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Integration of Servies through StruturedSemanti MathingPaolo Besana1, Fiona MNeill1, Fausto Giunhiglia2, Lorenzino Vaari2, GaiaTreharihi2, Juan Pane2
1 University of Edinburgh, Sotland,p.besana�sms.ed.a.uk|f.j.mneill�ed.a.uk

2 University of Trento, Povo, Trento, Italy,{fausto|vaari|gtreari|pane}�dit.unitn.itAbstrat The automated ommuniation of servies is ruial to thesuess of systems suh as the Semanti Web. If global standards (theuse of whih is problemati) are not stritly adhered to, this requiresservies to be able to interpret both the voabulary of alls made tothem and the struture of these alls. In this paper, we desribe thelifeyle of interation within the OpenKnowledge system, whih allowsservies to be found, ontated and interated with during run-time with-out any prior agreement on semantis. Instrumental to this work is ourstruture-preserving semanti mathing tehnique, whih automatiallymathes inputs and outputs of servies with alls representing servierequirements, even if the voabulary and struture of those alls are dif-ferent to those expeted by the servie and unknown prior to run-time.We desribe in detail a senario showing the omplexity of interationallowed by our approah, and disuss the evaluation we have done onour tehniques and the enouraging results this has produed.1 IntrodutionThe problem of automated integration of servies is key to the suessful real-isation of the Semanti Web, or any other system where servies interat withone another. So far, this has proved di�ult. Global ontologies allow di�erentservies to be expressed using the same terms, whih are thus understandableto all. But there are signi�ant di�ulties with the notion of a global ontology:both the relevane of terms and appropriate atagorisation of those terms is veryontext dependent. An ontology that inluded all terms that ould be relevantto any situation would be infeasibly unwieldy and allow no �exibility for dif-ferent interpretations of situations. However, this is not the only problem forommuniation of servies. Calls to servies are strutured. For example, WSDLservies require input and output messages, whih are expeted in a partiularorder and are de�ned within the WSDL �le in a partiular way. So for servies tointerat, there not only needs to be a proess for interpretation of the di�erentvoabularies but also a way to deal with the di�erent struture of the alls.It is perfetly possible to solve this problem by manually mathing the ex-peted inputs and outputs of two servies prior to interation. For example,



Altova 3 is a system whih failitates this manual mapping. However, perform-ing this is time onsuming and not salable. Additionally, this presupposes thatone knows in advane what servies one will be required to interat with dur-ing run-time. This is perhaps feasible in a small, stati system, but in a large,dynami system where servies may be temporary, may be updated, may su�erfrom oasional ommuniation breakdown, and so on, we do not wish to limitthe number of servies whih it is possible to interat with.In this paper, we propose a solution to this problem. Through foussing onshared work�ows rather than shared semanti standards, we provide a way to al-low the interation of semantially heterogeneous servies to suessfully interatwith one another. By not requiring shared semantis, we allow servie designersto use language and struture that is appropriate to their world-view and thegiven ontext. Removing the need for shared semantis naturally introdues theneed for mathing between two di�erent desriptions; however, through the useof these shared work�ows, we redue the vastness of the mathing problem byproviding a ontext for the interation to take plae in: only terms relevant tothat ontext need be interpreted, and the ontext itself provides valuable in-formation for the mathing proess. This solution is lightweight enough to bedone quikly on-the-�y, during run-time, so that we need have no expetationsof whih servies we will want to interat with in advane of run-time. Moreover,this mathing not only detets perfet mathes but an also identify good enoughmathes, where good enough is determined through hangeable parameters [10℄.This vastly inreases the range of servies it is possible to interat with.These interations take plae within a system, the OpenKnowledge4 frame-work [29℄, whih provides the infrastruture neessary for the full life-yle of thisinteration proess. That is, a disovery servie is provided to �nd appropriatework�ows for a given situation and, thereby, to �nd potentially suitable servieswith whih to interat; a mathing servie (the fous of this paper) determinesthe similarity between requirement and ability; a trust omponent to allow usersto assess with whih servies they wish to interat; and the infrastruture tofailitate these interations is provided.Setion 2 introdues the language used to de�ne interations. Setion 5 de-�nes the steps the peers follows in order to selet and exeute a distributedinteration. Setion 3 desribes the mathing proess, and Setion 4 shows oneof the ase studies used to evaluate the framework. Evaluation of our approahis given in Setion 6, Setion 7 presents related works and Setion 8 onludesthe paper.2 Desribing interationsThe ore onept in OpenKnowledge are the interations between partiipants,de�ned by Interation Models (IMs) written in Lightweight Coordination Cal-ulus : LCC [27,28℄ is a horeography language based on π-alulus and an be3 http://www.altova.om/4 http://www.openk.org



