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t. In this 
hapter we dis
uss a system designed to support work-ers in a virtual organization. The proposed approa
h is based on utiliza-tion of software agents and ontologies. In the system all Users are repre-sented by their Personal Agents that help them in ful�lling their spe
i�
roles. At the same time all entities that the organization is 
omprised o�(human and non-human) are represented as instan
es of resour
es in anontology of the organization. Furthermore, ea
h resour
e is asso
iatedwith one or more pro�les and these pro�les are adapted to represent
hanges in resour
es (e.g. new experien
e/knowledge gained by a humanresour
e, or approval of a duty trip appli
ation). The aim of this 
hapteris to des
ribe basi
 fun
tions of our system with spe
ial attention paidto software agents, their roles and intera
tions as well as utilization ofontologies in support of worker needs.1 Introdu
tionLet us 
onsider an organization in whi
h teams of resear
hers are engaged inR&D proje
ts and share a 
ommon virtual work-spa
e (regardless if they aregeographi
ally distributed or not). Obviously, team work requires 
ooperationbetween members and support of 
ollaborative resear
h has to go beyond, evenmost sophisti
ated forms of, do
ument versioning and �ow of resour
es in thehierar
hi
al stru
ture of the organization. What needs to be taken into a

ountis: (1) representation of domain spe
i�
 knowledge (e.g. geologi
al s
ien
es);to provide 
ontext for management of resour
es pertinent to running proje
ts(e.g. establishing a spe
i�
 �lo
ation� of a resour
e within the domain knowledgeallows for resour
e indexing, 
lustering; it also allows to establish who withinthe organization should re
eive a noti�
ation that a new resour
e�su
h as abook�has been a
quired); (2) representation of stru
ture of intera
tions and�ow of resour
es in the proje
t (and, more generally, within the organization);to route resour
es, based on proje
t needs and responsibilities of team members
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(e.g. who should re
eive a report that a given task is 
ompleted, or to whoman appli
ation for a business trip should be routed); (3) representation of userpro�les (situated within the domain knowledge and the stru
ture of the proje
t);to spe
ify interests, needs and skills of individual workers (e.g. to establish whoneeds to be proa
tively trained in view of an up
oming proje
t); (4) adaptabilityof the system; to deal with the fa
t that as the time passes the s
ope of theproje
t may expand, 
ontra
t or shift; fun
tional interrelationships between teammembers (or within the whole organization) 
an 
hange; their interests, needsand skills evolve; and, team members may be added, removed or repla
ed.It is relatively easy to see that these four points 
an be generalized beyond theinitial 
ollaborative resear
h s
enario. Let us assume that for the se
ond point weutilize a notion of a virtual organization (VO) [16�21℄, whi
h allows us to de�neroles, interdependen
ies and intera
tions of parti
ipants. Here, it is importantto note that while most 
on
eptualizations of a VO stress the importan
e of itsworkers being spatially distributed, in the proposed approa
h �virtualization�involves realization of an a
tual organization as an e-organization. Therefore, itdoes not matter if the organization itself is a
tually geographi
ally distributedor not. In su
h an organization its members need a

ess to resour
es to 
ompletetheir individual tasks and to fa
ilitate 
ompletion of proje
ts. In our approa
h,any entity within the organization, human and non-human, is 
onsidered to bea resour
e. Obviously, a

ess of resour
es to resour
es should be, among others,adaptive (
hange with the task) and personalized (ea
h team member�humanresour
e�requires a

ess to di�erent resour
es; furthermore a

ess is likely tobe restri
ted by the organization poli
y/stru
ture). The aim of our work is todevelop a software infrastru
ture for su
h a virtual organization. The basi
 as-sumption underlying our approa
h is that emergent te
hnologies su
h as soft-ware agents [42℄ and ontologies [36℄ should be utilized as a foundation aroundwhi
h the proposed system should be 
on
eptualized. Let us stress that we dorealize that these assumptions are not un
ontroversial. However, our aim is todevelop a system on their basis, and in this way to add to the dis
ussion ofviability of this approa
h (instead of getting involved in theoreti
al dis
ussions).This being the 
ase we assume that: (i) the organizational stru
ture, 
onsistingof �roles� played by various entities within the organization and intera
tions be-tween them, should be represented by software agents and their intera
tions (i.e.the 
omplete stru
ture of an a
tual organization is mapped into the stru
ture ofan agent-based virtual organization), and (ii) domain knowledge, organizationstru
ture, resour
e pro�les and resour
e mat
hing should be based on ontologiesand reasoning ma
hinery asso
iated with them. For instan
e, in a 
ompany thatinstalls and servi
es satellite TV antennas, the domain spe
i�
 knowledge 
on-sists of a 
omplete body of knowledge 
on
erning su
h antennas. The stru
tureof the 
ompany involves, among others, antenna installing teams, their equip-ment, the way that work orders are delivered to them, and the reporting upontask 
ompletion. Software agents represent ea
h worker and support them in
ompleting assigned tasks (e.g. managing a team of installers). Finally, humanresour
e pro�les des
ribe skills of ea
h member of servi
e team, while the adapt-



ability involves situation when a new antenna is to be introdu
ed to the marketand installation 
rews have to be trained in its features.The aim of this 
hapter is to summarize main results obtained thus far withinthe proje
t and is based on [37, 8, 9, 38℄. To this e�e
t we pro
eed as follows. Inthe next se
tion we present a general des
ription of the the system. Then, wedis
uss the issues 
on
erning intera
tions between software agents of humanworkers. Following the dis
ussion 
on
erning agents in the system, we 
on
en-trate our attention on ontologies and ontologi
al demar
ation of resour
es. Westart with the generi
 ontology of the virtual organization, and follow with de-s
ription of its extensions to the areas fa
ilitated by appli
ations proposed byan Institute of S
ien
e and Te
hnology. Finally, we dis
uss pro
esses involved inontologi
al mat
hmaking proposed in the system.2 System Overview�Introdu
ing Proje
t Into theSystemBefore dis
ussing the main features of the system let us �rst stress that in theproposed approa
h ea
h worker in the organization is represented by her/hisPersonal Agent (PA). This agent plays two roles: (a) it is the interfa
e betweenthe User and the system, and (b) it supports its owner in all roles that (s)he isto play within the organization. Let us now present birds-eye view of the system,by dis
ussing pro
esses involved in introdu
ing and running a proje
t. To fo
usour dis
ussion, in Figure 1 we present the use 
ase diagram of the system. Notethat the following dis
ussion is written in terms of entities with spe
i�
 roles, andsu
h units 
an 
onsist of one (or more) humans, agents, or �teams� 
onsisting ofhumans and agents. We will return to the issue of intera
tions between humansand agents later in the 
hapter.When a servi
e/proje
t is requested from an organization (whi
h 
an beanything from a one-person business to a 50,000+ employees 
orporation) aProje
t Manager (PM ) is asso
iated with it. The PM is a role that is asso
iated,for instan
e, with a person who in the VO is represented by the Personal Agent,whi
h will support that person in ful�lling the role of the PM. PM s �rst task isto make sure that the request is thoroughly analyzed and on the basis of su
hanalysis to make a de
ision if the job should be a

epted. This task is delegatedto the Analysis Manager (AM ). At the same time a Task Monitor Agent (TMA)is 
reated to oversee the task performed by the AM (for more details about roleof the TMA, see below). It should be noted that the stru
ture of the AM 
anbe either very 
ompli
ated and 
onsist of a number of humans and agents (e.g.in the 
ase of a 
orporation that is evaluating a multi-million euro 
onstru
tionproje
t) or very simple (e.g. in 
ase of a small business assessing a

eptan
e ofa brake pads repla
ement job). Finally, it is even possible that the PM 
an playthe role of the AM (e.g. in the 
ase of a very small business or self-employment).Regardless of the spe
i�
 situation, the most important deliverable prepared bythe AM is a set of reports that support the de
ision to a

ept or reje
t the
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ase of the systemrequested proje
t. The report(s) prepared by the AM is(are) ba
ked up, amongothers, by the 
ost, resour
e and in
ome analysis.Sin
e we assume that data pro
essed in the system is based on appropri-ate (domain and organization) ontologies, one of 
ru
ial tasks of the AM is to�translate� the 
ommon language requirements originating from the user (proje
tproposer) into a set of requirements spe
i�ed utilizing ontologies employed in agiven organization. To ful�ll this need, at the beginning of its work, the AMinstantiates a new resour
e 
alled the Proje
t Request (whi
h has its own pro-�le). This resour
e is used when the AM performs initial analysis of the proposedtask and 
reates the �rst version of the System Requirements Spe
i�
ation (SRS )whi
h, again, is a resour
e with its own pro�le. During its work the AM, amongothers, analyzes resour
es available in the organization (their pro�les, availabil-ity and a

