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2 Systems Researh Institute Polish Aademy of Sienes, Warsaw, Poland,Maria.Ganzha�ibspan.waw.plAbstrat. While the vision of the SemantiWeb is an extremely appeal-ing one, its suess depends not only on development of new ontologiesthat represent various aspets of the world. Pragmati view suggests thatsuh ativities have to go hand-in-hand with failitating support for ex-isting domain-spei� real-world standards. One of suh interesting stan-dards that is systematially gaining popularity in the travel industry, isthe Open Travel Alliane (OTA) messaging. Spei�ally, the OTA stan-dardizes the way that businesses in the travel industry an ommuniatewith eah other. The aim of this hapter is to outline our e�orts leadingtoward (re)engineering an ontology of golf (understood as a leisurely a-tivity) anhored in the OTA golf messaging spei�ation. Furthermorewe disuss how suh ontology ould be used in a Travel Support System.Here, in addition to general senarios, details onerning implementationof needed translators are presented.Key words: ontology of golf, Open Travel Alliane, Travel SupportSystem, ontologial engineering, travel ontology utilization1 IntrodutionLet us start with a simple story. In late February of 2011, professor Ho�manfrom Stuttgart, Germany has to go to a onferene in Florida. Professor Ho�-man loves to play golf and would like to ombine the onferene with a fewrounds of golf. Due to the rapid development of agent tehnology, prof. Ho�manon his laptop has the newest release of MPMG07 Personal Agent�his personalassistant. Furthermore, for some time already, he is using SRIPAS Travel Sup-port System (TSS ) for all his travel needs. To be able to arrange his trip, heinforms his Personal Agent (PA) about dates of his trip and asks it to arrangeall neessary details. The PA knows travel preferenes of professor Ho�man anduses them to formulate a request to the TSS. The TSS ommuniates with var-ious Travel Servie Providers (e.g. airlines, hotels, golf ourses) to make travelarrangements. Furthermore, sine prof. Ho�man is one of its regular lients itan utilize this knowledge to (a) �lter and sort potential o�ers, and (b) to makesuggestions that go beyond the ore of the query (e.g. to suggest a spei� restau-rant in Orlando that prof. Ho�man is likely to be interested in). In the latter



2 A. Cie±lik, M. Ganzha, M. Paprzykithe TSS utilizes also knowledge mined from behaviors of its other lients. Theproposal is returned to the PA of prof. Ho�man, that uses its own knowledgeabout his preferenes to further �lter and sort responses (it is the PA that mayknow that, due to the reently inreased holesterol level, prof. Ho�man stoppedeating US Diner style food that he was fond o�). Some of the deisions may beompleted by the PA, some may involve prof. Ho�man himself. Some o�ers anbe aepted immediately, while some may require further ommuniation withthe TSS. All ommuniations between the PA and the TSS are utilized by theTSS to modify its pro�le of prof. Ho�man to serve him better in the future. Asa result of these ativities the itinerary is ompleted and prof. Ho�man an go toOrlando, present his work at the onferene and play golf. During and after histrip he may ommuniate with his PA to provide expliit feedbak about travelarrangements. This information is used by the PA to update prof. Ho�man'spro�le.This futuristi story ontains a number of issues that we try to address inour ongoing projet, in whih we are developing an agent-based Travel SupportSystem. Its key features have been summarized in [23, 13, 16, 14℄ and in refer-enes to our earlier work olleted there. In this hapter we will fous only onseleted new developments, related to ommuniation between various entitiesinvolved in making travel arrangements, as well as utilization of ontologies. Workpresented here extends and omplements material presented in [7, 8℄.1.1 World of travelThe story of prof. Ho�man allows us to identify three key groups of key stake-holders of the world of travel.� Users, whih may be helped by and represented to the outside world by theirPersonal Agents (for more information about �agents as a personal assistants,�see [20℄). To hek availability of a Marriott Hotel in St Louis, MO, the PAmay interat with the Travel Servie Provider, e.g. represented by a MarriottWWW site, or a Marriott Reservation Agent. Obviously, the PA may alsoontat a Travel Support System (whih is a generalization of the notion of aTravel Ageny and an example of a infomediary [17℄). The TSS an provide,for instane, a omplete travel pakage (e.g. airline tiket + ar rental + hotel+ golf). Obviously, in the �rst ase ontent personalization will be failitatedsolely by the PA. Here, we treat various loyalty programs as a part of itinerarypreparation, and not as a form of ontent personalization. In the seond ase,as suggested above, it is likely that the initial ontent personalization will takeplae within the TSS (ful�lling its role of the infomediary) and the �ne tuning(�nal �ltering) will be done by the PA.Obviously, Users may also arrange their travel diretly, by ommuniating viasome form of web-interfae with entities like the Travel Support System, orwith Travel Servie Providers to obtain spei� information / reservation. Forsimpliity of desription, from here on we fous our attention only on Usersrepresented by their PAs.



Ontology of Golf Based on OTA Golf Messages 3� Two types of Travel Servie Providers (TSP). The �rst groups represents,provides information about, and failitates reservations of spei� travel en-tities (e.g. hotel hains, individual hotels, restaurants, golf ourse operators).Seond, global reservation systems (e.g. SABRE) that at as reservation ag-gregators. While these two groups di�er to a ertain extent (e.g. omparereservation system of a non-hain hotel San Max in Catania, Italy with theAmadeus global reservation system), still we an treat them all as end-pointproviders of reservations. Note also that while global reservation systems aresomewhat similar to Travel Support Systems, we see the role of Travel ServieProviders to be limited to ativities involved in information provisioning andreservation proessing. Finally, existene of loyalty programs, whih allowssome TSPs (e.g. Hilton Hotels) to aquire, store and utilize ustomer data,matters only as far as internal data proessing is onerned (see below).� Travel Support Systems, whih in part play the same role as Travel ServieProviders. Here, we assume that it is unlikely that �anyone� will be able toaess global reservation systems diretly (e.g. for seurity reasons). There-fore, TSS s will onstitute an authorized entry point. They will also provideintegrated, and to some extent personalized servies (e.g. a vaation pakageto Milan, onsisting of: airline reservation + hotel + opera tikets); see above.As in the ase of typial infomediaries, they will not only respond to diret re-quests of ustomers, but attempt at selling extra servies, seleted on the basisof knowledge of habits of all of their ustomers (e.g. similarly to Amazon.omsuggesting additional items based on similarities between ustomers).Note that while it is obvious that the role of a Travel Support System ishanging beause of the Internet, still Users need to be able to have aess toTSPs (e.g. to make reservations) while intermediaries (e.g. the TSS s) will at-tempt at earning money by providing value-added servies. Therefore, regardlessof spei� form resulting form the evolution of all of the above identi�ed stake-holders, the general piture presented here should remain valid for some time toome.1.2 Travel-related data storage and proessingLet us now disuss how data is likely to be stored and represented by the threegroups of stakeholders. While there exist arguments to the ontrary, we aeptthe assumption that utilization of ontologially demarated data is going to bea ruial part of future development of the Internet, and more generally, ompu-tational fabri of the world. Therefore, it is easy to see that the ideal situationwould be realization of the vision put forward by the CYC projet [21℄. Here, asingle ontology of �everything� is to be developed and aepted worldwide. If thisvision would materialize, all problems related to data interoperability would begradually solved (by all entities aepting suh global ontology). Unfortunately,even asual observation of the way that the Semanti Web is developing suggeststhat this vision is unlikely to materialize for a very long time, if ever (e.g. dueto multilinguality of the world, pragmati/politial needs of individual players,



