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Abstract. Abilit y of an organization to adapt to c hange is one of its

imp ortan t features. When a real-w orld organization is transformed in to a

virtual one, with a help of soft w are agen ts and on tologies, it is imp ortan t

to sp ecify ho w adaptabilit y can b e ac hiev ed. In our earlier w ork w e ha v e

conceptualized, on a general lev el, adaptabilit y in an agen t-based virtual

organization. The aim of this c hapter is to discuss ho w agen t adaptabilit y

can b e implemen ted.

Key w ords: soft w are agen ts, virtual organization, agen t systems, agen t

adaptabilit y , on tologies

1 In tro duction

Organizational adaptabilit y to v arious c hanges is one of imp ortan t issues in the

w orld of business (see, for instance [13 ]. In our recen t w ork ([10 , 11 , 14 , 16 ]) w e

ha v e argued that emergen t soft w are tec hnologies suc h as soft w are agen ts [18 ] and

on tologies [2] could b e the base of mapping a real-w orld organization in to a vir-

tual one. W e ha v e th us prop osed a system in whic h: (i) organizational structure,

consists of sp eci�c �roles� and in teractions b et w een them, and is represen ted b y

soft w are agen ts and their in teractions [10 ]; while (ii) domain kno wledge, resource

pro�les (represen ting organizational seman tics) and resource matc hing are on-

tologically represen ted and op erated on using v arious forms of seman tic reason-

ing [16 ]. Second, w e ha v e argued that as the real-w orld organization c hanges, not

only its on tology has to b e adjusted, but also �mec hanisms of in teraction� within

its agen t-based �represen tation�. Ob viously , this concerns not only c hanges in the

the organizational structure itself, but also has to materialize as a resp onse to

task c hanges carried out b y the organization (not only c hanges within sp eci�c

pro jects, but also c hanges in the pro ject p ortfolio), as w ell as c hanging inter ests ,

ne e ds and skil ls of emplo y ees.

In our earlier w ork ([6, 9]) w e ha v e discussed in general terms pro cesses

in v olv ed in b oth h uman resource and non-h uman resource adaptabilit y . One of

the imp ortan t issues w as the fact that in addition to c hanges in the on tology of
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the organization, soft w are agen ts that pla y the k ey role in supp orting w ork ers,

ha v e to b e adaptable as w ell. Therefore, the aim of this pap er is to extend our

earlier results and lo ok in more detail in to the question: what will it tak e for Jade

agen ts (our curren t platform of c hoice; [3]) to b e adaptable. First is to b e able to

gener ate on demand agen ts with needed functionalities to ful�ll sp eci�ed roles.

Second is to mo dify them in resp onse to c hanges in the organization and/or the

en vironmen t it op erates in. T o this e�ect w e, �rst, brie�y describ e our system.

W e follo w with a discussion ho w agen t adaptabilit y can b e actually implemen ted.

Before pro ceeding, let us mak e a few commen ts. First, note that while our ap-

proac h to agen t adaptabilit y is in part resp onding to the w a y that Jade agen ts

op erate, results presen ted here generalize naturally to other FIP A-complian t

agen t platforms ([1]). Second, w ork presen ted here is an extension of results pre-

sen ted in [9 , 6]. Third, it is assumed that readers p ossess basic kno wledge ab out

soft w are agen ts and the w a y they are implemen ted in mo dern agen t en viron-

men ts, lik e Jade ([3 ]).

2 System o v erview

The main function of the system under dev elopmen t is to pro vide users (emplo y-

ees) an infrastructure that will help to ful�ll their roles within the organization.

Here, the k ey concepts are utilization of soft w are agen ts and on tologies. In the

prop osed system, soft w are agen ts exist, �rst, as indep enden t en tities, e.g. a T ask

Monitoring A gent , whic h trac ks progress of a sp eci�ed task, and undertak es ap-

propriate actions in case of an y dela ys. Note that roles that can b e ful�lled b y

soft w are agen ts alone v ary from organization to organization and dep end on its

sp eci�c needs (see, also [14 ]). Second, ev ery emplo y ee has an asso ciated Personal

A gent ( P A ). This agen t has t w o main functions: (a) it is the in terface b et w een

the Employe e and the system (allo wing her to utilize all of its functions), and (b)

it supp orts Employe e in all r oles that (s)he is to pla y within the organization.

