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Abstract. In this c hapter w e discuss a system designed to supp ort w ork-

ers in a virtual organization. The prop osed approac h is based on utiliza-

tion of soft w are agen ts and on tologies. In the system all Users are repre-

sen ted b y their Personal A gents that help them in ful�lling their sp eci�c

roles. A t the same time all en tities that the organization is comprised o�

(h uman and non-h uman) are represen ted as instances of resources in an

on tology of the organization. F urthermore, eac h resource is asso ciated

with one or more pro�les and these pro�les are adapted to represen t

c hanges in resources (e.g. new exp erience/kno wledge gained b y a h uman

resource, or appro v al of a dut y trip application). The aim of this c hapter

is to describ e basic functions of our system with sp ecial atten tion paid

to soft w are agen ts, their roles and in teractions as w ell as utilization of

on tologies in supp ort of w ork er needs.

1 In tro duction

Let us consider an organization in whic h teams of researc hers are engaged in

R&D pro jects and share a common virtual w ork-space (regardless if they are

geographically distributed or not). Ob viously , team w ork requires co op eration

b et w een mem b ers and supp ort of collab orativ e researc h has to go b ey ond, ev en

most sophisticated forms of, do cumen t v ersioning and �o w of resources in the

hierarc hical structure of the organization. What needs to b e tak en in to accoun t

is: (1) represen tation of domain sp eci�c kno wledge (e.g. geological sciences);

to pro vide con text for managemen t of resources p ertinen t to running pro jects

(e.g. establishing a sp eci�c �lo cation� of a resource within the domain kno wledge

allo ws for resource indexing, clustering; it also allo ws to establish who within

the organization should receiv e a noti�cation that a new resource�suc h as a

b o ok�has b een acquired); (2) represen tation of structure of in teractions and

�o w of resources in the pro ject (and, more generally , within the organization);

to route resources, based on pro ject needs and resp onsibilities of team mem b ers

�
W ork w as partially sp onsored b y the KIST-SRI P AS �Agen t T ec hnology for A dap-

tiv e Information Pro visioning� gran t.



(e.g. who should receiv e a rep ort that a giv en task is completed, or to whom

an application for a business trip should b e routed); (3) represen tation of user

pro�les (situated within the domain kno wledge and the structure of the pro ject);

to sp ecify inter ests , ne e ds and skil ls of individual w ork ers (e.g. to establish who

needs to b e proactiv ely trained in view of an up coming pro ject); (4) adaptabilit y

of the system; to deal with the fact that as the time passes the scop e of the

pro ject ma y expand, con tract or shift; functional in terrelationships b et w een team

mem b ers (or within the whole organization) can c hange; their in terests, needs

and skills ev olv e; and, team mem b ers ma y b e added, remo v ed or replaced.

It is relativ ely easy to see that these four p oin ts can b e generalized b ey ond the

initial collab orativ e researc h scenario. Let us assume that for the second p oin t w e

utilize a notion of a virtual organization ( V O ) [16�21], whic h allo ws us to de�ne

roles, in terdep endencies and in teractions of participan ts. Here, it is imp ortan t

to note that while most conceptualizations of a V O stress the imp ortance of its

w ork ers b eing spatially distributed, in the prop osed approac h �virtualization�

in v olv es realization of an actual organization as an e-organization. Therefore, it

do es not matter if the organization itself is actually geographically distributed

or not. In suc h an organization its mem b ers need access to resources to complete

their individual tasks and to facilitate completion of pro jects. In our approac h,

an y en tit y within the organization, h uman and non-h uman, is considered to b e

a resource. Ob viously , access of resources to resources should b e, among others,

adaptiv e (c hange with the task) and p ersonalized (eac h team mem b er�h uman

resource�requires access to di�eren t resources; furthermore access is lik ely to

b e restricted b y the organization p olicy/structure). The aim of our w ork is to

dev elop a soft w are infrastructure for suc h a virtual organization. The basic as-

sumption underlying our approac h is that emergen t tec hnologies suc h as soft-

w are agen ts [42] and on tologies [36] should b e utilized as a foundation around

whic h the prop osed system should b e conceptualized. Let us stress that w e do

realize that these assumptions are not uncon tro v ersial. Ho w ev er, our aim is to

dev elop a system on their basis, and in this way to add to the discussion of

viabilit y of this approac h (instead of getting in v olv ed in theoretical discussions).

This b eing the case w e assume that: (i) the organizational structure, consisting

of �roles� pla y ed b y v arious en tities within the organization and in teractions b e-

t w een them, should b e represen ted b y soft w are agen ts and their in teractions (i.e.

the complete structure of an actual organization is mapp ed in to the structure of

an agen t-based virtual organization), and (ii) domain kno wledge, organization

structure, resource pro�les and resource matc hing should b e based on on tologies

and reasoning mac hinery asso ciated with them. F or instance, in a compan y that

installs and services satellite TV an tennas, the domain sp eci�c kno wledge con-

sists of a complete b o dy of kno wledge concerning suc h an tennas. The structure

of the compan y in v olv es, among others, an tenna installing teams, their equip-

men t, the w a y that w ork orders are deliv ered to them, and the rep orting up on

task completion. Soft w are agen ts represen t eac h w ork er and supp ort them in

completing assigned tasks (e.g. managing a team of installers). Finally , h uman

resource pro�les describ e skills of eac h mem b er of service team, while the adapt-



abilit y in v olv es situation when a new an tenna is to b e in tro duced to the mark et

and installation crews ha v e to b e trained in its features.

The aim of this c hapter is to summarize main results obtained th us far within

the pro ject and is based on [37, 8, 9, 38]. T o this e�ect w e pro ceed as follo ws. In

the next section w e presen t a general description of the the system. Then, w e

discuss the issues concerning in teractions b et w een soft w are agen ts of h uman

w ork ers. F ollo wing the discussion concerning agen ts in the system, w e concen-

trate our atten tion on on tologies and on tological demarcation of resources. W e

start with the generic on tology of the virtual organization, and follo w with de-

scription of its extensions to the areas facilitated b y applications prop osed b y

an Institute of Science and T ec hnology . Finally , w e discuss pro cesses in v olv ed in

on tological matc hmaking prop osed in the system.

2 System Ov erview�In tro ducing Pro ject In to the

System

Before discussing the main features of the system let us �rst stress that in the

prop osed approac h eac h w ork er in the organization is represen ted b y her/his

Personal A gent ( P A ). This agen t pla ys t w o roles: (a) it is the in terface b et w een

the User and the system, and (b) it supp orts its o wner in all r oles that (s)he is

to pla y within the organization. Let us no w presen t birds-ey e view of the system,

b y discussing pro cesses in v olv ed in in tro ducing and running a pro ject. T o fo cus

our discussion, in Figure 1 w e presen t the use case diagram of the system. Note

that the follo wing discussion is written in terms of entities with sp e ci�c r oles , and

suc h units can consist of one (or more) h umans, agen ts, or �teams� consisting of

h umans and agen ts. W e will return to the issue of in teractions b et w een h umans

and agen ts later in the c hapter.

When a service/pro ject is requested from an organization (whic h can b e

an ything from a one-p erson business to a 50,000+ emplo y ees corp oration) a

Pr oje ct Manager ( PM ) is asso ciated with it. The PM is a r ole that is asso ciated,

for instance, with a p erson who in the V O is represen ted b y the Personal A gent ,

whic h will supp ort that p erson in ful�lling the role of the PM . PM s �rst task is

to mak e sure that the request is thoroughly analyzed and on the basis of suc h

analysis to mak e a decision if the job should b e accepted. This task is delegated

to the A nalysis Manager ( AM ). A t the same time a T ask Monitor A gent ( TMA )

is created to o v ersee the task p erformed b y the AM (for more details ab out role

of the TMA , see b elo w). It should b e noted that the structure of the AM can

b e either v ery complicated and consist of a n um b er of h umans and agen ts (e.g.

in the case of a corp oration that is ev aluating a m ulti-million euro construction

pro ject) or v ery simple (e.g. in case of a small business assessing acceptance of

a brak e pads replacemen t job). Finally , it is ev en p ossible that the PM can pla y

the role of the AM (e.g. in the case of a v ery small business or self-emplo ymen t).

Regardless of the sp eci�c situation, the most imp ortan t deliv erable prepared b y

the AM is a set of rep orts that supp ort the decision to accept or reject the
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Fig. 1. Use case of the system

requested pro ject. The rep ort(s) prepared b y the AM is(are) bac k ed up, among

others, b y the cost, resource and income analysis.

