progressive delivery is given in figure 4. Using the 
CNN Sports Golf News an article has been automatically trans-
formed from simple HTML via XML into the final WML delivery 
format and delivered to a Palm Pilot V. As can be seen the sub-
heading of the article has been chosen to be most relevant as it 
contains the significant information (in contrast to the heading 
�Sub-70 Sensation�). Structural elements like agency, date, and 
location are chosen to be significant, too. The article starts with 
the most important paragraph, whereas the image is delivered last.  
After the XML documents have automatically been transformed, 
a newly reordered document is synthesized most suitable for de-
livery. However, practical tests of the above concept in the area of 
mobile Web have shown that when reordering document parts the 
content�s readability often is severely affected and if low levels of 
detail for the reordering are chosen, documents may even become 
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completely incomprehensible. Thus in [15] we proposed measures 
to detect fragmentation and also developed strategies for defrag-
mentation to improve the documents� readability. Defragmenta-
tion in this case tries to improve the reordering (that is based on  
relevance measures only) by moving previously adjacent text 
parts that have been separated closer together. Obviously there is 
a trade-off between restoring the order and preferring the most 
relevant document parts. In our experiments the strategies man-
aged to improve the documents readability significantly while 
maintaining  the early delivery of most relevant document parts. 
 

5. TOWARDS ADVANCED PERSONALI-
ZATION IN MOBILE SERVICES 

 
To pursue a narrowly focused search in mobile environments 
some more considerations on adequate preference modeling are 
necessary. We showed how users can intuitively state their pref-
erences, how preference queries can be processed efficiently and 
how the result content can be delivered with respect to structural 
and technical constraints. But how queries can automatically be 
engineered that are most suitable for the application domain and 
current mobile situation has not yet been addressed. 
As a basic principle cognitive sciences [4] state that although user 
interaction with retrieval systems will generally be purposeful, the 
user will in general not be conscious of all the necessary means to 
be taken. Thus in order to raise its performance in terms of rele-
vance,  a retrieval system has not only to focus on explicit user 
specification, but should also take information into account which 
is known about the user�s situation or behavior. This information 
can mainly be gathered from four sources: 

• Long-term preferences: The notion of relevance from 
previous retrievals is used (cf. section 2). 

• Intention: The specific user�s purpose of the retrieval is 
included in searches. 

• Situation: The present state and environment of a user 
is included in the retrieval process. 

• Domain: Knowledge on the specific domain is used. 
For effective retrieval knowledge from all these sources has to be 
blended with the specific user-provided details and keywords. 
Thus the query should be expanded with cognitive heuristics and 
information. For this query expansion again no typical database 
selections can be used, because due to the exact match retrieval 
model, heuristic information could simply overwrite user-
provided information and/or the results set could rapidly get 
empty by too many hard constraints. So the intended expansion 
has to be implemented using soft constraints that may be relaxed 
step by step until there are definitely objects matching the ex-
panded query. In essence this is again the cooperative answering 
capability offered by Best Matches Only languages like Prefer-
ence SQL or Preference Xpath. 
Besides techniques for user modeling for the application in fo-
cused mobile search especially the situation and domain knowl-
edge is important. Consider e.g. a user�s color preferences in e-
commerce applications. Basically those preferences may be im-
portant when purchasing a car, etc., but in domains like book-
stores color preferences can hardly make sense. Similarly, special 
user-specific profiles may demand a procedure deviating from 
standardized queries and retrieval processes. For instance, person-

alized newspapers and information services have been developed 
recently that gather information about the relevance or level of 
interest of each article from the user�s place of residence. Of 
course, these heuristics will definitely fail if somebody is spe-
cially interested in worldwide news or the development of certain 
topics given by the long-term preferences. 
For specific situations, e.g. specified by usage patterns, the query 
model thus has to be adapted. Similar to necessary context 
awareness in agent technology, information systems often have 
to deal with constraints imposed by the current situation. Consider 
for example time: depending on the situation there generally is a 
trade-off  between retrieval quality and  response times [6]. If 
only a short time is given to make a decision, one would want to 
trade the size or accuracy of result objects for faster response 
times. Another example for focused search strongly influenced by 
the situation are location-based services that use GPS data to get 
the user�s location. This information is for instance helpful for 
city guides, where the exact part of the plan that is needed can be 
delivered or for restaurant guides where recommendations for 
preferred restaurants near the current location can be retrieved. As 
a last example even the emotional state of the user may contrib-
ute to a high precision search. Modern agent negotiation technol-
ogy for instance already makes use of psychological user profiles 
or the specific user�s mood. In ubiquitous computing projects 
even mobile services for health care using medical data have been 
researched. How all of this can be integrated into a cognitive 
query builder for automatic preference-based query expansion is 
a challenging area of forthcoming research. In this context espe-
cially XML and ontologies like in [17, 18] will be most promising 
technologies for design and implementation. 
 

