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Abstract. Since mobile Internet services are rapidly proliferating, finding the 
most appropriate service or services from among the many offered requires pro-
found knowledge about the services which is becoming virtually impossible for 
ordinary mobile users. We propose a system that assists non-expert mobile us-
ers in finding the appropriate services that solve the real-world problems en-
countered by the user. Key components are a task knowledge base of tasks that 
a mobile user performs in daily life and a service knowledge base of services 
that can be used to accomplish user tasks. We present the architecture of the 
proposed system including a knowledge modeling framework, and a detailed 
description of a prototype system. We also show preliminary user test results; 
they indicate that the system allows a user to find appropriate services quicker 
with fewer loads than conventional commercial methods. 

1   Introduction 

NTT DoCoMo is the premier mobile communications company in Japan and is pro-
viding mobile Internet services to over 44 million subscribers. Currently, widely di-
verse contents such as entertainment services (Ring-tone download, Games, etc), 
transaction services (Money transfer, Airline reservation, etc) and information ser-
vices (Weather forecast, Maps and local information, etc) are being offered through 
more than 89,000 mobile Internet sites [1]. The market volume of mobile Internet 
content exceeded one hundred thousand million yen in 2003, which is more than the 
market volume of Internet content accessed through PCs, 760 hundred million yen. 
Moreover, 36.2% of people accessing the Internet via mobile phones used for-fee 
Internet contents, a larger proportion than personal computer users for which it is only 
9.5% [2]. 3rd Generation mobile network service (3G), which continues to spread, 
enables the transmission of more voluminous and richer content by extension of the 
communication bands, so the market is expected to increase greatly. However, those 
rich network environments will increase the service provider's cost for developing and 
maintaining content. Furthermore, the market has, up to now, been dominated by a 
few popular entertainment services such as character download and ring-tone 
download, but these markets have already become saturated. If we are to expand 
overall market volume, it is necessary to expand the market volume of non entertain-
ment services by increasing the frequency with which users can benefit from the rich 
contents possible in the 3G mobile network. 
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We believe that the key to the next step in mobile Internet market growth is realiz-
ing the intelligent service platform, which will mediate between services and users by 
interpreting the user’s activity in the real world. Because mobile handsets are the most 
appropriate devices for problem solving in daily life as users always carry them, there 
will be many more occasions for providing services compared to Internet services 
accessed by the PC. By realizing the intelligent service platform, users will be able to 
access the most appropriate services to help their activities in the real world anytime, 
anywhere, and service providers will gain more chances for providing new services. 

Current methods for accessing Internet services, such as directory-type search 
methods and keyword-type full-text search methods, do not suit mobile computing 
environments. This is because mobile handsets have strong resource limitations such 
as relatively weak input methods and small displays, and most users are non-experts 
in that they have no computer literacy, i.e. the young generation or the aged. Further-
more, most mobile Internet services are accessed for just a few minutes in daily life 
such as when waiting for a train. Novice users obviously cannot perform service re-
trieval efficiently because they do not understand the overall directory structure and 
can not come up with the keywords that will exactly identify the service needed. 

Many research activities are targeting the realization of efficient service retrieval in 
the mobile Internet environment such as a service retrieval system based on user’s 
location [3]. However, this system simply provides a mechanism for associating 
Internet content with the user’s location according to the address information written 
in the target document, its does not take into account the meaning of the user’s activ-
ity. The contents supported by the above approach are very limited, and content that 
has no address information can not be retrieved even if it is very useful to the user. 

We treat user activity in the real world as the semantics of services by using  
Semantic Web technology. To realize this, we propose a knowledge modeling frame-
work that makes it easy to describe various user tasks in the real world as the seman-
tics of services. We define “task” as what the user wants to do in the real world. And 
we also propose the task knowledge based service retrieval system based on the task 
knowledge base developed by using the knowledge modeling framework. The task 
knowledge base contains a variety of structured tasks in the real world and their rela-
tions with the information services available. Our system makes it easy for non-expert 
users of mobile services to retrieve the service appropriate to solve the user’s problem 
by just inputting her currently desired task as a problem-solving request to the system. 