Since w e assume that data pro cessed in the system is based on appropri-

ate (domain and organization) on tologies, one of crucial tasks of the AM is to

�translate� the common language requiremen ts originating from the user (pro ject

prop oser) in to a set of requiremen ts sp eci�ed utilizing on tologies emplo y ed in a

giv en organization. T o ful�ll this need, at the b eginning of its w ork, the AM

instan tiates a new resource called the Pr oje ct R e quest (whic h has its o wn pro-

�le). This resource is used when the AM p erforms initial analysis of the prop osed

task and creates the �rst v ersion of the System R e quir ements Sp e ci�c ation ( SRS )

whic h, again, is a resource with its o wn pro�le. During its w ork the AM , among

others, analyzes resources a v ailable in the organization (their pro�les, a v ailabil-

it y and accessibilit y). F or instance, in the case of a cable TV installation job, this

step is going to b e rather simple and in v olv es steps lik e: (1) c hec king whether

the customer who requests installation liv es in the service-co v ered area, and (2)

if there are resources a v ailable to install the cable TV at her address, within a

sp eci�c time-frame. Note that suc h simple analysis could easily b e p erformed b y

a soft w are agen t with a build-in exp ert system. On the other hand in the scenario

of the pro ject in v olving dev elopmen t of an in tranet and a kno wledge p ortal for a

compan y , analysis w ould in v olv e more elab orate actions, suc h as: c hec king tec h-



nological requiremen ts for the pro ject, existing similar solutions, organization or

customers exp erience etc. It can b e conjectured that in this case the AM w ould

most lik ely in v olv e h uman resources as w ell as soft w are agen ts helping them com-

pleting the tasks. Let us men tion, that in the case of a large corp oration the AM

ma y not ha v e p ermission to kno w ab out all resources a v ailable in the organiza-

tion. In this case, the AM will sp ecify resources that the pro ject needs and whic h,

according to its b est judgmen t, are una v ailable. It will b e then the role of the PM

(and p ossibly its sup ervisors in the organization) to assess if the resources are ac-

tually a v ailable, or if they need to b e found outside of the organization, and what

is the e�ect of suc h searc h on the viabilit y of pro ject acceptance. Note that this

pro cess ma y in v olv e in teraction with the Or ganization Pr ovisioning Manager ,

whic h is a w are of all resources a v ailable in the organization (see b elo w).

If the AM recommends that the pro ject is rejected, and the PM concurs

(whic h ma y , or ma y not b e the case; it is a w ell-kno wn fact that there exist

pro jects whic h are accepted ev en if they should not ha v e b een accepted, for

instance for �p olitical� reasons), the requester is informed ab out the decision,

the PM is disasso ciated from the role, and this ends the pro cess. Let us no w

assume that the SRS and other supp orting do cumen tation prepared b y the AM

suggests that the pro ject should b e accepted. As a result the PM prepares an

initial Pr oje ct Sche dule and on its basis w orks to establish if the R esour c e R eser-

vation can b e completed (note that the fact that John, the Ja v a co der, w orks for

the organization do es not mean that John is a v ailable starting from Ma y 4th).

T o ac hiev e this goal, the PM has to analyze a v ailable resources (its o wn and

pro vided b y the customer). It ma y in v olv e, for instance, c hec king a v ailabilit y of

programmers who ha v e the required comp etence in P ostgreSQL, ob ject orien ted

programming and recen t w eb tec hnologies, as w ell as a v ailabilit y of resources

suc h as: serv ers, (e-)learning materials for soft w are to b e used in the pro ject,

licenses and requiremen ts for b oth test and �nal deplo ymen t en vironmen ts etc.

Again, the PM can analyze only these resources whic h it has access to (is allo w ed

to kno w ab out, as established b y the on tology of the organization). If resources

that the PM kno ws ab out are not su�cien t, the PM requests the Or ganiza-

tion Pr ovisioning Manager ( OPM ) to facilitate the missing resources (e.g. C#

programmer(s), or a DB2 e-learning course). Note that suc h resources ma y b e

a v ailable in the organization, but the PM ma y not ha v e access to this kno wl-

edge. OPM 's role is to pro vide resources for other resources whic h request them,

as w ell as to deal with resources that are b eing deliv ered to the organization

(e.g. b o oks/pap ers/rep orts send to its digital library). Here, w e assume that, to

ful�ll its role, the OPM has access to information ab out all resources a v ailable

in the organization. Since the OPM can b e queried b y authorized (where the

authorization is also on tologically sp eci�ed) resources that pla y v arious roles in

the organization, it has to analyze a v ailable resources using v arious patterns of

reasoning and p ossibly some exp ert systems. Note also that, again, the OPM can

b e either an agen t, a h uman represen ted b y its P A , or a comp osite structure con-

sisting of m ultiple agen ts and h umans (e.g. it can ha v e in its disp osal a resource

that indexes and routes incoming do cumen ts / b o oks / journals, a searc h engine,



a library material acquisitor, etc.). Again, if the resource (a) is found, and (b) can

b e reserv ed (for a sp eci�ed time), it can then b e assigned to the requesting PM .

Otherwise, the OPM triggers action of a R esour c e Pr o cur ement Unit ( RPU ),

whic h is resp onsible for �nding an appropriate resource. Assuming, for instance,

that C# programmers and DB2 e-learning materials w ere not found within the

organization the OPM ma y generate a (on tologically demarcated) request to

the RPU to acquire sp eci�c resources. The RPU in turn will comm unicate it to

the �w orld outside of the organization.� F or simplicit y w e omit situations whic h

clearly ha v e to in v olv e h uman in terv en tion. Let us assume that compan y needs

construction w ork ers to start a pro ject in Lublin, P oland. If it do es not emplo y

large enough n um b er of suc h w ork ers it, most lik ely , will b e the role of h uman

managers to assess if they can b e hired for the time of the pro ject. Therefore, at

this stage, w e assume that the RPU can immediately pro vide information ab out

a v ailabilit y and cost (estimate) of requested resources. As a result of these pro-

cesses t w o outcomes are p ossible. First, it is established, that the initial Pr oje ct

Sche dule cannot b e supp orted with necessary resources (whic h ma y result in

pro ject sc hedule (re)negotiation(s) with the clien t, or pro ject rejection). Second,

the Pr oje ct Sche dule can b e completed (with p ossible minor mo di�cations) in

suc h a w a y that the pro ject can b e accepted and a con tract signed.

Let us no w discuss pro cesses that tak e place after the �nal v ersion of the

Pr oje ct Sche dule is created and con tract signed. First, the Pr oje ct Sche dule is

used b y the PM to assign tasks to appropriately reserv ed (h uman or non-h uman)

R esour c es . Note that eac h R esour c e can b e either a �single resource,� or a collec-

tion of resources treated as a single unit. F or instance, team that is resp onsible

for the bac k end of the p ortal ma y consist of 4 co ders and a manager, while

the team dealing with user in terface could consist of 2 co ders and an artist,

etc. In the hierarc hical structure of the organization, at one lev el, b oth teams

will b e treated as a single resource, with their o wn tasks, and a T ask Monitor

A gent ( TMA ) asso ciated with it. A t the same time, inside these comp osite re-

sources an appropriate organizational structure (based on the same on tology of

the organization) will b e realized, and individual (sub)tasks and their TMA s

instan tiated.

The PM monitors status of all tasks (including their start and completion)

b y assigning to eac h task a TMA and b y comm unicating with them. Eac h TMA

monitors a sp eci�c task un til its completion (then it is killed b y the PM ; cur-

ren tly , w e assume that creation of a new TMA is easier to ac hiev e than adapting

a giv en TMA to manage a di�eren t task). While w orking on the task, R esour c es

migh t b e in terrupted b y unexp ected circumstances whic h either can b e dealt

with �lo cally� (e.g. b y �nding tips on ho w to deal with a �heap memory ex-

ceeded� error in Ja v a, or ho w to build a DB2 cluster) or ones that will probably

in�uence other parts of the pro ject (e.g. customer requested that a di�eren t data

structure is to b e in terfaced with, or some additional una v ailable resources turn

out to b e needed, or a particular emplo y ee has to immediately tak e a family lea v e

of absence, etc.). These circumstances are exp ected to in v olv e PM 's reaction and

should b e tagged appropriately b y the T ask Monitor A gent . Let us stress that not



ev ery in terruption requires an immediate PM 's in terv en tion. A cross the system

w e assume that resources can in teract with eac h other (whic h resources can com-

m unicate directly is sp eci�ed b y the organization and represen ted in the organi-

zational on tology), among others, to solv e basic problems o ccurring during task

execution. F or instance, to �nd a man ual for soft w are used in the pro ject giv en re-

source can con tact other mem b ers of its group. Finally , eac h resource migh t gen-

erate m ultiple in terrupts, but as long as these do not require the PM to react (e.g.

the sc hedule of the pro ject is not a�ected) they are going to b e tac kled lo cally .

Ob viously , at a certain momen t eac h (sub)task comes to an end. Up on com-

pletion of a task, the task-sp eci�c Quality of Servic e ( QoS ) mo dule analyzes the

w ork. A Os mo dule migh t consists of a team of h umans, or b e instan tiated as an

exp ert system. Here, consider testing functionalit y of the compan y p ortal, or a

test of a completed unit of a Python co de, or c hec king qualit y of the TV signal

after the TV is installed. Eac h of these qualit y tests requires di�eren t testing

and di�eren t resources to complete the qualit y assessmen t. Unless the qualit y

of the w ork is not satisfactory and further impro v emen ts are needed, the PM is

informed ab out completion of the (sub)task. If the result of the task do es not

satisfy the requiremen ts, there is a necessit y to rep eat some part of, or ev en

the whole task. This can tak e more time and resources than it w as sp eci�ed in

the Pr oje ct Sche dule . Ho w ev er, only con�icts with the sc hedule should result in

the PM b eing �alarmed.� Note that a �ma jor in terrupt� that results in c hanges

in the Pr oje ct Sche dule ma y need to b e propagated within the structure of the

team that w orks on the pro ject.

Ob viously , completion of a (sub)task ma y trigger execution of another (sub)-

task sp eci�ed in the w ork�o w of a giv en pro ject. Up on completion of all (sub)-

tasks sp eci�ed in the Pr oje ct Sche dule , the pro ject is completed. This means that

the Human R esour c e that pla y ed the role of the Pr oje ct Manager , will no longer

pla y this role (for that pro ject) and the functionalit y of its Personal A gent has

to b e appropriately adjusted. Similarly , functionalities and pro�les of al l agen ts

in v olv ed in the pro ject ha v e to b e adjusted (e.g. exp erience-related information).

