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ABSTRACT
With the recent advances in mobile technologies and infrastructures, there are increasing demands for ubiquitous access to tourist information systems for service coordination and integration. However, disparate tourist information and service resources make it particularly difficult for mobile tourists to use them effectively during their trips. Neither can current tourist portals assist tourists proactively or adequately to overcome this problem. Motivated by the emerging technologies of multi-agent information systems (MAIS) that can effectively assist mobile users together with Semantic Web that can effectively organize information and service resources, we propose a ubiquitous tourist assistance system (UTAS) be built upon these technologies. In this paper, we formulate a scalable, flexible, and intelligent MAIS infrastructure for a proactive UTAS with agent clusters based on a case study of a large service-oriented travel agency. Each agent cluster comprises several types of agents to achieve the goals of the major processes of a tourist’s trip. We show how agents can make use of ontology from the Semantic Web to plan better as well as help tourists better understand and specify their requirements and preferences. We discuss and evaluate our approach from different stakeholders’ perspective.
Categories and Subject Descriptors
K.4.4 [Computer and Society]: Electronic Commerce
General Terms
Design, Human Factors, Management
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1. INTRODUCTION

Recent advances in hardware and software technologies have created a plethora of mobile devices with a wide range of communication, computing, and storage capabilities. The Internet is quickly evolving towards the wireless Internet. New mobile applications running on these devices provide users with easy access to remote services regardless of where they are, and will soon take advantage of the ubiquity of wireless networking to create new virtual worlds. Moreover, as mobile devices become more powerful, intelligent software agents can now run on these mobile devices and can adequately provide personalized assistance to traveling tourist during their trip. So can agents reside on mobile vehicles to serve tourists. Together with the more traditional information agents such as hotel broker agents and tour planning agents that normally resides on the backend of tourist portals and other disparate tourist resources, they form a multi-agent information system (MAIS) for proactive and intelligent assistance to tourists. We call this a ubiquitous tourist assistant system (UTAS).

At the same time, Semantic Web technologies (Fensel et al. 2001) have been maturing to make e-commerce interactions more flexible and automated. The Semantic Web provides explicit meaning to the information available on the Web for automated processing and information integration based on the underlying ontology. Ontology defines the terms used to present a domain of knowledge that is shared by people, databases, and applications. In particular, ontology encodes knowledge possibly spanning different domains as well as describes the relationships among them. Ontology has also been developed in various business domains. One can realize that ontology can help tourists better understand their needs and preferences as well as help agents more effectively search for the appropriate information and services resources from the Semantic Web.

The main challenge of such a UTAS is to provide an effective coordination and integration of disparate information and service resources anytime and anywhere. Another challenge to a UTAS is the provision of personalized assistance and automation to the tourists, each having different preferences and support requirements that often change during the trip. Thus, tourists cannot be flexibly assisted in a centralized manner. Under individual’s instructions and preferences, intelligent software agents can be delegated to help recommend, plan, and negotiate personalized activities and schedules, thereby augmenting the user’s interactive decisions. As such, we propose a scalable, flexible, and intelligent multi-agent information system (MAIS) infrastructure for a UTAS with agent clusters for tourist service coordination and integration. Each agent cluster comprises several types of agents to achieve the goals of the major tasks of a tourist’s trip, such as, information gathering, preference matchmaking, planning, service brokering, commuting, and mobile servicing. The agents also make use of ontology from the Semantic Web to serve information and make recommendations to the tourists.

The remainder of this paper is organized as follows. Section 2 introduces background and related work. Section 3 explains an overview of an MAIS and a development methodology for such a UTAS. Section 4 details how our MAIS architecture and implementation framework can meet the tourists’ need. Section 5 concludes the paper by discussing the applicability of our approach in different stakeholders’ perspective with our plans for further research.

2. Background and Related Work

We have not found any similar work on UTAS with this holistic approach and the deployment of agents for this purpose. Buhalis and Licata (2002) discuss the future of e-tourism intermediaries while Rayman-Bacchus and Molina (2001) predict the business issues and trends of Internet-based tourism. However, both groups did not focus on a tourist’s requirements or a software development perspective. 

