Multi-agents tour planner with semantic web service
Abstract
Tourism is one of the main industries for many countries and cities. Internet is one of the main sources for tourists who are going to visit those countries or cities which tourism are one of their main industries. A good tour plan is a key element that whether the tourist can have a pleasure journey. As a result, local department or other stakeholders tries to provide a tour plan for them for touring a couple of days. However, not ever people are having same interest. They need a tour plan which propose what they are interested in and have a certain degree of flexibility for them to choose some mandatory interest point. Since they may do some researches about the destination, they may define some mandatory interest. Nevertheless, they may still miss some interests that are mandatory to them because there is too much information available on the internet. In addition, that information may be not valid anymore. Our multi-agent tour planner aims to overcome the above problems – A tour planner suggest a tour plan based on user requirements with the help of ontology and agents with gather related information on the web automatically.
Introduction
From the traditional impression, Western people are those who like individual visit. Today, people from Mainland China are also a great source of individual visit to Hong Kong under the Individual Visit Scheme (IVS). There are 57.1% of total travelers that are from Mainland China and around 57% of them are arrived under the Individual Visit Scheme [1] and each of them on average spending 657 US dollars and has a trend of growing [2]. The World Tourism Organization also predicted in 2005 that by 2020, tourist arrivals around the world would increase over 200% [19]. Thus, we may see there are great percentages of total visitors that are travel individually or in a small group. However, tour planning manually is time consuming for there is too much information available for the tourists to review.
The Internet is already the main source for travelers to obtain information related to their destination. About 95% of Web users obtain travel related information from the internet and about 93% shows that they visited tourism Web sites when planning their itinerary [23]. Semantic Web technologies have becoming mutual that the interoperation among services or between users and services more flexible and automated. Ontology is used to define the terms in a domain of knowledge that is shared by people, databases, and application. In particular, ontology encodes knowledge, possibly spanning different domains as well as describes the relationships among them. Based on the underlying ontology, semantic Web provides explicit meaning to the information and services available on the web for automation and information integration. [6]
Background
Normally, people who are individual or a small group visit will plan the trip by themselves before they go. This is a process of reading articles talk about what hot spots the destination have, finding out what are the special cuisines and good food to try, are there any special events when they arrive, etc. Although there is rich information about their destination on the internet available to them, they may find out that they cannot schedule all places they selected in the previous process because they are distance far away finally. The places suggested by articles near the hot spot that visitors are interested may not be interested by the visitor again. But there may be some spot they are interested in, just the article does not list out. In addition, some tourist department of their destination may provide one or two tour plans to them. Once again those official plans may not suit to their needs for the last spot of the suggestion may far away from their accommodation, or does not link to other potential spot or restaurant they are interested in which they searched before. 
Based on the above scenario, we notice that the tourist is not lacking of information today, but too much information that they may not be able to finding out their actual needs. Like searching information via the search engine, there are thousands of pages that can match the key word that they provide. Local people may help them but sometime it may be too late for knowing their interest. Consulting a local tour may not meet to their need since it may violate those free tours enjoying planning and searching their interest, joining a tour will be much simpler. Also, they may not be able to further asking a local tour a suggestion if their tour plan is changed due to some reasons. They need something that can suggest what they can do if they cannot catch up their original schedule with a flexibility for them to refine their schedule. Again, there is too much information available but may not be classified for people to finding out their actual needs. In addition, they may not be able to know whether the information that they are reading is most updated or still valid since no agent or people to help them to collate all information. Scenic spots will not be updated frequently but some promotions and event does. It would be nice if there is a web service that provides those most updated information to the tourist and is categorized by their interested.

Related Research
There are many researches related to tourism. Although tour planning is an important factor in a tour, information gathering and how to classify the information can help to generating a useful tour plan with short response time. The related researches may be classified into three categories: Tour plan generation with tailored algorithm, Tour plan generation based on ontology, and service integration with the help of agents. 