We will present our approach and the high-level architecture of the proposed sys-
tem. We then discuss the knowledge modeling framework including our strategy for 
realizing network-wide knowledge sharing, semantic description of task knowledge 
with OWL-S [10], and a task knowledge modeling environment and service retrieval 
system. Details are provided of the design of the system sequence, server component 
and client interface, all of which are intended to be implemented on actual mobile 
handsets. We also describe a prototype system for each part. The paper finishes with 
an evaluation by user testing and our conclusions. 

2   Overview of Proposed System 

A general approach to problem-solving is to divide the large or abstract original prob-
lem into several small or concrete sub-problems. Paper [8] shows that human daily 
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life is driven by “proximal goals” (short-term goals), which are derived from “distal 
goals” (long-term goals). In the area of problem-solving by using information ser-
vices, a problem that corresponds to a “distal goal” is divided into sub-problems that 
correspond to “proximal goals” where each of the sub-problems can be solved di-
rectly by using one information service. Our idea is to divide the user’s “distal goal” 
into a couple of “proximal goals” and lead the user to appropriate services that can 
solve the “proximal goals”. 

To elucidate the above discussion we provide an example. Consider the real world 
problem: “I want to spend this weekend at amusement park XYZ, but I do not know 
how to get there”. The information-seeking actions associated with this problem are 
represented by the following structure. 
 

         Decide how to get to amusement park XYZ 
      →    Check route 
      →    Check distance and time required 
      →    Check for transfer instructions 

 
In the above example, the problem of “Decide how to get to amusement park 

XYZ” corresponds to the “distal goal”, and the sub-problems to realize it, “Check 
route”, “ Check distance and time required” and  “Check for transfer instructions”, 
correspond to “proximal goals”. The user is assisted in solving the original problem 
by invoking a sequence of services, each of which handles a corresponding sub-
problem. 

To realize the above approach, we treat “what a user wants to do” as the user’s task 
and structure knowledge that can be used to divide the task into sub-tasks as task 
knowledge. We have built a knowledge base that stores such structured task knowl-
edge. Furthermore, we have developed knowledge of service usage (for example, 
“This service provides functions for reserving movie tickets”) as service knowledge, 
and have built a knowledge base that stores service knowledge. We developed a task 
oriented service retrieval system that uses these two knowledge bases. Each task is 
represented as an individual node that we call task node, and task and sub-task struc-
tures in task knowledge are represented as a graph structure among task nodes yield-
ing parent tasks and their sub-tasks; service knowledge is expressed by associating 
each task node with the URI (Uniform Resource Identifier) of the appropriate con-
crete information service. 

2.1   High-Level Architecture 

Fig. 1 shows the high-level architecture of the proposed system. The system is com-
posed of two parts; the Knowledge Modeling Framework (KMF), which provides a 
task knowledge modeling environment to support task knowledge modeling and 
stores the described model in the Task Knowledge Base (Task KB), and the Service 
Retrieval Framework (SRF), which provides a task knowledge based service retrieval 
system for actual mobile handsets through the use of the Task KB and the Service 
Knowledge Base (Service KB). KMF provides an environment that makes it easy to 
describe and acquire task knowledge and that also supports interoperability within 
task knowledge because it is to be shared by many network service providers and 
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content service providers. SRF provides the server module needed to retrieve appro-
priate knowledge from the Task KB and the Service KB according to the user's re-
quest, and the client module, which actually runs on a mobile handset to provide an 
easy-to-use user interface. 
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Fig. 1. High-level architecture of proposed system. The system is composed of two parts; 
1)KMF, which provides a task knowledge modeling environment, and 2)SRF, which provides a 
task knowledge based service retrieval system that can be used from a mobile handset. 

2.2   Research Challenges 

1. The Knowledge Modeling Framework (KMF) must be capable of describing all 
tasks likely to be performed by mobile users in a structured way as task knowl-
edge. The framework must make it easy to describe knowledge and to extend exist-
ing knowledge. We note that task knowledge will be created by multiple entities. 