3 Agen ts in the system

Th us far w e ha v e describ ed pro cesses that tak e place within the Virtual Or-

ganization, considered from the p oin t of view of �roles� existing in the system

and their in teractions. In this con text let us recall, that one of our assumptions

is that eac h W orker will b e represen ted b y a Personal A gent , while a n um b er

of auxiliary agen ts ma y b e instan tiated as w ell. In this w a y , the prop osed ap-

proac h is grounded not only in general agen t notions (see, for instance, [26]), but

also in role-orien ted agen t system dev elopmen t metho dologies (e.g. Gaia [43], or

Prometheus [33]). Here, the problem space is initially de�ned in terms of (1)

roles that are to b e ful�lled, and (2) in teractions b et w een en tities pla ying these

roles. In the second step eac h iden ti�ed role is functionalized b y a single agen t,

or is further divided in to a n um b er of co op erating (sub)agen ts (see, also, [25]).

Ho w ev er, w e are w ell a w are of the fact that not all roles can b e ful�lled b y soft-



w are agen ts alone. Therefore, let us consider roles that ha v e b een distinguished

th us far: PM , AM , RPU , OPM TMA , and QoS . As noted ab o v e, in some cases

these roles ma y b e ful�lled b y soft w are agen t(s), some of them are lik ely to b e

pla y ed b y one or more h umans (supp orted b y their Personal A gents ), while some

are lik ely to b e completed b y teams consisting of soft w are agen ts and h umans.

Note that while sp eci�c arrangemen ts ma y dep end on the particular organiza-

tion (and its domain of op eration), pro cesses describ ed ab o v e remain unc hanged.

In this con text w e ha v e iden ti�ed a few situations that are exp ected to trigger a

necessary reaction of a h uman actor (ho w ev er, this list is not exhaustiv e):

1. pro ject requiremen ts analysis

2. accepting a particular p erson to b ecome a manager of a pro ject

3. c hanges in customer requiremen ts

4. the OPM not b eing capable of �nding required resource(s) within the orga-

nization

5. negotiating and accepting the Pr oje ct Sche dule

6. accepting the R esour c e R eservation do cumen t

7. �nal task acceptance

Ev en though h uman in terv en tion is lik ely to b e required, it has to b e stressed

that our in terest is in p erforming as man y tasks as p ossible utilizing soft w are

agen ts alone and th us completing them in an autonomous fashion or to pro vide

supp ort for h umans in ful�lling the ab o v e sp eci�ed roles. In this con text, the

role-based approac h allo ws us to sp ecify sets of functions asso ciated with eac h

role and then select whic h of them can b e ful�lled b y soft w are agen ts and whic h

ha v e to in v olv e h uman participation. F or instance, consider the TMA that mak es

sure that a Cable TV Bo x w as successfully installed b efore 16:13 at a sp eci�c

address and if this is not the case, raises an alarm, and a Personal A gent that

helps the h uman PM managing a team of co ders. The pro cess is as follo ws: the

autonomous agen t, when created to ful�ll a giv en role is pro vided with required

mo dules to accomplish it, e.g. the TMA obtains information ab out the deadline

it is to observ e and what to do if it is, or is not met. The situation is somewhat

more complicated in the case of the P A . First, let us recall that ev ery w ork er

is represen ted in the system b y her/his o wn P A . F urthermore, up on joining

the system (and th us the organization) the P A registers with the OPM �the

resource manager�and b ecomes one of a v ailable resources. In Figure 1 w e ha v e

depicted the P A and conceptualized it as an in terface b et w een the h uman and

the remaining parts of the system; as w ell as a �help er� that supp orts user in

ful�lling her role. Since role can c hange, the P A has to b e able to supp ort user in

an y one of them. Ho w ev er, in Figure 1 w e w ere able to iden tify core functions of

the P A , whic h are used regardless of a sp eci�c role. T o pro vide supp ort for the

user who is assigned a sp eci�c role, mo dules facilitating functions asso ciated with

that particular role are then loaded in to the P A , extending its functionalit y (for

more details see [10]). Note that in the, somewhat more complicated case, when a

team of analysts ( AM ) estimates feasibilit y of a pro ject, eac h team mem b er will

b e represen ted b y its P A . Therefore, a role-sp eci�c set of in teractions b et w een

these P A 's and h umans they represen t will constitute ful�llmen t of the role AM .



W e utilize an AML [2] diagram in �gure 2 to illustrate this general sc hema. In

this �gure w e can see the generic agen t the V O A gent whic h utilizes appropriate

mo dules stored in the mo dule / pro�les library to b ecome a Personal A gent �rst,

and then pla y an y role in supp ort of its User .

Fig. 2. AML Men tal Diagram for the V O Agen t

Observ e that in this w a y , w e ha v e only �one basic t yp e� of an agen t in the

system: the Personal A gent (supplemen ted b y p ossibly some auxiliary agen ts).

F urthermore, the P A can supp ort user in pla ying any role iden ti�ed in the or-

ganization. This in turn matc hes v ery nicely with the real w orld organization,

where w e also ha v e only one main en tit y: h uman b eing that can pla y v arious

roles iden ti�ed in the organization.

4 On tologies in the system

Th us far w e ha v e fo cused our atten tion on sp eci�c roles and their in teractions in-

v olving v arious en tities (h uman and non-h uman resources) in the system, and as-

so ciating these en tities with soft w are agen ts alone and with agen t-h uman teams.

The other imp ortan t dev elopmen tal decision that w as made w as to utilize on tolo-

gies to represen t (1) the domain of in terest, (2) the structure of the organization,

and (3) resource pro�les. Let us no w fo cus our atten tion on on tologies that are

to b e used in the system and start with a brief analysis of related w ork.

4.1 T oron to Virtual En terprise (TO VE)

TO VE pro ject run at the En terprise In tegration Lab oratory of the Univ ersit y of

T oron to. Its main goal w as to establish generic, reusable en terprise data mo del

that w as to ha v e the follo wing c haracteristics [3, 1]:

� to pro vide a shared terminology for the en terprise that eac h en tit y within it

can join tly understand and use,



� to de�ne the meaning of eac h term in a precise and unam biguous manner,

� to implemen t the seman tics in a set of axioms, to enable TO VE to automat-

ically deduce the answ er to �common sense� questions ab out the en terprise,

� to de�ne a set of sym b ols for depicting a term or concept constructed thereof

in a graphical con text.

A ccording to do cumen ts found within the pro ject WWW site, on tology de-

v elop ed b y the pro ject included terms suc h as: resource, requiremen t, time, state

or activit y; and w as created in Prolog. W e though t ab out relying on the TO VE

pro ject and utilizing data mo del constructed there. Esp ecially , since TO VE w as

based on extensiv e researc h and considered w ork of an en terprise from the design

and op erations p ersp ectiv es [27]. Unfortunately , inabilit y to �nd actual on tolo-

gies (except of conference pap ers), a long list of imp ortan t features to b e added

found at the pro ject w eb site, and the fact that the last up date of that site w as

made on F ebruary 18, 2002, let us to b eliev e that the TO VE pro ject has died

sometime in 2002. Therefore, w e ha v e decided to utilize only the theoretical part

of TO VE .

4.2 On toW eb

The OntoW eb Network is an initiativ e aiming at building a bridge b et w een aca-

demics and the industry in order to promoting the Seman tic W eb [44]. The

OntoW eb Portal of the OntoW eb Network pro ject allo ws to insert and retriev e

information ab out academic and industry emplo y ees, pro jects and do cumen ts

[46]. Within the pro ject the OntoW eb on tology w as dev elop ed and made a v ail-

able at [45]. Unfortunately the OntoW eb on tology has also imp ortan t dra wbac ks:

� The OntoW eb on tology is created in RDF Sc hema, whic h do es not ha v e ric h

enough seman tics. Our exp erience with the RDF Sc hema sho ws that it is un-

deniably w ell suited for building conceptualizations [39]. Ho w ev er, in the case

of a more complex soft w are system, ric her seman tics and guaran teed com-

putational completeness are desired. In particular, seman tics of the RDFS

whic h lac ks quan ti�ers is hardly suitable for de�ning a data mo del (whic h

in v olv es de�ning cardinalities of en tit y relations) of the system. Therefore,

reusing the OntoW eb on tology as the system core on tology w ould result in

restricting t yp es of reasoning a v ailable in the system.

� The OntoW eb on tology do es not supp ort resource pro�les and information

access restrictions, while they are necessary for the prop osed system [9, 11].

Summarizing, w e dropp ed the idea of reusing the OntoW eb on tology due

to the limited expressivit y of the RDF Sc hema and lac k of necessary concepts.

Instead, w e follo w ed guidelines and results obtained within b oth TO VE and

OntoW eb pro jects and dev elop ed an on tology matc hing our pro ject's needs. Let

us therefore lo ok in to on tologies that ha v e b een dev elop ed within our system.



4.3 Generic T op-lev el On tology of the Organization

Before w e start let us note that deliv ering a comprehensiv e on tology for mo deling

an organization is b ey ond the curr ent scop e of our pro ject. Our main aim is to

deliv er a framew ork for adaptiv e resource managemen t (information pro visioning

in particular). Hence, the prop osed on tology ma y not include all the necessary

features to design mo del of an y organization. Ho w ev er, w e b eliev e that on tology

requiremen ts considered at this stage ha v e b een sp eci�ed to supp ort curren tly-

necessary functions of the system. F urthermore, they are �exible enough to sup-

p ort its future extension in order to supp ort comprehensiv e organization mo del-

ing. Keeping this in mind, let us lo ok in to main on tologies of the prop osed system.