Model := {Clause, . . .}
Clause := Role :: Def

Role := a (Type, Id)
Def := Role |Message | Def thenDef | Def or Def

Message := M ⇒ Role |M ⇒ Role← C |M ⇐ Role | C ←M ⇐ Role

C := Constant | P (Term, . . .) | ¬C | C ∧ C | C ∨ C

Type := Term

Id := Constant | V ariable

M := Term

Term := Constant | V ariable | P (Term, . . .)
Constant := lower case character sequence or number
V ariable := upper case character sequence or numberFigure 1. LCC syntax

annotation := @annotation(about, innerAnnotation)

about := @role(Role)|@message(M)|@constraint(Term)|@variable(Variable)

innerAnnotation := annotation|tree

tree := Constant|tree|Constant, treeFigure 2. Annotations syntax



used as a ompat way of representing distributed work�ows. An IM in Open-Knowledge expresses both the ontrol-�ow and the data-�ow perspetives of awork�ow: it de�nes the ativities that need to be performed and their order andspei�es the �ow of data between the omponents and the semanti struture ofthe data. Most orhestration-oriented work�ow languages speify the behaviourof a single partiipant: for the other partiipants, only their invoation and theirreplies are de�ned. Nothing is said on their behaviour and on the interplay withthe other ators: how they at and reat to the unfolding messages they reeive.The behaviour of the other partiipants is de�ned in separate, possibly unknown,work�ows or it is embedded in their ode. IMs in OpenKnowledge speify thebehaviour of all the partiipants, foussing in partiular on their interplay, ex-pressed through the exhanged messages.An IM in LCC is a delarative sript, that is also diretly exeutable usingrewrite rules to expand the state and �nd the next move for eah partiipant.An IM is a set of lauses, eah of whih de�nes how a role in the interationmust be performed. Roles are desribed by the type of role and an identi�erfor the individual partiipant undertaking that role. Depending on the IM, itmay be possible for several partiipants to play the same role: for example, inthe IM in Figure 7, we would expet severel partiipants to be playing the roleof �re_�ghter simulataneously (the number of possible partiipants for a singlerole is spei�ed in the protool). A single partiipant may also play several rolesat one.Partiipants in an interation hoose their entry-role. This is the role thatthey will initially play, whih may entail playing subsequent, non-entry roles. Forexample, ful�lling the entry-role seller may entail taking on the role deliverer, or,in the IM in Figure 7, the entry-role �re_�ghter_oordinator leads to the role�re_�ghter_oordinator(List). Partiipants follow the unfolding of the lausespei�ed using a ombinations of the sequene operator (`then') or hoie opera-tor (`or') to onnet messages and hanges of role. Messages are either outgoingto another partiipant in a given role (`⇒') or inoming from another partiipantin a given role (`⇐'). Message input/output or hange of role is ontrolled bya onstraint de�ned using the normal logial operators for onjuntion, disjun-tion and negation. Constraints are expressed as �rst-order terms, and there is noexpliit di�erentiation between inputs and outputs. For example, the onstraint
get_route(From,To,Path) shown in the interation model in Figure 7 �nds apath between two points: the input parameters are From and To, while the out-put parameter is Path. The input parameters must be already instantiated whenthe onstraint is alled, while the output parameters are instantiated throughthe solving of the onstraint. There is no ommitment to the method used tosolve onstraints - so di�erent partiipants might operate di�erent onstraintsolvers (inluding human intervention). Figure 1 de�nes the syntax of LCC.An IM spei�es only the abstrat exhange of messages between partiipants,and the fat that some ondition must hold before or after these messages: it an-not speify the type of the parameters in messages or onstraints, or timeouts.This means that the same interation model an be used in di�erent ontexts,