2. The Service Retrieval Framework (SRF) must enable a mobile user to retrieve 
appropriate services by entering a simple problem-solving request. The environ-
ment must provide components that run on commercial mobile handsets and pro-
vide a user interface that is easy to use and to understand. The environment also 
must handle a wide range of user requests such as abstract or concrete requests. 

3   Designing Knowledge Modeling Framework 

The Knowledge Modeling Framework (KMF) is designed to provide the ability to 
describe many kinds of task knowledge, and to extend existing knowledge or add 
external knowledge from a third party. We show details of this framework below.  

3.1   Basic Approach for Task Knowledge Modeling in the Real World 

It’s important to manage and reuse already described knowledge because there are so 
many tasks in the real world. Much research has been conducted on the ontology for 
knowledge sharing in the engineering domain [12] [13], business domain [14] or 
problem-solving research area [15] [16]. The final goal of our research is to create 
large scale task ontology for modeling real world user activities. Towards this goal, 
first of all, we considered the strategy for extracting task knowledge that can be re-
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used. Our approach is to extract task knowledge that depends on some specific place 
such as an amusement park or a department store at first, and next we extract the 
generic task knowledge from the place-dependent task knowledge. The advantage of 
this approach is that the extraction of the place-dependent task knowledge is easer to 
carry out by collecting and analyzing cases of service usage in the real world place. 
The category of the real-world place can be borrowed from commercial services such 
as a map service or car navigation service. In this research, we treat this category of 
place as a domain for classifying the task knowledge. Fig. 2 shows basic approach for 
task knowledge modeling in the real world. 
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Fig. 2. Basic approach for task knowledge modeling in the real world 

The generic task knowledge facilitates the reuse of knowledge. For instance, ge-
neric task knowledge such as “go to somewhere”, which corresponds to the general 
process model to perform the activity of moving from a starting point to a destination, 
is common knowledge among specific task knowledge regarding going to specific 
places from specific places. The knowledge engineer can use such generic task 
knowledge to describe more specific task knowledge in a new domain which de-
creases the cost for expanding the coverage of task knowledge. We have constructed 
domain specific task knowledge for 12 domains so far. 

3.2   Requirements for Semantic Description of Task Knowledge 

Task knowledge consists of various kinds of task nodes and their relations. A good 
description of task knowledge is quite important for the management and reuse of 
knowledge. In addition, an interoperable standard format for knowledge representa-
tion is essential for network-wide knowledge sharing. By sharing the same descrip-
tion, we can combine different task knowledge such as knowledge created by a  
service provider and independent user groups of the service. We extracted the task 
knowledge description requirements which were based from the analysis of structured 
task knowledge developed in [4]. Fig. 3 shows an example of a generic task model 
and a specific task model and their relation based on the requirements. 
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1. The relations between task nodes must allow the discrimination of two relation 
types: “specialized” relation, which indicates that an object task node is more spe-
cific than a subject task node, and “achieved” relation, which indicates that an ob-
ject task node is one of the divided task nodes that achieve a subject task node. 

2. The achieved relation must be represented as a sequence of tasks by using some 
kind of control construct, such as Sequence, Exclusiveness, etc. 

3. The achieved relation involves the role of each sub-task to achieve the task with 
which the sub-task is associated. 

4. The specialized relation involves the viewpoint of the policy for categorization. For 
instance, “Buy products” and “Buy foods” are associated by a specialized relation 
from the viewpoint of identification of the object being bought. 

5. The task nodes have to be discriminated based on context information such as 
location and/or time. For instance, when the user’s context is "midnight", the task 
of “travel by train” should not be associated with the user if there are no train ser-
vices in midnight. 

6. Task knowledge has to be associated with the widest possible variety of services, 
such as XML Web services, HTML-based Web content, etc. 
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Fig. 3. An Example of structured task knowledge described with achieved relation and special-
ized relation. All task nodes are defined in the specialized relation tree (left side) and some task 
nodes are associated with achieved relation (right side). 