W e ha v e decided to use O WL-DL as the on tology demarcation language,

as it guaran tees computational completeness and ric h seman tics�utilizing the

Description Logic [4]. As men tioned ab o v e, one of main ideas of our approac h is

to mo del every en tit y within the organization (including h umans) as a r esour c e .

F urthermore, eac h resource will ha v e a pr o�le and, dep ending on its t yp e and

role, ma y app ear in a con text of m ultiple pro�les. F or instance, kno wledge ab out

a p erson ma y b e describ ed with an y of the follo wing (and not limited to these)

pro�les: professional exp erience, education, p ersonal, accommo dation preference

or dining preference. In Figure 3 w e depict the generic resource and the generic

pro�le concepts.

Fig. 3. Generic resource and generic pro�le concepts

A r esour c e pr o�le pro vides detailed information ab out an y resource (h uman

or non-h uman). It is comp osed of a resource sp eci�c data and �opinions� ab out

other on tology concepts or on tologically demarcated ob jects [22]. Classes V OR e-

sour c e and V OPr o�le are designed to b e extended b y an y organization sp e-

ci�c resources and their pro�les (assuring that the concept is robust and �ex-

ible). Deriving these core concepts in domain on tologies allo ws to de�ne more

organization-sp eci�c resource, suc h as: an employe e of the cable TV installation

compan y or academic institution; a b o ok in a library; r e quir ements sp e ci�c ation

( SRS ) do cumen t in an IT compan y; or a Duty T rip R ep ort in an organization

that requires its emplo y ees to deliv er suc h rep orts.

Note that some resource pro�les ma y consist of priv ate or classi�ed informa-

tion (e.g. p ersonal data) therefore it is necessary to build an infrastructure whic h



can restrict access to the information. This is also imp ortan t since accessibilit y

to certain do cumen ts dep ends on emplo y ees �p osition� within an organization

(e.g. ann ual ev aluation of a w ork er should b e visible only to that w ork er and her

sup ervisors, but not her co-w ork ers). A V O R esour c e Pr o�le Privile ge is a class

whic h describ es restrictions established for a pro�le. It binds a pro�le with a

restriction t yp e whic h is applied to all resources from a particular Or ganization

Unit (OU) �whenev er information is requested b y , or matc hed with, resources.

The binding of the OU and a particular Pr o�le Privile ge T yp e is realized b y the

Pr o�le Privile ge class.

The Pr o�le Privile ge T yp e is an en umerable t yp e sp ecifying supp orted access

privileges: R e ad , W rite and A dmin . Names of the �rst t w o are self-explanatory ,

while the third ( A dmin ) t yp e represen ts an administrativ e privilege whic h allo ws

to mo dify access restrictions of the pro�le. Here, for instance, the HR Dep art-

ment is exp ected to ha v e W rite privileges for w ork er pro�les, while the P A is

going to ha v e R e ad privileges for information pro vided b y the OPM (see Figure

1). The design of the Pr o�le Privile ge is depicted in Figure 4.

Fig. 4. Pro�le Privilege design

4.4 Demonstrator Applications

T o extend our discussion of on tologies to b e used in the system, let us in tro duce

t w o applications depicted in Figure 5. In the Gr ant Assistant System ( GAS ),

the OPM of a univ ersit y (or a researc h institute) receiv es gran t announcemen ts

and its role is to deliv er them to these and only these P A s that represen t Users

that ma y b e in terested in them. In other w ords, the OPM (see �gure 1) has

to decide who (whic h P A (s)) should receiv e a giv en announcemen t, based on



on tologically demarcated pro�les describing facult y in the univ ersit y (researc hers

in the institute) and pro�les of gran t announcemen ts. Here, w e assume that the

announcemen t is a resource that has already an assigned pro�le based on the

in ternal domain on tology (note that sp ecifying en tit y inside, or outside, of the

system that p erforms pro�le demarcation is of no imp ortance 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. Matc hing scenarios in the prop osed system

The Duty T rip Supp ort ( DTS ) scenario (sp eci�c to a Researc h Institute in

East Asia, but easily generalizable) is more in v olv ed. Here, w ork ers use the in-

tranet to apply for a Duty T rip and to submit trip rep ort. Our aim is to utilize

results obtained in our pro ject to pro vide them with additional functionalities.

First, note that for the Institute in question, cost of air tra v el (to most destina-

tions outside of East Asia) is m uc h higher�in a relativ e sense�than costs of a

sta y extended b y a few da ys. Th us, an emplo y ee tra v eling to a giv en cit y (e.g.

in Europ e or America), ma y visit also near-b y-lo cated institutions (e.g. univ er-

sities or companies), or p ersons that her institute has con tacts with. Second, a

recommender where to sta y and eat could b e of v alue (e.g. consider Indonesian

researc hers confron ted with t ypical Irish fo o d). In addition to p ersonalized in-

formation deliv ery , the system is exp ected to help researc hers in all phases of

dut y trip participation; from the preparation of the initial application un til �ling

the �nal rep ort. Note that the T rip Assistant is actually a role pla y ed b y the

OPM , whic h pro vides the requested p ersonalized input to the P A (see function

Se ar ching for r esour c e in Figure 1). In Figure 6 w e presen t the activit y diagram

of the Duty T rip Supp ort . In this diagram w e can see t w o momen ts when the P A

comm unicates with the T rip Assistant ( OPM ), �rst when the application for

the trip is prepared (and institutions/p eople to visit are sough t), second, when

actual details of the trip (e.g. hotels) are to b e selected.



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 ctivit y Diagram of the Duty T rip Supp ort subsystem



4.5 On tologies for the Institute of Scienc e and T e chnolo gy ( IST )

T o illustrate ho w the prop osed on tology can b e utilized in a sp eci�c organi-

zational setting, let us discuss brie�y its application to selected features of an

on tological mo del of an Institute of Science and T ec hnology (the IST on tology).

In the arc hitecture of our system, the Domain Ontolo gy is an extension of the

Generic Ontolo gy outlined in Figure 3. Here, h uman resources are mo deled in

a w a y that is sp eci�c to the East Asian Institute of Scienc e and T e chnolo gy ,

though similarities with general h uman resource descriptions can b e seen. Let

us start from the ISTPerson , whic h is a class describing all emplo y ees of the

Institute. Figure 7 illustrates the ISTPerson concept.

Fig. 7. On tological description of the p erson on the Virtual Organization

While h uman resources ha v e (m ultiple) general pro�les, according the on tol-

ogy , curren tly the follo wing pro�les can b e assigned to emplo y ees of the Institute:

� FIST Exp erienc e Pr o�le .

� FIST Person Pr o�le .

� Or ganization Pr o�le .

� Dining Pr efer enc e Pr o�le .

� A c c ommo dation Pr efer enc e Pr o�le .

Here, the FIST Exp erienc e Pr o�le allo ws to describ e b oth educational and

professional exp erience of the emplo y ee (and is depicted in �gure 9). Profes-

sional exp erience is represen ted as a �pro ject history� in whic h a giv en w ork er

participated, while w orking in the organization. The educational exp erience lists

academic degrees of the emplo y ee.

A dditionally , sp eci�cation of (m ultiple) researc h �eld(s) further describ es em-

plo y ees comp etences (researc h �elds used here are based on the South Asian

RF CD [28]). Note that, as describ ed in the last section, it is also p ossible to

assign lev el of comp etence for eac h researc h �eld [12].

The Personal Pr o�le , presen ted in �gure 8, is a set of data t ypically stored

b y the HR Dep artment . It represen ts p ersonal data of an emplo y ee.

The Or ganization Pr o�le sp eci�es, for instance, a division in whic h the em-

plo y ee w orks; it can b e also used to establish who is the sup ervisor of an em-



Fig. 8. On tological Description of the P ersonal Pro�le



Fig. 9. On tological Description of Emplo y ees Comp etences

plo y ee. Finally , A c c ommo dation Pr efer enc e and Dining Pr efer enc e pro�les repre-

sen t ones attitude to w ard restauran ts and hotels visited th us far. These concepts

establish a link b et w een the T r avel Supp ort System on tology ([14]) and the IST

on tology . They utilize the Hotel and the R estaur ant classes whic h are de�ned in

the TSS on tology . While the ISTPerson is an example of a h uman resource in

the domain of the IST , the ISTDutyT rip ( DTR ) is an example of a non-h uman

resource (see �gure, 10). This class represen ts a dut y trip description from the

DTS scenario and, as a resource c hild class, all its instances ma y ha v e v arious

pro�le instances assigned. Ho w ev er, the DTR concept is restricted to ha v e all

assigned pro�le instances of no other class than the ISTDutyT ripPr o�le , whic h is

designed to describ e a p oten tial dut y trip in p ossibly big detail (for more details

on the Duty T rip and this pro�le t yp e, see b elo w). The discussed pro�le ma y

carry also information ab out accommo dation and dining preferences whic h refer

to the Hotel and the R estaur ant class instances. It is easy to notice that, simi-

larly to the case of A c c ommo dation Pr efer enc e and Dining Pr efer enc e pro�les,

this is another link b et w een the IST on tology and the �tra v el ob jects� of the TSS

on tology . A dditionally , the O WL class range of the ISTDutyT ripPr o�le destina-

tion prop ert y , whic h is de�ned in the IST on tology , refers to the Plac eOnEarth

class whic h deriv es the Sp atialThing class of the TSS on tology .