In other w ords, an agen t is in tegral part of system but also a bridge b et w een

the user and the system. It is w orth y men tioning, that this notion of a Personal

A gent follo ws the general idea put forw ard b y P . Maes [12 ]. W e can easily en vi-

sion that a �w ork P A � is a part of a �complete P A � whic h supp orts User in all

facets of life.

Let us no w brie�y summarize main features of the prop osed system. First, w e

assume that w ork carried out within the organization is pro ject-driv en (ho w ev er,

the notion of the pro ject is v ery broad and includes c hange of a transmission

b elt in a F ord Mondeo, as w ell as managing a team of researc hers w orking on a

gran t-based pro ject). Therefore, it can b e stated that all emplo y ee activities are

fo cused on tasks leading to completion of a pro ject. After analysis of pro ject-

driv en real-w orld organizations, k ey roles w ere iden ti�ed and w e represen t them

in the form of an AML So cial Mo del diagram, in Figure 1.

Here, w e can see the general hierarc hical managemen t structure that can b e

applied to almost ev ery standard real-w orld organization. Structure of the orga-

nization consists of Dep artments and T e ams . Eac h T e am has at least one T e am
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Fig. 1. AML So cial Mo del of an organization

Manager , while eac h Manager ma y: (1) manage a team, (2) sup ervise managers

of lo w er lev el (in this w a y a recursiv e hierarc hical structure of the organization

is represen ted), or (3) co op erate with other managers on the same lev el (e.g.

when teams collab orate, or when the CF O and the CIO ha v e to collab orate to

in tro duce a new CRM platform to the organization). Note that: (a) Or ganization

is an �en vironmen t� for Dep artments , Managers , T e ams and W orkers ; (b) Or ga-

nization cannot exist without at least one T e am ; (c) it is p ossible for a T e am to

consist only of a Manager �without an y W orkers (e.g. this could represen t the

case of self-emplo ymen t). In Figure 1 w e also depict the W orker who can b e a

mem b er of an y of the teams (ob viously at a giv en stage (s)he is going to b e a

mem b er of one team.)

T o illustrate ho w the prop osed conceptualization can b e instan tiated, in Fig-

ure 2 w e presen t example of the real-w orld organization; a Univ ersit y represen ted

also as an AML So cial Diagram.

Here, a n um b er of sp eci�c en tities ha v e b een represen ted. First, w e can see

the hierarc hical and co op erativ e structure of Univ ersit y managemen t (en tit y role

Manager , righ t top corner of the �gure). The University W orker T e am organiza-

tional unit represen ts all w ork ers of the University . Since the Univ ersit y consists

of Dep artments , w e can see also the Dep artment W orker T e am organizational

unit, whic h represen ts all w ork ers of a Dep artment . The Dep artment consists of a

n um b er of teams. W e ha v e considered a large Dep artment where w e can �nd the

Management T e am (e.g. consisting of Departmen t Chair and Asso ciate Chairs),

T e aching T e am (comprising all T eac hing F acult y), T e chnic al T e am (consisting

of IT supp ort p ersonnel as w ell as lab oratory p ersonnel), R ese ar ch T e am (con-

sisting of gran t-based all p ost-graduate and graduate asso ciates), and Assistant

T e am (consisting of one or more Secretaries). Finally , w e can see a W orker , who

b elongs to one or more teams.
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Fig. 2. Univ ersit y; AML So cial Mo del

T o complete the picture, in Figure 3 w e presen t an AML Men tal Diagram

of the Dep artment . W e presen t this diagram �rst, to mo v e from the real-life

organization depicted in Figure 2, to the virtual organization, where w e talk

ab out sp eci�c roles and soft w are agen ts that supp ort Employe es in ful�lling

them. Second, as it in tro duces k ey en tities in v olv ed in agen t adaptabilit y . Finally ,

as roles iden ti�ed there will b e used in examples across the pap er.