4 A. Cie±lik, M. Ganzha, M. Paprzykiet.). Instead, we an expet that (a) some entities will move toward ontologiesvery slowly e.g. large existing players (suh as global reservation systems), aswell as very small players (suh as individual non-hain hotels), (b) some playerswill utilize domain and business spei� ontologies, e.g. hotel hains may use aombination of a �hotel as a tourist entity� ontology and a �hotel as a businessentity� ontology, while have no diret use of other travel-related ontologies (e.g.they may want to be able to make a ar reservation for their guests, but they willnot store or proess ar rental related data and thus will not need ontology of arrental), () Personal Agents that reside on omputers of their Users may utilizesimpli�ed ontologies, e.g. ontology of a hotel without onepts related to �ho-tel as a plae for a onferene� (inluding apaity of and equipment availablein meeting rooms). Summarizing, we an expet that di�erent entities withinthe �world of travel� will utilize di�erent data representation (ontologially de-marated, or not). Furthermore, even if data will be stored in an ontologiallydemarated fashion, di�erent players are likely to use di�erent ontologies. Theseontologies may, but not have to be subsets of a larger, all agreed, omprehensiveontology of travel-related entities.In our earlier work, we assumed that the TSS is going to store informationin semantially demarated form and use it to failitate personalized informa-tion provisioning (see, [23, 13, 16, 14℄ and referenes olleted there). Moving inthis diretion we have developed, and later merged, ontologies of a hotel and arestaurant. These two ontologies were reated on the basis on the onept of ahotel as represented in travel-related WWW sites and onept of a restaurantas proposed in the ChefMoz projet, respetively [12, 15℄. Separately we haveproeeded to develop a omprehensive ontology of air travel (see, [26, 25℄ fordetails), whih was also merged with ontologies of hotel and restaurant. Thisontology is available at [6℄.Finally, it should be mentioned, that to represent user pro�les and in thisway failitate personalized ontent delivery, we have adapted, to be used withontologies, an overlay-based approah proposed originally in [19, 10℄. In our work,eah user is to have his/her preferenes represented in a pro�le inorporated intothe ontology of travel (see, [23, 13, 14, 12℄ for more details).1.3 Communiation in the world of travelThus far, we have argued that the world of travel has, and is likely to have forsome time, at least three main groups of stakeholders. Furthermore, we haveshown di�erent players within the world of travel are likely to utilize di�erentinternal data representations. Thus, one has to ask a question: how will it bepossible for them to ommuniate. One of the more promising answers has beenproposed by the Open Travel Alliane (OTA) [2℄. OTA was reated in 2001with the aim of developing a standard for ommuniation between various en-tities represented the world of travel. They have designed message sets de�ningommuniation about pratially all travel-related ativities [4℄. Interestingly, astime passes the OTA messaging standards is gaining popularity. For instane,



Ontology of Golf Based on OTA Golf Messages 5aording to the OTA WWW site, its messaging has been adopted, among oth-ers, by Amerian and Continental Airlines, Hilton and Marriott Hotels (for aomplete list, see [3℄). Spei� OTA messages onern partiular aspets of atravel-related ativities and are de�ned as pairs: a request (RQ) message, and aresponse (RS) message. Depending on the �eld of interest, number of suh mes-sage pairs varies, for instane, from three for a golf ourse related �onversation,�to ten for the air travel.Let us now assume that OTA messaging beomes a worldwide travel industrystandard, whih seems to be the ase. Then the problem of ommuniation be-tween travel entities beomes solved. It should be lear, that while eah of themmay use di�erent data representation, storage, and proessing, they all will beable to ommuniate utilizing OTA messages. Obviously, this means that eahtime messages are to be exhanged, a number of translations needs to take plae.� Within Travel Servie Providers, inoming OTA requests have to be translatedinto queries mathing their internal data representation. Resulting responseshave to be translated �bak� into OTA responses and send to requesters.� For the time being, we assume that travel-related ommuniation betweenUsers and their Personal Agents does not involve OTA messages. Rather,Users �ll-in a form (e.g. an HTML template) and the resulting querystring issend to the PA (see, [11℄ for a disussion of how non-agent entities an om-muniate with software agents). Obviously, we an hope that one day we willbe able to use natural language to ommuniate with the PA, but we omitthis issue from onsiderations. The Personal Agent takes the User -query (ex-pressed in any form) and translates it into an OTA request message, whih anbe send either to Travel Servie Providers, and/or to Travel Support Systems.Reeived OTA responses have to be translated into instanes of loal ontology,as this is the data representation used by the PA to proess information (e.g.to rank obtained proposals). Obviously, �ltered and ordered responses have tobe translated into user readable form and ommuniated to the user (for moredetails in the ase of displaying information on the user devie see, [11℄).� The Travel Support System reeives OTA requests from Personal Agents rep-resenting Users. Some of them an be answered diretly by the TSS. For in-stane, sine the TSS gathers data, and keeps it fresh by systemati updates[16℄, stati elements suh as unhangeable harateristis of the golf ourse anbe found by querying the loal database of the TSS. Spei�ally, in the urrentdesign of the TSS, ontologially demarated travel data is kept in the Jenarepository [1℄. Therefore, the OTA request message has to be translated intothe SPARQL query [5℄ and exeuted. The result may then either be translatedinto an OTA response message and send to the PA �as is,� or further proessed(e.g. to propose other travel related items that a given User may be interestedin, and in this way to maximize the pro�t of the TSS [16℄). The seond pos-sibility is that the original request requires aess to Travel Servie Providers(e.g. a request to hek availability of a given golf ourse). Suh message anbe forwarded to an appropriate TSP to obtain the neessary data (see above).The response is then treated as if it was obtained from the loal database.