Researches in mobile workforce management (MWM) motivate this research work. Guido et al. (1998) point out some MWM issues and evaluation criteria, but the details are no longer up-to-date because of the fast evolving technologies. Jing et al. (2000) prototypes a system called WHAM (workflow enhancements for mobility) to support mobile workforce and applications in workflow environments, with emphasis on a two-level (central and local) resource management approach. Both groups did not consider distributed agent based, flexible multi-platform business process interactions, or any collaboration support. Recently, Chiu et al. (2005) have proposed an MAIS framework for MWM with an in-depth study on how to integrate these technologies for a scalable MWM MAIS but without considering the application of ontology. There are many similarities in MWM and UTAS, such as mobility of the users and disparate information and service resources. However, e-collaboration
 (Bafoutsou and Mentzas 2001), being a foundation of WFM, supports communication, coordination, and cooperation for a set of geographically dispersed users, is normally less important for tourists, unless under situations where phone calls to tourist consultants are inadequate. Nevertheless, as workforce normally accesses information from their own enterprise, the coordination and integration problem in UTAS is much more challenging because tourist resources are of great variety and heterogeneity. Secondly, planning in a UTAS is much more difficult because workforce has to follow management instructions while tourist may often freely change their preferences and plans as well as the duration of a tour plan is usually much longer. In addition, all these researches do not consider the application of semantics.

Although Semantic Web technologies are maturing, ontology standards are still forming (Fensel et al. 2001). Challenges remain for reusing available ontological information and researchers focus on information integration. In the past years, there are different standardized languages proposed. For example, DARPA Agent Markup Language (DAML, 2004) is a language created by DARPA as an ontology language based upon the Resources Description Framework (RDF 2004). DAML-S was designed to serve as the basis for representing descriptions of inverses, unambiguous properties, unique properties, lists, restrictions, cardinalities, pair-wise disjoint lists, and data types. The World Wide Web Consortium (W3C) has recently adopted the Web Ontology Language (Web-Ontology Working Group 2004) is an eXtended Markup Language (XML) format for defining Web ontologies. OWL ontology includes descriptions of classes, properties, and their instances, as well as formal semantics for deriving logical consequences in entailments. Bullock and Goble (1998) propose the application of a description logic based semantic hypermedia system for tourism. Stabb et al. (2002) point out the possible use of semantics for intelligent systems for tourism as well as the importance of catching user needs and decision styles, but without details in how to achieve it.

Intelligent agents are considered autonomous entities with abilities to execute tasks independently. He et al. (2003) present a comprehensive survey on agent-mediated e-commerce. An agent should be proactive and subject to personalization, with a high degree of autonomy. In particular, due to the different limitations on different platforms, users may need different options in agent delegation. Prior research studies usually focus on the technical issues in a domain-specific application. For example, Lo and Kersten (1999) present an integrated negotiation environment by using software agent technologies for supporting negotiators but they did not support their model on different platforms. 

The emergence of MAIS dates back to Sycara and Zeng (1996), who discuss the issues in coordination of multiple intelligent software agents. In general, an MAIS provides a platform to bring the multiple types of expertise for any decision making (Luo et al. 2002). Lin et al. (1998) present an MAIS with four main components: agents, tasks, organizations, and information infrastructure for modeling the order fulfillment process in a supply chain network. Lin and Pai (2000) discuss the implementation of MAIS based on a multi-agent simulation platform called Swarm. Further, Shakshuki et al. (2000) present an MAIS architecture, in which each agent is autonomous, cooperative, coordinated, intelligent, rational, and able to communicate with other agents to fulfill the users' needs. Choy et al. (2003) propose the use of mobile agents to aid in meeting the critical requirement of universal access in an efficient manner. Wegner et al. (1996) present a multi-agent collaboration algorithm using the concepts of belief, desire, and intention (BDI). Fraile et al. (1999) present a negotiation, collaboration, and cooperation model for supporting a team of distributed agents to achieve the goals of assembly tasks. Chiu et al. (2003) also propose the use of a three-tier view based methodology for adapting human-agent collaborative systems for multiple mobile platforms. In order to ensure interoperability of MAIS, standardization on different levels is highly required (Gerst 2003). Thus, based on all these prior works, our proposed MAIS framework adapts and coordinates agents with standardized mobile technologies for a UTAS.

More specific to tourism, Yeung et al. (1998) present a multi-agent based tourism kiosk for Hong Kong based on Internet information categories such as hotels, shopping centers, and cinemas with the Knowledge Query and Manipulation Language (KQML) as the agent communication language. Poslad et al. (2001) outline an MAIS approach for the creation of user-friendly mobile services personalized for tourism in the CRUMPET project, aiming to provide new information delivery services for a far more heterogeneous tourist population. Lin and Kuo (2002) describe a cooperative multi-agent negotiation system for electronic commerce based on mobile agents with an example based on tourism application.