6. CONCLUSION 
 
We have given insights into recent research and development 
results from the research initiative �Preference World� at the Uni-
versity of Augsburg, seen from the perspective of mobile search. 
One main objective of �Preference World� is to improve search 
engine technology in order to build truly personalizable informa-
tion systems. One central issue towards the solution of this goal is 
the proper way to deal with the notion of preferences. We argued 
that preference modeled as strict partial orders are an appealing 
choice: they have an intuitive semantics, they may be subjective 
from daily life experiences, driven by personal intentions, or due 
to technical constraints. Our extensible preference model both 
unifies and extends existing approaches for non-numerical and 
numerical ranking and opens the door for a systematic approach 
towards preference engineering. This preference model has been 
implemented already on top of standard query languages, namely 
Preference SQL for the world of SQL databases and Preference 
Xpath for the XML world. Preference queries exhibit the impor-
tant �BMO�-property, meaning that only best matches with re-
spect to the user preferences are retrieved.  
Preference-based search technology under a BMO query seman-
tics can successfully cope with the notorious empty-result and 
flooding problems of many search engines, enabling a comfort-
able focused search that gets the desired information (and nothing 
else) already by the first user query. We argued that in particular 
for mobile services such a focused mobile search is mission-
critical. Precision of query results being one crucial point, effi-
ciency of mobile search is another one. We have addressed per-
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formance aspects of mobile services by architectural considera-
tions, arguing that central server architectures are essential for 
psychologically acceptable response times. Our novel algorithm 
SR-Combine is optimized for such architectures and can effi-
ciently process top-k searches for numerically ranked preferences. 
Given a wide range of practical query profiles, it can obey a 3-
second response-time barrier which is particularly important for 
mobile applications. Moreover, we showed how techniques for 
progressive delivery, which change the delivery order preferring 
most relevant document parts within a given level of detail, can 
improve mobile search. Our prototype implementation of progres-
sive delivery  can be set up automatically using current XML 
technology, hence supporting a wide range of portable devices 
including PDAs, WAP cell phones and I-mode cell phones.  
In summary we claim that careful preference modeling and effi-
cient preference-based queries are crucial for the success of mo-
bile search and personalized mobile services. Relying on com-
mercial products and industry standards Preference World has put 
forward already a set of powerful technologies to build personal-
ized information systems. But definitely, still more efforts must 
be undertaken. For instance, we have pointed out that advanced 
personalization in mobile services will require to pay an even 
closer attention to the key notion of preferences, taking cognitive 
modeling and socionic aspects into account. 
Current and forthcoming preference research at the University of 
Augsburg focuses on advanced personalization technologies for 
(mobile) services and includes the following projects:  
- �P-NEWS�, funded by the German Research Society DFG, 

investigates preference engineering and the design of prefer-
ence repositories to a MPEG7-based digital library applica-
tion. (www.informatik.uni-augsburg.de/lehrstuehle/ 
info2/projekte/p-news/) 

- �COSIMA�, funded as part of the Bavarian Research Associa-
tion FORSIP on Situation-based, Individualized and Personal-
ized Man-Machine Interaction, investigates preference-based 
e-negotiation ([5], www.mycosima.com ). 

- A heuristic query optimizer for Preference XPATH, exploit-
ing the preference algebra from [2], is being developed,  
funded  by DFG as part of  the Research Group �Efficient 
Electronic Coordination in the Service Sector�. 

- Preference mining is supposed to become part of the 
�ProMine� project with several participating European part-
ners, focusing on user modeling. 