Fig. 3. Univ ersit y Departmen t; AML Men tal Diagram

In Figure 3 w e in tro duce the V O A gent whic h is the one of the fundamen-

tal concepts of our system. W e conceptualize the V O A gent as sk eleton agen t,

whic h can b e extended with v arious functionalities. Those extensions allo w the

V O A gent to supp ort Employe es in pla ying sp eci�c roles in the organization. The

V O A gent can b e �transformed� in to an y other agen t (see [6 ] for a similar dia-

gram that presen ts on a higher/generic lev el other roles that the V O A gent can b e
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transformed in to). Here, let us observ e �rst that the V O A gent can b e transformed

in to an, ab o v e men tioned, T ask Monitoring A gent ( TMA ). This agen t is an inde-

p enden t en tit y in our system and do es not supp ort an y Employe e . Next, w e can

see that the V O A gent can b e transformed in to a Personal A gent ( P A ). The Per-

sonal A gent pro vides the basic supp ort of an Employe e . Note that the P A is not

asso ciated with an y sp eci�c role within an organization. As suc h, it is a generic

role that is asso ciated with ev ery w ork er in the organization. F or instance, ev ery

Employe e of the University represen ted as a mem b er of the University W orker

T e am in Figure 2, w ould ha v e a Personal A gent asso ciated with her/him.

In Figure 3 w e ha v e iden ti�ed a few sample roles that exist in a t ypical large

University Dep artment : Dep artment W orker �a basic role asso ciated with ev ery

w ork er of the Dep artment , Dep artment Chair , Gr aduate Pr o gr am Co or dinator ,

T e aching F aculty Memb er , and Assistant to the Chair . Note that in smaller Uni-

versities some teams iden ti�ed in Figure 2 ma y not b e presen t, while some roles

in tro duced here ma y b e pla y ed b y a single p erson (e.g. the Dep artment Chair

who is also a Gr aduate Pr o gr am Co or dinator ).

Finally , Figure 3 includes auxiliary agen ts lik e Inje ctor A gent or Pr o�le Man-

ager A gent whic h pla y crucial role in agen t adaptabilit y and will b e describ ed

later. With this bac kground w e can lo ok in to pro cesses in v olv ed in extending the

V O A gent to allo w it to pla y required roles.

3 Con�guring Generic Agen ts

3.1 Ov erview of agen t adaptabilit y

Before w e pro ceed, let us note that our approac h to agen t adaptabilit y follo ws

ideas of T uan T u and collab orators, from their pro ject DynamiCS . F or instance,

in [17 ] it w as discussed ho w e-commerce agen ts can b e dynamically assem bled

from separate comp onen ts (i.e. comm unication mo dule, proto col mo dule and

strategy mo dule) to address the requiremen ts of the e-commerce en vironmen t

(to b e able to participate in unkno wn in adv ance form of price negotiations).

While tec hnical details of our approac h di�er, w e follo w the same general ap-

proac h of dynamically (re)assem bling agen ts and adapting their b eha vior b y

(re)con�guring the set of �mo dules� that a giv en agen t consists of. In this con-

text let us in tro duce an initial understanding of the notion of a mo dule . Let

us th us sa y that a mo dule is an ob ject that encapsulates appropriate kno wledge

and b eha viors required for an agen t to instan tiate a sp eci�c functionalit y . F or in-

stance, a Dep artment Management Mo dule will group b eha viors and kno wledge

that allo w the Personal A gent extended b y suc h mo dule to in teract with the sys-

tem and supp ort a mem b er of the Dep artment Management T e am in completing

Dep artment Management -related tasks. Sp eci�cally , w e that suc h mo dule will

con tain all necessary kno wledge and b eha viors to help the Dep artment Chair in

managing dut y trips of Dep artment W orkers (see, [7 ] for a detailed description

of dut y trip supp ort).
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T o start discussion of agen t adaptabilit y , in Figure 3.1, w e presen t the use

case diagram of pro cesses in v olv ed in (re)con�guring agen ts. This Figure should

b e lo ok ed in to together with Figure 3.

VO Agent

Injector Agent

Initialization

Accessing 
Organization Module 
Library

Reconfiguration

Injecting New Module 
(Organization or 
Personal)

<<extend>>

Updating Module 
(Organization or 
Personal)

<<extend>>

<<include>>

Accessing  
Personal Module 
Library

Accessing 
Profile Base

Fig. 4. F unctionalit y of the Inje ctor A gent �use case diagram

Here, w e can see high-lev el conceptualization of agen t initialization and recon-

�guration. Note, that almost ev ery agen t in the system (b esides some auxiliary

agen ts lik e the Inje ctor A gent ) is going to b e initialized in the same w a y . First,

the V O A gent is going to b e created. This agen t is able to co op erate with the In-

je ctor A gent in order to load required mo dules and kno wledge. Subsequen t stages

of agen t initialization include pro viding it with appropriate mo dules that allo w

it to extend itself with functionalit y required to pla y (a) sp eci�c role(s) (the

Inje cting New Mo dules function). The pro cess of recon�guration also in v olv es

co op eration b et w een the IA and the V O A gent (the Up dating Mo dule function).