where the oneptual work�ow remains the same, but only the ontent of mes-sages hanges.However, the framework relies on mathing IMs with partiipants' ompo-nents, whih requires semanti information about both, and real world applia-tions may need to express timeouts or additional informations about onstraintsor messages. To enable this, we added a layer of annotations, whose syntax isshown in Figure 2. Any element in the IM an be annotated: variables, mes-sages, roles, onstraints. The only annotations whose meaning is spei�ed andused inside the framework are those about variables, that de�ne their semantistrutures. The other annotations are open to future appliations: di�erent om-munity will use them di�erently. The framework provides aess to them, butits behaviour an be extended.The semanti annotation of variables urrently uses keywords and trees ofkeywords to represent strutured parameters. The sope of a variable is a rolelause, so variable annotations are inside role annotations. Figure 3 shows anexample of annotation: the variable Event, within the role alarmClok, is atree struture whose nodes are the name, the desription and the date of theevent. The date is a tree struture omposed by year, month and day. Using tagssimpli�es the work of the developers, and makes the ode more readable but isless stringent: it is possible to replae tags with URI from formal ontologies.In the OpenKnowledge system, we expet that only a minority of users wouldbe interested in writing their own IMs. Generally, users will searh for and resusethose IMs that have been written by this ore group. For those that wish to writetheir own IMs or to alter existing IMs to better suit their purposes, we providetools to failitate this. However, IMs are intented to be general and reusable andthe majority of users are free to ignore the tehnial detail disussed here.a(alarmClok,A)::alert(Event)=>a(reipient,R) <- importantAlert(Event)...�annotation(�role(alarmClok),�annotation(�variable(Event),event(name,desription,date(year,month,day))))Figure 3. Example of annotated variableThe IMs are published by the authors on the distributed disovery servie[22℄ with a keyword-based desription. The roles in the IMs are played by peers :a peer is a node in the network that is able to perform the basi ativitiesof subsribing to a role in an IM and satisfying the onstraints in that role.The OpenKnowledge kernel provides the funtionality needed to subsribe toa role and the framework for handling the plug-in omponents used to satisfyonstraints. A plug-in omponent is jar �le that provide an interfae to a set ofannotated methods [3℄. The methods an be simple wrappers for web servies.We have developed a tool that generates a wrapper omponent from a WSDL�le: eah operation in it beomes a method in the omponent. The peer an be a



GUI-based appliation whose omponents interat diretly with a user, suh asSkype, or a server appliation that solves the onstraints automatially, possiblyalling the web servies wrapped by the omponents or aessing a database.Interations are run in order to perform some task that requires the oordi-nation of various partiipants. Assuming that an interation model for the taskhas already been published, when the need for suh a task arises, the lifeyle ofan interation is:Interation seletion: a peer that wants to perform some task searhes on thedisovery servie for the published IMs for the task by sending a keywordquery. The disovery servie replies with a list of IMs satisfying the query.The peer needs to ompare the reeived IMs with its plug-in omponents, inorder to selet the one that best mathes its apabilities: Setion 3 desribesthe proess in detail. If it �nds a suitable IM, it subsribes on the disoveryservie to perform the appropriate role in it. For example, in the senariodesribed in Setion 4, �re�ghters subsribe to play the role �re_�ghterand various route �nders (whih may belong to di�erent organisations or beindependent) subsribe to the role route_servie. When the �re oordinatorneeds to tell the �re�ghter to go somewhere, it look up this IM, tries to mathits omponents with the onstraints and then subsribes to it. In anothersenario, suh as a buyer/seller one, various vendors may be subsribed todi�erent purhase IMs: when a ustomer needs to buy something, it lookup for the purhase IMs and then subsribes to the one the best �ts itsomponent.bootstrap: when all the roles in an IM are subsribed, the disovery servierandomly selets a peer in the network, asking it to play the oordinator ofthe interation. This peer may or may not be subsribed to play a role inthe IM - though if the peer network is large, this would be very unlikely.If it aepts, it beomes the IM oordinator (not to be onfused with anyoordination role within the IM, suh as the �re oordinator) and asks all thesubsribed peers to selet who they want to interat with. The peers mayuse di�erent mehanisms to selet the peers: they an use their own pastexperiene, or aess a shared repository of experienes, or ask other peers.The OpenKnowledge system provides a trust omponent to assist peer inmaking this assessment [10℄. After reeiving the peers' preferenes, the IMoordinator reates a group of peers who are all happy to interat with oneanother in their proposed roles. If the group overs all the roles, it starts theinteration. In the emergeny response senario, when the �re oordinatorsubsribes to the IM in Figure 7, the disovery servies heks whether all theroles are subsribed. If so, the disovery servie an delegate a random peerto be the IM oordinator and bootstrap the interation. All peers subsribedreeive the list of the subsriptions. The emergeny oordinator may have aninternal list of �re�ghter to ontat, and hoose to interat only with them.In the purhase senario, the ustomer may want to interat only with aspei� vendor as he trust it. The vendor, on the other hand, may rejet theustomer, who may be on his own blak list.