For tour plan generation with tailored algorithm, Beatriz [5] categorizes the journey by time into a tour (< 6 hours), trip (< 3 days), vacation (< 3 weeks) for single destination. It also takes the time period that an attraction is available into the account for selecting activities. Lee et al. [14] implemented an intelligent tour planning system for telematics users. For a telematics does not have high computing power to response in an acceptable time for problem with O(2n•n!) complexity. They aim to overcome this limitation by initial set reduction, distributed computing via MPI-based Linux cluster and Lin-Kernighan heuristic. Schiaffino et al. [15] build an expert software agent that recommend tour and package holiday by combining three well known approaches which perform recommendation. They are content-based, collaborative filtering and demographic approach. The solution aims to compensate the disadvantages for each approach from each others. Srisuwan et al. [18] propose a personalized trip recommendation system based on Bayes Theorem to analyze user behavior by capturing the transaction of their trip selection and so to recommend trip to users. García-Barriocanal et al. [20] introduce a prototype of recommender for short itineraries which suggest spots in cultural space. The cultural space is represented by ontology for giving intelligent to recommender to suggest spots that user may interest. Seifert [13] propose a tour planning based on region that trying to reduce the computationally complexity for suggesting a tour plan by the help of human-machine interaction. Maruyama et al. [22] implement a personal tour plan suggestion system called P-Tour. P-Tour allows user to input multi-destinations (included start and end) and can rank their degree of importance. The tour plan needs about five seconds to be generated by genetic algorithm in typical cases. P-Tour also can navigate the tourist according to the suggested tour plan with the help of a GPS device. In addition to this, the suggested tour can be automatically modified if some part of it cannot be achieved due to some reason like traffic jam, staying too long with an interest.
There are some researches based on ontology to generate the tour plan. Cardoso [10] gives a guideline on how to develop ontology for e-tourism. Corallo et al. [3] introduce a recommender that extents the usage of semantics and ontologies in the tourism applicative domain. Hagen et al. [4] introduce a dynamic tour guide which will dynamically evaluate the current tour plan based on the time remains of the user defined at the beginning. It focuses on suggesting a tour for a couple of hours within a single destination and provides detail information about an attraction to the user which is retrieved from the web service for an attraction. Jakkilinki et al. [9] propose a three tier ontology based e-tourism planer which has a web client for user inputting their needs to generate a travel plan or itineraries. Tomai et al. [12] introduce a trip planning system with the help of ontology as the assistance of decision making. It based on user profile and user interest to suggest a trip plan to the user with the help of ontology. Lee et al. [17] implement a multi-agent travel recommender for tourist to visit Tainan City according to their interest and the number of days for visiting. The intelligent of the agents are based on the layered ontology that is already defined by the related domain expert, fuzzy inference mechanism and ant colony optimization. The recommended travel plan can be presented on Google Map.
Some researches try to integrate several services to into one service that helps the user not need gather information from several services. Some of them make use of multi-agent approach to integrate the services. WU et al. [6] introduce a Tourist Service Integration and Personalized Planning System which target to automate flight and accommodation reservation after user approval and suggest a tour plan based on the tour plan inside the database which is most similar to the requirement from the user. Hu et al. [7] propose to integrate different kind of web services related to tourism into a web service for providing a standard interface for user to query tour information like Airline, Hotel, Travel Agency, etc. It also tries to standardize the way to present data to the requester. i.e. Translate different ontology into its own ontology. Yueh et al. [8] introduce a multi-agent based travel agent system which agents are interoperating with each other. Camacho et al. [11] introduce a multi-agent travel planning system that suggest user how to travel between cities. The agent can learn from the favor of the user. The planner agent of the system will get solution from the web bot which retrieve related travel information from the internet and then combine them to generate solutions for travel between towns. Husni [21] proposes an AI planner called Simple Hierarchical Ordered Planner (SHOP2), which implements AI planning technique called Hierarchical Task Network (HTN) to compose web service from WSDL-based web services. Since the available semantic web services is limited and the related works about web service composition from semantic web services are only proposed how AI planning can be used to achieve it but no actual implementation about them. Husni developed a prototype to show the feasibility for composing web service from WSDL-based web services because they are widely available. Benatallah et al. [24] propose an automatic web service discovery technique by a matchmaking algorithm based on description logic based ontology. Werthner [25] provides an overview about tourism industry and propose a system which helps users to search information related to tourism by the help of ontology. Schmidt-Belz et al. [26] propose a multi-agent architectural system based on ontology, which is personalized, location awareness and interaction facilitation for mobile users.

Although ontology helps to categorize attractions which helps to suggest a tour plan which is much suit to user favor because user has provide the what category of attractions they are interested in, they do not relate the idea of those tour planner which is generated by tailored algorithm. For example, they do not let user to select some mandated destination or the starting and ending point of the tour plan like Maruyama et al. [22] suggested, which may link to their arrival and departure places. They only suggest a tour plan to the client based on their interest. In addition, all tour planners in the above list do not make use of agents to help them for gathering the most updated information or integrate several services to enlarge their database.
Ongoing and future issue