Note that in the case of agen t initialization w e can assume that suc h agen t will

b e able to self-load needed mo dules. As w e will see later, this is not the case

when already loaded mo dules ha v e to b e mo di�ed/up dated.

In order to pro vide the V O A gent with the needed mo dules the Inje ctor A gent

has access to:

� Mo dule F actories �en tities con taining factories of ev ery mo dule a v ailable in

the system (see also the comp onen t diagram in Figure 5 for more details).

This includes (1) factories of core mo dules ( Personal Mo dule Libr ary ) whic h

are asso ciated with all functions of a Personal A gent (e.g. a Calendar Man-

aging Mo dule ), (2) sp eci�c mo dules ( Or ganization Mo dule Libr ary ) created

in order to supp ort agen t in roles iden ti�ed in the organization (e.g. F aculty

Evaluation Mo dule pro vided to supp ort role of the Dep artment Chair ), and

(3) autonomous agen t mo dules (e.g. Che cking Completion of the T ask Mo dule

pro vided for the T ask Monitoring A gent ).
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� Pr o�le Base , whic h stores pro�les (i.e. lists of required mo dules) asso ciated

with eac h role iden ti�ed within the organization. This information is used to

select mo dules required b y a Personal A gent supp orting a Dep artment W orker

in ful�lling a sp eci�c role.

The Inje ctor A gent is in v olv ed not only in agen t initialization but also in

agen t recon�guration. Agen t recon�guration tak es place in the follo wing situa-

tions:

� One or more pro�les in the Pr o�le Base ha v e c hanged and as a result some

mo dules m ust b e added to or remo v ed from an agen t supp orting functionalit y

sp eci�ed b y suc h pro�le(s). A dding a mo dule means that a new functionalit y

is added to the agen t (e.g. it will b e no w able to in terface with the new Wiki

system installed to manage kno wledge in the University ). Remo v al of a mo dule

means that the agen t will no longer supp ort some functionalities (e.g. access

to an obsolete University blac kb oard system will b e remo v ed).

� The organization mo di�es some pro cedures and as a result mo dules are up-

dated. F or instance, a new p ost of Asso ciate Chair for Dep artmental Devel-

opment is created and th us selected Dep artment W orkers will ha v e to rep ort

to this new Asso ciate Chair . As a result Personal A gents of these W orkers

(that supp ort them in their roles) ha v e to ha v e mo dules in v olv ed in comm u-

nication/dep endency structure mo di�ed. This pro cess in v olv es remo v al of the

old v ersion of the ( Communic ation Mo dule ) and loading of new one.

� Agen t recon�guration can also tak e place in situation when only some part of

agen t kno wledge has to b e replaced.

As an example, imagine a Dep artment W orker who is a Pr ofessor in Dep art-

ment of Biolo gy (whic h is a sp eci�c instan tiation of a role of the Dep artment

W orker ). His Personal A gent will ha v e to b e loaded with mo dules that allo w it

to supp ort her in ful�lling this role; let us name the resulting agen t a Pr ofessor

A gent . The organizational pro�le of the Dep artment W orker con tains informa-

tion ab out unit(s) in the organization to whic h he b elongs (e.g. the Dep artment

of Biolo gy ; see, also [16 ]). Kno wledge ab out mo dules required for an agen t sup-

p orting a Pr ofessor is stored in the Pr o�le Base and can b e accessed/extracted

b y the Inje ctor A gent . Therefore, when a new Pr ofessor is hired b y the Uni-

versity , �rst a P A is assem bled b y on the basis of a V O A gent . This in v olv es

loading it with standard P A mo dules; e.g. mo dule that allo ws access to the Uni-

versity in tranet. In the second step of the assem bly , Pr ofessor Mo dules (e.g.

mo dules that in terface with the Gr ant A nnounc ement and the Duty T rip Sup-

p ort functionalities; see, [8]) are injected in to th us created P A , extending its role

to supp ort the Dep artment W orker . Ho w ev er, when the Pr ofessor �c hanges its

p osition within the structure of the organization�, some mo dules are lik ely going

to b e added, remo v ed and/or replaced within an already existing P A ; a case

of agen t adaptation. F or instance, if the Pr ofessor w ork ed as the Dep artment

Chair , she had access to p ersonal data of other Dep artment W orkers in her De-

p artment . Suc h access should not longer b e allo w ed to the Pr ofessor who is not a

Dep artment Chair , and th us mo dules supp orting it should b e remo v ed from her
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Personal A gent . Note that this example assumed that a sp eci�c infrastructure

for data/pro�le c hange noti�cation exists in the system. Ho w ev er, here w e do

not in tend to discuss this issue, as it is out of scop e of this pap er.