6 A. Cie±lik, M. Ganzha, M. Paprzyki2 OTA golf messagesLet us now fous our attention on a spei� ase of travel-related ommuniation�interations onerning golf treated as a leisurely ativity. Here, the OTA stan-dard identi�es three pairs of messages; summarized in Table 2 (see [22℄ fora omplete desription). These messages provide the following funtionalities:(1) �nding a golf ourse with spei� harateristis, (2) heking if a ourse ofinterest (e.g. found utilizing the previous message) is available at a spei� timeand under a spei� set of onditions (e.g. maximum prie), and (3) making anatual reservation of a seleted ourse.To illustrate the spei� form that OTA messages take, in Figure 1 we presentan example on an OTA_GolfCourseSearhRQ message (based on [22℄). In thismessage a person who is onsidered physially hallenged under the ADA rules,and requiresWheelhair Aessibility (riterion spei�ed as true). This person isseeking a ourse to be played alone (riterion Singles spei�ed as true) and thathas Robert Jones as its Arhitet (riterion is not required�spei�ed as false).<?xml ve r s i on=" 1 .0 " enoding="UTF−8"?><OTA_GolfCourseSearhRQ xmlns="http ://www. opent rave l . org /OTA/2003/05 "xmlns : x s i="http ://www.w3 . org /2001/XMLShema−i n s t an  e "x s i : shemaLoation = ` ` http ://www. opent rave l . org /OTA/2003/05 OTA_GolfCourseSearhRQ . xsd"EhoToken= ` `54321 " TimeStamp="2003−11−12T10 : 3 0 : 0 0 "Target="Prodution " Vers ion=" 1.001 "SequeneNmbr="2432 " PrimaryLangID="en"ID="FL4902" Deta i lResponse=" t rue "><Cr i t e r i a ><Cr i t e r i on Name="Arh i t e  t " Value="Robert  Jones"Required=" f a l s e "/><Cr i t e r i on Name=" S ing l e s  Confirmed " Value="Yes"Required=" true "/><Cr i t e r i on Name="ADA Chal lenged " Value="Wheelhair"Required=" true "/></Cr i t e r i a ></OTA_GolfCourseSearhRQ>Fig. 1. Example of OTA golf ourse searh request messageIn response to the OTA_GolfCourseSearhRQ message depited in Figure 1,the OTA_GolfCourseSearhRS message presented in Figure 2 ould have beenreeived. This message spei�es that two golf ourses satisfy the seleted riteria.These ourses have ID's FL1234 and FL4321. Both of them satisfy the requiredriteria (Wheelhair Aessibility and Singles Con�rmed, while only the �rst onehas been designed by Robert Jones. However, sine the Arhitet riteria was



Ontology of Golf Based on OTA Golf Messages 7Table 1. Summary of OTA golf messagesMessage type List of �eldsOTA_GolfCourseSearhRQ�messageused to �nd golf ourses that satisfya given set of riteria; if attribute isspei�ed as Required (set to Yes) thenonly ourses that meet that riteriawill be returned; if Required attributeis set to No, a ourse that does notmeet that riteria may also be inludedin the list
Arhitet, ADAChallenged, Slope, MetalSpikes, Caddies available, Yardage, Per-sonal Carts Permitted, Grass Type, SinglesCon�rmed

OTA_GolfCourseSearhRS�responselists ourses that meet the seletedriteria Golf Course ID, Golf Course address, Con-tat information�telephone number, Listof requested riteriaOTA_GolfCourseAvailRQ�requestsinformation about availability of aspei� golf ourse, satisfying a set ofimposed onditions Golf Course ID, Tee Time�start and enddate, Number of golfers, Number of holes,Maximum prie for one personOTA_GolfCourseAvailRS�responseprovides detailed information aboutavailability Golf Course ID, Tee Time, Number ofgolfers, Number of holes, Maximum priefor one person, List of fees. Fee has name,information about amount, urreny andtaxesOTA_GolfCourseResRQ�message re-quests reservation of a given golf ourse Information about person who makes reser-vation (�rst and last name, address, dateof birth, telephone number), Mean of pay-ment, Date of game, Number of golfers,Number of arts, List of feesOTA_GolfCourseResRS�on�rms(or denies) reservation of a given golfourse Reservation ID, Information about personwho makes reservation (�rst and last name,address, date of birth, telephone number),Mean of payment (redit art information),Date of game, Number of golfers, Numberof arts, List of fees, Information onerninganellation penalties and date and time bywhih a anellation must be madenot required, also the ourse designed by Jak Niklaus an be orretly inludedin the response.Assuming that one of these ourses has been seleted, it is likely that onewould like to hek its availability at a spei� date and time, as well as satis-fation of various additional onditions (e.g. maximum prie). This is ahievedthrough the GolfCourseAvailRQ and GolfCourseAvailRS pair of messages. Fi-nally, if the ourse is available and onditions are satis�ed, a GolfCourseResRQ



8 A. Cie±lik, M. Ganzha, M. Paprzyki<?xml v e r s i on=" 1 .0 " enoding="UTF−8"?><OTA_GolfCourseSearhRS xmlns="http ://www. opent rave l . org /OTA/2003/05 "xmlns : x s i="http ://www.w3 . org /2001/XMLShema−i n s t an  e "x s i : shemaLoation = ` ` http ://www. opent rave l . org /OTA/2003/05 OTA_GolfCourseSearhRS . xsd ' 'EhoToken="54321 " TimeStamp="2003−11−12T10 : 3 0 : 1 5 "Target="Prodution " Vers ion=" 1.002 "SequeneNmbr="2433 " PrimaryLangID="en"><Suess/><GolfCourses><GolfCourse ID="FL1234" Name= ` ` Sea Grass Golf Resort ' '><Address><CityName>Jupiter </CityName><PostalCode>21921</PostalCode><County>Palm Beah</County><StateProv StateCode="FL"/><CountryName Code="US"/></Address><Phone AreaCityCode="444" PhoneNumber="423−8954"/><Traits><Trait Name="Arh i t e  t " Value=` `Robert Jones ' '/><Trait Name= ` ` S i ng l e s Confirmed ' ' Value="Yes"/><Trait Name= ` `ADA Chal lenged ' ' Value="Wheelhair"/><Trait Name="Slope" Value="110"/><Trait Name="Metal  Spikes " Value="No"/><Trait Name= ` ` Caddies Ava i l ab l e ' ' Value="No"/><Trait Name="Yardage" Value="6345 "/><Trait Name= ` ` Persona l Carts Permitted ' ' Value="No"/><Trait Name="Fivesome" Value="No"/><Trait Name= ` `Grass Type ' ' Value="Bermuda"/></Traits></GolfCourse><GolfCourse ID="FL4321" Name= ` `Beah Side Golf Resort ' '><Address><CityName>Palm Beah Gardens</CityName><PostalCode>21932</PostalCode><County>Palm Beah</County><StateProv StateCode="FL"/><CountryName Code="US"/></Address><Phone AreaCityCode="444" PhoneNumber="423−2876"/><Traits><Trait Name="Arh i t e  t " Value=` ` Jak Nik laus ' '/><Trait Name= ` ` S i ng l e s Confirmed ' ' Value="Yes"/><Trait Name= ` `ADA Chal lenged ' ' Value="Wheelhair"/><Trait Name="Slope" Value="112"/><Trait Name= ` `Metal Spikes ' ' Value="Yes"/><Trait Name= ` ` Caddies Ava i l ab l e ' ' Value="Yes"/><Trait Name="Yardage" Value="7102 "/><Trait Name="Fivesome" Value="Yes"/><Trait Name= ` `Grass Type ' ' Value="Rye"/></Traits></GolfCourse></GolfCourses></OTA_GolfCourseSearhRS>Fig. 2. Example of OTA golf ourse searh response message