Concerning the TSS on tology , let us note that w e are curren tly using only

its minimalistic O WL-DL v ersion. In the near future, for description of �tra v el

ob jects,� w e in tend to utilize the full v ersion of the TSS on tology . Ho w ev er, since

it w as created in the RDF Sc hema [5], this will require an adequate migration



Fig. 10. Dut y T rip Rep ort Pro�le



to O WL-DL; for the sak e of compatibilit y with the Duty T rip Supp ort and the

Gr ant A nnounc ement subsystems. In �gure 11 w e presen t the simpli�ed v ersion

of the TSS on tology used in the system to da y .

Another example of a non-h uman resource sub class is the IST A nnounc ement

whic h represen ts gran t opp ortunities in the GSA scenario. This class has a prop-

ert y r efScienti�cField whic h refers to an instance of the Scienti�cField class.

Please note that instances of the same class are also referenced b y instances of the

Exp erienc ePr o�le . Hence, a relation b et w een instances of the IST A nnounc ement

and the ISTPerson who has her Exp erienc ePr o�le de�ned ma y b e established.

This issue will app ear again in detail when w e discuss on tological matc hing ap-

plied in the system.

4.6 Using Prop osed On tology to Demarcate Sample Resources

Let us no w presen t a collection of samples of demarcating sp eci�c resources in

the Virtual Or ganization , using concepts in tro duced th us far. Note that due to

the limited space, w e can only p oin t to a few asp ects and w e hop e that the reader

will b e able to follo w the example and �nd more features. The initial con text

is pro vided b y a Duty T rip to a conference in Oulu, Finland, where Mr. Jac kie

Chan (who comes from Hong-K ong) will sta y in a Radisson SAS Hotel (and visit

also Mikk a K orteleinen in Ro v aniemi). W e start b y illustrating (1) ho w the geo-

lo cation will b e demarcated (follo wing the tra v el on tology prop osed in [14]), and

(2) the direct connection b et w een the tra v el on tology ([14]) and the organization

on tology as the cities ge o:OuluCity , ge o:HongKongCity and ge o:R ovaniemiCity

are instances of tra v el on tology elemen t: Sp atialThing and organization on tology

class City .

g e o : F i n l a n d C o u n t r y a o n t o : C o u n t r y ;

o n t o : n a m e " F i n l a n d " ^^ x s d : s t r i n g .

g e o : C h i n a C o u n t r y a o n t o : C o u n t r y ;

o n t o : n a m e " C h i n a " ^^ x s d : s t r i n g .

g e o : O u l u A r e a a o n t o : A r e a ;

o n t o : n a m e " O u l u " ^^ x s d : s t r i n g ;

o n t o : i s I n C o u n t r y : F i n l a n d C o u n t r y ;

o n t o : a d j a c e n t A r e a : L a p p i A r e a .

g e o : L a p p i A r e a a o n t o : A r e a ;

o n t o : n a m e " L a p p i " ^^ x s d : s t r i n g ;

o n t o : i s I n C o u n t r y : F i n l a n d C o u n t r y ;

o n t o : a d j a c e n t A r e a : O u l u A r e a .

g e o : H o n g K o n g A r e a a o n t o : A r e a ;

o n t o : n a m e " H o n g  K o n g " ^^ x s d : s t r i n g ;

o n t o : i s I n C o u n t r y : C h i n a C o u n t r y .

g e o : O u l u C i t y a o n t o : C i t y ;

o n t o : n a m e " O u l u " ^^ x s d : s t r i n g ;

o n t o : l o n g " 2 5 , 4 6 7 " ^^ x s d : f l o a t ;

o n t o : l a t " 6 5 , 0 1 7 " ^^ x s d : f l o a t ;

o n t o : i s I n A r e a : O u l u A r e a .

g e o : R o v a n i e m i C i t y a o n t o : C i t y ;

o n t o : n a m e " R o v a n i e m i " ^^ x s d : s t r i n g ;

o n t o : l o n g " 2 5 , 8 " ^^ x s d : f l o a t ;

o n t o : l a t " 6 6 , 5 6 7 " ^^ x s d : f l o a t ;

o n t o : i s I n A r e a : L a p p i A r e a .

g e o : A b e r d e e n C i t y a o n t o : C i t y ;

o n t o : n a m e " A b e r d e e n " ^^ x s d : s t r i n g ;

o n t o : l o n g " 1 1 4 , 1 5 " ^^ x s d : f l o a t ;

o n t o : l a t " 2 2 , 2 5 " ^^ x s d : f l o a t ;



Fig. 11. Minimalistic v ersion of the TSS on tology used in the system



o n t o : i s I n A r e a : H o n g K o n g A r e a .

Here w e ha v e de�ned the FinlandCountry and the ChinaCountry . The pre-

sen ted snipp et includes also instances of OuluCity , R ovaniemiCity and A b er de en-

City cities, and their region related data: OuluA r e a , R ovaniemiA r e a and Hong-

KongA r e a . The �rst t w o instances represen t coun tries in whic h these cities and

regions are lo cated: China and Finland. Coun try , Region and Cit y are three lev els

of administrativ e land division that w e initially in tend to supp ort in the system.

The issue of p opulating database with real life geospatial and administrativ e

information will b e discussed in the future as the most suitable metho ds for this

purp ose are still b eing researc hed. Let us note that w e do not claim the ab o v e

prop osed represen tation of geospatial information is the most e�cien t solution

to the problem, but w e assume that it is su�cien t enough for the purp ose of our

information pro visioning system and the Duty T rip Supp ort application.

The listing that follo ws sho ws a simple instance of the Radisson SAS Hotel

in Oulu, demarcated according to the simpli�ed TSS sc hema. Note that the

hotel feature lo c ate dA t references instance of a City and Sp atialThing classes�

the OuluCity . It is the direct connection of the TSS on tology and V O Ontolo gy

whic h w as discussed ab o v e (see also, 11).

h o t : O u l u R a d i s o n S A S a t s s : H o t e l ;

o n t o : l o c a t e d A t g e o : O u l u C i t y .

ContactPerson#1 represen ts a h uman resource that is not emplo y ed at the In-

stitute but is recognized b ecause it has b een in tro duced in the past to the system

b y one of the Institute's emplo y ees. A ccording to the example b eneath, Mikk a

K orteleinen is a researc her who sp ecializes in P aleon tology and is lo cated in

Ro v aniemi, Finland.

: C o n t a c t P e r s o n \#1 a o n t o : C o n t a c t P e r s o n ;

o n t o : h a s P r o f i l e : C o n t a c t P e r s o n P r o f i l e \ # 1 .

: C o n t a c t P e r s o n P r o f i l e \#1 a o n t o : C o n t a c t P e r s o n P r o f i l e ;

p e r s o n : f u l l n a m e ` ` M i k k a K o r t e l e i n e n ' ' ^^ x s d : s t r i n g ;

p e r s o n : g e n d e r p e r s o n : M a l e ;

p e r s o n : b i r t h d a y " 1 9 6 7 � 1 1 � 2 1 T 0 0 : 0 0 : 0 0 " ^^ x s d : d a t e T i m e ;

o n t o : d o e s R e s e a r c h s c i e n c e : P a l e o n t o l o g y � 1 3 1 0 8 ;

o n t o : l o c a t e d A t g e o : R o v a n i e m i C i t y ;

o n t o : b e l o n g s T o : C o n t a c t P e r s o n \ # 1 .

In the next snipp et w e in tro duce instances of the ISTPerson and Or ganizatio-

nUnit classes. These instances represen t Mr. Jac kie Chan and Ms. Mi Lin who

are emplo y ees of the Institute. The organization units to whic h Mr. Chan and

Ms. Lin b elong to re�ect their p ositions in the organizational structure of the

Institute.

: H R O U a o n t o : O r g a n i z a t i o n U n i t ;

o n t o : n a m e ` ` H u m a n R e s o u r c e M a n a g e m e n t O r g a n i z a t i o n U n i t ' ' ^^ x s d : s t r i n g .

: G O U a o n t o : O r g a n i z a t i o n U n i t ;

o n t o : n a m e ` ` G e n e r a l O r g a n i z a t i o n U n i t � s u i t a b l e

f o r a l l e m p l o y e e s ' ' ^^ x s d : s t r i n g .

: E m p l o y e e \#1 a o n t o : I S T P e r s o n ;

o n t o : i d " 1 2 3 4 5 6 7 8 9 0 " ^^ x s d : s t r i n g ;

o n t o : h a s P r o f i l e ( : E m p l o y e e \#1 P P r o f i l e , : E m p l o y e e \#1 E P r o f i l e ) ;

o n t o : h a s P r o f i l e P r i v i l e d g e s : R e s P r o f P r i v \ # 2 .

o n t o : b e l o n g s T o O U s ( : G O U ) .

: E m p l o y e e \#2 a o n t o : I S T P e r s o n ;

o n t o : i d " 0 1 1 1 1 1 1 1 1 " ^^ x s d : s t r i n g ;

o n t o : h a s P r o f i l e ( : E m p l o y e e \#2 P P r o f i l e ) ;

o n t o : b e l o n g s T o O U s ( : G O U , : H R O U ) .