- The cognitive query builder will be investigated as part of a 
forthcoming cooperation with University of California, Berke-
ley within the �Data Centers� project. 
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The World Through Tiny Windows: 
Browsing on Mobile PDAs 

 
Andreas Paepcke, Stanford University, CA, USA 

 
 

Abstract 
 

We demonstrate a new browsing technique for devices with small, mobile displays such as PDAs 
or cellular phones. We concentrate on end-game browsing, where the user is close to or on the 
target page. We make browsing more efficient and easier by what we call 'Accordion 
Summarization'. In this technique the Web page is first represented as a short summary. The user 
can then drill down to discover relevant parts of the page. If desired, keywords can be 
highlighted and exposed automatically. We discuss our techniques, architecture, interface 
facilities, and the result of user evaluations. We measured a 57% improvement in browsing speed 
and 75% reduction in input effort.  Time permitting, we will also describe our incremental, real-
time site index creation that allows us to implement keyword completion for site searches. 
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ABSTRACT
This paper reports on our ongoing research efforts towards 
overcoming the problems associated with accessing Web content 
on mobile handheld devices such as mobile phones and PDAs. 
This research looks at the entire context of mobile Web browsing, 
including content specification, client-server models, user agent 
specifications, browsing models, and visualizations. The 
technologies that have come out of this research all form part of 
the M-RSVP solution to mobile Web-browsing (here RSVP 
stands for Rapid Serial Visual Presentation and should not be 
confused with the Quality of Service reservation protocol with the 
same acronym). Here we highlight some of these technologies.

Categories and Subject Descriptors
H.4.3 [Information Systems Applications]: Communications 
Applications – Information Browsers, and H.5.2 [Information 
Interfaces and Presentation]: User Interfaces – Graphical user 
interfaces (GUI).

General Terms
Design, Standardization.

Keywords
Content Negotiation, XML, Client/Server, Web Browser, Mobile 
Internet, Device Independent Access.

1. INTRODUCTION
It seems likely that the number of applications designed for 
mobile devices such as mobile phones, Personal Digital Assistants 
(PDAs) and wearable computers is going to increase greatly over 
the next few years. In particular, the increase in multimedia 
information services offered over wireless networks is likely to be 
very significant indeed. As the capacity of wireless 
communication and the capabilities of mobile devices grow, the 
challenge of finding ways around the severely limited display area 
associated with these devices becomes increasingly urgent. In 
previous work we have suggested that a trade-off between space 
and time might provide a useful way forward [6][7]. Such a trade-
off is offered by Rapid Serial Visual Presentation (RSVP), 
electronically similar to the activity of riffling the pages of a book 
to get an idea of “what’s there?” [5]. The idea of RSVP browsing 

is graphically illustrated in Figures 1a and 1b.

Figure 1a. How do you present a Web page, the pages it 
links to and a browsing history on a 10x15 cm display 

screen?

Figure 1b. By trading space for time!
Through our research into the application of RSVP to mobile 
Internet browsing (hence the term M-RSVP), we have been able 
to identify a number of potential problems related to the current 
drive towards anytime-anywhere accessibility of multimedia 
content. Especially within a relatively unstructured and vast 
information resource such as the Web, and particularly when 
serendipitous exploration frequently accompanies directed search, 
familiar questions such as “Where am I”, “Where can I usefully 
go”, “Where have I been” and “How do I get back to X” 
succinctly characterize particularly pressing problems. 
Serendipitous exploration is often characterized by a depth-first 
traversal of web pages [4][11]. As part of directed search, 
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breadth-first traversal can be used to explore the neighborhood of 
a page that was found using a search engine. Next we discuss the 
implications of these questions for the technology needed to 
support mobile Internet browsing.

2. WHERE AM I?
The proliferation of Internet terminal devices in recent years has 
created a problem for providers of content in that they can no 
longer anticipate the capabilities of the devices on which their 
content may be accessed. In particular, a web page designed to be 
viewed on a desktop monitor is unlikely to be effectively 
understood when viewed on a handheld device, since the severely 
limited size of the display would require an unacceptable amount 
of scrolling on the part of the viewer. A number of techniques 
have been suggested to ameliorate this problem, most of which are 
aimed at customizing the original Web content for displaying on 
small displays [12].