3.2 General framew ork of agen t adaptabilit y

T o discuss ho w agen t creation and adaptation is ac hiev ed w e ha v e conceptualized

it in the form of a comp onen t diagram in Figure 5. This diagram com bines the

generic framew ork and system artifacts whic h are sp eci�c to the organization

in whic h the system is run. In the con text of this c hapter w e are particularly

in terested in what is happ ening within the dash-line rectangle, whic h delineates

the core of the prop osed approac h.

Fig. 5. Comp onen t Diagram of agen t adaptabilit y

Let us start our description b y recalling from [6 ] that the OPM ( Or ganization

Pr ovisioning Manager ) is an um brella role that is ful�lled b y a n um b er of en tities

(some of them are agen ts alone, while some of in v olv e Employe e (s) supp orted

b y their P A (s)). F or instance, in [10 ] w e ha v e argued that tra v el recommend-

ing functions b elong to the OPM . Similar claim can b e made ab out the Gr ant

A nnounc ement application describ ed in [15 ]. Finally , searc hing within the Uni-

versity for a classro om a v ailable during the Spring 2009 semester ev ery Th ursda y

b et w een 2PM and 4PM is also its role (ful�lled b y a di�eren t (sub)en tit y within

the OPM ; see, also [14 ]). Here, w e sho w that agen t adaptabilit y , b eing the case

resource managemen t, is also one of the roles of the OPM . Therefore, the ab o v e

describ ed Inje ctor A gent ( IA ), and the Pr o�le Monitor A gent ( PMA ) are also

�a part� of the OPM . The role of the PMA is to monitor c hanges in the data

mo del and to inform the IA that a particular pro�le w as up dated. Finally , the

Mo dule Monitor A gent informs the IA ab out new mo dules or new mo dules v er-

sions in tro duced in to the organization. As a result the IA has to recon�gure

agen ts that pla y a roles connected with those mo dules. Ob viously , an y form of
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(re)con�guration is p ertinen t to b oth User -supp orting and autonomous agen ts,

as b oth of them are created and main tained with the help of the IA .

The IA comm unicates also with the Mo dule Pr ovider Interfac e , whic h as-

so ciates mo dules with mo dule factories (stored in the Mo dule F actories ) and

creates instances of mo dules for the requested resource (e.g. the Dep artment

W orker ful�lling a giv en role).

In Figure 5 the V O A gent is represen ted after it has b een already transformed

in to the P A (but ev erything discussed here applies also to cases in v olving au-

tonomous agen ts). The P A is extended (with functionalities selected according

to the sp eci�c pro�le) to supp ort the Dep artment W orker in ful�lling a giv en

role. This is ac hiev ed b y the IA through the Inje ction Interfac e .

In the �gure w e also represen t the Generic Data Mo del and the Generic

Query Mo del using on tologies whic h de�ne concepts univ ersal for an y organiza-

tion in whic h w e could wish to implemen t the prop osed system. These concepts

include: h uman resource, non-h uman resource, pro�le, pro�le access privileges,

organization units, mo dule con�guration, task, matc hing t yp es and matc hing re-

lations (see also [7, 16 ]). Both these generic on tologies can b e reused and sp eci�ed

b y organization sp eci�c data and query mo dels. They are also used to generate

classes that implemen t b eha viors of sp eci�c mo dules.

Let us stress, again, that w e view all en tities and their relations represen ted

within the dashed rectangle as a generic fr amework that will materialize in most

organizations (not only the University , whic h is the fo cus of this pap er).