Detailed p ersonal information of eac h of these emplo y ees is describ ed in separate

instances of the ISTPersonalPr o�le class. Suc h pro�les could lo ok as follo ws:

: E m p l o y e e \#1 P P r o f i l e a o n t o : I S T P e r s o n a l P r o f i l e ;

o n t o : b e l o n g s T o : E m p l o y e e \ # 1 ;

p e r s o n : f u l l n a m e " J a c k i e  C h a n " ^^ x s d : s t r i n g ;

p e r s o n : g e n d e r p e r s o n : M a l e ;

p e r s o n : b i r t h d a y " 1 9 8 2 � 0 1 � 0 1 T 0 0 : 0 0 : 0 0 " ^^ x s d : d a t e T i m e .

: E m p l o y e e \#2 P P r o f i l e a o n t o : I S T P e r s o n a l P r o f i l e ;

o n t o : b e l o n g s T o : E m p l o y e e \ # 1 ;

p e r s o n : f u l l n a m e " Mi  L i n " ^^ x s d : s t r i n g ;

p e r s o n : g e n d e r p e r s o n : F e m a l e ;

p e r s o n : b i r t h d a y " 1 9 8 1 � 0 2 � 0 1 T 0 0 : 0 0 : 0 0 " ^^ x s d : d a t e T i m e .

: E m p l o y e e \#1 E P r o f i l e a o n t o : I S T E x p e r i e n c e P r o f i l e ;

o n t o : b e l o n g s T o : E m p l o y e e \ # 1 ;

o n t o : d o e s R e s e a r c h I n F i e l d s

s c i e n c e N a m e s p a c e : V o l c a n o l o g y � 1 3 1 0 5 ,

s c i e n c e N a m e s p a c e : P a l e o n t o l o g y � 1 3 1 0 8 ,

s c i e n c e N a m e s p a c e : G e o c h r o n o l o g y � 1 3 2 0 4 ;

o n t o : k n o w s F i e l d s

[ a o n t o : K n o w l e d g e ;

o n t o : k n o w l e d g e O b j e c t s c i e n c e N a m e s p a c e : V o l c a n o l o g y � 1 3 1 0 5 ;

o n t o : k n o w l e d g e L e v e l " 0 . 7 5 " ^^ x s d : f l o a t ] ,

[ a o n t o : K n o w l e d g e ;

o n t o : k n o w l e d g e O b j e c t s c i e n c e N a m e s p a c e : P a l e o n t o l o g y � 1 3 1 0 8 ;

o n t o : k n o w l e d g e L e v e l " 0 . 4 0 " ^^ x s d : f l o a t ] ,

[ a o n t o : K n o w l e d g e ;

o n t o : k n o w l e d g e O b j e c t s c i e n c e N a m e s p a c e : G e o c h r o n o l o g y � 1 3 2 0 4 ;

o n t o : k n o w l e d g e L e v e l " 0 . 9 0 " ^^ x s d : f l o a t ] ;

o n t o : m a n a g e s P r o j e c t s ( : P r o j e c t 1 ) .

: P r o j e c t 1 a o n t o : I S T P r o j e c t ;

o n t o : m a n a g e d B y : E m p l o y e e \ # 1 ;

o n t o : p e r i o d

[ a o n t o : P e r i o d ;

o n t o : f r o m " 2 0 0 8 � 0 6 � 0 1 T 0 0 : 0 0 : 0 0 " ^^ x s d : d a t e T i m e ;

o n t o : t o " 2 0 0 9 � 0 5 � 3 1 T 0 0 : 0 0 : 0 0 " ^^ x s d : d a t e T i m e ] ;

o n t o : f i e l d s R e f s c i e n c e N a m e s p a c e : V o l c a n o l o g y � 1 3 1 0 5 ;

o n t o : p r o j e c t T i t l e ` ` V e r y I m p o r t a n t V o l c a n o l o g y

S c i e n t i f i c P r o j e c t ' ' ^^ x s d : s t r i n g .

Note that from the snipp et ab o v e w e can establish that a p erson iden ti�ed as

Employe e#1 sp ecializes in V olc anolo gy and his level of know le dge is iden ti�ed

as 0.75 (for more info ab out assigning lev els of skills, or more generally �temp er-

ature� to a feature, see [12, 14, 22]), Pale ontolo gy (lev el of kno wledge iden ti�ed

as 0.4), and Ge o chr onolo gy (lev el of kno wledge 0.9). A dditionally , this p erson is

sc heduled to manage a pro ject en titled: �V ery Imp ortan t V olcanology Scien ti�c

Pro ject�, whic h starts on June 1st, 2008 and ends on Ma y 31st, 2009.

Ob viously , scien ti�c in terests of a giv en emplo y ee ( onto:knowsFields in the

ab o v e example) can b e replaced b y professional skills describing w ork er in an y

discipline. F or instance, they could as w ell b e used to sp ecify that a giv en pro-

grammer has kno wledge of Smalltalk (lev el 0.7), F ortran (lev el 0.5), dBase (lev el

0.65), etc. In this w a y the prop osed approac h is b oth robust and �exible.

Ha ving de�ned h uman resources, in what follo ws, w e de�ne an exemplary

Duty T rip R ep ort as a non-h uman resource.

: D T R \#1 a o n t o : I S T D u t y T r i p R e p o r t ;

o n t o : h a s P r o f i l e ( : D T R P r o f i l e \ # 1 ) ;

o n t o : h a s P r o f i l e P r i v i l e d g e s : R e s P r o f P r i v \ # 1 .

: D T R P r o f i l e \#1 a o n t o : I S T D u t y T r i p R e p o r t P r o f i l e ;

o n t o : d e s t i n a t i o n g e o : O u l u C i t y ;

o n t o : t r a v e l e r : E m p l o y e e \ # 1 ;

o n t o : s t a t u s d t S t a t u s N a m e s p a c e : A p p l i c a t i o n ;



[ a o n t o : P e r i o d ;

o n t o : f r o m ` ` 2 0 0 8 � 0 6 � 0 7 T 0 0 : 0 0 : 0 0 ' ' ^^ x s d : d a t e T i m e ;

o n t o : t o ` ` 2 0 0 8 � 0 6 � 1 9 T 0 0 : 0 0 : 0 0 ' ' ^^ x s d : d a t e T i m e . ] .

o n t o : s t a y e d A t h o t : O u l u R a d i s o n S A S

o n t o : e x p e n s e [ a o n t o : S i n g l e C o s t ;

` ` 4 0 0 0 ' ' ^^ x s d : f l o a t ;

o n t o : e x p e n s e C u r r e n c y ` ` U S D ' ' ^^ x s d : s t r i n g . ]

o n t o : d u t y : A d d i t i o n a l D u t y \ # 1 ;

o n t o : p u r p o s e ` ` C o n f e r e n c e ' ' ^^ x s d : s t r i n g ;

o n t o : b e l o n g s T o : D T R \ # 1 .

: A d d i t i o n a l D u t y \#1 a o n t o : I S T D u t y ;

o n t o : d e s t i n a t i o n g e o : R o v a n i e m i C i t y ;

o n t o : m a d e C o n t a c t : C o n t a c t P e r s o n \ # 1 .

Here the DTRPr o�le#1 is a pro�le of resource represen ted b y the DTR#1 .

In our example the latter is a Duty T rip R ep ort resource. The emplo y ee who

this pro�le directly refers to, is represen ted b y the :Employe e#1 . Hence, w e

can tell that a p erson represen ted in the system as :Employe e#1 applied for a

dut y trip ( DTR#1 ). The curren t status of that Dut y T rip Rep ort is Applic ation

and the trips destination is Oulu, Finland. The researc her in tends to sta y there

for t w elv e da ys (from June 7th till June 19th, 2008). Again, prop erties of the

ISTDutyT ripPr o�le refer to the system sc hemas (organization and domain on-

tologies) and ful�ll the data mo del requiremen ts set b y the Dut y T rip Supp ort

System whic h w e dev elop (see also [38]). Please note that, in order not to o v erly

complicate the example, the snipp et ab o v e do es not co v er all prop erties of the

ISTDutyT ripPr o�le class whic h deprecated the DTPr o�le class de�ned in [38].

: P r o f P r i v \#1 a o n t o : P r o f i l e P r i v i l e d g e ;

o n t o : f o r U n i t : H R O U ;

o n t o : h a s P r i v i l e d g e T y p e p r i v : Admin .

: P r o f P r i v \#2 a o n t o : P r o f i l e P r i v i l e d g e ;

o n t o : f o r U n i t : G O U ;

o n t o : h a s P r i v i l e d g e T y p e p r i v : R e a d .

: R e s P r o f P r i v \#1 a o n t o : V O R e s o u r c e P r o f i l e P r i v i l e d g e ;

o n t o : f o r R P r o f i l e : P e r s o n a l P r o f i l e \ \ # 1 ;

o n t o : h a s P r i v i l e d g e ( < : P r o f P r i v \ \ # 1 > ) .

: R e s P r o f P r i v \#2 a o n t o : V O R e s o u r c e P r o f i l e P r i v i l e d g e ;

o n t o : f o r R P r o f i l e : D T R P r o f i l e \ \ # 1 ;

o n t o : h a s P r i v i l e d g e ( < : P r o f P r i v \ \ # 1 > < : P r o f P r i v \ \ # 2 > ) .

In the snipp et ab o v e w e de�ne a set of resource pro�le privileges whic h w ere

presen ted in �gure 4. Observ e that the de�ned privileges allo w mem b ers of the

HR unit (in case of our example: Ms. Mi Lin) to administer selected pro�les

(e.g. :PersonalPr o�le#1 ), while mem b ers of the Gener al Or ganization Unit are

only allo w ed to r e ad it (b y default all access is forbidden). On the other hand,

the :DTRPr o�le#1 can b e read b y all emplo y ees of the GOU . In this w a y w e

assure con trol of access righ ts within the organization.