Another foundation of UTAS is meeting scheduling because the related algorithms can be used for booking. There are some commercial products but they are just calendars or simple diaries with special features, such as availability checkers and meeting reminders (Garrido et al. 1996). Shitani et al. (2000) highlight a negotiation approach among agents for a distributed meeting scheduler based on the multi-attribute utility theory. Van Lamsweerde et al. (1995) discuss goal-directed elaboration of requirements for a meeting scheduler, but do not discuss any implementation frameworks. Sandip (1997) summarizes an agent based system for automated distribution meeting scheduler, but the system is not based on the BDI agent architecture. All these systems cannot support manual interactions in the decision process or any mobile support issues. 

In summary, none of the existing work considers a MAIS infrastructure for a UTAS with a holistic and flexible approach for the coordination and integration of information and services. Scattered efforts have looked into sub-problems but are inadequate for an integrated solution. There is neither any work describing a concrete implementation framework and methodology by means of a portfolio of contemporary MAIS, Semantic Web, and mobile technologies.

3. MAIS Infrastructure
An MAIS provides an infrastructure for multiple agents as well as users to exchange information under a pre-defined collaboration protocol. Agents in the MAIS are distributed and autonomous; each carrying out actions based on their own strategies. In this section, we explain our MAIS infrastructure based on a BDI framework. Then, we summarized our methodology for design and analysis of an MAIS for MWM.

3.1 MAIS Layered Infrastructure for a UTAS
	Personal Assistance
	Information / Service Resources
	Planning
	…

	Tourist Information System

	Multi-agent Information System (MAIS)

	BDI Agents

	Ontology
	Collaboration Protocol

	Web-based 3-tier Implementation Architecture


Figure 1. A layered infrastructure for a UTAS

Figure 1 summarizes our layered infrastructure for a UTAS. Conventionally, tourist information and services are accessible manually through the Web or through traditional means such as telephone, fax, or even in person. This could be a tedious and error-prone process, especially when a tourist has a complex plan or wants to search as much information as possible. Furthermore, agents can provide adequate computerized personal assistance to individual tourists over the web and facilitate the protection of privacy and security (Chiu et al. 2004). These agents, acting on behalf of their delegators, collaborate through both wired and wireless Internet, forming a dynamic MAIS over the web. The Believe-Desire-Intention (BDI) framework is a well-established computational model for deliberative intelligent agents. A BDI agent constantly monitors the changes in the environment and updates its information accordingly. Ontology help generate possible goals reflecting a tourist’s requirements, from which intentions to be pursued are identified and a sequence of actions will be performed to achieve the intentions in consideration of the tourist’s preferences. BDI agents are proactive by taking initiatives to achieve their goals, yet adaptive by reacting to the changes in the environment in a timely manner. They can also accumulate experience from previous interactions with the environment and other agents. The BDI model can also solve for acceptable tourist arrangements and even a tour plan by mapping constraints generated to the well-known paradigm of the Constraint Satisfaction Problem (CSP, Tsang 1993), where efficient solvers are available.

Internet applications are generally developed with a three-tier architecture comprising front, application, and data tiers. Though the use of a three-tier architecture in the agent community is relatively new, it is a well-accepted pattern to provide flexibility in each tier (Chiu et al. 2003) and is absolutely required in the expansion of e-collaboration support. Such flexibility is particularly important to the front tier, which often involves the support of different solutions on multiple platforms. In our architecture, users may either interact manually with other collaborators or delegate an agent to make decision on behalf of himself. Thus, users without agent support can still participate through flexible user interface for multiple platforms.

MAIS Analysis and Design Methodology for a UTAS

Based on the framework of Chiu et al. (2005), we adapt that methodology for MWM MAIS to a UTAS in this study. We also advocate the system analysis and design methodology to be carried out in two parts. Part 1 deals with the overall architectural design. That is, we have to analyze the high-level requirements and formulate an overall MAIS infrastructure for the coordination and integration aspects required by a UTAS. The context of a UTAS has been studied inadequately before and is therefore the focus of this paper. The steps for part 1 are as follows:

· Identify different categories of services and objectives for the tourists with the help of ontologies.
· If existing ontologies are inadequate, augment it with the specific concepts required by the UTAS.
· Identify different types of process of the tourist that the UTAS supports. 
· For each process, identify the major agent to represent each of the process types and then the interactions among the processes based on the UTAS requirements.
· Further identify minor agents that assist the major agents to carry out these functionalities. As a result, clusters of different types of agents (instead of a single monolithic pool of agents) constitute the MAIS. This is required because of the complexity of a UTAS.
· Identify the interactions required for each minor agent type. 
· Design the basic logics for all these agents. 
· Identify the (mobile) platforms to be supported and where to host different types of agents. See if any adaptation is required.
Only after the successful high-level requirement studies and the design of the overall architecture can we proceed to the next part. Part 2 deals with the detail design of agents and the methodology has been preliminarily studied by Chiu et al. (2004). It should be noted that the actual detailed design for each types of agents in the UTAS has high potentials for further research because of its complexities and emerging adoptions. Here, we summarize the steps as follows for conveying a more complete picture of the required efforts:

· Design and adapt the user interface required for users to input their preferences. Customize displays to individual users and platforms.
· Determine how user preferences are mapped into constraints and exchange them in a standardized format. 
· Consider implementing automated decision support with agents. Identify the stimulus, collaboration parameters, and output actions to be performed by a BDI agent.
· Partition the collaboration parameters into three data sets: belief, desire, and intention. Formulate a data sub-schema for each of these data sets. Implement the schema at the data tier.
· Derive transformations amongst the three data sets. Implement these transformations at the application tier. 
· Enhance the performance and intelligence of the agents with various heuristics gathering during the testing and pilot phase of the project.
4. System Architecture and Implementation
This study is based on the requirements and experiences obtained from a large regional traveling service provider specialized in self-service tour packages, i.e., targets for tourists who buy air-tickets and book hotels from them but travel on their own. Their main value-added service is to provide (pointers to) tourist information and consultancy in tour planning. In the first phase, the traveling service provider aims at providing automatic or at least computer-assisted consultancy to their clients in order to cut costs. The second phase aims at providing mobile assistance to the tourists, integrating the services at each local office over the region, thereby increasing commission income through services, such as ticketing and referring clients to shops.  The overall object is to improve customer relationships through better service quality.

UTAS Requirements Overview
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Figure 2. A MAIS architecture for a UTAS

Summarizing the overall requirements of typical tourists in the context of the case study, we identify the following main UTAS process types and their corresponding main agent. Figure 2 depicts our proposed UTAS architecture.

· The Ontology Maintenance and Search Processes (see Section 4.2) concern with a tourist’s inquiry and search for relevant tourist information.
· The Requirement and Preference Management Processes (see Section 4.3) concern with the elicitation and specification of a tourist’s requirements and preferences as well as their updates.
· The Package Planning Processes (see Section 4.4) concern with the formulation of tour plans, focusing on the itinerary formulation and the possible connection transportations (particularly flights) and hotel booking.
· The Local Tour Planning Processes (see Section 4.5) concern with the tour plan within a certain city or region with local transportations and the recommendation of local services.
· The Tourist Assistant Processes (Section 4.6) concern with the user interface particularly relating to the mobile devices.
Ontology Maintenance and Search Processes

Table 1. Key agents in the 
Ontology Maintenances and Search Agent Cluster

	Agents
	Functions

	Flight
	Search for flights (traditional way)

	Hotel
	Search for hotels (traditional way)

	Ontology Search
	Search for information from the centralized ontology in the knowledge base

	Web Crawler
	Expand the ontology and knowledge by grapping information from the Web


Table 1 summarizes the key agents for these processes. Ontology is the central mechanism of a UTAS. Tourist information and service resources are classified according to a common ontology of the UTAS, so that all the agents in the UTAS have a common basis for searching, interpretation, and reasoning.  How each type of agents can make good use of the ontology could be different and is explained in each of the sub-sections below. Ontology search agents are responsible for searching this centralized ontology because other agents may reside in different locations, particularly with the mobile tourists during their trips. These can also interact with traditional hotel agents, flight agents, etc., to search for more available information.

As currently there is no existing commonly adopted ontology for tourism, the establishment of such ontology needs the expertise of experienced tourist consultants to incorporate the categorizations from different sub-domains, such as locations, tourist attractions, events, hotels, etc. Web crawler agents are related technologies  that can expand the number of available tourist information and service resources. Classifying them into appropriate categories could be automated by queries into existing databases but often have to agent-assisted with confirmations from consultants in order to be accurate. As the process of establishing the ontology inevitably involves major human efforts, each local office should contribute to the part of ontology related to their location according to the definitions provided by the head office so that local expertise and knowledge can be effectively integrated. Due to the same reason, we call for public efforts from the tourism ministers to speed up this process and to establish an industry-wide ontology instead. How to establish ontology is another big research topic and not a focus of this paper.

However, the maintenance of the ontology can be heavily assisted by agents. Once web resources are catalogued into the ontology, information agents can monitor them through their recorded Universal Resource Locators (URL). Web crawler agents can also help search for new tourist resources. Service partners can actively send in their updates, promotions, and events. Newsgroups and bulletin boards can also be participated or even set up for similar purposes. Information agents can then filter such information and send them to the appropriate consultants for (re)-classification. Further, such information could be forwarded to the tourists through alert agents in the UTAS who are affected or interested.