essibility). For instan
e, in the 
ase of a 
able TV installation job, thisstep is going to be rather simple and involves steps like: (1) 
he
king whetherthe 
ustomer who requests installation lives in the servi
e-
overed area, and (2)if there are resour
es available to install the 
able TV at her address, within aspe
i�
 time-frame. Note that su
h simple analysis 
ould easily be performed bya software agent with a build-in expert system. On the other hand in the s
enarioof the proje
t involving development of an intranet and a knowledge portal for a
ompany, analysis would involve more elaborate a
tions, su
h as: 
he
king te
h-



nologi
al requirements for the proje
t, existing similar solutions, organization or
ustomers experien
e et
. It 
an be 
onje
tured that in this 
ase the AM wouldmost likely involve human resour
es as well as software agents helping them 
om-pleting the tasks. Let us mention, that in the 
ase of a large 
orporation the AMmay not have permission to know about all resour
es available in the organiza-tion. In this 
ase, the AM will spe
ify resour
es that the proje
t needs and whi
h,a

ording to its best judgment, are unavailable. It will be then the role of the PM(and possibly its supervisors in the organization) to assess if the resour
es are a
-tually available, or if they need to be found outside of the organization, and whatis the e�e
t of su
h sear
h on the viability of proje
t a

eptan
e. Note that thispro
ess may involve intera
tion with the Organization Provisioning Manager,whi
h is aware of all resour
es available in the organization (see below).If the AM re
ommends that the proje
t is reje
ted, and the PM 
on
urs(whi
h may, or may not be the 
ase; it is a well-known fa
t that there existproje
ts whi
h are a

epted even if they should not have been a

epted, forinstan
e for �politi
al� reasons), the requester is informed about the de
ision,the PM is disasso
iated from the role, and this ends the pro
ess. Let us nowassume that the SRS and other supporting do
umentation prepared by the AMsuggests that the proje
t should be a

epted. As a result the PM prepares aninitial Proje
t S
hedule and on its basis works to establish if the Resour
e Reser-vation 
an be 
ompleted (note that the fa
t that John, the Java 
oder, works forthe organization does not mean that John is available starting from May 4th).To a
hieve this goal, the PM has to analyze available resour
es (its own andprovided by the 
ustomer). It may involve, for instan
e, 
he
king availability ofprogrammers who have the required 
ompeten
e in PostgreSQL, obje
t orientedprogramming and re
ent web te
hnologies, as well as availability of resour
essu
h as: servers, (e-)learning materials for software to be used in the proje
t,li
enses and requirements for both test and �nal deployment environments et
.Again, the PM 
an analyze only these resour
es whi
h it has a

ess to (is allowedto know about, as established by the ontology of the organization). If resour
esthat the PM knows about are not su�
ient, the PM requests the Organiza-tion Provisioning Manager (OPM ) to fa
ilitate the missing resour
es (e.g. C#programmer(s), or a DB2 e-learning 
ourse). Note that su
h resour
es may beavailable in the organization, but the PM may not have a

ess to this knowl-edge. OPM 's role is to provide resour
es for other resour
es whi
h request them,as well as to deal with resour
es that are being delivered to the organization(e.g. books/papers/reports send to its digital library). Here, we assume that, toful�ll its role, the OPM has a

ess to information about all resour
es availablein the organization. Sin
e the OPM 
an be queried by authorized (where theauthorization is also ontologi
ally spe
i�ed) resour
es that play various roles inthe organization, it has to analyze available resour
es using various patterns ofreasoning and possibly some expert systems. Note also that, again, the OPM 
anbe either an agent, a human represented by its PA, or a 
omposite stru
ture 
on-sisting of multiple agents and humans (e.g. it 
an have in its disposal a resour
ethat indexes and routes in
oming do
uments / books / journals, a sear
h engine,



a library material a
quisitor, et
.). Again, if the resour
e (a) is found, and (b) 
anbe reserved (for a spe
i�ed time), it 
an then be assigned to the requesting PM.Otherwise, the OPM triggers a
tion of a Resour
e Pro
urement Unit (RPU ),whi
h is responsible for �nding an appropriate resour
e. Assuming, for instan
e,that C# programmers and DB2 e-learning materials were not found within theorganization the OPM may generate a (ontologi
ally demar
ated) request tothe RPU to a
quire spe
i�
 resour
es. The RPU in turn will 
ommuni
ate it tothe �world outside of the organization.� For simpli
ity we omit situations whi
h
learly have to involve human intervention. Let us assume that 
ompany needs
onstru
tion workers to start a proje
t in Lublin, Poland. If it does not employlarge enough number of su
h workers it, most likely, will be the role of humanmanagers to assess if they 
an be hired for the time of the proje
t. Therefore, atthis stage, we assume that the RPU 
an immediately provide information aboutavailability and 
ost (estimate) of requested resour
es. As a result of these pro-
esses two out
omes are possible. First, it is established, that the initial Proje
tS
hedule 
annot be supported with ne
essary resour
es (whi
h may result inproje
t s
hedule (re)negotiation(s) with the 
lient, or proje
t reje
tion). Se
ond,the Proje
t S
hedule 
an be 
ompleted (with possible minor modi�
ations) insu
h a way that the proje
t 
an be a

epted and a 
ontra
t signed.Let us now dis
uss pro
esses that take pla
e after the �nal version of theProje
t S
hedule is 
reated and 
ontra
t signed. First, the Proje
t S
hedule isused by the PM to assign tasks to appropriately reserved (human or non-human)Resour
es. Note that ea
h Resour
e 
an be either a �single resour
e,� or a 
olle
-tion of resour
es treated as a single unit. For instan
e, team that is responsiblefor the ba
k end of the portal may 
onsist of 4 
oders and a manager, whilethe team dealing with user interfa
e 
ould 
onsist of 2 
oders and an artist,et
. In the hierar
hi
al stru
ture of the organization, at one level, both teamswill be treated as a single resour
e, with their own tasks, and a Task MonitorAgent (TMA) asso
iated with it. At the same time, inside these 
omposite re-sour
es an appropriate organizational stru
ture (based on the same ontology ofthe organization) will be realized, and individual (sub)tasks and their TMAsinstantiated.The PM monitors status of all tasks (in
luding their start and 
ompletion)by assigning to ea
h task a TMA and by 
ommuni
ating with them. Ea
h TMAmonitors a spe
i�
 task until its 
ompletion (then it is killed by the PM ; 
ur-rently, we assume that 
reation of a new TMA is easier to a
hieve than adaptinga given TMA to manage a di�erent task). While working on the task, Resour
esmight be interrupted by unexpe
ted 
ir
umstan
es whi
h either 
an be dealtwith �lo
ally� (e.g. by �nding tips on how to deal with a �heap memory ex-
eeded� error in Java, or how to build a DB2 
luster) or ones that will probablyin�uen
e other parts of the proje
t (e.g. 
ustomer requested that a di�erent datastru
ture is to be interfa
ed with, or some additional unavailable resour
es turnout to be needed, or a parti
ular employee has to immediately take a family leaveof absen
e, et
.). These 
ir
umstan
es are expe
ted to involve PM 's rea
tion andshould be tagged appropriately by the Task Monitor Agent. Let us stress that not



every interruption requires an immediate PM 's intervention. A
ross the systemwe assume that resour
es 
an intera
t with ea
h other (whi
h resour
es 
an 
om-muni
ate dire
tly is spe
i�ed by the organization and represented in the organi-zational ontology), among others, to solve basi
 problems o