run of the interation: the IM oordinator reates a proxy for every peer inthe IM, and runs it loally. The messages are exhanged between the proxies,while the peers are ontated in order to solve the onstraints. In the examplein Figure 9, the �re�ghter1 is alled to solve the onstraint getPos(Pos). Ifthe peer appliation runs on the �re�ghter's palm devie, the method solvingthe onstraint may aess the intenal GPS, or beep and ask the person tointrodue the information through a GUI.follow-up: after the run of the interation, the IM oordinator sends the logof the interation to all the involved peer so that they an analyse it. Theanalysis an be aimed at omputing a trust value for the other peers [10℄to be used in seleting peers in future interations or to reate a statistialmodel for the ontent of the messages, in order to improve mapping [4℄. Forexample, after the interation in Figure 7 has run, a �re�ghter may �nd thatthe path provided by the route-�nder is bloked and report somewhere (forexample on a reputation server) that the route servie has been unreliable.If, interation after interation, the route servie is onsistently unreliable,it will be seleted less and less by the other peers.In a more orhestration oriented model, the invoations to servies are normallygrounded at design time by the designer of the work�ow. In this model, thepeers deide to take part in interations: they an look up an interation for aspei� task, they an be alerted when new interations are published, or theyan be asked to evaluate an interation upon the request of another peer, but inall ases they evaluate the IMs they reeive and then selet those they want tosubsribe to. The task of handling heterogeneity is therefore distributed amongthe peers.3 Mathing servie desriptionsOne of the key feature of the framework is its inherent apability of handlingheterogeneity dynamially. A peer an download a plug-in omponent written fora slightly di�erent IM than the one in whih the peer wants to partiipate: theframework tries to math the methods in the omponents with the onstraints,reating an adaptor for transparently aessing the parameters from within themethod. Even in situations where the interations and the omponents whereagreed in advane, they may drift over time.The methods, as brie�y stated above, are annotated in a similar way to theonstraints (using Java 5 annotation mehanism): the arguments an be stru-tures, and the elements in the strutures are aessed using their path. Figure4 shows an example of a method that would be mathed by the framework tothe onstraint �importantAlert(Event)� in Figure 3, obtaining the orrespon-denes in Figure 5.Internally, the method aesses the elements of its arguments using the lo-ally de�ned struture: so to aess the day of the date of the event, it will useparameter D, asking for the value of �date/day�, independently of how it was



lass Component extends OKCFaade{...�MethodSemanti(language=�tag�,args={�event(name_of_event,omment)�, �date(day,month,year))�}boolean relevantAlert(Argument E, Argument D){...}...} Figure 4. Example of annotated method
Figure 5. Mathing between the onstraint in Figure 3 and the method in Figure 4.de�ned in the IM and how it was used by the other peers: the aess and thestorage of the arguments are deoupled by an adaptor.If a omponent wraps a WSDL �le, eah method orresponds to an operationin WSDL, and the method annotations re�et the strutures de�ned in it: thanksto the adaptor, aessing the web servie is deoupled from the representationof the onstraint in the IM.The mathing proess is organized in two steps: (i) node mathing and (ii)tree mathing. Node mathing solves the semanti heterogeneity problem byonsidering only labels at nodes and ontextual information of the trees. Weuse here the S-Math system [17℄. Tehnially, two nodes n1 ∈ T 1 and n2 ∈ T 2math i�: c@n1 R c@n2 holds, where c@n1 and c@n2 are the onepts at nodes
n1 and n2, and R ∈ {=,⊑,⊒}. In semanti mathing [13,14,9℄ as implementedin the S-Math system [17℄ the key idea is that the relations, e.g., equivaleneand subsumption, between nodes are determined by (i) expressing the entitiesof the ontologies as logial formulas and by (ii) reduing the mathing problemto a logial validity problem. Spei�ally, the entities are translated into logi-al formulas whih expliitly express the onept desriptions as enoded in theontology struture and in external resoures, suh as WordNet [8℄. This allowsfor a translation of the mathing problem into a logial validity problem, whihan then be e�iently resolved using sound and omplete state-of-the-art satis-�ability solvers [15℄. Note that the result of this stage is the set of one-to-manyorrespondenes holding between the nodes of the trees.Tree mathing, in turn, exploits the results of the node mathing and thestruture of the trees to �nd if these globally math eah other. Spei�ally,given the orrespondenes produed by the node mathing, abstration oper-ations are used [12,11℄ in order to selet only those orrespondenes that pre-



