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Abstract. Knowledge Management (KM) is considered by manyapizations a key aspect in
sustaining competitive advantage. Designing apjaigpKM processes and enabling technology face
considerable risks, as they must be shaped to mdspo specific needs of the organizational
environment. Thus, many systems are abandoned lbrinfa disuse because of inadequate
understanding of the organizational context. Thaivates current research, which tends to propose
agent organizations as a useful paradigm for KMesys engineering. Following these approaches,
organizations are analyzed as collective systemasnposed of several agents, each of them
autonomously producing and managing their own laledh according to their own logic, needs, and
interpretative schema, i.e. their goals and belidfisese agents interact and coordinate for goal
achievement defining a coherdotal knowledge system. This paper presents a moeghodology for
analyzing the requirements of a KM system basedrorniterative workflow where a pivotal role is
played by agent-oriented modeling. Within this ajgmh, the needs for KM systems are traced back to
the organization stakeholders’ goals. A case stigdyised to illustrate the methodology. The
relationship of this work with current studies igeat organizations and organizational knowledge
management is also discussed. Differently fronewotivorks, this methodology aims at offering a
practical guideline to the analyst, pointing ow #ippropriate abstractions to be used in the difter
phases of the analysis.
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1. Introduction

Agents have frequently been proposed as appropriate entities to émable
analysis and design of complex systems, made up of several compiratrifen
behave in a distributed fashion and interact with each other in ordseshteve a
common objective (i.e. the system’s overall functionaliy§26,27]. The social and
cognitive characteristics of agents are their main strength, turnimgitibe promising
constructs to emulate human interaction and rational behavior. Baskd analysis
of the current social structures embedded in the organization radytde more
appropriate system proposals to enable such structure to evodrensdf efficiency
and performance.

This paradigm seems even more natural when carried out to the dédymwl
Management (KM) domain, defining social behavior and processeslyingethe
organizational setting$6[12,1418]. Knowledge Management (KM) can be broadly
defined as the tools, techniques and processes that contribute tostheffiective and



efficient management of organizational intellectual asd&ks Advances in this area
are mainly motivated by the assumption that, in order to remain c¢ibivgen the
information society’s market, organizations should focus kawwledge assets
generally maintained by the members of an organization.

Currently, organizational tasks and processes are often distrioutbtlerent
branches, and follow dynamic kinds of control structure, such as thasarkét or
collaborative network societies]] Such changes require present organizational
structures and processes to be well understood and often redesignedesi§ning
KM solutions presents both challenges of process re-engineeringf amdrmation
system design, as they must be shaped to respond to the specificohabds
organizational environment. In fact, many systems are abandoned iotdalisuse
because of inadequate understanding of the organizational conf&3}. [Hence,
analysis and design activities claim for adequate modeling cotsstauch as those
proposed in the agent organization paradigm.

Current methodologies for designing agent organizations usually @ctise
roles structures within the organization, modeling agents’ responsggihd norms.
Moreover, they model the organization’s dynamic aspects in tefmsteraction
patterns §,9]. Although the definition of roles and their interaction leads t¢earc
view of the structure and general behavior of the organizationgdthept capture the
reasons behind organizational requirements. In fact, there is a dagebe
understanding organizational needs and defining the roles that the agentagent
organization should play. With the main target of filling in this gtys paper
presents a novel methodology for analyzing the requirements of a yskéns
adopting an agent-oriented approach.

In this work, we claim that more focus should be given tarthel phases of
system developmergiming at grasping theequirements of the system tg beth in
terms of the individual perspective of the organizational membwsttee overall
objectives of the organization. This is especially important irkttflecontext, which
focuses on the effective use of human intellectual capital, sinmh raf human
knowledge is tacit and intangibldg]. Moreover, issues such as community and
community’s practices7,1125] go much beyond those typically considered in the
conception of traditional systems, and opens up many more ways t@gever
information technologies to augment human and organizational capsbiitd
performances.