2.1 Transforming of Web content
Underlying the method of transforming Web based content for 
mobile access on small display devices is the development of the 
User Agent Profile (UAProf) included in the WAP2 standard 
(Wireless Application Protocol) [15] and the CC/PP (Composite 
Capabilities/Personal Preferences) specification developed by the 
W3C (World Wide Web Consortium) [17]. UAProf and CC/PP 
provide mechanisms for describing the capabilities of clients and 
the preferences of users to application servers. This information 
permits servers to adapt their content accordingly. However, one 
particularly severe drawback to this approach is that providers of 
content will have to decide how to match content to the particular 
composition of capabilities represented by each type of terminal. 
Even though it may be possible to rely to some extent on knowing 
how to adapt content to suit individual capabilities, the 
requirements imposed by the composition of capabilities within a 
particular Internet terminal are unlikely to be successfully 
predicted by considering each of these capabilities in isolation. 
Thus, when the task of adapting content to suit different types of 
Internet terminals is left to the providers of this content, it seems 
likely that for many types of terminals the content will not be 
optimally configured. In the next sections we describe an 
alternative way in which content can be made accessible to the 
full range of potential Internet terminals.

2.2 Content Negotiation
In contrast to the approaches taken by the WAP Forum and W3C 
to ameliorate the problem of adapting content, we propose that the 
user agent should be able to decide which content can and cannot 
be accessed, and how it should be displayed. Such a solution 
would remove from providers of content the burden of 
anticipating all possible significantly different Internet terminals. 
It would also give device manufacturers and software developers 
more freedom to develop non-standard devices and browsers. We 
set out, therefore, developing the means by which providers can 
describe the content in a way that allows the user agent to decide 
what should or should not be received. The idea underlying this 
solution is similar to that underlying MPEG-4’s multiplexing, in 
which the user agent can negotiate with the server about which 
streams to send. Such a negotiation is possible only if the user 
agent is able to understand the structure of the available content.

Anticipating developments in wireless communication 
technology, the WAP forum has recently developed a new version 
of the WML (Wireless Markup Language) standards [15][16]. 

This new WML 2.0 specification signals a move towards the 
merging of wireless and wired Internet standards with the 
adoption of the core XHTML. This development is indeed an 
essential step towards a ‘create content once and access on any 
platform’ scenario. This extensibility of XHTML makes possible 
the use of sufficiently generic description of content so that the 
user agent can decide how this content should be displayed.

2.3 Hierarchical Content Description
Our proposal is, therefore, to include information about the 
structure of content in terms of how elements are related in 
conveying a message. Special tags, together with a reference to a 
Document Type Definition (DTD) that describes the tags, could 
be included to describe content together with its navigation 
structure, as illustrated in the example below, showing part of the 
file “home.xml”. This file represents the top-level navigational 
structure of the ITV Internet news service [8]. Although several of 
the tags used in this schema have equivalent tags in XHTML, we 
have deliberately not used the XHTML format in order to 
accentuate the structure of the tags.

<title>ITV NEWS</title>
<content type=image source=logo.gif actuate=yes>
<navigate>

<structure type=category >
<name>britain</name>
<content type=image source=britain.jpg 
actuate=auto>
<content type= headline source=hl.txt 
actuate=yes>
<URI>britain.xml</URI>

</structure>
<structure type= …>…………..</structure>
<structure type= …>…………..</structure>

</navigate>

In order to keep the size of the downloaded file to a minimum, 
content is included only in the form of links, with an attribute 
called “actuate” to indicate whether the server (value is ‘yes’), the 
user agent (value is ‘auto’) or the user (value is ‘no’) decides 
whether the content shall be downloaded or not. Based on the 
structural tags in the file, the user agent can request a selection of 
the content. For each structure, at least one type of content will 
have to be downloaded. Thus, for the structure named ‘britain’, 
the image file, the text file, or both files could be requested.

When the user selects the ‘Britain’ link, the user agent requests 
the file ‘britain.xml’ part of which is shown below (alternatively 
the content of the file ‘britain.xml’ can be nested within the file 
‘home.xml’ within the structure ‘britain’).

<title>BRITAIN</title>
<content type=image source=britain.jpg actuate=auto>
<navigate>

<structure type=content>
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<name>story1</name>
<content type=image source=story1.jpg 
actuate=auto>
<content type= headline source=hl.txt 
actuate=yes>
<URI>story1.xml</URI>

</structure>
<structure type= …>…………..</structure>
<structure type= …>…………..</structure>

</navigate>

In the next section we describe the RSVP Browser, the design of 
which was based on the premise that reading content and 
following links are activities that can effectively be separated. The 
RSVP Browser user agent, together with similar browsers for 
small screen devices (e.g., [2][12]) represents, therefore, the kind 
of minimum case scenario for which the hierarchical content 
description format was designed. In those cases when display 
space is not an issue, user agents can decide to display both 
content and links simultaneously as one would expect from a 
browser such as Microsoft Internet Explorer.