3.3   Semantic Description of Task Knowledge with OWL-S 

For meeting the requirements in 3.2, we designed a description framework of task 
knowledge using OWL-S. OWL-S is an OWL [9] based Web service ontology for 
describing the properties and capabilities of Web services. OWL-S also includes 
process ontology for describing generic process.  

We describe the achieved relation by using the Process model and the control con-
structs defined in OWL-S, and define the specialized relation as an object property 
called “specializedBy”. In addition, we define a “View” class for describing the  
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viewpoint of specialization. The value of the “view” property is either 1) WHAT; 
specialization of object, 2) WHERE; specialization of location, or 3) HOW; speciali-
zation of method. 

Furthermore, we define a “Role” class for describing the role of a lower-level task 
with respect to an upper-level task in achieved relations. The “role” property can be 
either, 1) PLAN; the activity of planning to achieve upper-level task (e.g. decide a des-
tination), 2) PREPARE; the activity of preparation before performing concrete action 
(e.g. collect information of destination in advance), 3) ACTION; the concrete activity to 
achieve upper-level task (e.g. move to destination), or 4) CONFIRM; the activity of 
checking the current status of situation (e.g. check traffic jam). Each task node is de-
scribed as a Service class of OWL-S, and the context information that indicates the 
applicable condition of the task node is described by using the ServiceProfile. 

For describing service knowledge that associates task node with not only Web ser-
vices but also HTML-based Web content, we define an original class named “Book-
markAtomicProcessGrounding” (BAPG). BAPG has features that can associate mul-
tiple Web content with a single task node, and can handle service names and URIs. 

3.4   Task Knowledge Modeling Environment 

We developed a task knowledge modeling environment, named TEdit, to develop and 
manage the described task model. Fig. 4 shows the user interface of TEdit. TEdit is 
implemented in Java and has an SQL Database interface via JDBC. TEdit provides 
several functions, 1) Create task node and edit specialized relations, 2) Define and 
edit achieved relations, 3) Define control constructs in achieved relations, 4) Register 
services and edit association of services with task node, and so on. Furthermore, TE-
dit provides the feature of automatic creation of OWL-S codes. 

<service:describedBy>
<process:hasProcess>

<process:CompositeProcess>
<process:collapsesTo>

<process:SimpleProcess rdf:ID="Task00001"/>
</process:collapsesTo>
<dcm:specializedBy>
<dcm:Bundle>
<dcm:bundle rdf:resource=&dcm;#WHERE"/>
<dcm:components rdf:parseType="Collection">
<process:SimpleProcess rdf:resource="#Task00004/>
</dcm:components>

</dcm:Bundle>
</dcm:specializedBy> 

<dcm:rolesOf rdf:type="Resource">
<dcm:role rdf:resource="&dcm;#PLAN"/>
<dcm:child rdf:resource="#Task00002/>

</dcm:rolesOf>

<dcm:rolesOf rdf:type="Resource">
<dcm:role rdf:resource="&dcm;#ACTION"/>
<dcm:child rdf:resource="#Task00003/>

</dcm:rolesOf>

<composedOf>
<process:Unordered>
<process:components rdf:parseType="Collection">
<process:SimpleProcess rdf:about="#Task00002"/>
<process:SimpleProcess rdf:about="#Task00003"/>
</process:components>

</process:Unordered>
</composedOf>

</process:CompositeProcess>
</process:hasProcess>

</service:describedBy>

Task specialization view

Task achievement view

Service management view

OWL-S code

automatic 
creation

 

Fig. 4. User Interface of task knowledge modeling environment named TEdit 
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The left side of the user interface provides a specialization view in which the user 
can define each task node hierarchically. The viewpoint of specialization can be set 
by selecting the appropriate view such as WHAT, WHERE and HOW on a context 
menu shown by clicking on a task node. The selected viewpoint is shown as a special 
node. The right-upper side of the user interface provides an achievement view in 
which the user can define the achieved relations between task nodes. The role of 
achieved relations can also be assigned by selecting appropriate sub-task roles such as 
PLAN, PREPARE, ACTION, and CONFIRM. The control construct of the set of sub 
tasks such as Exclusive, Sequence, or IF-then-else, and the context information which 
indicates applicable condition of the task can also be set in the achievement view. 