The methodology proposes the analysis of theals of the system’s
stakeholders and their inter-dependencies as the initial stepsdsowaderstanding
the requirements for a KM system. The main strengths of thpsoach can be
summarized as anticipating the concerns of all actors involvedginea scenario,
focusing on the stakeholders’ aims while abstracting from unimpoganés, until
the domain is well understood and the analyst is ready to proposgiars@ither by
changing current processes or by applying technology). In addiiotnat, the
adopted notation is visually rich and accessible, besides being fgpgrexisting
modeling tools 17 23].

The paper is organized as follows: section 2 discusses how aganizations,
starting from the analysis of agent’s cognitive mental sirest could support
modeling of organizational KM settings; section 3 presents thik’svgroposed
approach for systems requirements analysis and the appliedonptaéction 4
presents a fictitious KM scenario used here to illustrate our nmethodology;
section 5 focuses on a case study for our methodology, using the scenarimof4ecti



section 6 discusses related work; and, finally, section 7 presentasionand future
directions of this work.

2. Agent Organizations as Metaphors in KM Modeling

Rational agents in Artificial Intelligence (Al) have been defirgs cognitive beings
having characteristics such as goals, beliefs, desires, comntstrand claims, being
influenced by studies from different research communities, includsanomics,
philosophy, and cognitive science. Agents are embedded in an enviromorant f
which they perceive certain events (perceptors), and on which thegaasing
changes (effectorgp6]. The behavior of perceiving the environment and acting as a
result of such perception defines agesdctivenessBut besides reacting, agents are
able to adopt goal-driven behavior, deciding to act on its pnoagtively, motivated
by their given beliefs about the world and their desires with respect to hpwaoodd
like the world to be. Moreover, agents may “live” in a community agents,
interacting with them in several ways, meanwhile pursuingagds and/or reacting to
events (which here include communicative events triggered by incomasgages
from other agents).

Recently, research in this area has moved its focus from nithigidual
characteristics of an agent, to the elements that occua assult of agents’
interactions. This has given life to a new research area knogesg Organizations
Work in this area has focused, for example, on: a) the complesdtsdf-organizing
communities 20]; b) on how the different roles played by internal and externaitsge
may affect human organizations, and how this understanding might belpzations
adapt to change$]; and c) on modeling organizational business proceS$:$4].

Concurrent to the evolution in organizational models, more suitable bgeed-
abstractions have been developed, allowing the understanding of the digaaiza
social, economic and technological dimensions. Advances in agent eoced
frequently focused on coordination frameworks that enable agents’ trdarain
such a way that they will autonomously but cooperatively achiesie goals. Some
authors classify agent organizations as having more structure gleah societies,
having in common the fact that the agents in the system work towacdsnmon
overall purpose. In this sense, the main differences between otgarszand
societies may be given by the emphasis on the decision prodéssesnderlie
organizations, making more explicit the division of labor among agemstisally
throughroles) [6,9]. However, organizations and societies could also be considered as
synonyms, as work on both fields should be targeted at empowering agémt
social structures, providing them with more complex abstractionsiddel and
support organizations.

The features highlighted above make agents adequate constregiseisenting
humans in domain models and organizational abstractions. We can pofitHe
organizational view, defined by the notionspoirpose structure rules andnorms[6]
when modeling systems to be adjusted to organizational proceskpsaatices. The
idea of applying agents as human abstractions is that agentaignte analyst to
abstract from some of the problems related to human complexity,oand én the
important issues that interfere with specific goals, belief$ @@mmitments of the
domain agents in each modeling phase. This allows the analyst y clederstand
the current situation, and this is an essential factor for the @opbthe appropriate
solution. Moreover, such kinds of model make communication with the stakeholders
much more effective, since the analyst uses concepts thatoaeefamiliar to the



common user (e.g. goal, task and belief) than technology-orientethodogy (like
tables, SQL query, middleware and threads).

Applying agents as a metaphor on system development is not ndvasihéen
observed in15.27]. However, especially in KM domains, agent organizations seem to
be an interesting approach as agents may represent not didiabkeings, but also
the human user&and theorganizationsinvolved in a given scenari®,[12,13,14,18].