Considering the organization sp eci�c elemen ts of the system (elemen ts that

will di�er b et w een organizations and are represen ted outside of the generic frame-

w ork), crucial roles are pla y ed b y the Or ganization Sp e ci�c Data Mo del and the

Or ganization Sp e ci�c Query Mo del . Both these on tologies reuse the Generic On-

tolo gy , whic h is a part of the framew ork, in order to represen t data structures

and matc hing scenarios whic h are p ertinen t to the organization. Based on the or-

ganization sp eci�c on tologies their instances can b e created, stored and queried

through the Semantic Data Stor age whic h is an infrastructure for manipulat-

ing and storing seman tically demarcated data. F or the time b eing, to supp ort

these functionalities, w e in tend to utilize the Jena ([4]) p ersistence la y er. Ho w-

ev er, w e are w ell a w are of the fact that curren tly existing seman tic data storage

and querying soft w are is far from b eing e�cien t. As a result, in the future w e

ma y select a di�eren t p ersistence tec hnology . Suc h decision is going to b e based

mainly on exp erimen tal w ork in v olving v arious existing tec hnologies (similar to

that describ ed in [5]).

Finally , Sp e cial F unction -related �b o xes� represen t sp eci�c applications that

the system is to deal with. Examples of suc h functions w ould b e the Duty T rip

Supp ort (see, [16 ]) and the Gr ant A nnounc ement (see, [8 ]). Both these functions

in v olv e in teractions b et w een the OPM and the Personal A gent . Note that while

these functions ha v e b een describ ed in the con text of a generic R ese ar ch Institute ,

they �t v ery w ell in the University -based example presen ted here.
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3.3 Implemen ting agen t adaptabilit y

Let us no w tak e a closer lo ok at some crucial, from the p oin t of view of im-

plemen ting agen t adaptabilit y , comp onen ts of our system. Before pro ceeding let

us note that solutions discussed here are on the basis of our curren t state of

kno wledge. It is therefore p ossible that as w e pro ceed with implemen tation w e

ma y �nd them lac king in imp ortan t resp ects and th us in need of adjusting them.

As men tioned ab o v e, from implemen tation p oin t of view the V O A gent is an

extension of the jade.core.Agent class. The extension m ust b e made in order

to pro vide follo wing functionalities:

� w orking with mo dules, in particular, adding, replacing, remo ving, and regis-

tering them

� w orking with b eha viors, monitor them, con trolling, adding, remo ving

� pro viding access to the Shar e d Obje ct Map , whic h is an map of ob jects shared

b y w orking b eha viors

Note that mo dule loading, remo ving and replacing will in v olv e an addi-

tional on tology , whic h w e name the Mo dule Ontolo gy . When fully dev elop ed

this on tology will con tain terms lik e LO AD_MODULE , REMO VE_MODULE ,

SHO W_MODULE_LIST , UPD A TE_MODULE and will b e utilized directly b y

JADE agen ts for agen t assem bly and mo di�cations.

No w w e can also de�ne more precisely the concept of a mo dule. Eac h mo dule

is an instance of a single universal mo dule class . This class con tains:

� Mo dule name and v ersion.

� List of b eha vior descriptions that should b e loaded in order to supp ort a sp e-

ci�c functionalit y . This list is constan t for ev ery agen t using a sp eci�c mo dule.

W e assume that mo dules group exactly the same b eha viors. Description should

con tain all data necessary to load the b eha vior.

� List of ob jects that should placed in agen t's Shar e d Obje ct Map . This list

will di�er b et w een agen ts b ecause data used b y b eha viors will dep end on the

sp eci�c pro�le utilized b y an agen t.

W e also predict some other prop erties needed within mo dules, whic h ho w ev er

do not b elong to this lev el of abstraction. Suc h prop erties could b e: date of mo d-

ule creation, sequence n um b er, signature of mo dule creating en tit y , additional

data necessary for mo dule loading, etc.

As an example imagine an instance of the Mo dule class�a Dep artment

W orker Mo dule �prepared for a Biolo gy Dep artment W orker . The name set for

this mo dule is Dep artment_W orker , the v ersion(let assume that it is not the �rst

one) is 3:0. The list of b eha vior descriptions con tains only one b eha vior whic h

allo ws user to in teract with other Dep artment W orkers (sp eci�cally , it allo ws the

P A that represen ts a giv en W orker to in teract with P A s represen ting other W ork-

ers ). Of course, the real mo dule will con tain also other b eha viors. Kno wledge

part of this mo dule con tains name of departmen t whic h is Biolo gy and list of

other Dep artment W orkers (again, it is list of P A s represen ting other W orkers ).
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No w, the instance of the Dep artment W orker Mo dule prepared for a di�eren t

University Employe e , but from other Dep artment (let us sa y Chemistry ) will b e

sligh tly di�eren t. The mo dule name and v ersion w on't b e di�eren t. Also the list

of b eha viors w on't c hange. The di�erence will b e in the kno wledge included in

this sp eci�c instance. The name of departmen t will b e Chemistry and b ecause

it is a di�eren t Dep artment , the list of W orkers will also b e di�eren t.