Ontology of Golf Based on OTA Golf Messages 9message ould be send, requesting a reservation at a spei� time. This messagewould then be followed by a GolfCourseResRS message that would on�rm thereservation.3 Designing the ontology�preliminary onsiderationsNow, we an disuss how OTA golf messages an be used as a basis for the de-velopment of an OTA golf ourse ontology (to be used, among others, within ourTSS ). Analysis of OTA golf messages indiated that two ore onepts shouldbe de�ned. The Golf Course onept identi�es a golf ourse and spei�es itsfeatures. This onept is based diretly on the ontent of the �rst pair of OTAmessages, where golf ourses with spei� features are sought. It de�nes an objet(golf ourse) and its stati features and is represented in Table 3.Table 2. Golf Course onept and its featuresClass GolfCourseCourse ID ID originates from the OTA_GolfCourseSearhRS mes-sage; an be used for getting information about golfourse availability and for making reservationsAddress Address of golf ourseContat Contat information (e.g. telephone number)Features List of golf ourse featuresThe seond onept, named Golf Course Tee Time, de�nes information ne-essary for ompleting reservation of a golf ourse. Thus, the Golf Course TeeTime onept de�nes dynami harateristis of a stati objet spei�ed by theGolf Course onept. In Table 3 we list features that onstitute the neessaryinformation to de�ne the Golf Course Tee Time onept. Sine the �names offeatures� listed in the table are self-explanatory, we do not de�ne them further.Table 3. Golf Course Tee Time onept and its featuresClass GolfCourseTeeTimeCourse IDStart date and timeEnd date and timePrieMax prie for one personNumber of holesNumber of golfersNumber of gamesList if fees



10 A. Cie±lik, M. Ganzha, M. PaprzykiAfter identifying two onepts that onstitute the ore of the OTA golf on-tology, we have to address the following question: how does this ontology relateto the TSS ontology. In other words, we have to establish whih already existing/ de�ned onepts an be re-used in the new ontology.3.1 Common onepts with the TSS ontologyOntology re-use is one of important onepts in ontologial engineering [9℄.Therefore, we have ompared the OTA golf ontology and the TSS ontology andanalyzed whih onepts an, and should, be re-used. Note that, as seen below,similarity of onepts an sometime be misleading as in atuality their repre-sent di�erent notions. Separately, one should keep in mind that the OTA golfontology, should be made integrable with the TSS ontology. To help ahievingthis goal both ontologies should share as many onepts as possible. Thus, uponanalysis of the TSS ontology we have identi�ed the following existing oneptsthat ould be re-used.Outdoor Loation�geographial loation is assoiated with most objetspopulating the TSS ontology (i.e. restaurant, hotel, airport). Obviously, thisonept is also assoiated with the golf ourse. The OutdoorLoation lass fromthe TSS ontology desribes geographial loation through a set of geographialproperties, suh as: street address, ountry, ity/town, region, zip ode, referenepoints or loation desription (see the TSS ontology available at [6℄ for a om-plete listing). In the TSS ontology, the Hotel, the Restaurant and the Airportlasses are sub-lasses of the OutdoorLoation lass. Therefore, the GolfCourselass proposed here should also beome a sublass of the same OutdoorLoationlass. This is a natural deision as the Golf Course should be an objet of thesame �nature� as the other objets mentioned here.Disounts�is the onept that, in general, spei�es:� ode of the partiular disount,� amount of redution of the base-prie,� and ontains a short desription of the disount poliy.However, when dealing with air travel support we have realized that IATA de-�ned speial air travel disount odes [26, 25℄. Therefore, the question has arisen:how to integrate these with hotel and restaurant disount odes (inluding bothOTA-spei� and general disounts�these omitted in the OTA spei�ation).For the purpose of integration of ontologies, �domain-spei�� disounts odeswere distinguished and de�ned as sublasses of the general DisountTypes lass.Therefore, in the TSS ontology there exist three lasses de�ning possible dis-ounts:� OTADisountTypes�disount types originating from the OTA spei�ation� IATADisountTypes�disount types originating from the IATA spei�ation� DisountTypes�general lass; all disount typesObviously, lassesOTADisountTypes and IATADisountTypes are sublassesof the DisountTypes lass. Note that sine the proposed ontology of golf is based



Ontology of Golf Based on OTA Golf Messages 11on OTA messages, disount onepts used in the OTA golf ontology belong tothe OTADisountTypes lass.The remaining ommon parts between the TSS ontology and the OTA golfontology are:� MeanOfPayment�onept de�ning possible mean of payment (e.g ash, reditard, hek, et.),� AdressReord�lass that in the TSS ontology desribes the address,� Curreny�onept that de�nes what is the urreny that the fees are in,� FareTax�onept ontaining information about taxes,� Contats�lass speifying possible ways of ontating an entity (e.g. the tele-phone number).4 The OTA golf ontologyBased on the above onsiderations we an now present de�nitions of the twobasi lasses of the proposed OTA golf ontology. Its remaining features have beendesribed in detail in [7℄. First, in Figures 3 we present the lass OutdoorLoationthat the Golf Course onept is a sublass of. Next, in Figure 4, we present theRDF representation of the Golf Course lass.As disussed above, the GolfCourse lass is a sublass of the OutdoorLoationlass and utilizes the Contats onept (from the TSS ontology). In its de�nitionwe use strings for: id, ourseName, arhitet ; and an integer for the slope.The seond onept that belongs to the ore of the OTA golf ourse ontologyis the Golf Course Tee Time. It is presented in Figure 5 (in the RDF notation)and in Figure 6 in the graphial representation. Finally, in Figure 7 we presentthe RDF desription of the Prie onept.Observe that while the GolfCourseTeeTime lass is relatively simple itself (itonsists of strings for: startDate, endDate and golfCourseID ; �oat for maxPrie;and an integer for numberOfTimes), it utilizes also a fairly extensive onept of aFee. This points out to the fat that in addition to the two basi onepts (lassesGolfCourse and GolfCourseTeeTime) we had to de�ne the following additionalonepts / lasses:� Prie�onept of prie (inludes: amount, taxes, urreny, et.)� Fee�onept of fee (e.g. green fee, art fee)� Desription�ontains all additional desriptions that are needed for the trav-eler to be able to e�etively utilize the information provided by the systemNote that the onept of the Prie is similar to that used in the TSS ontology,however in the ase of a golf ourse it is muh less ompliated than in the aseof air travel. Therefore we have deided, for the time being, to leave this oneptgolf-spei� and return to this issue when the OTA golf ontology is going to beintegrated with the TSS ontology.