This allows, for example, the requirement engineer to understarute babdeling a
KM system itself, how knowledge flows within the organization. Assalt, besides
inserting new technology, the business processes applied in the atiganimay be
changed in order to enhance these knowledge flows. Moreover, if a tegicaol
solution is needed, agents enable legacy systems to be considéhedanalysis,
allowing the new solution to be based on approaches of integration of oldwand ne
components. This may lead to more satisfaction to end users, waloeady familiar
with the interface and methods applied in the systems in use. &kpsets are
compliant with the Distributed Knowledge Management approath which
prescribes that more attention should be giverkitimavledge holderand the natural
processes they already usestmre knowledgevithin organizationswhich leads ta
bottom-up strategwhen proposing a KM solution.

3. The Proposed Approach for KM Systems Requirements Analysis

The agent paradigm offers appropriate constructs for modelingrhonganizations,
as argued in section 2. However, having the right abstraction ignuatgh for
guaranteeing the development of adequate solutions for the orgamiZadr that, a
consistent system engineering methodology is needed.

In our view, important requirements for an adequate methodology are the
following:

. Offering the right set of concepts and constructs for the tdgeystem
engineering phase;

. Providing a visual language besides textual descriptions, thus tauyitde
communication between stakeholders and analysts, and among analysts and
system designers;

. Being relatively accessible and not requiring too much overhead setise of
extra work from the part of the analyst in understanding and usegiven
language and method.

With respect to the first issue above, in our particular casshweld focus on
the right choice of agent cognitive characteristics to be apiplitee different phases
of the development cycle. Concepts such as agent’s beliefs, goafdaasdre vastly
discussed in literature and different models have been prop®spdHowever, it is
hard to know how to go from theory to practice. In our approach, based orofics
agent-oriented methodology2][ we start by addressing agents’ goals, as the
appropriate type of concept in requirements analysis. Relevanit&dtlire justifies
this choice. For instance, Nonaka & Takeuch®][ mentionintention as the first
driving force for the adoption of KM practices within organizatioNsvertheless,
these authors mainly focus on the organization’s top managementaniesefined
as “an organization’s aspiration to its goals”. Here, in contwastonsider the goals
of all stakeholders involved, trying to understand the relations andibj@oss
discrepancies between their goals. Finally, our approach also esmyth the last
two requirements presented above, providing CASE tool suppdii¢dipgrams that



explicitate peculiarities of the stakeholders, serving as Bttege communication
artifacts between analysts and stakeholders.

3.1. Workflow and Methods Underlying the Analysis Process

The proposed methodology rests on the analysis process depicted in Fig. St4ets |
with collecting information about the domain in different ways, fotainee, by
interviews with the target personnel of the organization, and byeambservation of
the employee’s activities, e.g. through ethnographical analysis] fij. The domain
analysis itself is then carried out, applying an agent-orieniedal modeling
approach. This analysis allows us to point out the rationale behind stakehoégts
of process reorganization and of KM enabling technology. Finallyaseeable to
elicit the requirements for a KM solution and to trace them bad¢ke fulfillment of
the social and individual goals previously analyzed.

A review activity aimed at verifying the outcomes of this gsial and of
choosing among possible alternative solutions is usually needed Is¢ddtiag the
architectural design step. This last step is guidedhey analysis of the elicited
requirements and aims at synthesizing a candidate architeldiutree that this chain
of activities may be performed several times, in an iterative analysiegs.
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Figure 1. The analysis process: a) main steps in an iterative wotéfv;
b) analysis methods that can be used in the workflow activities

3.2. Agent-Oriented Visual modeling inTropos

The Tropos methodology is an agent-oriented software development
methodology for engineering distributed syster [The methodology adopts a
model-driven approach, i.e. it guides the software engineer in bugdoanceptual
model, which is incrementally refined and extended, from an eaduirements
model, namely a representation of the organizational setting wnergystem-to-be
will be introduced, to system design artifacts. Indeed, a distnéeature of the
methodology with respect to current AO methodologies is thaillofgfthe gap
between requirements analysis and system architecture desigaddpting an
uniform notation and an uniform analysis technique to model business gy
requirements and system architecture.