Requirement and Preference Management Processes

Table 2. Key agents in the 
Requirement / Preference Management Agent Cluster
	Agents
	Functions

	Preference
	Guide the tourists to specify their requirements and preference and maintain them

	Ranking
	Ranking information and results according to user preference 


Table 2 summarizes the key agents for these processes. Tourists are usually foreigners and therefore unfamiliar with their destinations. With the help of the ontology search agents, preference agents can guide tourists to specify their requirements and preferences as follows:

· The ontology let the tourists know what types of information and resources are searchable and specifiable.
· The categorization and their attributes from the ontology can become the search criteria, options, and alternatives, so that relevant information is retrieved according to the tourists’ reference and then ranked by ranking agents. The tourists’ selections then become their preferences and requirements for plan formulation after potential refinements.
· The ontology records the relationships and dependencies among information and resources, such as heavily discounted local tours, the availability of an entry pass for multiple museums, historical relationships among tourist attractions, etc. This helps the tourists aware of better combinations.
· The ontology also records the related web sites so that the tourists can browse for more information to facilitate their decisions.
· The ontology enables tourists to subscribe for information update to the categories that they are interested in.
Further, ranking agents help the tourists to rank the information obtained from the search processes according to their preferences.
Package Planning Processes

Table 3. Key agents in the Package Planning Agent Cluster

	Agents
	Functions

	Matchmaking
	Match user preferences with 
available services and options

	Cost Evaluation
	Evaluate the costs of matching 
services and options

	Confirmation
	Assist users in waiting and confirmation of bookings


The package planning processes concern with the formulation of tour plans, focusing on the itinerary, particularly the possible connections (such as flights and trains) and hotel booking. Table 3 summarizes the key agents for these processes. The package planning agents contact different existing booking systems and perform the job of process integration during the plan formulation, and evaluate the options with the help of matchmaking agents and cost evaluation agents. Because the tourists now better understand and express their requirements and preferences, which can be specified as categories of the ontology, the package planning agents can reason and select from much more viable options in a flexible manner. With more options, it is likely that more viable plans can be found and thus better ones can be formulated. As the requirement and preference specification together with the package planning forms an iterative process, tourists may refine their requirements and preferences in response to the proposed plans, and vice versa.

The confirmation agents are responsible for handling waiting and confirmations, so that the tourists can be notified through alert agents when bookings are ready and when the whole desired booking actions are completed for transactions. The confirmation agents can also notify tourists when deadlines are approaching but some bookings cannot be confirmed so that the affected tourists may revise their plans.  

Local Tour Planning Processes

Table 4. Key agents in the Local Tour Planning Agent Cluster

	Agents
	Functions

	Locator
	Keep the location of tourists and vehicles

	Wrapper
	Wrap existing third-party websites and
automate programmatic interfaces to them

	Route Advisor
	Find routes for user for driving 
or from public transportation

	Map
	Show appropriate sections of maps to users

	Matchmaking
	Match user preferences with 
available services and options

	Cost Evaluation
	Evaluate the costs of matching 
services and options


The local tour planning agents plan local tours for tourists within a certain city or region. Table 4 summarizes the key agents for these processes. How the ontology can help is similar to that of the package planning processes. However, tourists often request local tour planning only when they arrive at a certain place. Moreover, they often change their preference and requirements because such activities are not constrained with bookings (and particularly the costs involved). Thus, mobile devices have to be supported for its maximum usability. 

In addition, recommendations of service partners, such as restaurants, shops, theatres, cinemas, etc., to tourists can be potential sources for commission income. For larger service partners that have their own existing reservation web sites, wrapper agents could be built rapidly with script based tools such as WebXcript (Chiu et al. 2003). For smaller service partners, SMS messages sent through alert agents could be used instead.

Local tour planning relies on local transportations unless the city is a small one within walking distances. Route advisory agents (Chiu et al. 2005) search for driving routes if the tourists drive their own car. Otherwise, route advisory agents search for suitable routes from public transportation or arrange for hired vehicles (such as taxis and vans by contacting vehicle agents on each vehicle).  If the tourists and vehicles are mobile in a large metropolis, the main challenge is the performance and efficiency because of the large number of public transport routes and locations. In addition, both travel time and cost may have to be considered. Map agents are also handy if relevant sections of the map are available for being sent to the tourists’ mobile devices.