12 A. Cie±lik, M. Ganzha, M. Paprzykibase : OutdoorLoation a r d f s : Class ;rd f s : subClassOf geo : Spat ia lThing ;rd f s : omment ` ` Outdoor l o  a t i o n .Geographial and urban r e f e r e n  e s . ' ' .base : address a rd f : Property ;rd f s : omment ` ` Address d e t a i l s . ' ' ;r d f s :domain base : OutdoorLoation ;rd f s : range adre : AddressReord .base : a t t r a  t i onCatego ry a rd f : Property ;rd f s : omment ` ` Nearby a t t r a  t i o n s . ' ' ;r d f s :domain base : OutdoorLoation ;rd f s : range base : AttrationCategoryCode .base : indexPoint a rd f : Property ;rd f s : omment ` ` Referene map point . ' ' ;r d f s :domain base : OutdoorLoation ;rd f s : range base : IndexPointCode .base : indexPointDist a rd f : Property ;rd f s : omment ` ` Dis tane from the r e f e r en  e map point . ' ' ;r d f s :domain base : OutdoorLoation ;rd f s : range base : IndexPointCode .base : loat ionCategory a rd f : Property ;rd f s : omment ` ` Loation ategory . ' ' ;r d f s :domain base : OutdoorLoation ;rd f s : range base : LoationCategoryCode .base : neighbourhood a rd f : Property ;rd f s : l a b e l ` ` Neighbourhood ' ' ;rd f s : omment ` `The neighborhood o f the Outdoor l o a t i o n . ' ' ;r d f s : range xsd : s t r i n g ;rd f s :domain base : OutdoorLoation .base :  r o s s S t r e e t a rd f : Property ;rd f s : l a b e l ` `Cross s t r e e t ' ' ;rd f s : omment ` `The nea r e s t s t r e e t that  r o s s e s the s t r e e t thatthe t r a v e l ob j e  t i s on . ' ' ;r d f s : range xsd : s t r i n g ;rd f s :domain base : OutdoorLoation .base : AttrationCategoryCode a r d f s : Class ;rd f s : omment ` ` Po s s ib l e a t e g o r i e s o f p l a  e s whih might beo f i n t e r e s t f o r v i s i t o r s / gue s t s and an befound in the neighborhood . ' ' .base : IndexPointCode a r d f s : Class ;rd f s : omment ` ` Po s s ib l e r e f e r e n e map po in t s . ' ' .base : LoationCategoryCode a rd f s : Class ;rd f s : omment ` ` Po s s ib l e l o a t i o n  a t e g o r i e s . ' ' .Fig. 3. OutdoorLoation onept; RDF representation5 Utilizing OTA golf messages and OTA golf ontologyIn setion 1.3 we have summarized translations that need to take plae whenOTA messages are used to ommuniate between entities utilizing various formsof internal representation of travel data. In the remaining parts of this hapter wewill onentrate our attention on translations involving Travel Support Systemthat utilizes the above de�ned OTA golf ontology.To failitate the neessary translations, we have designed a Translation Agent(TA). Its ations are summarized in Table 4 (it should be obvious that the TA,or its funtions ould also be used diretly by�or within; as a sub-agent of�thePersonal Agent to ful�ll its role in User support):As it an be see in Table 4, in its work the TA utilizes two auxiliarystrutures�the Conditions and the Map:



Ontology of Golf Based on OTA Golf Messages 13base : GolfCourse a r d f s : Class ;r d f s : subClassOf l o  : OutdoorLoation ;r d f s : omment ` ` Used fo r  i t y and geog raph i a l l o a t i on de s  r i p t i o n ' ' .base : id a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : s t r i n g .base : name a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : s t r i n g .base : on ta t In f o a rd f : Property ;r d f s : omment ` ` Contat in format ion . ' ' ;r d f s :domain base : GolfCourse ;r d f s : range ph : Contats .base : a r  h i t e  t a rd f : Property ;r d f s : omment ` ` Golf ourse de s ine r ' ' ;r d f s :domain base : GolfCourse ;r d f s : range xsd : s t r i n g .base : s l ope a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : integer .base : availCaddy a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : boolean .base : permCart a rd f : Property ;r d f s : omment ` ` In format ion i f pe r sona l  a r t s are permitted ' 'r d f s :domain base : GolfCourse ;r d f s : range xsd : boolean .base : yardage a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : f loat .base : s ing lesConf i rmed a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : boolean .base : meta lSp ikes a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : boolean .base : g ra s s a rd f : Property ;r d f s :domain base : GolfCourse ;r d f s : range xsd : s t r i n g ;Fig. 4. Golf Course onept; proposed GolfCourse lass� The Conditions struture ontains list of objets of the lass Condition andhas the form: l a s s Condit ion implements jade . ontent . Conept{ St r ing name_; /∗name of the f ea ture ( e . g . ` ` Arhitet ' ' ) ∗/boolean required_ ; /∗ i s given  r i t e r i on i s required?∗/St r ing va lueS t r ing ; /∗ va lue ( e . g . ` ` Jan Kowalski ' ' ) ∗/St r ing operation_ ; /∗ operation ∗/}Class Condition is used to speify riteria of a requested golf ourse (riteriabased on the OTA_GolfCourseSearhRQ message). This struture is used togenerate the SPARQL query to be exeuted on the Jena repository.� The Map is a struture from the TSS. In the Golf sub-system it is used tospeify details of the question regarding golf ourse availability. Map ontainsthe list of objets of the lass MapEntry and has the form: l a s s MapEntry implements jade . ontent . Conept{



14 A. Cie±lik, M. Ganzha, M. Paprzykibase : GolfCourseTeeTime a rd f s : Class ;base : go l fCourse ID a rd f : Property ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : s t r i n g .base : amount a rd f : Property ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : f loat .base : urrenyCode a rd f : Property ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : s t r i n g .base : s tartDate a rd f : Property ;rd f s : omment ` ` In format ion about date and time informat yyyy :MM: dd 'T 'HH:mm: s s ' ' ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : s t r i n g .base : endDate a rd f : Property ;rd f s : omment ` ` In format ion about date and time informat yyyy :MM: dd 'T 'HH:mm: s s ' ' ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : s t r i n g .base : maxPrie a rd f : Property ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : f loat .base : numberOfHoles a rd f : Property ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : integer .base : numberOfTimes a rd f : Property ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range xsd : integer .base : f e e a rd f : Property ;rd f s :domain base : GolfCourseTeeTime ;rd f s : range f e e : Fee .Fig. 5. Golf Course Tee Time onept; proposed GolfCourseTeeTime lasspr iva t e S t r ing key ; /∗name of parameter ( e . g . " go l fCourseId")∗/pr iva t e S t r ing value ; /∗ va lue of parameter ( e . g . "AW313")∗/Table 4. TA ations depending on reeived messagesMessage TA Ationsmessage TA_translate_from_OTA-GolfCourseSearhRQ TA translates the OTAGolfCourseSearhRQXML message to the struture Conditionsmessage TA_translate_from_OTA-GolfCourseSearhRS TA translates the OTA_GolfCourseSeahRSXML message to the list of instanes of the Golf-Course ontology.message TA_translate_from_OTA-GolfCourseAvailRS TA translates the OTAGolfCourseAvailRS XMLmessage to the list of instanes of the GolfCourse-TeeTime ontologymessage TA_translate_to_OTAGolf-CourseSearhRS TA translates the instanes of the GolfCourseontology to the OTAGolfCourseSearhRS XMLmessage.message TA_translate_to_OTAGolf-CourseAvailRQ TA translates the strutureMap to the OTAGolf-CourseAvailRQ XML messagemessage Close_system_ation TA �nishes its ativity
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Fig. 6. Golf Course Tee Time onept; graphial representation}Classes Conditions, Condition, Map and MapEntry extend lass jade.on-tent.Conept and are part of the GolfCourse onept.