urring during taskexe
ution. For instan
e, to �nd a manual for software used in the proje
t given re-sour
e 
an 
onta
t other members of its group. Finally, ea
h resour
e might gen-erate multiple interrupts, but as long as these do not require the PM to rea
t (e.g.the s
hedule of the proje
t is not a�e
ted) they are going to be ta
kled lo
ally.Obviously, at a 
ertain moment ea
h (sub)task 
omes to an end. Upon 
om-pletion of a task, the task-spe
i�
 Quality of Servi
e (QoS ) module analyzes thework. A Os module might 
onsists of a team of humans, or be instantiated as anexpert system. Here, 
onsider testing fun
tionality of the 
ompany portal, or atest of a 
ompleted unit of a Python 
ode, or 
he
king quality of the TV signalafter the TV is installed. Ea
h of these quality tests requires di�erent testingand di�erent resour
es to 
omplete the quality assessment. Unless the qualityof the work is not satisfa
tory and further improvements are needed, the PM isinformed about 
ompletion of the (sub)task. If the result of the task does notsatisfy the requirements, there is a ne
essity to repeat some part of, or eventhe whole task. This 
an take more time and resour
es than it was spe
i�ed inthe Proje
t S
hedule. However, only 
on�i
ts with the s
hedule should result inthe PM being �alarmed.� Note that a �major interrupt� that results in 
hangesin the Proje
t S
hedule may need to be propagated within the stru
ture of theteam that works on the proje
t.Obviously, 
ompletion of a (sub)task may trigger exe
ution of another (sub)-task spe
i�ed in the work�ow of a given proje
t. Upon 
ompletion of all (sub)-tasks spe
i�ed in the Proje
t S
hedule, the proje
t is 
ompleted. This means thatthe Human Resour
e that played the role of the Proje
t Manager, will no longerplay this role (for that proje
t) and the fun
tionality of its Personal Agent hasto be appropriately adjusted. Similarly, fun
tionalities and pro�les of all agentsinvolved in the proje
t have to be adjusted (e.g. experien
e-related information).3 Agents in the systemThus far we have des
ribed pro
esses that take pla
e within the Virtual Or-ganization, 
onsidered from the point of view of �roles� existing in the systemand their intera
tions. In this 
ontext let us re
all, that one of our assumptionsis that ea
h Worker will be represented by a Personal Agent, while a numberof auxiliary agents may be instantiated as well. In this way, the proposed ap-proa
h is grounded not only in general agent notions (see, for instan
e, [26℄), butalso in role-oriented agent system development methodologies (e.g. Gaia [43℄, orPrometheus [33℄). Here, the problem spa
e is initially de�ned in terms of (1)roles that are to be ful�lled, and (2) intera
tions between entities playing theseroles. In the se
ond step ea
h identi�ed role is fun
tionalized by a single agent,or is further divided into a number of 
ooperating (sub)agents (see, also, [25℄).However, we are well aware of the fa
t that not all roles 
an be ful�lled by soft-



ware agents alone. Therefore, let us 
onsider roles that have been distinguishedthus far: PM, AM, RPU, OPM TMA, and QoS. As noted above, in some 
asesthese roles may be ful�lled by software agent(s), some of them are likely to beplayed by one or more humans (supported by their Personal Agents), while someare likely to be 
ompleted by teams 
onsisting of software agents and humans.Note that while spe
i�
 arrangements may depend on the parti
ular organiza-tion (and its domain of operation), pro
esses des
ribed above remain un
hanged.In this 
ontext we have identi�ed a few situations that are expe
ted to trigger ane
essary rea
tion of a human a
tor (however, this list is not exhaustive):1. proje
t requirements analysis2. a

epting a parti
ular person to be
ome a manager of a proje
t3. 
hanges in 
ustomer requirements4. the OPM not being 
apable of �nding required resour
e(s) within the orga-nization5. negotiating and a

epting the Proje
t S
hedule6. a

epting the Resour
e Reservation do
ument7. �nal task a

eptan
eEven though human intervention is likely to be required, it has to be stressedthat our interest is in performing as many tasks as possible utilizing softwareagents alone and thus 
ompleting them in an autonomous fashion or to providesupport for humans in ful�lling the above spe
i�ed roles. In this 
ontext, therole-based approa
h allows us to spe
ify sets of fun
tions asso
iated with ea
hrole and then sele
t whi
h of them 
an be ful�lled by software agents and whi
hhave to involve human parti
ipation. For instan
e, 
onsider the TMA that makessure that a Cable TV Box was su

essfully installed before 16:13 at a spe
i�
address and if this is not the 
ase, raises an alarm, and a Personal Agent thathelps the human PM managing a team of 
oders. The pro
ess is as follows: theautonomous agent, when 
reated to ful�ll a given role is provided with requiredmodules to a

omplish it, e.g. the TMA obtains information about the deadlineit is to observe and what to do if it is, or is not met. The situation is somewhatmore 
ompli
ated in the 
ase of the PA. First, let us re
all that every workeris represented in the system by her/his own PA. Furthermore, upon joiningthe system (and thus the organization) the PA registers with the OPM�theresour
e manager�and be
omes one of available resour
es. In Figure 1 we havedepi
ted the PA and 
on
eptualized it as an interfa
e between the human andthe remaining parts of the system; as well as a �helper� that supports user inful�lling her role. Sin
e role 
an 
hange, the PA has to be able to support user inanyone of them. However, in Figure 1 we were able to identify 
ore fun
tions ofthe PA, whi
h are used regardless of a spe
i�
 role. To provide support for theuser who is assigned a spe
i�
 role, modules fa
ilitating fun
tions asso
iated withthat parti
ular role are then loaded into the PA, extending its fun
tionality (formore details see [10℄). Note that in the, somewhat more 
ompli
ated 
ase, when ateam of analysts (AM ) estimates feasibility of a proje
t, ea
h team member willbe represented by its PA. Therefore, a role-spe
i�
 set of intera
tions betweenthese PA's and humans they represent will 
onstitute ful�llment of the role AM.



We utilize an AML [2℄ diagram in �gure 2 to illustrate this general s
hema. Inthis �gure we 
an see the generi
 agent the VOAgent whi
h utilizes appropriatemodules stored in the module / pro�les library to be
ome a Personal Agent �rst,and then play any role in support of its User.

Fig. 2. AML Mental Diagram for the VOAgentObserve that in this way, we have only �one basi
 type� of an agent in thesystem: the Personal Agent (supplemented by possibly some auxiliary agents).Furthermore, the PA 
an support user in playing any role identi�ed in the or-ganization. This in turn mat
hes very ni
ely with the real world organization,where we also have only one main entity: human being that 
an play variousroles identi�ed in the organization.4 Ontologies in the systemThus far we have fo
used our attention on spe
i�
 roles and their intera
tions in-volving various entities (human and non-human resour
es) in the system, and as-so
iating these entities with software agents alone and with agent-human teams.The other important developmental de
ision that was made was to utilize ontolo-gies to represent (1) the domain of interest, (2) the stru
ture of the organization,and (3) resour
e pro�les. Let us now fo
us our attention on ontologies that areto be used in the system and start with a brief analysis of related work.4.1 Toronto Virtual Enterprise (TOVE)TOVE proje
t run at the Enterprise Integration Laboratory of the University ofToronto. Its main goal was to establish generi
, reusable enterprise data modelthat was to have the following 
hara
teristi
s [3, 1℄:� to provide a shared terminology for the enterprise that ea
h entity within it
an jointly understand and use,



� to de�ne the meaning of ea
h term in a pre
ise and unambiguous manner,� to implement the semanti
s in a set of axioms, to enable TOVE to automat-i
ally dedu
e the answer to �
ommon sense� questions about the enterprise,� to de�ne a set of symbols for depi
ting a term or 
on
ept 
onstru
ted thereofin a graphi
al 
ontext.A

ording to do
uments found within the proje
t WWW site, ontology de-veloped by the proje
t in
luded terms su
h as: resour
e, requirement, time, stateor a
tivity; and was 
reated in Prolog. We thought about relying on the TOVEproje
t and utilizing data model 
onstru
ted there. Espe
ially, sin
e TOVE wasbased on extensive resear
h and 
onsidered work of an enterprise from the designand operations perspe
tives [27℄. Unfortunately, inability to �nd a
tual ontolo-gies (ex
ept of 
onferen
e papers), a long list of important features to be addedfound at the proje
t web site, and the fa
t that the last update of that site wasmade on February 18, 2002, let us to believe that the TOVE proje
t has diedsometime in 2002. Therefore, we have de
ided to utilize only the theoreti
al partof TOVE.4.2 OntoWebThe OntoWeb Network is an initiative aiming at building a bridge between a
a-demi
s and the industry in order to promoting the Semanti
 Web [44℄. TheOntoWeb Portal of the OntoWeb Network proje
t allows to insert and retrieveinformation about a
ademi
 and industry employees, proje
ts and do
uments[46℄. Within the proje
t the OntoWeb ontology was developed and made avail-able at [45℄. Unfortunately the OntoWeb ontology has also important drawba
ks:� The OntoWeb ontology is 
reated in RDF S
hema, whi
h does not have ri
henough semanti
s. Our experien
e with the RDF S
hema shows that it is un-deniably well suited for building 
on
eptualizations [39℄. However, in the 
aseof a more 
omplex software system, ri
her semanti
s and guaranteed 
om-putational 
ompleteness are desired. In parti
ular, semanti
s of the RDFSwhi
h la
ks quanti�ers is hardly suitable for de�ning a data model (whi
hinvolves de�ning 
ardinalities of entity relations) of the system. Therefore,reusing the OntoWeb ontology as the system 
ore ontology would result inrestri
ting types of reasoning available in the system.� The OntoWeb ontology does not support resour
e pro�les and informationa

ess restri
tions, while they are ne
essary for the proposed system [9, 11℄.Summarizing, we dropped the idea of reusing the OntoWeb ontology dueto the limited expressivity of the RDF S
hema and la
k of ne
essary 
on
epts.Instead, we followed guidelines and results obtained within both TOVE andOntoWeb proje
ts and developed an ontology mat
hing our proje
t's needs. Letus therefore look into ontologies that have been developed within our system.