Tourist Assistant Processes

Table 5. Key agents in the Tourist Assistant Agent Cluster
	Agents
	Functions

	Calendar
	Maintain package and travel plans

	Reminder
	Remind users of their upcoming activities, bookings, and urgent information received

	User Interface
	Customize input and output to user devices


Each tourist has a tourist assistant agent cluster to assist their trip. Table 5 summarizes the key agents for these processes. Calendar agents maintain package plans and travel plans, including various bookings. Reminder agents help the calendar agents to remind tourists of their upcoming activities, bookings, and urgent information received from alert agents. Upon a tourist’s consent, a location agent can help track the current position, so that location depend information could be send to the tourist.

User interface agents provide interfaces for users to input their requests and preferences. They transform the eXtended Markup Language (XML) output from other agents to the current user platform with XML Stylesheet Language (XSL) technologies. For example, different Hypertext Markup Language (HTML) outputs are generated for Web browsers on desktop PCs and PDAs respectively, while WAP Markup Language (WML) outputs are generated for mobile phones (Lin and Chlamtac 2000). 
5. Discussions and summary
This paper has presented a pragmatic approach to the ubiquitous tourist assistance system (UTAS) employing an MAIS infrastructure and Semantic web technologies. We have proposed a layered framework that supports multiple platforms (in particular wireless mobile ones) and a methodology for the analysis and design of such a UTAS. We have explained an overview of the major functionalities of a UTAS and detailed the design of each agent cluster for the major tourists’ processes. We have also shown how ontology helps agents to improve planning as well as help users to better understand and specify their requirements and preferences. We now discuss the applicability of our implementation framework and methodology with respect to the major stakeholders, including tourists, traveling service providers, and system developers. The issues considered are based on the research framework on nomadic computing proposed by Lyytinen and Yoo (2002). 

Tourists always desire the provision of anytime and anywhere assistance. One can imagine the difficulties of a tourist when he/she gets lost and cannot communicate with the local people. In particular, the flexibility of supporting multiple front-end devices increases tourists’ choice of hardware and therefore their means of connectivity. Agents help improve reliability and robustness of messaging (especially alerts) by retrying upon unsuccessful attempts, searching for alternatives, and so on. In particular, information agents could forward important relevant news (such as a terrorist attack) or important messages (such a cancelled flight or blocked railway) to mobile tourists so that plans could be revised through mobile devices. Under any circumstances, tourists primarily want to enjoy and should have the freedom and flexibility of changing their plans anytime and anywhere. 

Even without mobile devices, a UTAS based on intelligent agents can still conveniently gather adequate information, provide flexible tour planning, and perform tedious booking procedures beforehand for tourists. The ontology helps both the tourists and the agents understand more available alternatives and options so that more effective plans are possible. Disparate information and service resources are also thus integrated.

A major concern of the traveling service provider is the costs against the benefits of the UTAS. At the first phase, agent-based planning could improve the productive of their consultants and possibly the quality of recommendations as well as the consistency of quality through pre-programmed intelligence. Potential clients could also obtain preliminary information and formulate draft plans before discussing with the consultants, thereby reducing the consultants’ workload. With the value-added services of a UTAS, it helps improve the professional image as well as customer relationships. Business opportunities may also increase due to service extension and the increase of service partners. Our approach is actually capturing the knowledge of tourist consultants and therefore accelerates the impact to their job security in addition to the impacts from the current available web-based services.

As for implementation cost, our approach is suitable for adaptation of existing services and information sources by wrapping them with information agents. Through software reuse, a reduction in not only the total development cost but also training and support cost can be achieved. System developers are concern about the system development costs and subsequent maintenance efforts. These concerns can be addressed by systematic fine-grained requirements elicitation of the functions of various agent types. Thus, with loosely coupled and tightly coherent intelligent software modules encapsulated in agents, system complexity can be managed. Agents are highly reusable and can be maintained with relative ease. Further, it should be noted that the use of XSL technologies and databases views as the main mechanism for user interface adaptation by presentation agents facilitates software maintenance at the application tier. This can significantly shorten the system development time, meeting management expectations in this competitive environment. Because W3C has recently designed OWL as a standard (Web-Ontology Working Group 2004), there are much less obstacles for software development involving ontology. Although this research does not aim at improving core planning algorithms (Corkill 1979) that has been employed in MAIS, the ontology improves searching and planning by increasing the number of recognized viable alternatives.
Recent advances in technologies have resulted in fast evolving mobile device models and standards. A UTAS may require great efforts in the adaptations and integrations to reach the ultimate goals. Agents are readily adaptable to cope with new technologies and can further help reduce uncertainties through adequate testing and experimentations of new technologies. Agents and their functionalities can also be implemented gradually and by phase. The can also help meet the scalability requirements with a distributed approach. 
As such, we are addressing the main challenge of a UTAS, which is the coordination and integration of disparate information and service resources together with the provision of personalized assistance to mobile tourists during their trip. With this solid foundation framework, we can proceed to study or re-examine the technical and management perspectives of functionalities of a UTAS in details, in particular the integration of multiple (particularly small and medium) travel agencies. We also anticipate this framework can serve as a reference model for evolving UTAS. We are working into algorithms for service matchmaking, recommendation, and negotiation based on ontology. We are also working on the use of context information for requirements elicitation and personalization (Hong and Chiu 2005).
6. REFERENCES