16 A. Cie±lik, M. Ganzha, M. Paprzykibase : Pr ie a r d f s : Class ;r d f s : omment ` ` De s  r ip t i on o f a p r i  e ' ' .base : amount a rd f : Property ;r d f s :domain base : Pr ie ;r d f s : range xsd : f loat .base : t a x In  l u s i v e a rd f : Property ;r d f s :domain base : Pr ie ;r d f s : range xsd : boolean .base : totalAmount a rd f : Property ;r d f s :domain base : Pr ie ;r d f s : range xsd : double ;r d f s : omment ` ` Total amount ( taxes i n  l . ) ' 'base : fareAmount a rd f : Property ;r d f s :domain base : Pr ie ;r d f s : range xsd : double ;r d f s : omment ` ` Fare amount ( taxes exluded ) ' 'base : tax a rd f : Property ;r d f s :domain base : Pr ie ;r d f s : range tax : FareTax ;r d f s : omment ` ` In format ion about taxes ' 'base : urr a rd f : Property ;r d f s :domain base : Pr ie ;r d f s : range ur : Curreny ;r d f s : omment ` `The urreny in format ion . ' 'Fig. 7. Prie onept; proposed Prie lass5.1 Implementing message translationsTo be able to omplete translations summarized in Table 4, the TA utilizeslasses generated by the Castor [24℄ and the Jastor [18℄ software. Let us lookinto their utilization in some detail.Utilization of Castor. Castor is an Open Soure data binding frameworkfor Java. Its Soure Code Generator reates a set of Java lasses whih repre-sents an objet model for an XMLShema, and its input �le is an XSD �le.We used Castor to generate lasses for all six OTA messages (see Table 2).Furthermore, Castor generates lasses, not only for messages but also for theirattributes. For instane let us onsider a snippet of the XMLShema �le for theOTA_GolfCourseSearhRQ message:<?xml version=" 1 .0 " enoding="UTF−8"?><xs:shema xmlns:xs=" ht tp : //www.w3 . org /2001/XMLShema"xmlns=" ht tp : //www. opentrave l . org/OTA/2003/05"targetNamespae=" ht tp : //www. opentrave l . org/OTA/2003/05"<. . . appropr iate headers ome here . . .><xs : annota t i on><xs:doumentation xml:lang="en"> </xs:doumentation></ xs : annota t i on><xs :e lement name="OTA_GolfCourseSearhRQ"><xs : annota t i on><xs:doumentation xml:lang="en"> </xs:doumentation></ xs : annota t i on><xs:omplexType><xs : s equene><xs :e lement name=" Cr i t e r i a "><xs:omplexType><xs : s equene<xs :e lement name=" Cr i t e r i o n" maxOurs="99">



Ontology of Golf Based on OTA Golf Messages 17<xs:omplexType><xs :att r ibuteGroup r e f="Cr i ter iaGroup"/></xs:omplexType></ xs :e lement></ xs : s equene>< . . .></xs:shema>Here, within the OTA_GolfCourseSearhRQ message there is a list of Criterion,whih is an attribute that has referene to the CriteriaGroup. Now, part of theXMLShema �le for the CriteriaGroup has the form:<xs:att r ibuteGroup name="Cri ter iaGroup">< . . . appropr iate headers ome here . . .><x s : a t t r i bu t e name="Name" type="Str ingLength1to32" use=" requ i r ed"></ x s : a t t r i bu t e><x s : a t t r i bu t e name="Value" type="Str ingLength1to16" use=" requ i r ed"></ x s : a t t r i bu t e><x s : a t t r i bu t e name="Required " type=" xs :boo l ean" use=" requ i r ed"></ x s : a t t r i bu t e><x s : a t t r i bu t e name="Operation" type="Str ingLength1to16" use=" opt i ona l "></ x s : a t t r i bu t e></ xs :att r ibuteGroup>Taking this as an input, Castor generates a lass for the Criterion with methodsget and set. The resulting lass would have the following form (fragment):publi  lass Cr i t e r i o n implements java . i o . S e r i a l i z a b l e {/∗∗ A ode represent ing the  r i t e r i on on whih to f i l t e r ∗/private java . lang . S t r ing _name;/∗∗ The va lue of the  r i t e r i on ∗/private java . lang . S t r ing _value ;/∗∗ A f l a g e s t a b l i s h i n g i f t h i s  r i t e r i onmust be met ( va lue \ t e x t i t {Yes}) ∗/private boolean _required ;/∗ keeps trak of s t a t e for f i e l d : _required ∗/private boolean _has_required ;/∗Other operat ions to be used as the f i l t e r ( e . g . GT, LT, et . ) . ∗/private java . lang . S t r ing _operation ;//− Construtors −/publi Cr i t e r i o n ( ) {super ( ) ;} //−− golfCourse . t rans l a t i on s . as tor . Cri ter ion ()//− Methods −//∗�return the va lue of f i e l d 'name ' . ∗/publi java . lang . S t r ing getName ( ){ return this ._name;} //−− java . lang . Str ing getName ()/∗�return the va lue of f i e l d ' operation ' . ∗/publi java . lang . S t r ing getOperation ( ){ return this . _operation ;} //−− java . lang . Str ing getOperation ()/∗ �return the va lue of f i e l d ' required ' . ∗/publi boolean getRequired ( ){ return this . _required ;} //−− boolean getRequired ()/∗�return the va lue of f i e l d ' va lue ' . ∗/publi java . lang . S t r ing getValue ( ){ return this . _value ;} //−− java . lang . Str ing getValue ()



18 A. Cie±lik, M. Ganzha, M. Paprzyki/∗Method hasRequired ∗/publi boolean hasRequired ( ){ return this . _has_required ;} //−− boolean hasRequired ()private java . lang . S t r ing _operation ;//−−−−−−−−−−−−−−−−///− Construtors −///−−−−−−−−−−−−−−−−/publi Cr i t e r i o n ( ) {super ( ) ;} //−− golfCourse . t rans l a t i on s . as tor . Cri ter ion ()//−−−−−−−−−−−///− Methods −///−−−−−−−−−−−//∗∗
∗ �return the va lue of f i e l d 'name ' .
∗/publi java . lang . S t r ing getName ( ){ return this ._name;} //−− java . lang . Str ing getName ()/∗∗
∗ �return the va lue of f i e l d ' operation ' .
∗/publi java . lang . S t r ing getOperation ( ){ return this . _operation ;} //−− java . lang . Str ing getOperation ()/∗∗
∗ �return the va lue of f i e l d ' required ' .
∗/publi boolean getRequired ( ){ return this . _required ;} //−− boolean getRequired ()/∗∗
∗ �return the va lue of f i e l d ' va lue ' .
∗/publi java . lang . S t r ing getValue ( ){ return this . _value ;} //−− java . lang . Str ing getValue ()/∗∗
∗ Method hasRequired
∗/publi boolean hasRequired ( ){ return this . _has_required ;} //−− boolean hasRequired ()} In the lass generated for the OTA_GolfCourseSearhRQ there are methodsto get and set used to obtain and speify list of Criteria:publi  lass OTA_GolfCourseSearhRQ implements java . i o . S e r i a l i z a b l e {. . . /∗∗

∗ Fie ld _ri ter ia
∗/private go l fCourse . t r a n s l a t i o n s . a s to r . C r i t e r i a _ r i t e r i a ;



Ontology of Golf Based on OTA Golf Messages 19. . . /∗∗
∗ Returns the va lue of f i e l d '  r i t e r i a ' .
∗

∗ �return the va lue of f i e l d '  r i t e r i a ' .
∗/publi go l fCourse . t r a n s l a t i o n s . a s to r . C r i t e r i a g e tC r i t e r i a ( ){ return this . _  r i t e r i a ;} //−− golfCourse . t rans l a t i on s . as tor . Cr i t e r i a ge tCr i t e r i a (). . . /∗∗
∗ Sets the va lue of f i e l d '  r i t e r i a ' .
∗

