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2 Korea Institute of Siene and Tehnology, Seoul, Korea,greyrhee�kist.re.krSummary. In our earlier work we have outlined general approah to ontologialmathmaking in an agent-based virtual organization. The aim of this paper is todesribe in details how mathmaking is to take plae within the system under on-strution. The Grant Announement appliation is used to illustrate the proposedapproah. Questions onerning e�ieny of mathmaking will be addressed and inthis ontext a distintion between asynhronous and synhronous mathmaking willbe proposed.1 IntrodutionAs the amount of available information inreases rapidly, sometimes the e�-ient searhing method alone is not enough to obtain neessary information intimely manner. Therefore support is needed to share the burden of searhingfor and �ltering information. In the era of ubiquitous omputing, omputersystems existing everywhere should be able to proatively provide informationjust in time. Resoure mathing is essential in order to develop system searh-ing and reommending information required for a user in a spei� ontext.This paper desribes the infrastruture and methodology of resoure mathingin the environment of a Researh Institute where most of paperwork is arriedout through an intranet. System requirements whih are set by the ResearhInstitute inlude failitating user spei� suggestion based on the knowledgemodel, atual data and geospatial information about objets. In the followingsetions we disuss how these fators an be inluded in a single suggestionrequest proessing. In order to do so, we speify mathing funtionality, itspossible proessing modes and system building bloks whih allow to real-ize the requirements. Resoure mathing utilized in forwarding noties aboutnew researh grants to appropriate users is used to illustrate the proposed



2 M. Szymzak, G. Frakowiak, M. Ganzha et.al.approah. This work an be generalized and expanded to beome a kernel ofa smart information provider.2 De�ning mathingLet us start by de�ning mathmaking in the ontext of our work. By mathingwe mean establishing loseness between ontology lass instanes (objet(s))and (an)other seleted objet(s) for whih ertain Mathing Criteria are met.Calulating Relevane is a method for �nding a degree of relevane (loseness)between objets whih are related through their properties. Our approah toalulating relevane was outlined in [9℄. In the ase onsidered thus far in ourwork, Mathing Criteria is an ordered quadruple {x, q, a, g}, where:
• x is the seleted ontology lass instane (the soure objet)
• q is a SPARQL query [5℄ whih de�nes a subset of objets that are on-sidered relevant and will be mathed against the soure objet x

• a is numeral (0, 1) whih is the relevane threshold�value above whihobjets will be onsidered relevant
• g is a sub-query proessed by the GIS subsystem; this part of the systemis responsible for �nding ities whih are loated lose to others (partof the Duty Trip Support appliation, see [7℄). This sub-query is a triple

{gc, gr, ga}, where:� gc is an URI of a ity demarated with the City lass properties of thesystem ontology� gr is an operator whih allows to either limit returned number of itiesof interest (AMOUNT ondition) or to limit the maximum distanebetween the gc and the returned ities (RADIUS ondition)� ga is the parameter of the gr operator, it either limits the number ofities that an be returned or the maximum distane between the gcand the returned itiesTo make the idea of the GIS sub-query lear we an onsider its followingtwo instanes:
{gc, gr, ga} = {geo:WarsawCity, RADIUS, 100}

{gc, gr, ga} = {geo:WarsawCity, AMOUNT, 50}As a result of the �rst query the GIS module should return all ities whihare loated not further than 100 km from the ity of Warsaw (represented bythe RDF resoure geo:WarsawCity). On the other hand, the seond requestmeans that a maximum of 50 ities should be found (that are loated losestto Warsaw).Note that, in general, the GIS sub-query an be omitted, or replaed witha di�erent riterion (or a group of riteria). Therefore, due to the lak of spae,it will be left to be disussed in more details in subsequent publiation.