[1] Bafoutsou, G., and G. Mentzas. A Comparative Analysis of Web-based Collaborative Systems. In Proc. 12th Intl. Workshop Database and Expert Systems Applications, Sept. 2001, 496-500.

[2] Bullock, J., and C. Goble. TourisT: the application of a description logic based semantic hypermedia system for tourism. In Proceedings of the ninth ACM conference on Hypertext and hypermedia, 1998, 132-141.

[3] Buhalis, D., and M. C. Licata. The future eTourism intermediaries. Tourism Management 23, 3, (2002), 207-220.
[4] Chiu, D.K.W. S.C. Cheung, Danny Kok, and Alex Lee. Integrating Heterogeneous Web Services with WebXcript. In Proc. 27th Annual International Computer System and Applications Conference (COMPSAC 2003, Dallas, Texas), Nov 2003, 272-277. 

[5] Chiu, D.K.W., S.C. Cheung, E. Kafeza, and H.F. Leung. A Three-Tier View Methodology for adapting M-services,” IEEE TSMC, Part A, 33, 6 (2003), 725-741. 

[6] Chiu, D.K.W. S.C. Cheung, P.C.K. Hung, and H.F. Leung Constraint-based Negotiation in a Multi-Agent Information System with Multiple Platform Support. In Proc. HICSS37, Big Island, Hawaii, IEEE Computer Society press, CDROM, 10 pages, Jan 2004.

[7] Chiu, D.K.W., S.C. Cheung, and H.F. Leung. A Multi-Agent Infrastructure for Mobile Workforce Management in a Service Oriented Enterprise, In Proc HICSS38, Big Island, Hawaii, IEEE Computer Society press, CDROM, 10 pages, Jan 2005.

[8] Chiu, D.K.W. Oliver Lee, and H.F. Leung. A Multi-Modal Agent Based Mobile Route Advisory System for Public Transport Network. In Proc. HICSS38, Big Island, Hawaii, IEEE press, CDROM, 10 pages, Jan 2005.
[9] Choy, M. C., D, Srinivasan, and R.L. Cheu. Cooperative, Hybrid Agent Architecture for Real-time Traffic Signal Control, IEEE TSMC, Part A, 33, 5 (Sept. 2003), 597-607.

[10] Corkill, D.D. Hierarchical Planning in a Distributed Environment. In Proceedings of the Sixth International Joint Conference on Artificial Intelligence (Tokyo 20-23 August 1979) 168-175.

[11] DARPA Agent Markup Language (DAML). (2004) Online: http://www.daml.org/
[12] Fraile, J.-C., C.J.J. Paredis, C.-H. Wang, and P.K. Khosla. Agent-based Planning and Control of a Multi-manipulator Assembly System, In Proc. IEEE Intl. Conf. on Robotics and Automation, 2, 1219-1225, May 1999.

[13] Fensel, D., McGuiness, D. L., Schulten, E., W. K. Ng, E. P. Lim and G. Yan. Ontologies and electronic commerce. IEEE Intelligent Systems, 16, 1 (2001), 8 - 14.

[14] Garrido, L., R. Brena, and K. Sycara. Cognitive Modeling and Group Adaptation in Intelligent Multi-Agent Meeting Scheduling, In Proc. of 1st Iberoamerican Workshop on Distributed Artificial Intelligence and Multi-Agent Systems, 1996, 55–72.

[15] Guido, B., G. Roberto, P. Di Tria, and R. Bisio.  Workforce management (WFM) issues. In Proceedings of the IEEE Network Operations and Management Symposium (NOMS 98), 2 (1998), 473 -482.
[16] Gerst, M.H. The Role of Standardisation in the Context of E-collaboration: ASNAP shot. In Proc. 3rd Conf. on Standardization and Innovation in Information Technology, Oct. 2003, 113-119.

[17] He, M., N.R. Jennings, and H.-F. Leung. On agent-mediated electronic commerce. IEEE TKDE, 15, 4 (2003), 985- 1003.