First of all, we need to have an ontology which describes the attraction. This can reference to what Cardoso [10] suggested. I try to treat all the elements that may be involved in a tour as an attraction. i.e. Restaurants, Accommodation, special function in the city. Thus the first branches of the ontology may be “visiting spot”, “Restaurant”, “Hotel”, etc. Every branch will be further divided in detail. This ontology can be generated by agents, which mean there should be an agent response for one field. For example, an agent tries to discover web services provide restaurant information and convert them into our ontology, which is similar to what Husni [21] does to try to retrieve proper information from other web services automatically. Or a web-crawler agent translates the information on the web page into our ontology. Moreover, it would be even better to collect information from forums if the agent is able to “understand” the content and translate the useful information into our ontology since it may be able to rank the restaurant from user’s comment to that restaurant. Thus our database information is integrated from several sources and should be updated enough. 
All the attraction should have a suggested staying time and the time period to stay. For example, it is not good to suggest the tourist to go to urban park at night even the tourist likes urban area and that is near some of the suggested attractions. In addition, some of the type may have the property that suggesting A is similar to suggesting B, like hotel. It may easily happen that a hotel is full when tourists try to book it. The system should be able to suggest another similar “attraction” while the user is tuning the tour plan.
For the input of the system, points or any of the attractions will become the mandatory to the system. User needs to at least input their tour starting and end point (e.g. start and end point can both be the border), which is similar to Maruyama et al. [22] implemented. Total touring time is also the mandatory to the system since the system has to make use of this information to schedule the tour plan. If the user is not planning to stay for one day, inputting the location of their accommodation will help the system to generate a “better” tour plan to them. Since we treated the accommodation as an attraction and we can tell the system that we are going to stay at this attraction for the whole night. Furthermore, the system may allow user to set a point as an “attraction” that must be visited. It may be the home of the friend of the tourist. All the input stated above may be treated as intentions according to BDI architecture proposed by Wegner et al. [16]. This will help to verify the suggested tour plan can suit to user needs but not unable to achieve. This tour plan may be optimized by ant colony optimization if possible like Lee et al. [17] does.
After the user tune the plan based on the system suggestion, they have to tell the system when the plan goes to start in order for the system keeping track of the process and to evaluate whether the plan is still possible to achieve. The location update can be done by receiving the signal from GPS device or user to invoke the system that we have finished to visit the attraction.
Discussion

To achieve the tour planning, one may use simply searching algorithm. To evaluate whether to suggest this point to the user, a heuristic function that return a value to indicate that whether this point can reach (or has shorter distance) to the next attraction defined by the user. The value may affected by the time remained for the tour and the level of interested to the user.
Hagen et al. [4], which suggest generating a dynamic tour plan from a web services called Dynamic Tour Guide (DTG) server. Each DTG will rank the known tour building block (TBB) for generating the tour plan to the user. Each tour building block in fact is a web service for an interest spot which can provide rich information about it (like audio guide). In my opinion, it is a good tour plan generating approach if you have many enough TBB for DTG to evaluate or every time it will result in a very similar tour plan if their interest is similar. As stated in [4], it is just for suggesting a tour for a couple of hours within a single destination. This may not be able to suggest an interest spot (include restaurants, special events or other interests) that is the last one before it suggest to go to the hotel (which is a mandatory interest spot provided by the user) to take rest. Neither to suggest a user preference coffee breaks or even local snacks around some period of time and are typical to user. The information about accommodation, restaurant or special event may provided by some web services or we can use agent to grab the information about any kind of these interest spots from a web site and transform them into our database in order to enrich our suggestion. Not only that, we can use agents like Husni [21] suggested composing web service from other WSDL-based web services even it has some limitations. If the there are more semantic web service available in the future, we can use agents to compose web service from them for it should give more accurate information than the WSDL-based one. This information gathering is somehow having a similar idea to Hu et al. [7] to centralize the information and make use of them for generating a tour plan and suggest to the user.
WU et al. [6] introduce a tour plan generator based on build-in tour plan. It needs user to input their interest and intentions which include destination, transportation, time, etc. It allow user to modify the suggested plan for flexibility. However, the suggested plan may be the same if their destination and other preferences are the same (e.g. Airport for departure). Nevertheless, the trip starting point may not the same (e.g. one arrives from the airport while other arrives from the ferry terminal) and one may have to travel long distance to start their plan according to the tour plan generator. In my opinion, user should input where does the journey start as well as some places they are having the strong will to visit. The system should try to link them together and fill in the rest according to user preference and feasibility. If so, the system can schedule a tour as long as the user like (if the touring place has much enough places for visiting or the user are going to visit several cities), which does not like Beatriz et al. [5] to categorize the journey by time and generate the tour plan according to the categorization.
In my opinion, the works that Maruyama et al. [22] done are quite close to what I suggested to work on. It uses a genetic algorithm to generate a route that try to visit all the destinations user specified with the duration for staying each of the destinations. However, I do not see they can suggest other interest nearby the destination or along the way from a destination to the next destination. Nevertheless, it use a local database to store all information, user may need to update the information by checking if there is any update. Although it can be done by an agent, it may not be feasible to store them locally if the information is too much. 
Summary
There are many tour plan suggesting systems. They are either based on ontology or by their own algorithm. We aim to propose a system that suggest a tour plan that is based on ontology for it can provide a tour plan which is close to user’s need and should be fast for we do not need to search through the whole database with the help of ontology. The system should also be able to suggest other interest to the user based on their mandatory places and their interest provided before, which is done based on BDI architecture. Also, the knowledge base of the tour plan suggesting systems usually maintained locally or is defined by expert. It does not guarantee the information is the most updated and still valid. As a result, our knowledge base is maintained by several kinds of agents that retrieve tourism information on the web. Those agents can be a web-crawler, or can translate other web services content into our knowledge base to keep our tourism information up-to-date. We hope this solution can make people easier to find out suitable information. In the future, we look forward to integrate with other agents like hotel booking or restaurant reservation services after the user tries to confirm the suggested tour plan. This can let user to settle the plan earlier and increase the degree of automation of the system.
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