Infrastruture for Ontologial Resoure Mathing 32.1 Grant Announement-based mathing exampleIn our earlier work [7℄ we have provided an example of a sientist employedin a Siene Institute in North-east Asia.When represented in the system, this sample employee (Prof. Chan), anhave several pro�les assigned. Below we depit an example of the general Em-ployee pro�le, whih onsists of a Personal Pro�le and an Experiene Pro�le:: Employee\#1 a onto : ISTPerson ;onto : id "1234567890 "^^xsd : s t r i n g ;onto : h a sP r o f i l e ( : Employee\#1PPro f i l e ,: Employee\#1EPro f i l e ) ,onto : belongsToOUs ( :GOU) .: ResearhOU a onto : Organizat ionUnit ;onto : name ` ` Researhers Organizat ion Unit ' '^^xsd : s t r i n g .In this example the Employee#1PPro�le�Personal Pro�le, whih de-sribes the �human resoure properties� of an employee. In what follows weuse basi properties (however, our system supports a omplete list of neededHR-related properties): fullname, gender and birthday. Furthermore, the be-longsToOUs property indiates Prof. Chan's appointment in the organization.: Employee\#1PPro f i l e a onto : ISTPer sona lPro f i l e ;onto : belongsTo : Employee\#1;person : fu l lname "Yao Chan"^^xsd : s t r i n g ;person : gender person : Male ;person : b i r thday "1982−01−01T00 : 0 0 : 0 0 "^^xsd : dateTime .The seond possible pro�le of Employee#1 (Prof. Chan) is an Experi-ene Pro�le. It demarates human resoure speialization in terms of �eldsof knowledge and projet experiene. Note that odes for the spei�ation of�elds of knowledge originate from the KOSEF (Korea Siene and EngineeringFoundation) [3℄.: Employee\#1EPro f i l e a onto : ISTExpe r i enePro f i l e ;onto : belongsTo : Employee\#1;onto : doesResearhInFie ldssieneNamespae : Volanology −13105 ,sieneNamespae : Paleontology −13108 ,sieneNamespae : Geohronology−13204;onto : knowsFields[ a onto : Knowledge ;onto : knowledgeObjet sieneNamespae : Volanology −13105;onto : knowledgeLevel " 0 .75 "^^xsd : f loat ℄ ,[ a onto : Knowledge ;onto : knowledgeObjet sieneNamespae : Paleontology −13108;onto : knowledgeLevel " 0 .40 "^^xsd : f loat ℄ ,[ a onto : Knowledge ;onto : knowledgeObjet sieneNamespae : Geohronology−13204;onto : knowledgeLevel " 0 .90 "^^xsd : f loat ℄ ;onto : managesProjets ( : Pro jet1 ) .Aording to the Experiene Pro�le, Prof. Chan speializes in Volanol-ogy, Paleontology and Geohronology. Level of knowledge in eah of theseareas is expressed as a real number from the interval (0, 1), respetively:
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0.75, 0.4, 0.9. Additionally, Employee#1 who is desribed with that pro�lemanages a projet Projet1. It is a sienti� projet in Volanology, whih hasits own pro�le:: P ro j e  t1 a onto : ISTProjet ;onto : managedBy : Employee\#1;onto : pe r i od[ a onto : Period ;onto : from "2008−06−01T00 : 0 0 : 0 0 "^^xsd : dateTime ;onto : to "2009−05−31T00 : 0 0 : 0 0 "^^xsd : dateTime ℄ ;onto : f i e l d sR e f s ieneNamespae : Volanology −13105;onto : p r o j e  tT i t l e ` ` Very Important VolanologyS  i e n t i f i  Pro j e  t ' '^^xsd : s t r i n g .The listings introdued above set a ontext within whih we plae a mem-ber of an organization. In order to make the mathing de�nition learer, letus now introdue an instane of a SampleGrant. Note that the sample grantould be replaed by any resoure that is delivered to the organization and in-formation about whih has to be delivered to the right employees (e.g. a book,or a transport of opy paper). Pro�le of the proposed SampleGrant spei�esits domain as Geohemistry. Obviously a resoure ould be demarated usingmore ompliated struture of overed areas and the proposed approah wouldwork as well.: SampleGrant a onto : ISTAnnounement ;onto : hasDes r ip t i on` ` Des r ip t i on o f the exemplary grant announement .I t should be r e a l l y i n t e r e s t i n g . ' '^^xsd : s t r i n g ;onto : r e f S  i e n t i f i  F i e l d s (<sieneNamespae :Geohemistry−13200>).In order to math the SampleGrant announement with a human resourerepresented by the ISTPerson lass instane, the following proess has to beexeuted:1. Construt a set of Mathing Criteria x, q, a, g:a) x =: SampleGrant (omparing against :SampleGrant)b) q =PREFIX onto :<http : // r o s s i n i . ibspan .waw. p l /Onto log ies /KIST/KISTVO>SELECT ? personWHERE {? person i sa onto : ISTPerson .? p r o f i l e i sa onto : Expr i enePro f i l e .? person onto : ha sPr o f i l e ? p r o f i l e .? person onto : belongsToOU : ResearhOU}) a = 1