4   Designing Service Retrieval Framework 

We designed and implemented the service retrieval framework based on task knowl-
edge that consists of server module and client module. The client module can run on 
commercial mobile handsets as a Java program specially designed for mobile hand-
sets. We show the system architecture and the user interface in detail below. 

4.1   System Architecture and Execution Sequence 

Fig. 5 shows the system architecture of Service Retrieval Framework (SRF) based on 
task knowledge. The system is composed of several parts: Task Knowledge Base 
(Task KB) stores description for task nodes and the relationships between task nodes 
as Semantic Task Descriptions; Service Knowledge Base (Service KB) stores descrip-
tions about the associations between a service (URI, service name and service expla-
nation) with a proper task node in Task KB as Semantic Service Descriptions; Task 
Selector (TSE) locates the most appropriate task nodes in TKB according to a user 
request and context information; Service Selector (SSE) locates appropriate services 
in Service KB associated with task node IDs; Task Navigator (TNA) provides the user 
interface to let a user input a request and communicates with TSE to obtain the task 
nodes matched with the user’s request; Web browser, which displays HTML-based 
Web content and Context Notifier (CNO) notifies TSE of the context information, 
such as user’s current location and time. 

A user sends a problem-solving request to TSE via the user interface presented by 
TNA. At the same time, CNO sends the user’s context information to TSE. TSE ana-
lyzes the user’s request and the context information, selects tasks that match the 
user’s request and context information by searching the Task KB, and sends the re-
sults to TNA. The user selects an appropriate task from a list of the tasks displayed on 
TNA. This task may be very high level and abstract. TNA sends the task ID of the 
user selected task to TSE. TSE sends back all sub-tasks related via the achieved rela-
tion to the task. Here, some of the sub-tasks may be very detailed and concrete 
enough to be directly associated with concrete services. The user can brows all sub-
tasks on TNA and selects one or more task nodes to execute and sends the IDs of the 
task nodes to SSE. SSE searches Service KB and retrieves the service associated with 
the task nodes that the user selected, and creates a summary HTML page listing the 
services deemed to be appropriate. The user uses the summary page displayed by the 
web browser to access the services. 
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Fig. 5. The system architecture of Service Retrieval Framework (SRF). SRF consists of two 
parts; 1) Service Mediator, which provides the server module running as Servlet, and 2) Mobile 
Device, which provides the client module running on the mobile handset. 

4.2   Implementation 

Fig. 6 shows the user interface of the prototype system. TNA, which runs on a mobile 
device, was implemented as a Java application running on a mobile device. TSE and 
SSE were implemented as Servlet running on an application server. The current im-
plementation does not support context-related features such as a Context Notifier. 

Input request as text Select a desired task Select concrete tasks
 

Fig. 6. User interface for the execution of task knowledge based service retrieval. Service selec-
tion procedure consists of 3 steps; 1) request input, 2) abstract task selection, 3) concrete task 
selection. 

The user enters a problem-solving request in a text box on TNA (left side of Fig. 
6). To respond to the user’s problem-solving request, a task node that can solve that 
request must be selected from the Task KB and presented to the user. This mechanism 
considers that the input is from a small portable terminal and assumes that the prob-
lem-solving request is expressed as a short text message. For this reason, task node 
selection actually presents not one but a set of task nodes which are associated with 
achieved relations. For each word in the user’s problem-solving request that is in the 
thesaurus, the mechanism creates word set W consisting of that word and its  
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synonyms and compares that set to the task nodes. For task node T, evaluation value 
val (T) is determined by the following equation, where p (T, w) is a function that re-
turns a constant value when task T and word w successfully match. 