4.3 Generi
 Top-level Ontology of the OrganizationBefore we start let us note that delivering a 
omprehensive ontology for modelingan organization is beyond the 
urrent s
ope of our proje
t. Our main aim is todeliver a framework for adaptive resour
e management (information provisioningin parti
ular). Hen
e, the proposed ontology may not in
lude all the ne
essaryfeatures to design model of any organization. However, we believe that ontologyrequirements 
onsidered at this stage have been spe
i�ed to support 
urrently-ne
essary fun
tions of the system. Furthermore, they are �exible enough to sup-port its future extension in order to support 
omprehensive organization model-ing. Keeping this in mind, let us look into main ontologies of the proposed system.We have de
ided to use OWL-DL as the ontology demar
ation language,as it guarantees 
omputational 
ompleteness and ri
h semanti
s�utilizing theDes
ription Logi
 [4℄. As mentioned above, one of main ideas of our approa
h isto model every entity within the organization (in
luding humans) as a resour
e.Furthermore, ea
h resour
e will have a pro�le and, depending on its type androle, may appear in a 
ontext of multiple pro�les. For instan
e, knowledge abouta person may be des
ribed with any of the following (and not limited to these)pro�les: professional experien
e, edu
ation, personal, a

ommodation preferen
eor dining preferen
e. In Figure 3 we depi
t the generi
 resour
e and the generi
pro�le 
on
epts.
Fig. 3. Generi
 resour
e and generi
 pro�le 
on
eptsA resour
e pro�le provides detailed information about any resour
e (humanor non-human). It is 
omposed of a resour
e spe
i�
 data and �opinions� aboutother ontology 
on
epts or ontologi
ally demar
ated obje
ts [22℄. Classes VORe-sour
e and VOPro�le are designed to be extended by any organization spe-
i�
 resour
es and their pro�les (assuring that the 
on
ept is robust and �ex-ible). Deriving these 
ore 
on
epts in domain ontologies allows to de�ne moreorganization-spe
i�
 resour
e, su
h as: an employee of the 
able TV installation
ompany or a
ademi
 institution; a book in a library; requirements spe
i�
ation(SRS ) do
ument in an IT 
ompany; or a Duty Trip Report in an organizationthat requires its employees to deliver su
h reports.Note that some resour
e pro�les may 
onsist of private or 
lassi�ed informa-tion (e.g. personal data) therefore it is ne
essary to build an infrastru
ture whi
h




an restri
t a

ess to the information. This is also important sin
e a

essibilityto 
ertain do
uments depends on employees �position� within an organization(e.g. annual evaluation of a worker should be visible only to that worker and hersupervisors, but not her 
o-workers). A VO Resour
e Pro�le Privilege is a 
lasswhi
h des
ribes restri
tions established for a pro�le. It binds a pro�le with arestri
tion type whi
h is applied to all resour
es from a parti
ular OrganizationUnit (OU)�whenever information is requested by, or mat
hed with, resour
es.The binding of the OU and a parti
ular Pro�le Privilege Type is realized by thePro�le Privilege 
lass.The Pro�le Privilege Type is an enumerable type spe
ifying supported a

essprivileges: Read, Write and Admin. Names of the �rst two are self-explanatory,while the third (Admin) type represents an administrative privilege whi
h allowsto modify a

ess restri
tions of the pro�le. Here, for instan
e, the HR Depart-ment is expe
ted to have Write privileges for worker pro�les, while the PA isgoing to have Read privileges for information provided by the OPM (see Figure1). The design of the Pro�le Privilege is depi
ted in Figure 4.

Fig. 4. Pro�le Privilege design4.4 Demonstrator Appli
ationsTo extend our dis
ussion of ontologies to be used in the system, let us introdu
etwo appli
ations depi
ted in Figure 5. In the Grant Assistant System (GAS ),the OPM of a university (or a resear
h institute) re
eives grant announ
ementsand its role is to deliver them to these and only these PAs that represent Usersthat may be interested in them. In other words, the OPM (see �gure 1) hasto de
ide who (whi
h PA(s)) should re
eive a given announ
ement, based on



ontologi
ally demar
ated pro�les des
ribing fa
ulty in the university (resear
hersin the institute) and pro�les of grant announ
ements. Here, we assume that theannoun
ement is a resour
e that has already an assigned pro�le based on theinternal domain ontology (note that spe
ifying entity inside, or outside, of thesystem that performs pro�le demar
ation is of no importan
e here).
exit / inform matched users about grant annoucement
do / match (grant profile, user profiles)

find users pottentially interested in the annoucement

request [request type=grant annoucement]

do / select entities in neighbourhood(list of stops)

find people and institution on the way

request [request type =recommendation of people 
and institutions useful during trip]

exit / inform requestor about results
do / match(requestor profile, people's/institutions' profiles)

sub-select useful people and institutions

do / select entities in neighbourhood(trip stops )

recommend hotels, resturants and conferences on the way

request [request type=recommendation of hotels, 
restaurants and conferences during trip]

exit / inform requestor about results
do / match(requestor profile, hotels'/restaurants'/conferences' profiles)

sub-select hotels, restaurants and conferences

DUTY TRIP

GRANT ANNOUCEMENT

Fig. 5. Mat
hing s
enarios in the proposed systemThe Duty Trip Support (DTS ) s
enario (spe
i�
 to a Resear
h Institute inEast Asia, but easily generalizable) is more involved. Here, workers use the in-tranet to apply for a Duty Trip and to submit trip report. Our aim is to utilizeresults obtained in our proje
t to provide them with additional fun
tionalities.First, note that for the Institute in question, 
ost of air travel (to most destina-tions outside of East Asia) is mu
h higher�in a relative sense�than 
osts of astay extended by a few days. Thus, an employee traveling to a given 
ity (e.g.in Europe or Ameri
a), may visit also near-by-lo
ated institutions (e.g. univer-sities or 
ompanies), or persons that her institute has 
onta
ts with. Se
ond, are
ommender where to stay and eat 
ould be of value (e.g. 
onsider Indonesianresear
hers 
onfronted with typi
al Irish food). In addition to personalized in-formation delivery, the system is expe
ted to help resear
hers in all phases ofduty trip parti
ipation; from the preparation of the initial appli
ation until �lingthe �nal report. Note that the Trip Assistant is a
tually a role played by theOPM, whi
h provides the requested personalized input to the PA (see fun
tionSear
hing for resour
e in Figure 1). In Figure 6 we present the a
tivity diagramof the Duty Trip Support. In this diagram we 
an see two moments when the PA
ommuni
ates with the Trip Assistant (OPM ), �rst when the appli
ation forthe trip is prepared (and institutions/people to visit are sought), se
ond, whena
tual details of the trip (e.g. hotels) are to be sele
ted.



Selecting new duty 
trip application

Preparing 
response

OPM: Trip AssistantPersonal AgentUser

Initialization of new 
resource (status initialized)

Conversation with User / 
information extraction

Completion of initial 
resource instance

Generating a 
request to TA / send a request

Response filtering / send a response
Sending suggestion 
to the User

Confirm / reject 
suggestion(s)

Creation of ready-to-submit 
request

Updating 
resource[OK]

/ submit

not-accepted / inform User

Changing resource 
status to "accepted"accepted

Create copy in the 
central repository

Add event information 
to calendar(s)

Preparing a request for 
travel specific information / send

Preparing 
response

Filtering and 
sending to the 
User / send

Confirm / reject 
sugestion(s)

Completion of 
final trip itenerary

Updating calendar(s) and 
resource (locally and in 
the central repository)[OK]

Requesting report  
completion

Filling a form

[not ready]

Sending report to the 
central repository

[ready]

[more or different info needed]

[more or different info requested]

[no additional info needed]

[additional info requested]

             Travel takes place

Fig. 6. A
tivity Diagram of the Duty Trip Support subsystem



4.5 Ontologies for the Institute of S
ien
e and Te
hnology (IST)To illustrate how the proposed ontology 
an be utilized in a spe
i�
 organi-zational setting, let us dis
uss brie�y its appli
ation to sele
ted features of anontologi
al model of an Institute of S
ien
e and Te
hnology (the IST ontology).In the ar
hite
ture of our system, the Domain Ontology is an extension of theGeneri
 Ontology outlined in Figure 3. Here, human resour
es are modeled ina way that is spe
i�
 to the East Asian Institute of S
ien
e and Te
hnology,though similarities with general human resour
e des
riptions 
an be seen. Letus start from the ISTPerson, whi
h is a 
lass des
ribing all employees of theInstitute. Figure 7 illustrates the ISTPerson 
on
ept.