∗ �param  r i t e r i a the va lue of f i e l d '  r i t e r i a ' .
∗/publi void s e tC r i t e r i a ( go l fCourse . t r a n s l a t i o n s . a s to r . C r i t e r i a  r i t e r i a ){ this . _  r i t e r i a =  r i t e r i a ;} //−− void s e tCr i t e r i a ( gol fCourse . t rans l a t i on s . as tor . Cr i t e r i a )All requested lasses generated by Castor have method marshal and statimethod unmarshal used to onvert Java lasses to XML and to transform thatXML bak into Java ode. Spei�ally, method marshal onverts an instane ofa lass to XML. Note that by using the method marshal we an transform onlyinstanes of a lass, not the lass itself. In the proess we instantiate (or obtainfrom a fatory or from another instane-produing mehanism) that lass to giveit a spei� form. Next, we populate �elds of that instane with the atual data.Obviously that instane is unique; it has the same struture as other instanesof the same lass, but ontains distintive data. For example, when we want toreate the XML �le from the OTA_GolfCourseSearhRQ message, we have twolasses: TA_GolfCourseSearhRQ and Criterion. We must reate instanes ofthese lasses and insert data into them. Here, we present only an example ofutilization of the marshall method.\\  r ea t e in s tane o f OTA_GolfCourseSearhRQ lassOTA_GolfCourseSearhRQ ota = new OTA_GolfCourseSearhRQ( ) ;\\ s e t data to this i n s t ane. . .\\  r ea t e in s tane o f C r i t e r i aC r i t e r i a  r i t e r i a = new C r i t e r i a ( ) ;\\ put data from l i s t o f s t ru tu r e Condtion to C r i t e r i afor ( I t e r a t o r i t e r = ond i t i on s . g e tA l lCond i t i ons ( ) ; i t e r . hasNext ( ) ; ){ Condit ion ond i t i on = ( Condit ion ) i t e r . next ( ) ;\\  r ea t e in s tane o f lass Cr i t e r i o nC r i t e r i o n  r i t e r i o n = new Cr i t e r i o n ( ) ; r i t e r i o n . setName( ond i t i on . getName_ ( ) ) ; r i t e r i o n . setOperat ion ( ond i t i on . getOperation_ ( ) ) ; r i t e r i o n . setRequired ( ond i t i on . getRequired_ ( ) ) ; r i t e r i o n . setValue ( ond i t i on . getValueStr ing ( ) ) ; r i t e r i a . addCr i ter ion (  r i t e r i o n ) ;}\\ put in s tane o f C r i t e r i a to in s tane o f lass OTA_GolfCourseSearhRQ;ota . s e tC r i t e r i a (  r i t e r i a ) ;} Afterwards, we an onvert these instanes to XML:/∗put va lues to OTA ( ob j e t o f  l a s s OTA_GolfCourseSearhRQ )∗/. . .Writer wr i t e r = new Str ingWriter ( ) ;



20 A. Cie±lik, M. Ganzha, M. Paprzykitry { /∗ onvert ob j e t to stream (XML tex t )∗/ota . marshal ( wr i t e r ) ;}ath ( MarshalExeption e ) { . . . }ath ( Val idat ionExept ion e ) { . . . }And we get the following XML:<?xml version=" 1 .0 " enoding="UTF−8"?><OTA_GolfCourseSearhRQ xmlns=" ht tp : //www. opentrave l . org /OTA/2003/05"xmlns : x s i=" ht tp : //www.w3 . org /2001/XMLShema−i n s t ane "xs i : shemaLoat ion=" ht tp : //www. opentrave l . org /OTA/2003/05 OTA_GolfCourseSearhRQ. xsd"EhoToken="54321"TimeStamp="2003−11−12T10:30:00 "Target="Prodution" Version=" 1.001 "SequeneNmbr="2432 "PrimaryLangID="en" ID="FL4902"Deta i lResponse=" true "><C r i t e r i a><Cr i t e r i o n Name="Arh i t e  t" Value= ` ` Robert Jones ' ' Required=" f a l s e "/><Cr i t e r i o n Name="Slope " Value="110"Required=" true " Operation="LessThan"/></ Cr i t e r i a></OTA_GolfCourseSearhRQ>On the other hand, method unmarshal onverts XML to an instane of aJava lass. For example, let us assume that we want to extrat information fromthe OTA_GolfCourseSearhRQ XML message. Then the method that does ithas the following general form:Reader reader = new StringReader ( t ex t ) ;t ry { OTA_GolfCourseSearhRQ ota = (OTA_GolfCourseSearhRQ)OTA_GolfCourseSearhRQ. unmarshal( reader ) ;} ath (MarshalExeption e ) {. . .} ath ( Val idat ionExept ion e ) {. . .} Here, the unmarshal method is invoked with the extrated information asits parameter. As a result, an instane of the OTA_GolfCourseSearhRQ lassis reated. Now, we an use the get method to get data from this lass (fromXML).Utilization of Jastor The seond generator Jastor is used to generate lassesfor ontologies (similarly to the way that Castor does for the XMLShema). Next,we an use Jastor to onvert instanes of these lasses to instanes of ontologiesand transform bak instanes of ontologies to objets of generated lasses. Jastorgenerates Java interfaes, implementations, fatories and listeners for ontologies.For instane, for the GolfCourse onept, Jastor has generated four �les:� interfae GolfCourse → extends om.ibm.adteh.jastor.Thing� interfae GolfCourseListener → extends om.ibm.adteh.jastor.ThingListener� lass GolfCourseImpl → extends om.ibm.adteh.jastor.ThingImpl� lass GolfCourseFatory → extends om.ibm.adteh.jastor.ThingFatory



Ontology of Golf Based on OTA Golf Messages 21We used Jastor to generate lasses for all ontologies needed in the system:GolfCourse, GolfCourseTeeTime, Contats, Desription, Prie, Fee, Address-Reord, and OutdoorLoation.For instane, let us onsider onept GolfCourseTeeTime, whih has param-eters: golfCourseId (String), amount (�oat), urrenyCode (String), startDate(String), endDate (String), maxPrie (�oat), numberOfHoles (integer), num-berOfTimes (integer), list of fees (Fee). For this onept, Jastor generates theinterfae GolfCourseTeeTime with methods get/set for properties, and the lassGolfCourseTeeTimeImpl that implements this interfae. Let us see a snippet ofthis interfae for the golfCourseIdpubli interfae GolfCourseTeeTime extends om . ibm . adteh . j a s t o r . Thing {. . ./∗∗ Gets the ' golfCourseID ' property va lue
∗ �return {�link java . lang . Str ing }
∗ �see #golfCourseIDProperty ∗/publi java . lang . S t r ing getGolfCourseID ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗Sets the ' golfCourseID ' property va lue
∗ �param {�link java . lang . Str ing }
∗ �see #golfCourseIDProperty ∗/publi void setGolfCourseID ( java . lang . S t r ing go l fCourse ID)throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗

∗ Gets the 'numberOfTimes ' property va lue
∗ �return {�link java .math . BigInteger}
∗ �see #numberOfTimesProperty
∗/publi java .math . B ig In t ege r getNumberOfTimes( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Sets the 'numberOfTimes ' property va lue
∗ �param {�link java .math . BigInteger}
∗ �see #numberOfTimesProperty
∗/publi void setNumberOfTimes ( java .math . B ig In t ege r numberOfTimes )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Gets the ' urrenyCode ' property va lue
∗ �return {�link java . lang . Str ing }
∗ �see #urrenyCodeProperty
∗/publi java . lang . S t r ing getCurrenyCode ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Sets the ' urrenyCode ' property va lue
∗ �param {�link java . lang . Str ing }
∗ �see #urrenyCodeProperty
∗/publi void setCurrenyCode ( java . lang . S t r ing urrenyCode )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Gets the 'amount ' property va lue
∗ �return {�link java . lang . Float }
∗ �see #amountProperty
∗/publi java . lang . Float getAmount ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;
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∗ Sets the 'amount ' property va lue
∗ �param {�link java . lang . Float }
∗ �see #amountProperty
∗/publi void setAmount ( java . lang . Float amount)throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Gets the ' numberOfHoles ' property va lue
∗ �return {�link java .math . BigInteger}
∗ �see #numberOfHolesProperty
∗/publi java .math . B ig In t ege r getNumberOfHoles ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Sets the ' numberOfHoles ' property va lue
∗ �param {�link java .math . BigInteger}
∗ �see #numberOfHolesProperty
∗/publi void setNumberOfHoles ( java .math . B ig In t ege r numberOfHoles)throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Gets the ' numberOfGolfers ' property va lue
∗ �return {�link java .math . BigInteger}
∗ �see #numberOfGolfersProperty
∗/publi java .math . B ig In t ege r getNumberOfGolfers ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Sets the ' numberOfGolfers ' property va lue
∗ �param {�link java .math . BigInteger}
∗ �see #numberOfGolfersProperty
∗/publi void setNumberOfGolfers ( java .math . B ig In t ege r numberOfGolfers )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Gets the 'maxPrie ' property va lue
∗ �return {�link java . lang . Float }
∗ �see #maxPrieProperty
∗/publi java . lang . Float getMaxPrie ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Sets the 'maxPrie ' property va lue
∗ �param {�link java . lang . Float }
∗ �see #maxPrieProperty
∗/publi void setMaxPrie( java . lang . Float maxPrie )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Gets the ' s tar tDate ' property va lue
∗ �return {�link java . lang . Str ing }
∗ �see #startDateProperty
∗/publi java . lang . S t r ing getStartDate ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Sets the ' s tar tDate ' property va lue
∗ �param {�link java . lang . Str ing }
∗ �see #startDateProperty
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∗/publi void setStartDate ( java . lang . S t r ing startDate )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Gets the ' endDate ' property va lue
∗ �return {�link java . lang . Str ing }
∗ �see #endDateProperty
∗/publi java . lang . S t r ing getEndDate ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Sets the ' endDate ' property va lue
∗ �param {�link java . lang . Str ing }
∗ �see #endDateProperty
∗/publi void setEndDate ( java . lang . S t r ing endDate)throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Get an I t e ra tor the ' f e e ' property va lues . This I t ear to r
∗ may be used to remove a l l suh va lues .
∗ �return {�link java . u t i l . I t e ra tor } of {�link
∗ om. ibm . adteh . j a s to r . Thing}
∗ �see #feeProperty
∗/publi java . u t i l . I t e r a t o r getFee ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Adds a va lue for the ' f e e ' property
∗ �param The {�link om. ibm . adteh . j a s to r . Thing} to add
∗ �see #feeProperty
∗/void addFee (om . ibm . adteh . j a s t o r . Thing f e e )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Adds an anonymous va lue for the ' f e e ' property
∗ �return The anoymous {�link om. ibm . adteh . j a s to r . Thing} reated
∗ �see #feeProperty
∗/publi om . ibm . adteh . j a s t o r . Thing addFee ( )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Adds a va lue for the ' f e e ' property . This
∗ method i s equ i va l en t onstrut ing a new instane of
∗ {�link om. ibm . adteh . j a s to r . Thing} with the fa tory
∗ and a l l i n g addFee(om. ibm . adteh . j a s to r . Thing f ee )
∗ The resoure argument have rdf : type
∗ h t tp ://www.w3 . org /2000/01/ rdf−shema#Resoure .
∗That is , t h i s method
∗ should not be used as a shortut for reat ing new ob j e t s in the model .
∗ �param The {�link om. hp . hp l . jena . rd f . model . Resoure} to add
∗ �see #feeProperty
∗/publi om . ibm . adteh . j a s t o r . Thing addFee (om . hp . hpl . j ena . rd f . model . Resoure r e sou r  e )throws om . ibm . adteh . j a s t o r . JastorExept ion ;/∗∗
∗ Removes a va lue for the ' f e e ' property . This method should not
∗ be invoked whi le i t e r a t o r through va lues .
∗ In tha t ase , the remove () method of the I t e ra tor
∗ i t s e l f should be used .
∗ �param The {�link om. ibm . adteh . j a s to r . Thing} to remove



24 A. Cie±lik, M. Ganzha, M. Paprzyki
∗ �see #feeProperty
∗/publi void removeFee(om . ibm . adteh . j a s t o r . Thing f e e )throws om . ibm . adteh . j a s t o r . JastorExept ion ;. . .} Interfaes generated by Jastor for the ontology extend the interfae om.ibm.adteh.jastor.Thing. Classes generated by Jastor extend the lass om.ibm.adteh.jastor.ThingImpl that implements the interfae om.ibm.adteh.jastor.Thing.Work with Jastor is very similar to work with Castor. First Jastor generateslasses for the ontologies (like Castor does for XMLShema). Next, we work withinstanes of these lasses. We an onvert an instane of a lass generated byJastor to an instane of an ontology (like instanes of a lass generated by Castorto XML). We an also transform bak instanes of an ontology to instanes of alass generated by Jastor (like onverting XML to instanes of a lass generatedby Castor). During translation the TA uses lasses generated by Castor andJastor. Thus the TA has only to take values from the objet of one lass and putit to the objet of another lass.6 Conluding remarksThe aim of this hapter was three-fold. First, we have outlined our vision ofthe future of the world of travel. We have argued, that it will onsist of threemain groups of stakeholders, that will utilize their own ways of storing andproessing data. Therefore, for further development of this area, e�orts like theOTA messaging standardization are o partiular value. We have used this as abakdrop against whih we have shown how we have reverse engineered an OTAgolf ontology out of OTA golf messages. Finally, we have presented an in-depthdesription of translations that have to take plae if a system is to to utilize justproposed OTA golf ontology and at the same time utilize OTA golf messages toommuniate with other travel-related entities. Not only the general approahwas disussed, but also implementation details have been presented. We believethat approah like the one presented here is needed also for all remaining OTA-de�ned standards and we plan to proeed in this diretion.Referenes1. Jena�RDF persisteny engine. http://jena.soureforge.net/.2. Open travel alliane. http://www.opentravel.org/.3. Ota registration program. http://www.opentravel.org/MembersOnly/RegistrationProgram.aspx.4. Ota spei�ations. http://www.opentravel.org/Speifiations/Default.aspx.5. Sparql�RDF query language. http://www.w3.org/TR/rdf-sparql-query/.6. Travel support system, software repositories. http://www.e-travel.soureforge.
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