∑
∈

=
Ww

wTpTval ),()(
 

(1)

After all the words in the user's problem-solving request are checked against all task 
nodes in the Task KB, the sets of task nodes are listed in order of the average score of 
the evaluation value on TNA (center of Fig. 6). The user selects one desired task from 
the list and then selects more detailed and concrete tasks from the tree of the task nodes 
related via the achieved relations (right side of Fig. 6). The number of services associ-
ated with each task node is displayed on the right side of the task nodes. 

5   Evaluations 

We conducted a user test with 9 adult subjects to confirm the effectiveness of the 
proposed system. The purpose of this user test was to evaluate the process up to find-
ing services for problem-solving purposes in terms of process functionality. Subjects 
were asked to retrieve appropriate services to given problem by using the proposed 
system, a keyword-type full-text search system developed by ourselves, and a major 
commercial directory-type search system [11]. 

This test was designed based on ISO/IEC 9126 Part4: Quality In Use Metrics. The 
evaluation items were 1) Effectiveness: the percentage of users who could reach the 
services appropriate to the given problem, 2) Productivity: the time taken to reach the 
services appropriate to the given problem. 

5.1   Test Set 

We designed a test set consisting of 4 different problem based on goal type as follows. 

1. Service retrieval from a designated Web site: “You are at Tokyo station: Find a site 
that shows the location of a Karaoke shop near here. ” 

2. Service retrieval for obtaining designated multiple information: “You are at Tokyo 
station: Find all of the following information, (a) a title of movie that is now being 
shown, (b)movie ranking of the title, (c) the location of a theater that is showing 
the movie near here, (d) the starting time of the movie. ” 

3. Service retrieval for proper information to perform designated activity: “You are at 
Tokyo station and have a lot of luggage. Find a proper way to send it to your 
friend.” 

4. Service retrieval for proper information to help user to plan and perform activity in 
the real world to achieve a designated goal: “You are at Tokyo station at midnight. 
Find a good way to spend the time until tomorrow morning.” 

5.2   Test Environment 

The test environment consisted of 3 different search systems, 1) S1: keyword-type 
full-text search system, 2) S2: directory-type search system, 3) S3: task knowledge 
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based service retrieval system (proposed system). The target page set to be searched 
was the same for each system and the number of the page set was about 15,000. Sub-
jects were divided into 3 groups according to their experience of mobile Internet ser-
vice. 1) U1: subjects using mobile Internet service everyday, 2) U2: subjects using 
mobile Internet service a few days a week, 3) U3: subjects who have no experience in 
using mobile Internet service. 

5.3   Test Results 

Figures 7, 8, 9, and 10 show a test result. The horizontal axis shows the time taken (in 
seconds) to solve a given problem while the vertical axis shows the number of sub-
jects who solved a given problem at the time. The right end of the horizontal axis, 
labeled 900, shows the number of subjects who could not solve the given problem. 
 

 

Fig. 7. Test results of all systems (S1: Keyword-type search system, S2: Directory-type search 
system, S3: Proposed system). The horizontal axis shows the time taken to solve a given prob-
lem by the second and the vertical axis shows the number of subjects who solved the problem. 

 

Fig. 8. Test results of Keyword-type search system (S1) for each user type (U1 use mobile 
Internet everyday, U2 use mobile Internet a few days a week, and U3 has no experience in 
using mobile Internet). The horizontal axis shows the time taken (in seconds) to solve a given 
problem while the vertical axis shows the number of subjects who solved a given problem. 
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Fig. 9. Test results of Directory-type search system (S2) for each user type (U1 use mobile 
Internet everyday, U2 use mobile Internet a few days a week, and U3 has no experience in 
using mobile Internet). The horizontal axis shows the time taken to solve a given problem by 
the second and the vertical axis shows the number of subjects who solved a given problem. 

 

Fig. 10. Test results of proposed system (S3) for each user type (U1 use mobile Internet service 
everyday, U2 use mobile Internet service a few days a week, and U3 has no experience in using 
mobile Internet service). The horizontal axis shows the time taken (in seconds) to solve a given 
problem while the vertical axis shows the number of subjects who solved a given problem. 