serve the desired properties, namely that funtions are mathed to funtions andvariables to variables. Then, the preserved orrespondenes are used as allowedoperations of a tree edit distane in order to determine global similarity betweentrees under onsideration. If this global similarity measure is higher than anempirially established threshold, the trees are onsidered to be similar enough,and are onsidered to be not similar otherwise. Tehnially, two trees T 1 and T 2approximately math i� there is at least one node n1i in T 1 and a node n2j in
T 2 suh that: (i) n1i approximately mathes n2j , and (ii) all anestors of n1i areapproximately mathed to the anestors of n2j , where i=1,. . . ,N1; j=1,. . . ,N2;N1 and N2 are the number of nodes in T 1 and T 2, respetively.Semanti heterogeneity is therefore redued in two steps: (i) mathing theweb servies, thereby obtaininging an alignment, and (ii) using this alignmentfor the atual web servie integration. This proess is disussed in detail in [16℄.4 Case study

Figure 6. Ativity diagram for the interation5 Life yleThe Open Knowledge system is fully general and an be applied in any domainin whih systems (or peers, servies, proesses, et) are interating. However, ithas been spei�ally evaluated in two testbeds, one of whih is emergeny re-sponse. This was hosen as being a partiularly knowledge-intensive and dynamiappliation domain, with many players and a high potential for unexpeted de-velopments.



a(fire_fighter_coordinator,FFC ) ::
null ← getPeers(“fire_fighter”, FFL)
then a(fire_fighter_coordinator (FFL),FFC )

a(fire_fighter_coordinator (FFL), FFC) ::
null ← FFL = []

or

(

alert(MP )⇒ a(fire_fighter ,FFH )← FFL = [FFH |FFT ] and assign_mp(FFH , MP)
then

a(fire_fighter_coordinator (FFT ),FFC )

)

a(fire_fighter ,FF ) ::
alert(MP)⇐ (fire_fighter_coordinator ,FFC )
then null ← getPos(Pos)
then (null ← equal(MP ,Pos))

or

(

request_route(Pos,MP)⇒ a(route_service , RS)
then route(From,To,Path)⇐ a(route_service ,RS)
then null ← goto(MP ,Path)

)

a(route_service ,RS) ::
request_route(From, To)⇐ a(fire_fighter ,FF )
then route(From,To,Path)⇒ a(fire_fighter ,FF )← get_route(From, To,Path)
then a(route_service ,RS)Figure 7. IM for the e-resue interation

@annotation (@role (route_finder) ,

@annotation (@variable(From), from(location(name, lat, long))))
@annotation (@role (route_finder) ,

@annotation (@variable(To), to (location (name, lat, long))))
@annotation (@role (route_finder) ,

@annotation (@variable(Path), path (list (location (name, lat, long)))))Figure 8. Semanti annotations relative to the interation