40
(sample value)d) g = NULL, sine Grant Announement senario does not require anygeo-spatial support



Infrastruture for Ontologial Resoure Mathing 52. Exeute thus generated SPARQL query. In the ase of the Grant An-nounement senario [8, 7℄ this query is going to �lter employee' ex-periene pro�les leaving only researhers, i.e. employees that belong tothe Organization Unit whih is spei� to all researhers (more on Or-ganization Units, their role in the knowledge base and examples an befound in [7, 12, 9℄). In our example, the result of the query is the Em-ployee#1EPro�le.3. Perform Relevane Calulations for (in our example):a) soure objet URI =: SampleGrantb) target objets URI ′s = [: Employee#1EProfile]) allowed minimum relevane value: R = 1

40In Figure 1 we depit relations between Employee#1 and SampleGrant ob-jets. Unfortunately, due to the omplexity of the example, listings inludingall relations between these objets would make it illegible. However, note thatall objets are linked with properties whih are inluded in the listings andrefer to ontology lasses and properties desribed in [9, 7, 12℄. For instane,path between the SampleGrant and the Employee1 is omposed through thefollowing intermediate nodes: GeologialSiene13100, Volanology13105 andEmployee1EPro�le. Additionally, following property weights are set in theontology:
voPropertyWeight(doesResearchInFields) = 2

voPropertyWeight(isSubfieldOf) = 5

voPropertyWeight(hasSubfield) = 3

voPropertyWeight(refScientificF ield) = 2

voPropertyWeight(invRefScientificF ield) = 8

voPropertyWeight(hasProfile) = 1

voPropertyWeight(belongsToResource) = 1These weights are given just sample values. Thus far we have not designedthe mehanism for weights set up. Based on the weights and relations pre-sented in Figure 1, loseness between the two objets an be omputed. Theomputed relevane, aording to the algorithm proposed in [10, 11℄, is 1

36
.Depending on the threshold used in the appliation, this degree of losenessmay or ma not be onsidered �lose enough� for the grant information to bedelivered to Professor Chan.3 Mathing Request ProessingMathing Criteria de�ned in the previous setion require adequate omputa-tions to be performed by:
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Fig. 1. Relations between sample Employee and sample Grant Announement ob-jets
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• GIS Subsystem (mostly omitted in this paper)
• SPARQL engine
• Relevane Graph mathingAll these operations are by default heavily resoure onsuming. Thereforewe distinguish two basi mathing modes to be supported by the system:synhronous and asynhronous.3.1 Synhronous mathing request proessingSynhronous method of mathing request proessing might be highly valuablefor appliations or even single omponents that require short response time.Possible usages of this method inlude but are not limited to (1) mathingin the ase of a proess whih has to deliver the result to a web page in asynhronous mode, or (2) requesting a single result based on the urrent stateof objets stored in the system.

Fig. 2. Synhronous mathing request proessingThis approah has been represented in Figure 2 for the agent-based infor-mation proessing. Spei�ally we an see there that:1. A Mathing Client (a role whih an be realized by any agent apable ofperforming it) reates a synhronous request SRequest objet.2. The Mathing Client �lls Mathing Criteria of the mathing request.3. The servie whih is responsible for proessing synhronous mathing re-quests (due to the fat that it extends abstrat SynhronousServie lass)reeives the new request and orders the RDF Storage (e.g. Jena) to pro-vide results of SPARQL mathing request part (SPARQL Filtering).4. GIS Subsystem may be requested to perform Cities Filtering based on theGIS request.