Troposuses a conceptual modeling language derived from the i* frarkewor
[28], which provides a graphical notation and a set of techniques for gdgdisna
This notation has been extended in order to allow for informal and formal
specifications. Basic constructs of the conceptual modeling lgegaee those of
actor, goal, plan, softgoal, and resource:

* an actor can represent a stakeholder in a given domain, a roleebofirsles
played by an agent in a given organizational setting;

* a goal represents the strategic interests of actors. Tgio tyges of goals are
considered, namely hard and soft goals, the latter having no cledefmition
and criteria as to whether they are satisfied. This eifflee is captured ],
which suggests to say that (hard) goals carsdiesfied while softgoals can be
satisficed. Softgoals are useful to represent how a state of affairs dsHuaul
reached, that is they can represent goal/plan qualities and urariohal
requirements.

* a plan (or task) specifies a particular way of doing somethiagai particular
course of action that can represent a means for satisfygoglar for satisficing a
softgoal;

* aresource is a physical or informational entity used in a gasdnor to achieve a
certain goal.

A dependency link between pairs of actors allows us to model théhéamne
actor depends on another in order to achieve a goal, execute a plaguioe a
resource. The former actor is called ttiepender while the latter is called the
dependeeThe object (goal, plan resource) around which the dependency centers is
called thedependumlf the dependee fails to deliver the dependum, the depender
would be adversely affected in its ability to achieve its gdalsthis sense, the
depender becomes vulnerable due to its dependency links. This typeraiatibn
can be graphically depicted in antor diagram a graph whose nodes represent actors
(circles) and whose arcs represent dependencies (a couple of dimked by its
dependum).

The concept of actor dependency, as defined28j, [has been inspired by
Catelfranchi et al3] work. In [3], the concept of agent dependency is analyzed with
the aim of providing a first computational theory of dependence toppked for
communication control. This theory has been extended and refined awiful
works, for instance inZ[1] an abstract structure called dependence graph has been
proposed to model OR- and AND- dependencies between a group of agents.
Dependence graphs are use to identify the level of complexigynaitcohesiveness/
fragility of a multi-agent system. Even if it rests on sane basic intuitive meaning,
actor dependency as proposed 28][is a simpler concept (a ternary relationship)
which is intended to model explicit actor dependencies that camated &ty roles and
procedures adopted by the organization we are analyzing, or maly f®em an
analysis of how a stakeholder may achieve its individual gollseover, the purpose
of using this concept is different, i.e. the aim is that of madehe rationality behind
the requirements of the organization of a new system or of geharthe currently
used one.

The process of model building iroposhas been specified i2][in terms of a
non deterministic concurrent algorithm, here we give a qualitdegeription. Model
building begins with the definition of a number of actors, each with a list of agsdci
main goals (or softgoals). Notice that at the beginning, thexmimi set of actor goals



which relates to the analysis purpose is explicitly modeled. Throughout themefihe
of the model, further goals may be needed to be included.

Each root goal is analyzed from the perspective of its respeattor and
depicted in a sort of balloon, called theal diagram For instance, goal means-end
analysis proceeds by refining a goal into sub-goals, plans, andaesabat provide
means for achieving the goal (the end). Contribution analysis/sathe analyst to
point out goals and softgoals that can contribute positively or negativedaching
the goal being analyzed. Decomposition allows for a combination @ Ahd OR
decompositions of a root goal into sub-goals, thereby refiningah gructure. The
generated sub-goals are delegated to other actors, or remespansibility of the
actor itself. Sometimes new actors (roles) need to be introdiccadhom some goals
and/or tasks are delegated. For instance, in order to represeoietbétechnology at
support of the organization’s processes, new actors are introduced, refining a model of
the organization’s needs into a model of the requirements for an atformsystem
able to meet these needs. Softgoal analysis is typicaly tasdrive the choice of one
among different alternatives that may emerge during OR-gaainggosition 4].
Modeling is complete when all goals have been dealt with toatsfaction of the
actors who pursue them.