Fig. 7. Ontologi
al des
ription of the person on the Virtual OrganizationWhile human resour
es have (multiple) general pro�les, a

ording the ontol-ogy, 
urrently the following pro�les 
an be assigned to employees of the Institute:� FIST Experien
e Pro�le.� FIST Person Pro�le.� Organization Pro�le.� Dining Preferen
e Pro�le.� A

ommodation Preferen
e Pro�le.Here, the FIST Experien
e Pro�le allows to des
ribe both edu
ational andprofessional experien
e of the employee (and is depi
ted in �gure 9). Profes-sional experien
e is represented as a �proje
t history� in whi
h a given workerparti
ipated, while working in the organization. The edu
ational experien
e listsa
ademi
 degrees of the employee.Additionally, spe
i�
ation of (multiple) resear
h �eld(s) further des
ribes em-ployees 
ompeten
es (resear
h �elds used here are based on the South AsianRFCD [28℄). Note that, as des
ribed in the last se
tion, it is also possible toassign level of 
ompeten
e for ea
h resear
h �eld [12℄.The Personal Pro�le, presented in �gure 8, is a set of data typi
ally storedby the HR Department. It represents personal data of an employee.The Organization Pro�le spe
i�es, for instan
e, a division in whi
h the em-ployee works; it 
an be also used to establish who is the supervisor of an em-



Fig. 8. Ontologi
al Des
ription of the Personal Pro�le



Fig. 9. Ontologi
al Des
ription of Employees Competen
esployee. Finally, A

ommodation Preferen
e and Dining Preferen
e pro�les repre-sent ones attitude toward restaurants and hotels visited thus far. These 
on
eptsestablish a link between the Travel Support System ontology ([14℄) and the ISTontology. They utilize the Hotel and the Restaurant 
lasses whi
h are de�ned inthe TSS ontology. While the ISTPerson is an example of a human resour
e inthe domain of the IST, the ISTDutyTrip (DTR) is an example of a non-humanresour
e (see �gure, 10). This 
lass represents a duty trip des
ription from theDTS s
enario and, as a resour
e 
hild 
lass, all its instan
es may have variouspro�le instan
es assigned. However, the DTR 
on
ept is restri
ted to have allassigned pro�le instan
es of no other 
lass than the ISTDutyTripPro�le, whi
h isdesigned to des
ribe a potential duty trip in possibly big detail (for more detailson the Duty Trip and this pro�le type, see below). The dis
ussed pro�le may
arry also information about a

ommodation and dining preferen
es whi
h referto the Hotel and the Restaurant 
lass instan
es. It is easy to noti
e that, simi-larly to the 
ase of A

ommodation Preferen
e and Dining Preferen
e pro�les,this is another link between the IST ontology and the �travel obje
ts� of the TSSontology. Additionally, the OWL 
lass range of the ISTDutyTripPro�le destina-tion property, whi
h is de�ned in the IST ontology, refers to the Pla
eOnEarth
lass whi
h derives the SpatialThing 
lass of the TSS ontology.Con
erning the TSS ontology, let us note that we are 
urrently using onlyits minimalisti
 OWL-DL version. In the near future, for des
ription of �travelobje
ts,� we intend to utilize the full version of the TSS ontology. However, sin
eit was 
reated in the RDF S
hema [5℄, this will require an adequate migration



Fig. 10. Duty Trip Report Pro�le



to OWL-DL; for the sake of 
ompatibility with the Duty Trip Support and theGrant Announ
ement subsystems. In �gure 11 we present the simpli�ed versionof the TSS ontology used in the system today.Another example of a non-human resour
e sub
lass is the ISTAnnoun
ementwhi
h represents grant opportunities in the GSA s
enario. This 
lass has a prop-erty refS
ienti�
Field whi
h refers to an instan
e of the S
ienti�
Field 
lass.Please note that instan
es of the same 
lass are also referen
ed by instan
es of theExperien
ePro�le. Hen
e, a relation between instan
es of the ISTAnnoun
ementand the ISTPerson who has her Experien
ePro�le de�ned may be established.This issue will appear again in detail when we dis
uss ontologi
al mat
hing ap-plied in the system.4.6 Using Proposed Ontology to Demar
ate Sample Resour
esLet us now present a 
olle
tion of samples of demar
ating spe
i�
 resour
es inthe Virtual Organization, using 
on
epts introdu
ed thus far. Note that due tothe limited spa
e, we 
an only point to a few aspe
ts and we hope that the readerwill be able to follow the example and �nd more features. The initial 
ontextis provided by a Duty Trip to a 
onferen
e in Oulu, Finland, where Mr. Ja
kieChan (who 
omes from Hong-Kong) will stay in a Radisson SAS Hotel (and visitalso Mikka Korteleinen in Rovaniemi). We start by illustrating (1) how the geo-lo
ation will be demar
ated (following the travel ontology proposed in [14℄), and(2) the dire
t 
onne
tion between the travel ontology ([14℄) and the organizationontology as the 
ities geo:OuluCity, geo:HongKongCity and geo:RovaniemiCityare instan
es of travel ontology element: SpatialThing and organization ontology
lass City.geo : FinlandCountry a onto : Country ;onto : name "Finland"^^xsd : s t r i n g .geo : ChinaCountry a onto : Country ;onto : name "China"^^xsd : s t r i n g .geo : OuluArea a onto : Area ;onto : name "Oulu"^^xsd : s t r i n g ;onto : i s InCountry : FinlandCountry ;onto : adja
entArea : LappiArea .geo : LappiArea a onto : Area ;onto : name "Lappi"^^xsd : s t r i n g ;onto : i s InCountry : FinlandCountry ;onto : adja
entArea : OuluArea .geo : HongKongArea a onto : Area ;onto : name "Hong Kong"^^xsd : s t r i n g ;onto : i s InCountry : ChinaCountry .geo : OuluCity a onto : City ;onto : name "Oulu"^^xsd : s t r i n g ;onto : long " 25 ,467"^^xsd : f loat ;onto : l a t " 65 ,017"^^xsd : f loat ;onto : i s InArea : OuluArea .geo : RovaniemiCity a onto : City ;onto : name "Rovaniemi"^^xsd : s t r i n g ;onto : long " 25 ,8 "^^xsd : f loat ;onto : l a t " 66 ,567"^^xsd : f loat ;onto : i s InArea : LappiArea .geo : AberdeenCity a onto : City ;onto : name "Aberdeen"^^xsd : s t r i n g ;onto : long " 114 ,15 "^^xsd : f loat ;onto : l a t " 22 ,25 "^^xsd : f loat ;