The test results show that the proposed system offers superior performance. The rate 
of users who could reach the appropriate services was about 63%, which was higher 
than the result of the keyword-type search system (16%) and the result of the direc-
tory-type search system (56%). In particular, 50% subjects reached the appropriate 
services within 300 seconds which is an acceptable value in actual mobile Internet 
use, which was higher than directory-type search system (33%) and the keyword-type 
search system (10%). In this test, the number of subjects was not large enough and the 
test set was not comprehensive, but the test results actually show the effectiveness of 
our approach in an actual mobile Internet environment. 

With regard to the test results analyzed by user type, only the proposed system al-
lowed non-expert users grouped as U2 and U1 to achieve the same level of success as 
experienced users, U1. One observed drawback of the proposed system was that  
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performance of U1 was not enhanced much by our system. We imagine the reason is 
that users in U1 were accustomed to conventional search systems and did not have 
enough time to get accustomed to the different search strategy of the proposed sys-
tem. To resolve the above problem, we will consider the idea of changing the search 
system automatically according to the user’s response. 

6   Related Work 

Task Computing Environment (TCE) [6] is a DAML-S [5] based service discovery 
and composition framework for pervasive computing environments. TCE can reduce 
the cost of performing a task by displaying the tasks that could be performed by exe-
cuting pervasive services located around the user. However, TCE can not associate a 
user's task with services on the Internet that are not physically adjacent to the user, 
and does not support abstract tasks that are not solved directly by using those services, 
because the support range of TCE is limited to just those tasks that are solved directly 
by pervasive services. 

The process-based service retrieval approach [17] is a sophisticated service re-
trieval method that offers better precision and recall than the conventional service 
retrieval method. In this research, service models are indexed into a process ontology, 
such as MIT Process Handbook [14], and the process query language called PQL is 
introduced. A preliminary evaluation showed that the process-based service retrieval 
approach offers qualitatively higher retrieval precision than any other existing ap-
proach. 

Other research has considered the use of a knowledge base to infer what the user 
really wants to do. The GOOSE system [7], for example, employs a large amount of 
knowledge (common sense knowledge) collected from general Internet users to infer 
the user’s search goal and to present search results that achieve that goal. This system, 
though, requires relatively long text input because it applies natural language process-
ing technology to infer the search goal. It would not be easy to apply such a system to 
an environment where text input is cumbersome as is the case with mobile terminals. 

7   Conclusion and Future Work 

This paper proposed a task knowledge based service retrieval framework for non-
expert mobile users that makes it easy to retrieve services appropriate for tackling the 
user’s problem in the real world. The system features a task knowledge base that 
contains knowledge about which services will solve the problems that a user faces in 
daily life. Details of the prototype system including knowledge modeling framework 
were described. While the prototype system has only limited coverage, the results of a 
user test confirmed that it lowers the difficulty of service access. In addition, the sys-
tem allows the user to recognize ancillary tasks that were not initially thought of by 
the user since the system shows tasks related to the task of solving the problem di-
rectly extracted from the user’s initial request. 

The next step in our research is to consider and develop a task-ontology-based 
knowledge modelling environment. Task ontology provides a common vocabulary 
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and common viewpoint for describing task knowledge, and enables knowledge au-
thors to create reusable knowledge models. Furthermore, we will extend the scope of 
the knowledge to be able to describe relationships between obstructive events, such as 
“missing route” or “no vacant spaces”, and the task for preventing and resolving those 
obstructive events. 

We also plan on improving the user interface on the mobile handset. The current 
prototype system provides just one text box interface to input the user’s request. This 
interface is simple but some users are not certain about what kinds of request can be 
interpreted. Actually, some users input long sentences into the text box such as “find 
restaurant now available” or “find hotel near Tokyo station” in our test, but the cur-
rent prototype system can not interpret conditions that contain time or location infor-
mation. We will consider more functionality to help the user input his request with 
minimal load. 
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