Finally , in order to discuss matc hmaking that is going to tak e place in the sys-

tem, let us in tro duce one more example of a non-h uman resource�an exemplary

gran t announcemen t. The main topic of this gran t is: Ge o chemistry .

: S a m p l e G r a n t a o n t o : I S T A n n o u n c e m e n t ;

o n t o : h a s D e s c r i p t i o n ` ` D e s c r i p t i o n o f t h e e x e m p l a r y

g r a n t a n n o u n c e m e n t . I t s h o u l d b e r e a l l y i n t e r e s t i n g . ' ' ^^ x s d : s t r i n g ;

o n t o : r e f S c i e n t i f i c F i e l d s

( < s c i e n c e N a m e s p a c e : G e o c h e m i s t r y � 1 3 2 0 0 > ) .



Note that the SampleGr ant do es not ha v e its o wn pro�le and all its attributes

are de�ned as its bare prop erties b ecause there is not need to restrict access to

information ab out Gr ant A nnounc ements in the system with the use of V OR e-

sour c ePr o�lePrivile dge instances.

5 Matc hmaking in the System

In the Duty T rip Supp ort scenario, the OPM undertak es the role of a T r avel

Assistant , while in the Gr ant Assistant scenario it pla ys the role of a Do cument

Disp atcher (in a real organization the �rst role ma y b e pla y ed b y a h uman sup-

p orted b y its P A , while the latter b y a sfot w are agen t alone). Let us no w describ e

ho w the desired results (�nding p ersonalized information or deliv ery of the do c-

umen t to the correct set of w ork ers) are to b e obtained. Before w e pro ceed let

us stress that w e assume that all data within a giv en organization is demarcated

utilizing a common (for that organization) on tology . Therefore, in what follo ws

w e do not ha v e to deal with matc hing di�ering and p oten tially incompatible

(external) on tologies. All that w e are in terested in is: ho w to establish �distances

b et w een resources� within a single on tology and ho w to use this information in

the ab o v e describ ed scenarios.

Let us no w consider, in tro duced ab o v e, sample pro�le of a h uman resource�

the Employe e#1 h uman resource and his pro�le; and demarcated non-h uman

resources�the Dut y T rip Rep ort ( :DTRPr o�le#1 ) and the SampleGr ant . These

pro�les will allo w us to in tro duce and brie�y discuss matc hmakings that are to

tak e place in the system.

5.1 Calculating distances b et w een resources

F rom the scenarios describ ed ab o v e and summarized in �gure 5, w e can eas-

ily see the need for resource matc hing (�nding distances b et w een t w o or more

resources). T o fo cus our atten tion, let us presen t a few examples of t yp es of re-

source matc hing op erations that ha v e to b e implemen ted in our system (this list

is not in tended to b e exhaustiv e, but rather to p oin t to some classes of needed

resource matc hing and/or distance calculations):

1. computing distance b et w een t w o geographical lo cations; to b e able to es-

tablish if a giv en lo cation is close-enough to the place where the emplo y ee

is to tra v el (so that she can attempt at visiting another institution and/or

colleague),

2. matc hing a non-h uman resource (e.g. a gran t, hotel, restauran t, conference)

with a h uman-resource; to �nd if a p erson who is planning a trip could b e in-

terested in a giv en nearb y lo cated conference, or if an emplo y ee is p oten tially

in terested in a gran t announcemen t,

3. matc hing t w o h uman resources to �nd out who are the researc hers that a

p erson planning a trip ma y b e in terested in visiting.



Up on further re�ection it is easy to notice that the w a y the distance b et w een

resources should b e calculated dep ends on t yp es of ob jects whic h are argumen ts

of calculations. F or example, the distance b et w een v alue of onto:destination prop-

ert y of the DTRPr o�le#1 and the v alue of the onto:lo c ate dA t of the Contact-

PersonPr o�le#1 instance will b e calculated in a di�eren t w a y than the distance

b et w een v alues of onto:r efScienti�cField prop ert y of the SampleGr ant and the

Exp erienc ePr o�le#1 instances. The follo wing ob ject t yp es that app ear in our

w ork can b e distinguished, based on di�eren t approac h to calculate their distance

(calculations sp eci�ed here in v olv e the ab o v e presen ted on tology snipp ets):

1. Ob jects whic h represen t geographical lo cations�distance b et w een the on-

to:destination prop ert y range of the onto:ISTDutyT ripPr o�le class and the

onto:lo c ate dA t of the onto:ContactPersonPr o�le class.

2. Numeric ob jects�distance b et w een onto:long prop ert y v alues.

3. Date ob jects�distance b et w een onto:fr om and the onto:fr om (or the onto:

to ) prop ert y v alues.

4. En umerable ob jects�distance b et w een onto:r efScienti�cField prop ert y v a-

lues/range of the onto:IST A nnounc ement and the range of onto:do esR e-

se ar chInFields prop ert y of the onto:ISTExp erienc ePr o�le class.

Let us no w discuss p ossible approac hes to distance calculations/resource

matc hing for the four distinguished classes of prop erties.

Lo cation based calculations City , Country and A r e a are classes designed to

represen t geographical lo cations whic h ma y b e visited b y the User . These classes

ha v e prop erties whic h allo w to build a tree structure of coun tries, areas and cities.

F or instance, FinlandCountry , L appiA r e a , OuluA r e a , ChinaCountry , HongKon-

gA r e a , R ovaniemiCity , OuluCity and A b er de enCity w ere samples of geo-lo cations

in tro duced ab o v e. They represen t a part of an administrativ e division of Finland

and China. First lev el in our structure is a coun try , the second lev el is an area

and �nally cit y is the third one. A v ailable prop erties allo w to query for neigh b or

(adjacen t) instances of the same class. This approac h requires access to adminis-

trativ e divisions of the w orld data, otherwise it ma y b e of little v alue in terms of

facilitating a lo cation based advice. Apart from the administrativ e division tree,

these classes allo w to describ e actual geo-co ordinates of ob jects. Lo cation based

advising can b e p erformed b y calculating ob ject's distances using the general

form ula ( long - longitude, lat - latitude, alt - altitude):

p
(long0 � long1)2 + ( lat 0 � lat 1)2 + ( alt 0 � alt 1)2

Note that in most business tra v el scenarios the altitude ( alt 0 and alt 1 ) is of little

relev ance and can b e omitted. Ob viously , similar calculations can b e p erformed

not only for conferences and/or institutions, but also for all other geo-ob jects

(e.g. restauran ts and hotels) as their co ordinates are describ ed in the same w a y

as cities (hotel, restauran t and cit y are sub classes of the Sp atial Thing class

in our tra v el on tology; see [14, 39]). Therefore, the DTS system will b e able to

pro vide at least the follo wing geo-info-based advice:



1. Lo cation notes and tips (textual information ab out a lo cation whic h w as

added to Dut y T rip Rep orts - class in the on tology: L o c ation Sp e ci�c Notes ),

2. Organizations and p eople that can b e visited (ob jects of Or ganization Con-

tact and Contact Person classes, these ob jects are created b y the emplo y ees

during the Dut y T rip Rep ort's creation),

3. Information ab out nearb y conferences of p ossible in terest (based on lo ca-

tion of the trip and the conference as w ell as on the p ersonal in terest and

conference topics),

4. Hotels and restauran ts (based on the Hotel and R estaur ant TSS on tology

classes),

5. Car ren tal and golf courses (on tology extensions based on the OT A sp eci�-

cation [31], also included in the TSS on tology).

5.2 Numeric and date ob ject calculations

Computing distance b et w een n umeric and date ob ject is rather ob vious. The

distance will b e represen ted b y the result of di�erence op eration on these ob jects.

In the �rst case, the result will b e a n um b er, in the latter case the result will b e

a time p erio d (e.g. of a sta y in a giv en place). Note that curren tly most ma jor

programming languages pro vide date calculation supp ort hence w e b eliev e this

issue should not b e discussed in more detail (assuming there are no problems

with date represen tation and deserialization).

5.3 En umerable ob ject calculations

In case of an on tology , en umerable v alues can b e more complex than enums

kno wn from p opular programming languages. In an on tology , class instances can

also b e en umerable v alues. In that case complex structures can b e constructed,

represen ting relations b et w een ob jects. F or instance, presen ted ab o v e Scienti�c-

Field class falls under the O WL oneOf restriction, ho w ev er eac h instance of that

class has prop ert y v alues whic h refer to other instances of that class. This results

in a graph-lik e structure of en umerable v alues.

T o calculate distance b et w een t w o ob ject of en umerable t yp e, let us note �rst

that if the structure of enum v alues is �at (plain list with no relations b et w een

ob jects) it can b e assumed that the distance is 0 if the v alues matc h, otherwise

it equals to 1. An example of suc h simple en umerable is the Gender prop ert y ,

whic h is utilized in the h uman resource pro�le. Here w e ha v e t w o v alues: Male

and F emale and if they matc h the distance is 0, and 1 otherwise.

Let us no w presen t a metho d for calculating distance b et w een class instances

whic h in v olv e transitiv e, non-symmetric prop erties. Here, a path in a directed

graph is calculated for all relations. Let us assume that R is suc h a transitiv e, not

symmetric relation ( pr op erty in the O WL notation). Then the distance b et w een

t w o v ertices of a graph of relation R : v0 and vk ( dist R (v0; vk ) ) is calculated

according to the follo wing algorithm:



1. If there exists pathR (v0; vk ) in the graph of relation R , then the shortest one

can b e found and

dist R (v0; vk ) = length(shorthestP ath R (vo; vk ));

otherwise go to 2nd step.