Fig. 11. Minimalisti
 version of the TSS ontology used in the system



onto : i s InArea : HongKongArea.Here we have de�ned the FinlandCountry and the ChinaCountry. The pre-sented snippet in
ludes also instan
es of OuluCity, RovaniemiCity and Aberdeen-City 
ities, and their region related data: OuluArea, RovaniemiArea and Hong-KongArea. The �rst two instan
es represent 
ountries in whi
h these 
ities andregions are lo
ated: China and Finland. Country, Region and City are three levelsof administrative land division that we initially intend to support in the system.The issue of populating database with real life geospatial and administrativeinformation will be dis
ussed in the future as the most suitable methods for thispurpose are still being resear
hed. Let us note that we do not 
laim the aboveproposed representation of geospatial information is the most e�
ient solutionto the problem, but we assume that it is su�
ient enough for the purpose of ourinformation provisioning system and the Duty Trip Support appli
ation.The listing that follows shows a simple instan
e of the Radisson SAS Hotelin Oulu, demar
ated a

ording to the simpli�ed TSS s
hema. Note that thehotel feature lo
atedAt referen
es instan
e of a City and SpatialThing 
lasses�the OuluCity. It is the dire
t 
onne
tion of the TSS ontology and VO Ontologywhi
h was dis
ussed above (see also, 11).hot : OuluRadisonSAS a t s s : Hotel ;onto : lo
atedAt geo : OuluCity .Conta
tPerson#1 represents a human resour
e that is not employed at the In-stitute but is re
ognized be
ause it has been introdu
ed in the past to the systemby one of the Institute's employees. A

ording to the example beneath, MikkaKorteleinen is a resear
her who spe
ializes in Paleontology and is lo
ated inRovaniemi, Finland.: Conta
tPerson\#1 a onto : Conta
tPerson ;onto : h a sP r o f i l e : Conta
tPersonProf i l e \#1.: Conta
tPersonProf i l e \#1 a onto : Conta
tPersonProf i l e ;person : fu l lname ` `Mikka Korte le inen ' '^^xsd : s t r i n g ;person : gender person : Male ;person : b i r thday "1967−11−21T00 : 0 0 : 0 0 "^^xsd : dateTime ;onto : doesResear
h s 
 i en 
e : Paleontology −13108;onto : lo
atedAt geo : RovaniemiCity ;onto : belongsTo : Conta
tPerson \#1.In the next snippet we introdu
e instan
es of the ISTPerson and Organizatio-nUnit 
lasses. These instan
es represent Mr. Ja
kie Chan and Ms. Mi Lin whoare employees of the Institute. The organization units to whi
h Mr. Chan andMs. Lin belong to re�e
t their positions in the organizational stru
ture of theInstitute.:HROU a onto : Organizat ionUnit ;onto : name ` `Human Resour
e Management Organizat ion Unit ' '^^xsd : s t r i n g .:GOU a onto : Organizat ionUnit ;onto : name ` ` General Organizat ion Unit−s u i t a b l ef o r a l l employees ' '^^xsd : s t r i n g .: 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\#1PProf i l e , : Employee\#1EPro f i l e ) ;onto : h a sP r o f i l eP r i v i l e d g e s : ResProfPriv \#2.onto : belongsToOUs ( :GOU) .: Employee\#2 a onto : ISTPerson ;onto : id " 011111111"^^xsd : s t r i n g ;onto : h a sPr o f i l e ( : Employee\#2PPro f i l e ) ;onto : belongsToOUs ( :GOU, :HROU) .



Detailed personal information of ea
h of these employees is des
ribed in separateinstan
es of the ISTPersonalPro�le 
lass. Su
h pro�les 
ould look as follows:: Employee\#1PPro f i l e a onto : ISTPer sona lPro f i l e ;onto : belongsTo : Employee\#1;person : fu l lname " Ja
k ie  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 .: Employee\#2PPro f i l e a onto : ISTPer sona lPro f i l e ;onto : belongsTo : Employee\#1;person : fu l lname "Mi Lin"^^xsd : s t r i ng ;person : gender person : Female ;person : b i r thday "1981−02−01T00 : 0 0 : 0 0 "^^xsd : dateTime .: Employee\#1EPro f i l e a onto : ISTExpe r i en
ePro f i l e ;onto : belongsTo : Employee\#1;onto : doesResear
hInFie ldss
ien
eNamespa
e : Vol
anology −13105 ,s
ien
eNamespa
e : Paleontology −13108 ,s
ien
eNamespa
e : Geo
hronology−13204;onto : knowsFields[ a onto : Knowledge ;onto : knowledgeObje
t s
ien
eNamespa
e : Vol
anology −13105;onto : knowledgeLevel " 0 .75 "^^xsd : f loat ℄ ,[ a onto : Knowledge ;onto : knowledgeObje
t s
ien
eNamespa
e : Paleontology −13108;onto : knowledgeLevel " 0 .40 "^^xsd : f loat ℄ ,[ a onto : Knowledge ;onto : knowledgeObje
t s
ien
eNamespa
e : Geo
hronology−13204;onto : knowledgeLevel " 0 .90 "^^xsd : f loat ℄ ;onto : managesProje
ts ( : Pro je
t1 ) .: Pro je
t1 a onto : ISTProje
t ;onto :managedBy : Employee\#1;onto : per iod[ a onto : Period ;onto : from "2008−06−01T00 : 0 0 : 0 0 "^^xsd : dateTime ;onto : to "2009−05−31T00 : 00 : 0 0 "^^xsd : dateTime ℄ ;onto : f i e l d sR e f s
ien
eNamespa
e : Vol
anology −13105;onto : p r o j e 
 tT i t l e ` ` Very Important Vol
anologyS 
 i e n t i f i 
 Pro j e 
 t ' '^^xsd : s t r i n g .Note that from the snippet above we 
an establish that a person identi�ed asEmployee#1 spe
ializes in Vol
anology and his level of knowledge is identi�edas 0.75 (for more info about assigning levels of skills, or more generally �temper-ature� to a feature, see [12, 14, 22℄), Paleontology (level of knowledge identi�edas 0.4), and Geo
hronology (level of knowledge 0.9). Additionally, this person iss
heduled to manage a proje
t entitled: �Very Important Vol
anology S
ienti�
Proje
t�, whi
h starts on June 1st, 2008 and ends on May 31st, 2009.Obviously, s
ienti�
 interests of a given employee (onto:knowsFields in theabove example) 
an be repla
ed by professional skills des
ribing worker in anydis
ipline. For instan
e, they 
ould as well be used to spe
ify that a given pro-grammer has knowledge of Smalltalk (level 0.7), Fortran (level 0.5), dBase (level0.65), et
. In this way the proposed approa
h is both robust and �exible.Having de�ned human resour
es, in what follows, we de�ne an exemplaryDuty Trip Report as a non-human resour
e.:DTR\#1 a onto : ISTDutyTripReport ;onto : ha sPr o f i l e ( : DTRProfile \#1);onto : h a sP r o f i l eP r i v i l e d g e s : ResProfPriv\#1.: DTRProfile\#1 a onto : ISTDutyTripReportProf i le ;onto : d e s t i n a t i o n geo : OuluCity ;onto : t r a v e l e r : Employee\#1;onto : s t a tu s dtStatusNamespa
e : Appl i
at ion ;



[ a onto : Period ;onto : from ` `2008−06−07T00 : 0 0 : 0 0 ' '^^xsd : dateTime ;onto : to ` `2008−06−19T00 : 00 : 0 0 ' '^^xsd : dateTime . ℄ .onto : stayedAt hot : OuluRadisonSASonto : expense [ a onto : S ing leCost ;` ` 4000 ' '^^xsd : f loat ;onto : expenseCurren
y ` `USD' '^^xsd : s t r i ng . ℄onto : duty : Addit ionalDuty\#1;onto : purpose ` ` Conferen
e ' '^^xsd : s t r i n g ;onto : belongsTo :DTR\#1.: Addit ionalDuty\#1 a onto : ISTDuty ;onto : d e s t i n a t i o n geo : RovaniemiCity ;onto : madeConta
t : Conta
tPerson \#1.Here the DTRPro�le#1 is a pro�le of resour
e represented by the DTR#1.In our example the latter is a Duty Trip Report resour
e. The employee whothis pro�le dire
tly refers to, is represented by the :Employee#1. Hen
e, we
an tell that a person represented in the system as :Employee#1 applied for aduty trip (DTR#1 ). The 
urrent status of that Duty Trip Report is Appli
ationand the trips destination is Oulu, Finland. The resear
her intends to stay therefor twelve days (from June 7th till June 19th, 2008). Again, properties of theISTDutyTripPro�le refer to the system s
hemas (organization and domain on-tologies) and ful�ll the data model requirements set by the Duty Trip SupportSystem whi
h we develop (see also [38℄). Please note that, in order not to overly
ompli
ate the example, the snippet above does not 
over all properties of theISTDutyTripPro�le 
lass whi
h depre
ated the DTPro�le 
lass de�ned in [38℄.: Pro fPr iv\#1 a onto : P r o f i l eP r i v i l e d g e ;onto : forUnit :HROU;onto : hasPr iv i l edgeType pr i v :Admin .: Pro fPr iv\#2 a onto : P r o f i l eP r i v i l e d g e ;onto : forUnit :GOU;onto : hasPr iv i l edgeType pr i v :Read .: ResProfPriv\#1 a onto : VOResour
eProf i l ePr iv i l edge ;onto : f o rRPr o f i l e : Pe r s on a lPr o f i l e \\#1;onto : ha sPr iv i l edge (<: Pro fPr iv\\#1>).: ResProfPriv\#2 a onto : VOResour
eProf i l ePr iv i l edge ;onto : f o rRPr o f i l e : DTRProfile \\#1;onto : ha sPr iv i l edge (<: Pro fPr iv\\#1> <:ProfPr iv\\#2>).In the snippet above we de�ne a set of resour
e pro�le privileges whi
h werepresented in �gure 4. Observe that the de�ned privileges allow members of theHR unit (in 
ase of our example: Ms. Mi Lin) to administer sele
ted pro�les(e.g. :PersonalPro�le#1 ), while members of the General Organization Unit areonly allowed to read it (by default all a

ess is forbidden). On the other hand,the :DTRPro�le#1 
an be read by all employees of the GOU. In this way weassure 
ontrol of a

ess rights within the organization.Finally, in order to dis
uss mat
hmaking that is going to take pla
e in the sys-tem, let us introdu
e one more example of a non-human resour
e�an exemplarygrant announ
ement. The main topi
 of this grant is: Geo
hemistry.: SampleGrant a onto : ISTAnnoun
ement ;onto : ha sDes
 r ip t i on ` ` De s 
 r ip t i on o f the exemplarygrant announ
ement . 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(<s
ien
eNamespa
e : Geo
hemistry−13200>).