Figure 9. A possible run of the IM in Figure



Figure 10. Lifeyle for the IM used in the senarioIn this setion, we brie�y outline the general senario and then desribe aspei� interation in more detail, highlighting where the tehniques disussedin this paper will be utilised.The general senario we are exploring is the ase of the �ooding of the riverAdige in the Trentino region of Italy, whih presents a signi�ant threat to theity of Trento and the surrounding area and whih has �ooded seriously manytimes before, most notably on November 4th, 1966. We have large amounts ofdata from the 1966 �ood, as well as data onerning the emergeny �oodingresponse plans of the Trentino authorities. Around this data, we have developedsenarios of interating peers: for example, oordination entres, emergeny mon-itoring servies, the �re brigade, sensor nodes, GIS systems, route �nding serviesand weather servies.Emergeny response is not inherently peer-to-peer: we would of ourse ex-pet that the key players would have strategies worked out well in advane andwould have established the infrastruture and voabulary for ommuniatingwith other key players. However, the haoti nature of an emergeny means thatmany players who will not have been able to oordinate in advane, or who werenot expeted to partiipate, may beome involved. Additionally, servies whowere part of an emergeny response may be unexpetedly unavailable or maybe swamped by requests, and in suh a situation, it is ruial that the emer-geny response an arry on regardless. Additionally, servie may develop andhange and it is unrealisti to expet these hanges would always be known andaounted for in advane.The partiular interation we fous on here is the �re ontrol entre sendingits �re teams to destinations where they are needed. The IM for this interationis shown in Figure 7 and Figure 8 shows the annotations for this IM. Figure 6illustrates this interation as an ativity diagram and Figure 9 represents a pos-sible run of this interation with two �re teams. The lifeyle of the interationinteration proess is illustrated in Figure 10The interation is as follows:



� The �re oordination entre reeives an emergeny warning from the �oodmonitoring entre and details of the urrent state of the �ood, together withinformation about vulnerable people and goods. The �re oordination entrethen works out the plaes where the �re teams should be sent to (this partof the proess is not desribed in the diagrams or the IM).� The �re oordination entre uses the routing servie to loate the teamsthat are subsribed to playing the role of �re team. Of ourse, we mayassume that the �re oordination entre knows who the �re teams are, so thisrouting proess may not be neessary, but the advantage is that it providesinformation about who is available to play their role at any given time.� The �re oordination entre irulates one of the hosen destinations to eahof the �re teams. In this partiular senario, this is done arbitrarily with noreferene to where the �re teams urrently are.� One a �re team reeives its destination, it will �rst hek whether it isalready at that destination and, if not, it will make plans to move there.This involves moving on to a new part of the interation, this time involvinga routing servie, to �nd out how it should get to the hosen destination.� The routing servie is able to provide a route between two points that takesinto aount roads that might be �ooded, bloked or otherwise inaesible.It does this by having a map of the area and through running separateinterations with sensor nodes and with other peers to keep trak of theurrent state of the roads.� One the �re teams have a route, they move to their destination and theinteration terminates.We would expet, sine these interations represent the expeted protool ofa �ooding response, that the �re teams would already know a routing servieand would have pratied these interations. However, there are neverthelessreasons why all to suh a routing servie may be inappropriate. For example,the routing servie may have altered over time - the route-servie peer maybe involved frequently in many other interations and its omponents may behanged over time to adapt better to these interations - and have failed to keepthe �re servie up to date with these hanges (a servie would not normallyexpet to keep all servie users up to date), meaning that the all the �re serviemakes would be inorret and mathing would be required for the interationto sueed. Other situations ould be that the routing servie lost onnetionor was swamped with requests, and the �re team would then have to use thedisovery servie to loate a new routing servie and reuse the old routing servieall to all this new routing servie.6 EvaluationWe have seen that drifting an ause heterogeneity between omponents andIMs: omponents that were designed for a partiular interation are used inothers and hange over time to adapt to these: when they are the reused in the