Among the advantages of adoptinfropos visual modeling for KMS
requirements analysis is the possibility of pointing out the idiosgies of a given
environment, for instance: a) verifying inconsistencies between setidorated on
the basis of interviews with different actors in the organizatlmnrealizing that
several actors perform the same exact task, thus sugg#siinthe process can be
more efficient if that task is attributed to only one or twaes;tc) understanding that
too much or too little time and effort are dedicated to KM aadisjtand d) realizing
the problems behind the non-adoption of the proposed KM methods and syidgms [
for example, detachment of the system from the daily practteorganizational
members, lack of trust and motivation to share knowledge, etc.

4. Knowledge Management in CoPs: a Fictitious Scenario

In order to demonstrate our proposed methodology, we use here a fiditeneio.
Although not a real case study, this scenario was carefulbyredito be realistic,
taking into consideration the available literaturel]l 25]. Here follows the scenario
description.

“Luca starts working in BHI Software Company. He is a paogner with 10
years of experience. As a newcomer at BHI, he needs to adljtie# brganization’s
work practices, adapting to the work style of his working team eenthing about the
company’s policies and management directives. Aiming at providirvgoitsers with
a rich environment for knowledge sharing, BHI Management foterdevelopment
of Communities of Practice (CoPs) across the organization. Tdmsmunities are
self-organizing groups whose members share interests and gopésfam similar
tasks within the organization. They are not necessarily from the samengvtekim or
division, and their members are dispersed across the 10 branches. dhBiligh a
special division named KM Division (KMD), BHI Management tegates and
supports the CoPs’ activities, granting incentives for those tiaaid sout (thus
contributing to the organization as a whole), besides providing techcalogi
infrastructures and tools. The CoP needs special procedures to mbtivaieas well
as the other members, on sharing knowledge. Especially when bysioessses are
tight, making one's knowledge available will get very little ptiorBesides, it may



not be very clear for Luca what he will get in return for hiimgness to contribute
to the CoP members. External incentives provided by the CoP |leasves adequate
information system, may play an important role here.”

5. Analysis of the Scenario

The main steps of the analysis carried out on the given seemardiscussed in this
section, being illustrated with excerpts of visual models speciin the Tropos
notation

Section 5.1 starts presenting a very general model, giving us aneweafihe
actors of the scenario and of their goal dependencies. Hentienses.2 and 5.3
presents a refinement of this first model, giving us detagardéng respectively the
newcomer perspective and the general internal structure of e€oRging to the
organization of our scenario. In these diagrams, one can alreadystandewhich
main goals of the newcomer are important to answer to hisffesific needs while
adjusting to the organizational setting. Following this model, sectionlép#ts the
diagram containing our proposed solution for this case, which requires the
development of a software system named KAReno{Medgeable_4gent for
Recommendations)22]. This is actually the last model belonging to the domain
analysis and requirements elicitation phase. Next, section 5.5 &@seeview of the
requirements analysis phase, and introduces the phase of architdetign. Finally,
section 5.6 is dedicated to KARe’'s global architecture, which isritbesl and
sketched on the basis of the analysis of the elicited regamsmThe model of
section 5.6 concludes our analysis, since KARe’s architecturemedimteand detailed
design are no longer in the scope of this paper. These models have dyeanedr
mostly in this presented sequence, but of course a few refineyas tlave been
necessary, leading to changes in the different diagrams untilinbe Version
presented here.

5.1. The domain stakeholders and their strategic dependencies

According to theTroposmethodology, domain analysis starts by identifying the main
stakeholders, represented as actors, with their goals. Fighme@va sin excerpt of the
initial model where the BHI company top management is modeledheasadtor
Organization, depicted as a circle. The organization has an initial softgtative to
having the organization'®am working well', which expresses how BHI intends to
achieve more general objectives such as pursuing high quality pfdtacts and of
the production processgsufsuing high quality products / processes), as well as
innovation {(nnovating) by considering human resources as a main asset.

The BHI's Knowledge Management Division and the communities witinen
organization play critical roles with respect to BHI strategpals, according to the
scenario, so they are also modeled as specific actors, namédtiizvision actor
and the CoP actor. Luca plays the role of a newcomer in tlamiaegion (Newcomer
actor), with his main goal of adjusting to the working practicethe organization
(adjusting to the organization practices goal).