An imp ortan t issue whic h w e ha v e to deal with during agen t creation or up-

date is to supply it with de�nitions of new classes e.g. new b eha viors classes,

new on tologies, etc. Before loading of an y kno wledge part or b eha vior (whic h

are instances of some classes) w e ha v e to inform agen t ab out lo calization of all

required classes. Therefore, information ab out all required classes has to b e in-

cluded in to agen ts' classpath. Curren tly w e assume that eac h mo dule will con tain

information ab out lo calization of all required classes. Ho w ev er, w e ac kno wledge

that class loading is somewhat more complex problem requiring further in v esti-

gation. F or instance, it is also p ossible that class lo calization will not b e included

in the mo dule but there will b e some action, p erformed b y the Inje ction A gent ,

preparing agen t for mo dule inclusion.

Note also that b eha viors included in mo dules cannot b e default Jade b e-

ha viors. W e presume that in order to pro vide agen t in full b eha vior monitoring

and con trol function w e ha v e to extend them with names and v ersions. In other

w ords, agen ts ha v e to b e self-a w are as to whic h v ersions of whic h sp eci�c b eha v-

iors they are build out of.

No w let us extend describ ed th us far concepts and discuss somewhat more

complicated issues and some real-life examples of their utilit y .

4 Examples and further considerations

Let as assume that there is a Dep artment W orker in the University who b elongs

to Dep artment T e chnic al T e am . He pla ys the role of T e chnic al Supp ort and his

duties include installing soft w are, taking care of hardw are problems, preparing

auditoriums for lectures, etc. All b eha viors supp orting this Dep artment W orker

in ful�lling role of a T e chnic al Supp ort will ha v e to b e included in his Personal

A gent in the form of a Dep artment T e chnic al Supp ort Mo dule . F unctionalit y of

this mo dule will help him with incoming requests, rep orting his activities, or-

dering materials (e.g. toner for prin ters) from univ ersit y w arehouses, etc. This

mo dule consists of b eha viors supp orting, among others, the ab o v e men tioned

functions, as w ell as the necessary data, e.g. list of other mem b ers of the Dep art-

ment T e chnic al T e am . No w, let us imagine that w e w an t to create a V O A gent

and turn it in to an extended P A , whic h supp orts the Dep artment W orker in

ful�lling the T e chnic al Supp ort role.

T o ac hiev e this goal, w e ha v e to inject the P A it with core mo dules that

supp ort the primary role of a Dep artment W orker and, of course, include also

the T e chnic al Supp ort Mo dule . This mo dule is prepared b y the T e chnic al Supp ort

F actory (an instance of a Mo dule F actory from Figure 5). In order to inject nec-

essary mo dules w e ha v e to prepare them �rst. First, the Inje ctor A gent obtains
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names of one or more Mo dule F actories that will pro vide the V O A gent with mo d-

ules that extend it to b ecome a P A . When the Personal A gent is fully assem bled,

the IA accesses the Pr o�le Libr ary and obtains information ab out role(s) of a

giv en Dep artment W orker whic h is(are) to b e supp orted b y its P A , as w ell as a

list of mo dules that ha v e to b e asso ciated with eac h of these roles. In our case

this is the T e chnic al Supp ort role and a list of mo dules that constitute the com-

plete supp ort for this role. Next, the IA con tacts the Mo dule Pr ovider Interfac e

and obtains the list of classes implemen ting particular Mo dule F actories . These

F actories allo w the IA to create instances of mo dules for (the) sp eci�c role(s).

In our example the Mo dule F actory will prepare instance of the mo dule class,

whic h con tains all data and b eha viors required for the giv en mo dule. As men-

tioned b efore, the Mo dule F actory will prepare data that includes, among others,

the list of other team mem b ers (retriev ed from the Data Mo del sp eci�cally for

the giv en Dep artment W orker ). The Mo dule F actory will also add descriptions

of b eha viors (e.g. for dealing with requests, in teracting with supply departmen t,

etc.) to the mo dule ob ject. Curren tly , w e assume that descriptions of b eha viors

con tain information ab out b eha vior's classes and ab out additional (3'rd part y)

libraries whic h should b e added to the agen t classpath. These Ja v a ob jects can

then b e self-injected b y the P A , turning it in to T e chnic al Supp ort A gent .