1. replae a label with an unrelated label : a node label an be replaed with anunrelated label. The unrelated label is randomly seleted from a ditionary.Example:� Original tree: find_Address_By_Point(point, address_Finder_Options,part)� Altered tree: find_Address_By_Point( atom_firmer, disussion,part)2. add or remove a term in a node label.Example:� Original tree: find_Address_By_Point(point,address_Finder_Options,part)� Modi�ed tree: find_By_Point(toast_point, address_Options,surfae_part)3. replae a term in a node label with a related one: e.g., by using synonyms,hyponyms, hypernyms from WordNet 3.0.Example:� Original tree: find_Address_By_Point(point,address_Finder_Options,part)� Modi�ed tree: find_Address_By_Point(aim,address_Finder_Options,setion)4. alter syntatially a label : haraters in the label are dropped, added, or hanged.Example:� Original tree: find_Address_By_Point(point,address_Finder_Options,part)� Modi�ed tree: finm_Address_By_Poioat(einqt, ddress_Finder_Optxions,vpar)Table 1. Tree alterations applied to servies's signatures
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Figure 11. Reall for inreasing di�erent funtionsoriginal interation, mathing is required. Similarly, interations designed for aspei� ontext may be used for di�erent aims and hange to adapt. Moreover,new interations or omponents an be developed by opying others.Starting from these assumption, we tried to evaluate how the mathing meh-anism, desribed in Setion 3, an ope with these sort of heterogeneity.Thus, the evaluation dataset was omposed of trees that are alterations ofseveral original trees. Initially, 80 trees were built out of the ESRI ArWeb Ser-vies (SOAP methods5). Examples inlude: find_Address_By_Point(point,address_Finder_Options,part), get_Distane(loation1, loation2,num_Points, return_Geometry, token, units) and onvert_Map_Coords_To_Pixel_Coords(map_Area, map_Size, map_Coords, token). Then, for eahof the 80 original trees, 20 altered ones were automatially generated. Pairs wereomposed of the original tree and one varied tree, thereby resulting in 1600mathing tasks, whih were then mathed using our struture-preserving seman-ti mathing tehniques. The tree alteration proedure has been inspired bythe work in Euzenat [6℄ on systemati benhmarks. The alteration operations,semanti or syntati, are applied to nodes and are shown in Table 1.Sine the tree alterations made are known, these provide the ground truth,and hene the referene results are available for free by onstrution: this allowsfor the omputation of the mathing quality measures, suh as Preision (whihis a orretness measure) and Reall (whih is a ompleteness measure). Thealterations are applied probabilitistially on eah node of the original tree: in-reasing the probabilities of the modi�ations it is possible to obtain trees thatare statistially more and more distant from the original one.Figure 11 shows how reall behaves when the probabilities of syntati andsemanti alterations are inreased. Reall dereases slowly: only when both se-5 http://www.arwebservies.om/v2006/help/index.htm



manti and syntati hanges are extremely likely, reall drops to 0.1. In ourexperiments, preision was always very high. This is not unommon in mathingsenarios, where reall is often the problem.7 Related workWe believe that this approah to strutured mathing is unique and therefore itis di�ult to perform any omparitive analysis. In order to demonstrate that wemake use of powerful ontology mathing tools for the standard ontology mathingstep of the proess, we an ompare S-Math against other ontology mathingtools. However, the full struture preserving mathing addresses a previouslyunsolved problem. In this setion, we disuss other methods that address similarproblems.The problem of loation of web servies on the basis of the apabilities thatthey provide (often referred as the mathmaking problem) has reently reeiveda onsiderable attention. Most of the approahes to the mathmaking problemso far employed a single ontology approah (i.e., the web servies are assumed tobe desribed by the onepts taken from the shared ontology). See [21,23,26℄ forexample. Probably the most similar to ours is the approah taken in METEOR-S [1℄ and in [25℄, where the servies are assumed to be annotated with the on-epts taken from various ontologies. Then the mathmaking problem is solvedby the appliation of the mathing algorithm. The algorithm ombines the re-sults of atomi mathers that roughly orrespond to the element level mathersexploited as part of our algorithm. In ontrast to this work, we exploit a moresophistiated mathing tehnique that allows us to utilise the ontext providedby the �rst order term.Many diverse solutions to the ontology mathing problem have been proposedso far. See [30℄ for a omprehensive survey and [7,24,5,18,2,20,31℄ for individualsolutions. However most e�orts has been devoted to omputation of the orre-spondenes holding among the lasses of desription logi ontologies. Reently,several approahes allowed omputation of orrespondenes holding among theobjet properties (or binary prediates) [32℄. The approah taken in [19℄ fail-itates the �nding of orrespondenes holding among parts of desription logiontologies or subgraphs extrated from the ontology graphs. In ontrast to theseapproahes, we allow the omputation of orrespondenes holding among �rstorder terms.8 ConlusionSuessful servie integration is fundamental to the realisation of the semantiweb. The ommon approah is to write work�ows that integrate servie alls,reating a new, more sophistiated servie. The approah we have presented inthis paper, based on the OpenKnowledge projet, relies on shared distributedwork�ows, alled Interation Models. We have desribed the lifeyle of an in-teration within the OpenKnowledge system, whih allows peers - whih may
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