8 M. Szymzak, G. Frakowiak, M. Ganzha et.al.5. Steps 3 and 4 �lter objets whih meet SPARQL (and GIS) MathingCriteria. These objets are proessed by the Relevane Calulation Enginewhih is based on the Relevane Graph (see below).6. Results of relevane alulation are wrapped in the Response objet andsent bak to the requesting lient.3.2 Asynhronous mathing request proessingAsynhronous method of request proessing might be more suitable for lowpriority relevane alulations and for alulation whih have to be repeatedwithin a ertain time frame. For instane, onsider searh of employees whoshould be informed about a Grant Announement (GA). Here, we an assumein that the GA is valid for some prede�ned time (until its deadline) and duringthat time there may appear �new� individuals who meet the Mathing Crite-ria; e.g. due to their pro�le update. Sine the asynhronous mode supportsrepeating request, results whih inlude resoure with hanged pro�les will bereturned.

Fig. 3. Asynhronous mathing request proessingFigure 3 represents the sequene diagram of the asynhronous mathingproess, whih an be desribed as follows:1. A Mathing Client (a role similar to the Mathing Client desribed in thesetion above) reates an asynhronous request ARequest objet.



Infrastruture for Ontologial Resoure Mathing 92. The lient �lls Mathing Criteria of the mathing request.3. The lient sets request triggering onditions.4. The lient sets request allbak properties.5. The servie whih is responsible for proessing asynhronous mathingrequests (servie whih extends abstrat AsynhronousServie lass) re-eives the new request and reates a trigger objet whih is set in aor-dane with triggering onditions spei�ed in the ARequest objet.6. Eah time the trigger exeutes its Run funtion, it starts a proess whihis similar to the Synhronous Request Proessing. Funtion alls 6.1�6.3orrespond to the funtion alls 4.1�4.3 presented in Figure 2.7. Results of relevane alulation are wrapped in the Response objet andsent bak to the lient using the allbak funtion de�ned in the ARequestobjet (allbak properties).8. If the trigger noti�es that it has �nished the sheduled work, the servieis informed and similar request proessing �nish noti�ation is sent to thelient using the same allbak settings.4 System building bloksLet us now desribe in some details the main building blok involved in rele-vane alulations.4.1 Relevane Calulation EngineThe main role of the Relevane Calulation Engine (RCE ) is, given a resoure,produe a list of related resoures with their relevane values. This module isdesigned in Java, with additional libraries from the Jena API [6℄ for ontologymodel handling, and the Struture Pakage [2℄ for dealing with the graphstruture. The relevane measure algorithm applied here was �rst introduedin [10℄, and its initial appliation was desribed in [11℄.
Fig. 4. Relevane alulation proessThe proess illustrated in Figure 4 inludes objets that play key roles inalulating relevane between the Initial Instane and the Target Instanes.



10 M. Szymzak, G. Frakowiak, M. Ganzha et.al.Relevane GraphThe ore of the RCE is based on a graph struture that represents the un-derlaying Jena Ontology Model. The Model is interpreted as a direted graph
G = (V, E) so that:

V : set of nodes, representing all instanes (or individuals)
E : set of edges, representing all objet properties.Note that re�exive relations are ignored. Upon reating edges, the value of theannotation property voPropertyWeight of eah objet property beomes thelabel of the edge, representing the distane between two nodes. The relevanevalue between two nodes is the inverse of the distane value. Graph reationfuntion results in reating a weighted, direted graph on ontology resouresand their objet properties.Relevane Calulation InterfaeThe Relevane Calulation Engine establishes loseness between a spei�(Initial) resoure and a given list of (Target) resoures. The result is returnedas an instane of the Java Map〈Key, V alue〉 interfae, where Keys are theURI's of resoures and Values are the relevane results for these resouresand the Initial node omputed by the engine.4.2 GIS Sub-systemIn [8, 7℄ we have outlined utilization of the GIS module. The state of the artresearh shown that we an provide reliable geospatial bakend for our systemby using the following omponents: (1) GeoMaker [1℄ for olleting geographioordinates of ities in the world, (2) PostgreSQL database [4℄ for storingthat information and alulating distane between ities on demand, �nallyfor ahing the result, (3) Java for interfaing the GIS module with the rest ofthe system. As the GIS based alulation details were omitted in the text, weonly sketh the desription of the GIS. We will provide detailed reports on thearhiteture and e�ieny of the GIS module in our subsequent publiations.5 Conluding RemarksIn the text we have outlined how the resoure mathing and relevane al-ulations will be failitated in our agent-based virtual organization. We areurrently implementing the proposed approah. Our subsequent immediate re-searh goals are: property weights setup, stress and performane tests, math-ing inluding time frame onstraints.
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