Let us use a di�eren t example, and observ e what happ ens when the Dep art-

ment W orker (see Figure 3) is promoted to b ecome a Dep artment Chair and her

P A has to b e mo di�ed to supp ort her in the new role. As a result of the promo-

tion, the organization pro�le of the Dep artment W orker (the Human R esour c e

Pr o�le ; see [16 ]) is adjusted. This information b ecomes kno wn to the Pr o�le

Monitoring A gent , whic h in turn informs the IA ab out this fact. The IA accesses

the Pr o�le Libr ary and obtains a complete list of mo dules that should consti-

tute the P A that can supp ort the Dep artment W orker in the role of Dep artment

Chair ; and con tacts the Mo dule Pr ovider Interfac e to obtain information whic h

classes factory will create mo dules that need to b e injected in to the P A . On the

basis of th us obtained list, the IA will mo dify the P A .

Let us no w fo cus on another complex issue. Let us consider, again, the T e ch-

nic al Supp ort Mo dule , whic h pro vides set of b eha viors and kno wledge that allo w

the P A to supp ort a Dep artment W orker in the role of T e chnic al Supp ort . Ev ery

c hange in real-life organization pro cedure(s) m ust also a�ect b eha viors of the

T e chnic al Supp ort A gent . Imagine that b efore an organizational c hange mem-

b ers of the T e chnic al Supp ort w ere allo w ed to exc hange requests (as long as

they w ere completed in time) without appro v al of the T e chnic al T e am Manager .

After the c hange, mem b ers of the T e chnic al Supp ort T e am are not allo w ed to

exc hange requests. All exc hanges ha v e to b e appro v ed b y the T e chnic al Supp ort

T e am Manager . This c hange a�ects not only the T e chnic al Supp ort T e am Mem-

b ers but also sev eral other en tities including, for instance, the T e chnic al Supp ort

T e am Manager (and th us their appropriate Personal A gents ). As a matter of

fact, ev ery en tit y , whic h tak es part in this scenario will ha v e to accommo date

the new pro cedure. This requires recon�guration of agen ts represen ting a�ected

en tities. New v ersions of b eha viors and mo dules m ust b e in tro duced in to the
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system, and this requires up date of appropriate Mo dule F actories . New libraries

with b eha vior de�nitions and mo dule factories ha v e to b e stored. Next, the In-

je ctor A gent m ust help install new mo dules with new b eha viors to ev ery agen t,

whic h role requires using just up dated mo dules.

While injecting new mo dules is rather easy to ac hiev e (agen ts can self-inject

with additional mo dules), mo dule up dating is a more complex problem. Let us

observ e that:

� when w e in tro duce new mo dules w e ha v e to b e sure that ev ery agen t in the sys-

tem will �instan taneously� start w orking with the same v ersion of the mo dule;

situation in whic h agen ts try to comm unicate with eac h other while utilizing

incompatible pro cedures/messages/proto cols can result in a disaster

� up date cannot o ccur in the middle of a con v ersation/transaction b et w een an y

a�ected agen ts; as a matter of fact, agen ts cannot switc h b eha vior v ersion (kill

older v ersion and load a new one) if the curren t one is a part of a still w orking

pro cess.

Com bining these t w o observ ations mak es it easy to see wh y mo dule up date is

a v ery complex issue and ma y ev en lead to the need of complete system sh utdo wn.

It is only in this case when w e can for certain assure that no transaction is in

progress and that no agen t-v ersion incompatibilit y will o ccur. W e will in v estigate

this issue in more details, with an attempt at reducing the impact of mo dule

up dating on the functioning of the system.

5 Concluding Remarks

In this pap er w e ha v e considered adaptabilit y in an agen t-based virtual orga-

nization. Sp eci�cally , w e ha v e concen trated our atten tion on issues in v olv ed in

implemen tation of agen t adaptabilit y , while using an example of a University

to illustrate p oten tial solution and op en researc h questions. W e are in the pro-

cess of implemen ting the prop osed solution and will rep ort on our progress in

subsequen t publications.
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