! The reason for modelingam working well as a softgoal refers to the fact that the orgaioizds
not monitoring and measuring explicitly the teanrkvquality. In the process of analyzing goals from
the point of view of the organization, positive amegative contributions of thieam working well
softgoal to the other goals of the organization lél modeled explicitly.
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Figure 2. Initial domain model of the BHI scenario,
according to theTropos methodology.

Further modeling steps consist in analyzing each actor’sfigalthe point of
view of the actor itself, aiming at identifying the stratedependencies between
actors, i.e. the dependencies which allow for goals achieveMewning on with the
analysis, Figure 3 shows basic goal dependencies between the scentmis.s ac
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Figure 3. A first domain model showing the strategic dependende
between the actors involved in the scenario

The analysis of thé@rganization softgoalteam working well points out a
strategic goal of the organization, i@oPs fostering’ which is then delegated to the
Knowledge Management DivisiofKi1 Division actor). On the other hand, tKéV
Division depends on th@rganization to be legitimized for playing the specific role
of motivating and supporting KM practicdeditimization getting goal). Note that a



dependency represents, at the same tdakegationand commitmentthe depender
delegates the goal to the dependee, while the dependee commftstoitsbe
achievement of the dependum. This mutual dependency characterizestamanal
analysis namessustainable relationship; i.e. a relationship in which two actors
depend on each other to achieve one or more of their own goalsin&bista
relationships indicate that there is some kind of balance betlwedwo actors, thus
helping them achieve personal goals. On the other hand, if thedepeadencies
only from one side, this indicates vulnerability by this dependee &mi@rds the
depender, which should be corrected in order to guarantee that dfotls are
committed to each other. Analyzing the different strengths betwaeh dependency
can also indicate if a specific situation needs to be balan28 The other
dependencies depicted in Fig. 3 like the ones betwee@dReand theKM Division
may be easily derived from the scenario described in section 4.

5.2. Modeling an Individual Actor’s Perspective: the Newcomer’s Potrof View.

The particular perspective of an actor can be analyzed usinthrise basic goal
analysis techniques provided Gyopos means-end analysis, contribution analysis
and AND/OR decomposition. This allows the refinement of the domain Infiyde
identifying new actor dependencies. Figure 4 shows a goal diabetnmodels the
Newcomer’s perspective. Here, the internal goals oNéwwcomer are analyzed and
the dependencies towards theP, motivated by these goals, are identified.
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Figure 4. A Goal Diagram showing the Newcomer’s perspective

TheNewcomer’'s most general goal is theorking well softgoal, i.e. he aims at
doing his work efficiently, while also feeling good about himself ahbdut the
organization as a whole. In order to accomplish this, he aiemn&ibuting with his
competence and contributing with personal knowledge, gained in previous
personal and professional experiences. Going deeper in theiaralyhis lasgoal,
we see that two other goals contribute negatively towardwtt qverworking and
keeping control of his assets goals). These are common problems already noted by
the KM community 7,19]. Issues of trustkéeping control of his assets goal) and



motivation @ot overworking goal) often lead to dissatisfaction towards the
traditional centralized KM systems.

Let us now analyze theontributing with competence goal a bit further. In
order to fully and most effectively contribute with his acquired ostenqce, the
Newcomer needs to adjust to his work environmenb(k adjusting goal). In order
to do so, theNewcomer needs new knowledge about his work and about the
organization as a whole, modeled by the gap#ing info on procedures and
objectives and knowledge getting, depending on th€oP for this. Three other
goals contribute to the Newcomer’s adjusting to work, nankelgwing who knows
what, getting personalized help, andgetting info on procedures and objectives.

5.2. Adding New Actors: Detailing the CoP Structure

New actors can be added during the analysis in order to modelicpeltat
associated to a specific actor, or to specify new actors needgddl delegation. In
Figure 5, inside the dotted rectangle, we analyze the strugttlie CoP actor, which
can provide a solution to the goal dependencies involving the newcomerespttt
to knowledge providing/getting.