3. WHERE CAN I USEFULLY GO?
One can identify four activities, i.e., browsing, content modelling, 
model interpretation and strategy formulation, which together 
constitute the navigational process [10]. Each of these activities 
has to be completed before a link is followed. Thus, the user has 
to be able to effectively browse all the links in a page, thereby 
modelling the page’s neighbourhood, evaluate this model in terms 
of the overall goal and decide which link to follow next or to 
return to the starting page. To allow these activities to be 
completed quickly and effortlessly it is essential that an effective 
method of link visualisation be implemented (e.g., [9][13]). For 
this reason, we have designed the RSVP browser, which is 
described briefly following a brief description of the currently 
available technology for mobile Internet browsing – WAP and 

WML.

3.1 WAP Browsing
Currently, wireless Internet services are offered through the 
Wireless Application Protocol (WAP), taking the form of short 
text items that can be retrieved by navigating a series of menus. 
WAP is an example of providing mobile Internet access by 
manually authoring content suitable for display on small screens. 
Content together with the navigation structure of WAP services is 
specified through Wireless Markup Language (WML). Navigation 
typically occurs through a series of menus, requiring a lot of 
scrolling. Thus, even if existing HTML content can be 
successfully translated into WML, there remains scope for 
improving on the current browser technology.

3.2 RSVP Browser
The RSVP browser implements the M-RSVP technology 
described thus far in this paper. The RSVP Browser was designed 
to provide quick and easy access to link information in order to 
allow users to decide where they want to go next [7]. The model 
underlying the RSVP Browser is illustrated in Figure 2 below. 
The RSVPagent resides on the client device and communicates 
with the content server. The downloaded content is stored in a 
cache in preparation of the RSVP of link information by the 
RSVP Component.

The RSVPagent requests files and downloads content necessary to 
create content pages and link previews. Content is cached in the 
form of sets of cards with each set consisting of a number of cards 
containing the files associated with a particular structure (e.g., a 
menu item, a category or a news item), together with the 
corresponding previews. The size of each card corresponds to the 
size of the main viewing area in the RSVP component (see Figure 
2). A history of the sets of cards viewed during a browsing session 
is displayed as a column of buttons in the history bar of the RSVP 
component. These buttons can be color coded to group sets within 
the same Web domain. The hyperlinks in each set of cards are 
displayed as a column of buttons in the link bar of the RSVP 
component. Again, hyperlinks within the domain that has the 
focus are given a different color than those outside that domain. 
The user can riffle through both the history and link previews by 
starting a Rapid Serial Visual Presentation. At presentation rates 

Main viewing 
area

Link bar

History bar RSVP Component

CacheRSVP 
Agent

Terminal 
Device

Content 
Server

Figure 2. Schematic representation of the communication model in which the RSVPagent requests content from content 
servers in the Web. Link previews are cached in preparation of the user wanting to riffle through the links.
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of between 5-10 cards per second the user can quickly find a 
previously viewed structure or get an overview of the structures in 
the next level of navigation either within the same Web domain or 
in different domains.

4. WHERE HAVE I BEEN?
An understanding of what is encountered during navigation is 
considerably facilitated by the display of a trajectory of recently 
visited pages. Especially when navigation occurs in a depth-first 
fashion, such trajectories are a crucial navigational aid (e.g., [11]). 
In the RSVP component the history trajectory is displayed in the 
history bar. Provided that trajectories of pages visited during a 
Web browsing session can be saved, these may also be used as 
starting points facilitating subsequent browsing sessions by 
oneself or others [14].

5. CONCLUSIONS
In this paper we reported on our ongoing research efforts towards 
overcoming the problems associated with multimedia information 
access on mobile handheld devices such as mobile phones and 
PDAs. Much of this research is still under development, and much 
further research, implementation and evaluation will be necessary. 
However, we feel that the position taken in this paper remains 
underrepresented in recent developments in mobile Internet 
technology, especially in the organzations responsible for the 
development of Web standards such as the W3C and the WAP 
Forum. Yet, some of the most innovative solutions to mobile 
Internet browsing are particularly compatible with our approach 
of letting the user agent decide what and how much should be 
accessed based on a hierarchical description of content [1][3][12].
We feel therefore that the development of a hierarchical content 
description language may represent an important step towards 
truly device independent information access.
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2. THE WEBALCHEMIST SYSTEM
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4. CONCLUSIONS
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