Note that the SampleGrant does not have its own pro�le and all its attributesare de�ned as its bare properties be
ause there is not need to restri
t a

ess toinformation about Grant Announ
ements in the system with the use of VORe-sour
ePro�lePriviledge instan
es.5 Mat
hmaking in the SystemIn the Duty Trip Support s
enario, the OPM undertakes the role of a TravelAssistant, while in the Grant Assistant s
enario it plays the role of a Do
umentDispat
her (in a real organization the �rst role may be played by a human sup-ported by its PA, while the latter by a sfotware agent alone). Let us now des
ribehow the desired results (�nding personalized information or delivery of the do
-ument to the 
orre
t set of workers) are to be obtained. Before we pro
eed letus stress that we assume that all data within a given organization is demar
atedutilizing a 
ommon (for that organization) ontology. Therefore, in what followswe do not have to deal with mat
hing di�ering and potentially in
ompatible(external) ontologies. All that we are interested in is: how to establish �distan
esbetween resour
es� within a single ontology and how to use this information inthe above des
ribed s
enarios.Let us now 
onsider, introdu
ed above, sample pro�le of a human resour
e�the Employee#1 human resour
e and his pro�le; and demar
ated non-humanresour
es�the Duty Trip Report (:DTRPro�le#1 ) and the SampleGrant. Thesepro�les will allow us to introdu
e and brie�y dis
uss mat
hmakings that are totake pla
e in the system.5.1 Cal
ulating distan
es between resour
esFrom the s
enarios des
ribed above and summarized in �gure 5, we 
an eas-ily see the need for resour
e mat
hing (�nding distan
es between two or moreresour
es). To fo
us our attention, let us present a few examples of types of re-sour
e mat
hing operations that have to be implemented in our system (this listis not intended to be exhaustive, but rather to point to some 
lasses of neededresour
e mat
hing and/or distan
e 
al
ulations):1. 
omputing distan
e between two geographi
al lo
ations; to be able to es-tablish if a given lo
ation is 
lose-enough to the pla
e where the employeeis to travel (so that she 
an attempt at visiting another institution and/or
olleague),2. mat
hing a non-human resour
e (e.g. a grant, hotel, restaurant, 
onferen
e)with a human-resour
e; to �nd if a person who is planning a trip 
ould be in-terested in a given nearby lo
ated 
onferen
e, or if an employee is potentiallyinterested in a grant announ
ement,3. mat
hing two human resour
es to �nd out who are the resear
hers that aperson planning a trip may be interested in visiting.



Upon further re�e
tion it is easy to noti
e that the way the distan
e betweenresour
es should be 
al
ulated depends on types of obje
ts whi
h are argumentsof 
al
ulations. For example, the distan
e between value of onto:destination prop-erty of the DTRPro�le#1 and the value of the onto:lo
atedAt of the Conta
t-PersonPro�le#1 instan
e will be 
al
ulated in a di�erent way than the distan
ebetween values of onto:refS
ienti�
Field property of the SampleGrant and theExperien
ePro�le#1 instan
es. The following obje
t types that appear in ourwork 
an be distinguished, based on di�erent approa
h to 
al
ulate their distan
e(
al
ulations spe
i�ed here involve the above presented ontology snippets):1. Obje
ts whi
h represent geographi
al lo
ations�distan
e between the on-to:destination property range of the onto:ISTDutyTripPro�le 
lass and theonto:lo
atedAt of the onto:Conta
tPersonPro�le 
lass.2. Numeri
 obje
ts�distan
e between onto:long property values.3. Date obje
ts�distan
e between onto:from and the onto:from (or the onto:to) property values.4. Enumerable obje
ts�distan
e between onto:refS
ienti�
Field property va-lues/range of the onto:ISTAnnoun
ement and the range of onto:doesRe-sear
hInFields property of the onto:ISTExperien
ePro�le 
lass.Let us now dis
uss possible approa
hes to distan
e 
al
ulations/resour
emat
hing for the four distinguished 
lasses of properties.Lo
ation based 
al
ulations City, Country and Area are 
lasses designed torepresent geographi
al lo
ations whi
h may be visited by the User. These 
lasseshave properties whi
h allow to build a tree stru
ture of 
ountries, areas and 
ities.For instan
e, FinlandCountry, LappiArea, OuluArea, ChinaCountry, HongKon-gArea, RovaniemiCity, OuluCity and AberdeenCity were samples of geo-lo
ationsintrodu
ed above. They represent a part of an administrative division of Finlandand China. First level in our stru
ture is a 
ountry, the se
ond level is an areaand �nally 
ity is the third one. Available properties allow to query for neighbor(adja
ent) instan
es of the same 
lass. This approa
h requires a

ess to adminis-trative divisions of the world data, otherwise it may be of little value in terms offa
ilitating a lo
ation based advi
e. Apart from the administrative division tree,these 
lasses allow to des
ribe a
tual geo-
oordinates of obje
ts. Lo
ation basedadvising 
an be performed by 
al
ulating obje
t's distan
es using the generalformula (long - longitude, lat - latitude, alt - altitude):
√

(long0 − long1)2 + (lat0 − lat1)2 + (alt0 − alt1)2Note that in most business travel s
enarios the altitude (alt0 and alt1) is of littlerelevan
e and 
an be omitted. Obviously, similar 
al
ulations 
an be performednot only for 
onferen
es and/or institutions, but also for all other geo-obje
ts(e.g. restaurants and hotels) as their 
oordinates are des
ribed in the same wayas 
ities (hotel, restaurant and 
ity are sub
lasses of the Spatial Thing 
lassin our travel ontology; see [14, 39℄). Therefore, the DTS system will be able toprovide at least the following geo-info-based advi
e:



1. Lo
ation notes and tips (textual information about a lo
ation whi
h wasadded to Duty Trip Reports - 
lass in the ontology: Lo
ation Spe
i�
 Notes),2. Organizations and people that 
an be visited (obje
ts of Organization Con-ta
t and Conta
t Person 
lasses, these obje
ts are 
reated by the employeesduring the Duty Trip Report's 
reation),3. Information about nearby 
onferen
es of possible interest (based on lo
a-tion of the trip and the 
onferen
e as well as on the personal interest and
onferen
e topi
s),4. Hotels and restaurants (based on the Hotel and Restaurant TSS ontology
lasses),5. Car rental and golf 
ourses (ontology extensions based on the OTA spe
i�-
ation [31℄, also in
luded in the TSS ontology).5.2 Numeri
 and date obje
t 
al
ulationsComputing distan
e between numeri
 and date obje
t is rather obvious. Thedistan
e will be represented by the result of di�eren
e operation on these obje
ts.In the �rst 
ase, the result will be a number, in the latter 
ase the result will bea time period (e.g. of a stay in a given pla
e). Note that 
urrently most majorprogramming languages provide date 
al
ulation support hen
e we believe thisissue should not be dis
ussed in more detail (assuming there are no problemswith date representation and deserialization).5.3 Enumerable obje
t 
al
ulationsIn 
ase of an ontology, enumerable values 
an be more 
omplex than enumsknown from popular programming languages. In an ontology, 
lass instan
es 
analso be enumerable values. In that 
ase 
omplex stru
tures 
an be 
onstru
ted,representing relations between obje
ts. For instan
e, presented above S
ienti�
-Field 
lass falls under the OWL oneOf restri
tion, however ea
h instan
e of that
lass has property values whi
h refer to other instan
es of that 
lass. This resultsin a graph-like stru
ture of enumerable values.To 
al
ulate distan
e between two obje
t of enumerable type, let us note �rstthat if the stru
ture of enum values is �at (plain list with no relations betweenobje
ts) it 
an be assumed that the distan
e is 0 if the values mat
h, otherwiseit equals to 1. An example of su
h simple enumerable is the Gender property,whi
h is utilized in the human resour
e pro�le. Here we have two values: Maleand Female and if they mat
h the distan
e is 0, and 1 otherwise.Let us now present a method for 
al
ulating distan
e between 
lass instan
eswhi
h involve transitive, non-symmetri
 properties. Here, a path in a dire
tedgraph is 
al
ulated for all relations. Let us assume that R is su
h a transitive, notsymmetri
 relation (property in the OWL notation). Then the distan
e betweentwo verti
es of a graph of relation R: v0 and vk (distR(v0, vk)) is 
al
ulateda

ording to the following algorithm:



1. If there exists pathR(v0, vk) in the graph of relation R, then the shortest one
an be found and
distR(v0, vk) = length(shorthestPathR(vo, vk));otherwise go to 2nd step.2. Let X = {x : pathR(x, v0) and pathR(x, vk) exist}. Find su
h y ∈ X , that

length(pathR(y, v0)) is minimal among all verti
es belonging to X (i.e. thisis the shortest path):
distR(v0, vk) = 10length(pathR(y,v0)) + length(shorthestPathR(y, vk))Note, that this is a simpli�ed 
ase of a method introdu
ed in [34℄. The basi
di�eren
e between them is as follows. The method proposed in [34℄ assumes ex-isten
e of multiple relations linking any 
lass instan
e (node) from a single nodeand merging edges whi
h represent relations of the same dire
tion between thesame nodes; thus, the distan
e is 
omputed in
luding all properties (relations)of 
lasses (
on
epts). The algorithm presented above, on the other hand, is re-stri
ted to one sele
ted property (relation) of a 
lass (
on
ept) and an inverseof the sele
ted property. This pair represent generalization and spe
ializationrelations between 
on
epts. The algorithm presented here 
an be substitutedfor the algorithm of [34℄ by adjusting appropriate weights to 
on
epts relations.Spe
i�
ally, used here weights of 1 for spe
ialization and 10 for generalization.Let us now des
ribe 
al
ulation of distan
e between resear
h interests of ahuman resour
e and grant announ
ement topi
s, while utilizing examples intro-du
ed above. A

ording to the proposed algorithm the following distan
e values
an be found (here we 
al
ulate all-against-all distan
e values):

distSF = pathisSubfieldOf

distSF ( Vol
anology −13105 , Geo log i 
a lS
 i en
e −13100)=10
distSF ( Vol
anology −13105 , Geo
hemistry−13200)=101
distSF ( Vol
anology −13105 , Geo
hronology−13204)=102
distSF ( Vol
anology −13105 , Paleontology −13108)=11
distSF ( Paleontology −13108 , Geo log i 
a lS
 i en
e −13100)=10
distSF ( Paleontology −13108 , Geo
hemistry−13200)=101
distSF ( Paleontology −13108 , Geo
hronology−13204)=102
distSF ( Paleontology −13108 , Vol
anology −13105)=11
distSF ( Geo
hronology−13204 , Geo
hemistry−13200)=10
distSF ( Geo
hronology−13204 , Geo log i 
a lS
 i en
e −13100)=101
distSF ( Geo
hronology−13204 , Vol
anology −13105)=102
distSF ( Geo
hronology−13204 , Paleontology −13108)=102
distSF ( Geo
hemistry−13200 , Geo log i 
a lS
 i en
e −13100)=11
distSF ( Geo
hemistry−13200 , Vol
anology −13105)=12
distSF ( Geo
hemistry−13200 , Paleontology −13108)=12
distSF ( Geo
hemistry−13200 , Geo
hronology−13204)=1
distSF ( Geo log i 
a lS
 i en
e −13100 , Geo
hemistry−13200)=11
distSF ( Geo log i 
a lS
 i en
e −13100 , Vol
anology −13105)=1
distSF ( Geo log i 
a lS
 i en
e −13100 , Paleontology −13108)=1
distSF ( Geo log i 
a lS
 i en
e −13100 , Geo
hronology−13204)=12



These values allow us to utilize a number of strategies to establish �
loseness�of two resour
es. The simplest one would be, if for any two properties the distan
eis below a 
ertain threshold, then a exemplary grant announ
ement should bere
ommended as potentially interesting. In 
ase of Mr. Chan who is interestedin Vol
anology, Paleontology and Geo
hronology we may measure the distan
ebetween his interests and the exemplary grant announ
ement whi
h main topi
is Geo
hemistry. The results, whi
h are part of the all-against-all 
al
ulationpresented in the listing above, are as follows:
distSF ( Geo
hemistry−13200 , Vol
anology −13105)=12
distSF ( Geo
hemistry−13200 , Paleontology −13108)=12
distSF ( Geo
hemistry−13200 , Geo
hronology−13204)=1Here, sin
e in one of the areas the distan
e is equal to 1, this grant an-noun
ement should be delivered to Mr. Chan. Note that distan
e 
ould be alsos
aled by the level of knowledge of the spe
ialist in the �eld. Furthermore, anumber of more involved 
onsiderations are also possible. In this 
ontext let usnote that values of the distR(v0, vk) fun
tion allow us to spe
ify how far arethe graph nodes lo
ated from ea
h other in terms of a transitive, not symmetri
relation R. In the 
ase of resear
h spe
ialization modeling relation we 
an as-sume that the maximum length of pathR(v0, vk) is 9. In our ontology an exampleof su
h relation is the isSub�eldOf property of the S
ienti�
Field 
lass, wherethe maximum length of pathSF (v0, vk) is 2. Additionally, in�nite distan
e is not
onsidered. With su
h assumptions we are able to distinguish following groupsof 
on
lusions whi
h 
an be drawn from the fun
tion values:1. If distR(v0, vk) = 0, then v0=vk2. If distR(v0, vk) = n and 0 < n < 10, then R(v0, vk) = true and vk is n-deepspe
ialization of v03. If distR(v0, vk) = n and n = 10k, k > 0 , then R(v0, vk) = false and v0 is

k-deep spe
ialization of vk4. If distR(v0, vk) = n and 10k < n < 10(k+1), k > 0 , then R(v0, vk) = falseand v0 is n − 10k-deep spe
ialization of k-deep spe
ialization of vkFor instan
e, if
distSF (V olcanology − 13105, Paleontology− 13108) = 11,we may say that there is a node of whi
h both Vol
anology and Paleontology aredire
t spe
ializations. In terms of the exemplary grant announ
ement and MrChans experien
e pro�le we may 
on
lude that the grant announ
ement maybe of potential interest to him. In parti
ularly the distan
e between Geo
hem-istry and Geo
hronology equals to 1, meaning that Geo
hronology is the dire
to�spring of the Geo
hemistry �eld of s
ien
e.These observations allow us to develop a number of reasoning s
enarios thatutilize not only information about numeri
al distan
e, but also following formit knowledge about the stru
ture of relations. Developing a reasoning engineutilizing this information is next step in our work.



6 Con
luding RemarksThe aim of this 
hapter was to summarize our work 
on
erning developmentof system responsible for resour
e management in an agent-based virtual orga-nization. First, we have outlined the proposed system in the 
ontext of a taskintrodu
ed to the organization. We followed with a dis
ussion of interrelationsbetween entities belonging to the real-world organization and software agentsthat belong to the virtual organization. Next, we have fo
used on ontologiesthat are to be used in the system. We have introdu
ed the general ontology ofa virtual organization and followed it with dis
ussion of the way that these on-tologies 
an be extended to deal with a spe
i�
 
ase of a resear
h institute. Wehave 
on
luded the 
hapter with an overview of mat
hmaking pro
edures thatare needed in the proposed system.In the paper we have outlined a number of future resear
h dire
tions. At thisstage the most important ones are: (1) 
ompleting subsystem for geospatial datapro
essing, (2) implementing interfa
e between the web-based data input and theagent-based system, (3) 
ompleting implementation of ontologi
al mat
hmaking(as pertinent to the two appli
ation areas), (4) 
ompleting implementation andtesting of two sample appli
ations (Duty Trip Support and Grant Announ
ementSupport). We will report on our progress in subsequent publi
ations.Referen
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