Here, we show two members of tBeP (Member i andMember i+1) and the
two different roles, concerning KM, that they can assume: krigeleseeker and
knowledge provider.

finding
needed
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required
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7 gaining
\-/
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recognition

fR

rala actor box

Figure 5. Actor Diagram showing the dependency between
the Organization and the CoP actors



The two roles played by CoP members are illustrated in Fig. thdoSeeker
andProvider roles. In this exampldviember i assumes the role &frovider, while
Member i+1 plays the role oSeeker. The diagram shows the mutual dependency
between these actors. TBeeker depends on therovider to find the knowledge he
needs for a specific tasKinding needed knowledge goal dependency), and to
develop new capabilitiesléveloping required capability goal dependency). On the
other hand, th@rovider depends on th8eeker to gain visibility gaining visibility
goal dependency) and to help tBeeker to develop new capabilities, so receiving
recognition feceiving recognition goal dependency).

Note that CoP members may play both roles in different situatijmgrating a
community of peers. Another interesting point is that as soon as aomew
participates in a CoP, he/she will play the CoP member roles.

Considering the objectivesG@oP is designed for, as shown in the actor diagram
depicted in Fig. 5, this will assure the satisfaction of the prelyiadentified goal
dependencies between tNewcomer and theCoP. But could theNewcomer rest
on the CoP to get personalized help when having a problem to sajedtirig
personalized help goal), and to find out who has a specific piece of knowledge
(knowing who knows what goal), goals that are crucial for a newcomer (seedfiy.
Should CoP goals and structure be modified?

5.4. Identifying the Needs for a System Actor: the KARe System

In order to fulfill some of the goals of tidewcomer, the CoP structure has to be
revised and needs to accommodate new actors (roles), having tine tabdatisfy
them. Figure 6 depicts an excerpt of the model showing th&@dRedelegates some
of the goals of thé&lewcomer to an actor nameldARe (Knowledgeable gent for
Recommendations), namely: the goals ofletting users keep control of their
knowledge assets. TheKARe system should allow each user to keep their assets in
their own PCs, while making them available to other community memtsr
allowing members to ask and answer questions through messages exchange.
This feature is important because some of Nlesvcomer’'s questions may not be
answered by reading artifacts. Sometimes, it could be negegesasmmunicate with
CoP members for building the solution to a specific probl&®Re should mediate
this interaction, by finding the best colleague to answer gpexific knowledge
request; c)informing who knows what; and d) providing members with
personalized help, by considering their personal characteristics when providing
knowledge. Therefore, these four goals bec&ARe’s main requirements

By analyzing the four goals from the point of view of the sysaeiors, we can
identify more detailed requirements, and analyze alternativeiau. For instance,
we may consider satisfying KARe’s goals by defining netifaats to be produced
along the organization’s processes or we may look for what KMliegatechnology
can be considered to design a better solution.



letting users keep
control of assets
while sharing

allowing membears
to ask and answer
questions

knowing who
knows what

providing
members with
personalized help

Figure 6. Actor Diagram showing the delegation of goals
from the CoP to the KARe System

5.5 Reviewing the Domain Analysis & Requirements Elicitation

The review activity, at the end of this step, is aimed at yirgfthe achievement of
the main objectives of domain analysis and requirements ebaitatr in other words
the understanding of critical dependencies between domain actanslifodual goal
achievement and the identification of needs for new or alternativs rahd
dependencies to manage unsatisfied goals. Decisions on what to focustren
following steps and on which alternative solutions to be refined in antectural
design, are taken at this point.

For instance, at that point of the analysis of the case studgha@se to go
ahead analyzing a KM solution resting on the adoption of a KM ®ybsed on
peer-to-peer technology. This choice complies with the Newcsnveish to keep
control of his knowledge assets, besides resting on considerations thigout
effectiveness of this technology in favoring knowledge sharing, progotdividuals
proactiveness. Moreover, the analysis of our scehavinted out the relevance of
managingtacit knowledgei.e. the knowledge that is confined in people’s mind, and
to transform it fromtacit to explicit and back to tagitompleting the knowledge
creating cycle as proposed {I6].

Taking a flexible approach on supporting this kind of knowledge conversion,
KARe relies on the real potential of human communication to support &dgeil
creation and sharing. This emphasis is motivated by the assuntpéibrsuch a
process and, especially the content of the messages exchanged tyndym
members, may eventually result in the disambiguation of tacit knowledge.