2. Let X = f x : pathR (x; v0) and pathR (x; vk ) exist g. Find suc h y 2 X , that

length(pathR (y; v0)) is minimal among all v ertices b elonging to X (i.e. this

is the shortest path):

dist R (v0; vk ) = 10 length (path R (y;v 0 )) + length(shorthestP ath R (y; vk ))

Note, that this is a simpli�ed case of a metho d in tro duced in [34]. The basic

di�erence b et w een them is as follo ws. The metho d prop osed in [34] assumes ex-

istence of m ultiple relations linking an y class instance (no de) from a single no de

and merging edges whic h represen t relations of the same direction b et w een the

same no des; th us, the distance is computed including all prop erties (relations)

of classes (concepts). The algorithm presen ted ab o v e, on the other hand, is re-

stricted to one selected prop ert y (relation) of a class (concept) and an in v erse

of the selected prop ert y . This pair represen t generalization and sp ecialization

relations b et w een concepts. The algorithm presen ted here can b e substituted

for the algorithm of [34] b y adjusting appropriate w eigh ts to concepts relations.

Sp eci�cally , used here w eigh ts of 1 for sp ecialization and 10 for generalization.

Let us no w describ e calculation of distance b et w een researc h in terests of a

h uman resource and gran t announcemen t topics, while utilizing examples in tro-

duced ab o v e. A ccording to the prop osed algorithm the follo wing distance v alues

can b e found (here w e calculate all-against-all distance v alues):

dist SF = path isSubf ieldOf

dist SF ( V o l c a n o l o g y � 1 3 1 0 5 , G e o l o g i c a l S c i e n c e � 1 3 1 0 0 ) = 1 0

dist SF ( V o l c a n o l o g y � 1 3 1 0 5 , G e o c h e m i s t r y � 1 3 2 0 0 ) = 1 0 1

dist SF ( V o l c a n o l o g y � 1 3 1 0 5 , G e o c h r o n o l o g y � 1 3 2 0 4 ) = 1 0 2

dist SF ( V o l c a n o l o g y � 1 3 1 0 5 , P a l e o n t o l o g y � 1 3 1 0 8 ) = 1 1

dist SF ( P a l e o n t o l o g y � 1 3 1 0 8 , G e o l o g i c a l S c i e n c e � 1 3 1 0 0 ) = 1 0

dist SF ( P a l e o n t o l o g y � 1 3 1 0 8 , G e o c h e m i s t r y � 1 3 2 0 0 ) = 1 0 1

dist SF ( P a l e o n t o l o g y � 1 3 1 0 8 , G e o c h r o n o l o g y � 1 3 2 0 4 ) = 1 0 2

dist SF ( P a l e o n t o l o g y � 1 3 1 0 8 , V o l c a n o l o g y � 1 3 1 0 5 ) = 1 1

dist SF ( G e o c h r o n o l o g y � 1 3 2 0 4 , G e o c h e m i s t r y � 1 3 2 0 0 ) = 1 0

dist SF ( G e o c h r o n o l o g y � 1 3 2 0 4 , G e o l o g i c a l S c i e n c e � 1 3 1 0 0 ) = 1 0 1

dist SF ( G e o c h r o n o l o g y � 1 3 2 0 4 , V o l c a n o l o g y � 1 3 1 0 5 ) = 1 0 2

dist SF ( G e o c h r o n o l o g y � 1 3 2 0 4 , P a l e o n t o l o g y � 1 3 1 0 8 ) = 1 0 2

dist SF ( G e o c h e m i s t r y � 1 3 2 0 0 , G e o l o g i c a l S c i e n c e � 1 3 1 0 0 ) = 1 1

dist SF ( G e o c h e m i s t r y � 1 3 2 0 0 , V o l c a n o l o g y � 1 3 1 0 5 ) = 1 2

dist SF ( G e o c h e m i s t r y � 1 3 2 0 0 , P a l e o n t o l o g y � 1 3 1 0 8 ) = 1 2

dist SF ( G e o c h e m i s t r y � 1 3 2 0 0 , G e o c h r o n o l o g y � 1 3 2 0 4 ) = 1

dist SF ( G e o l o g i c a l S c i e n c e � 1 3 1 0 0 , G e o c h e m i s t r y � 1 3 2 0 0 ) = 1 1

dist SF ( G e o l o g i c a l S c i e n c e � 1 3 1 0 0 , V o l c a n o l o g y � 1 3 1 0 5 ) = 1

dist SF ( G e o l o g i c a l S c i e n c e � 1 3 1 0 0 , P a l e o n t o l o g y � 1 3 1 0 8 ) = 1

dist SF ( G e o l o g i c a l S c i e n c e � 1 3 1 0 0 , G e o c h r o n o l o g y � 1 3 2 0 4 ) = 1 2



These v alues allo w us to utilize a n um b er of strategies to establish �closeness�

of t w o resources. The simplest one w ould b e, if for an y t w o prop erties the distance

is b elo w a certain threshold, then a exemplary gran t announcemen t should b e

recommended as p oten tially in teresting. In case of Mr. Chan who is in terested

in V olc anolo gy , Pale ontolo gy and Ge o chr onolo gy w e ma y measure the distance

b et w een his in terests and the exemplary gran t announcemen t whic h main topic

is Ge o chemistry . The results, whic h are part of the all-against-all calculation

presen ted in the listing ab o v e, are as follo ws:

dist SF ( G e o c h e m i s t r y � 1 3 2 0 0 , V o l c a n o l o g y � 1 3 1 0 5 ) = 1 2

dist SF ( G e o c h e m i s t r y � 1 3 2 0 0 , P a l e o n t o l o g y � 1 3 1 0 8 ) = 1 2

dist SF ( G e o c h e m i s t r y � 1 3 2 0 0 , G e o c h r o n o l o g y � 1 3 2 0 4 ) = 1

Here, since in one of the areas the distance is equal to 1, this gran t an-

nouncemen t should b e deliv ered to Mr. Chan. Note that distance could b e also

scaled b y the lev el of kno wledge of the sp ecialist in the �eld. F urthermore, a

n um b er of more in v olv ed considerations are also p ossible. In this con text let us

note that v alues of the dist R (v0; vk ) function allo w us to sp ecify ho w far are

the graph no des lo cated from eac h other in terms of a transitiv e, not symmetric

relation R . In the case of researc h sp ecialization mo deling relation w e can as-

sume that the maxim um length of pathR (v0; vk ) is 9. In our on tology an example

of suc h relation is the isSub�eldOf prop ert y of the Scienti�cField class, where

the maxim um length of pathSF (v0; vk ) is 2. A dditionally , in�nite distance is not

considered. With suc h assumptions w e are able to distinguish follo wing groups

of conclusions whic h can b e dra wn from the function v alues:

1. If dist R (v0; vk ) = 0 , then v0 = vk

2. If dist R (v0; vk ) = n and 0 < n < 10, then R(v0; vk ) = true and vk is n -deep

sp ecialization of v0

3. If dist R (v0; vk ) = n and n = 10k ; k > 0 , then R(v0; vk ) = false and v0 is

k -deep sp ecialization of vk

4. If dist R (v0; vk ) = n and 10k < n < 10(k+1) ; k > 0 , then R(v0; vk ) = false
and v0 is n � 10k

-deep sp ecialization of k -deep sp ecialization of vk

F or instance, if

dist SF (V olcanology� 13105; P aleontology� 13108) = 11;

w e ma y sa y that there is a no de of whic h b oth V olc anolo gy and Pale ontolo gy are

direct sp ecializations. In terms of the exemplary gran t announcemen t and Mr

Chans exp erience pro�le w e ma y conclude that the gran t announcemen t ma y

b e of p oten tial in terest to him. In particularly the distance b et w een Ge o chem-

istry and Ge o chr onolo gy equals to 1, meaning that Ge o chr onolo gy is the direct

o�spring of the Ge o chemistry �eld of science.

These observ ations allo w us to dev elop a n um b er of reasoning scenarios that

utilize not only information ab out n umerical distance, but also follo wing form

it kno wledge ab out the structure of relations. Dev eloping a reasoning engine

utilizing this information is next step in our w ork.



6 Concluding Remarks

The aim of this c hapter w as to summarize our w ork concerning dev elopmen t

of system resp onsible for resource managemen t in an agen t-based virtual orga-

nization. First, w e ha v e outlined the prop osed system in the con text of a task

in tro duced to the organization. W e follo w ed with a discussion of in terrelations

b et w een en tities b elonging to the real-w orld organization and soft w are agen ts

that b elong to the virtual organization. Next, w e ha v e fo cused on on tologies

that are to b e used in the system. W e ha v e in tro duced the general on tology of

a virtual organization and follo w ed it with discussion of the w a y that these on-

tologies can b e extended to deal with a sp eci�c case of a researc h institute. W e

ha v e concluded the c hapter with an o v erview of matc hmaking pro cedures that

are needed in the prop osed system.

In the pap er w e ha v e outlined a n um b er of future researc h directions. A t this

stage the most imp ortan t ones are: (1) completing subsystem for geospatial data

pro cessing, (2) implemen ting in terface b et w een the w eb-based data input and the

agen t-based system, (3) completing implemen tation of on tological matc hmaking

(as p ertinen t to the t w o application areas), (4) completing implemen tation and

testing of t w o sample applications ( Duty T rip Supp ort and Gr ant A nnounc ement

Supp ort ). W e will rep ort on our progress in subsequen t publications.
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