[18] Hong, Dan and D.K.W. Chiu. Requirements Elicitation for the Design of Context-aware Applications in a Ubiquitous Environment. In Proceedings of the 7th International Conference on E-Commerce (ICEC 2005), 2005.

[19] ICQ. http://www.icq.com
[20] Jing, J., K. Huff, B. Hurwitz, H. Sinha, B. Robinson, and M. Feblowitz. WHAM: supporting mobile workforce and applications in workflow environments. In Proc. 10th International Workshop on Research Issues in Data Engineering (RIDE 2000) (San Diego, CA) 2000, 31-38.

[21] Lin, F.-C., and Chien-Nan Kuo. Cooperative multi-agent negotiation for electronic commerce based on mobile agents. In Proc. IEEE International Conference on Systems, Man and Cybernetics, 3 (Oct 2002), 6 pages.

[22] Lin F.-R., and Yu-Hua Pai. Using Multi-agent Simulation and Learning to Design New Business Processes. In IEEE TSMC, Part A, 30, 3 (May 2000), 380-384.

[23] Lin, F.-R., G. W. Tan, and M.J. Shaw. Modeling Supply-chain Networks by a Multi-agent System. In Proc. HICSS31, 5 (Jan. 1998), 105-114.

[24] Lin, Y.-B. and I. Chlamtac. Wireless and Mobile Network Architectures, John Wiley & Sons, 2000.

[25] Lo, G., and G. K. Kersten. Negotiation in Electronic Commerce: Integrating Negotiation Support and Software Agent Technologies. In Proc. 29th Atlantic Schools of Business Conference (Jan. 1998).

[26] Luo, Y., K. Liu and D.N. Davis. A Multi-agent Decision Support System for Stock trading. IEEE Network, 16, 1 (2002), 20-27.

[27] Lyytinen K. and Youngjin Yoo. Research Commentary: The Next Wave of Nomadic Computing. Information Systems Research, 13, 4 (Dec 2002), 377-388.

[28] Object Management Group. Foreword UML specification 1.4, Sept. 2001.
[29] Poslad, S., H. Laamanen, R. Malaka, A. Nick, P. Buckle, and A. Zipl. CRUMPET: creation of user-friendly mobile services personalised for tourism. In Proc. 2nd International Conference on 3G Mobile Communication Technologies, March 2001, 28-32.

[30] Rayman-Bacchus, L., and A. Molina. Internet-based tourism services: business issues and trends. Futures 33, 7 (Sept 2001), 589-605.

[31] Resource Description Framework (RDF). (2004) Online: http://www.w3.org/RDF/
[32] Sandip, S. Developing an Automated Distributed Meeting Scheduler. IEEE Expert, 1997, 41-45.

[33] Shitani, T., T. Ito, and K. Sycara (July 2000) Multiple Negotiations among Agents for a Distributed Meeting Scheduler,” In Proc. 4th Intl Conf. on MultiAgent Systems, pp. 435-436.

[34] Shakshuki, E., H. Ghenniwa, and M. Kamel. A Multi-agent System Architecture for Information Gathering. In Proc. 11th Intl. Workshop on Database and Expert Systems Applications (Los Alamitos, CA, USA), 2000, 732-736.

[35] Stabb, S., H. Werther, F. Ricci, A. Zipf, U. Gretzel,  D.R. Fesenmaier, C. Paris, C. Knoblock. Intelligent systems for tourism. IEEE Intelligent Systems, 17, 6 (2002), 53-66.

[36] Stroulia, E., and M.P. Hatch. An Intelligent-agent Architecture for Flexible Service Integration on the Web, IEEE TSMC, Part C, 33, 4 (Nov. 2003), 468-479.

[37] Sycara, K., and D. Zeng. Coordination of Multiple Intelligent Software Agents. Intl. J. of Cooperative Information Systems, 5, 2-3 (1996).

[38] Tsang, E. Foundations of Constraint Satisfaction, Academic Press, 1993.
[39] Yeung, C., P.-F. Tung, and J. Yen. A multi-agent based Tourism Kiosk on Internet. In Proc. HICSS31, 4 (1998), 452-461 

[40] Web-Ontology (WebOnt) Working Group. (2004) Online: http://www.w3.org/2001/sw/WebOnt

[41] Wegner, L., M. Paul, J. Thamm, and S. Thelemann. Applications: A Visual Interface for Synchronous Collaboration and Negotiated Transactions. In Proc. Workshop on Advanced Visual Interfaces, May 1996.

























� However, agent-to-agent collaboration is the fundamentals of an MAIS. E-collaboration refers to user-to-user collaboration.
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