The next phase of our analysis is the system’s architectural design. phaies,
new agents will emerge as sub-agents of the KARe system. fiesagents are the
choice of the system designer to fulfill the requirements cegtin the requirements

%2 The models showed in the previous sections arértoied to justify our current choices, for instan
we did not show in details all the domain actohgs of view, nor did we show the refinement o th
relationship betweeKM Division andCoP, sketched in Fig 4.



analysis phase. The designer usually bases her/his choicehtéeture on previous
experience or on available architectural patterns, previously used for gomieses.
Besides supporting us on requirements analysigposis also applied for the
architectural design. The main advantages this approach ggvase: a) allowing us
to analyze which of the system’s general goals are adopteddbycé the internal
agents; and b) supporting us on capturing the goal dependencies betwsestetimés
internal agents. For detailing the design of the system, it isseary to rely on a
different language, which can support information modeling, besidesricapt
agents’ behavior and interaction, such as AORNM][ The use ofTropos for
architectural design provides a smooth transition from the proldeet &nalysis to
the system level analysis. Using it instead of a different iootamakes it easier to
trace back the functionalities of the system to the goals of the domain actors.

5.6. Analyzing the system requirements: KARe Preliminary Arbitectural
Model.

The analysis of the requirements of the KARe system leatlsetidentification of a
possible structure of the system actor in terms of roles (©obsy i.e. the system
global architecture is identified through delegation of main sysgjeats to internal
sub-actors. For instance, the rolesPefer Assistant andUser Model Engine may
be designed in order to take care of goals respectivelyedetat representing and
searching knowledge on behalf of the CoP members, and providing peratoali
and configurability, while &roker role may be proposed to achieve goals related to
matchmaking peers with similar interests as adequate knowledgees for specific
requests. The emerging structure is that of an agent organi@atioore generally of
a peer-to-peer system), whose high level architecture may beledddeterms of
actor dependencies, accordingltopos as in the example depicted in Figure 7. Note
that, in this model, we start using technology-oriented terminolagyy asplatform,
directory serviceandpeer-to-peer infrastructure

KARe is depicted on the top of Fig. 7, delegating the four goasiqusly
adopted by the system on behalf of the CoP (refer to figp B)ree main actors: the
Peer Assistant (PA), the Broker and theUser Model Engine (UM Engine). The
PA is responsible for three of the main goals of the sysmrowviding the basic
platftorm, making recommendations, and providing question & answer
services. These goals materialize, by the use of technological solutibinse
important goals delegated by tk&Re system and are further refined, providing us
with more details regarding the proposed architecture. Gratmgngsers with a basic
platform means that theA should empower the users with suitable means for storing
and managing their knowledge asseatffefing directory service goal), besides
providing the basic infrastructure to allow t@®P Members (here represented by
the Peer actor) to search for and deliver knowledg®oyiding peer-to-peer
infrastructure goal). The choice for a recommendation schemmeaking
recommendations goal) is the strategy adopted by theP to motivate its members
on collaborating and sharing knowledge. Such recommendations may come both
proactively or in response to a specific knowledge request. The afjeymal of
making recommendations may be refined according to two Kkinds of
recommendations: referrals to experts in particular subjects or togéosr(mending
experts goal) or suggestions of knowledge assets according to diffevateénts of
interest (ecommending artifacts goal). Artifacts are classified adocumentsor
messagesThe former refers to resources used in daily organizationahesufe.g.
spreadsheets, reports and summaries) while the latter ale se£ommunication



between the users, through questions and answers about particular antent
processes. By focusing on messages, besides the usual docurieerdd te in KM
applications, we aim at supporting the emergence and sharitagibkknowledge
usually triggered by social interaction among members of anconty. Finally, the

PA also supports the users on asking and answering questions, throughi@ quest
interface such as a web formrgviding question & answer interface goal) and
searching for knowledge on user’s requsst(ching for knowledge goal).
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Figure 7. Actor diagram showing the high level architecture of th&ARe system.

While the PA provides the most basic serviceskARe, the Broker and the
UM Engine focus on the activities of connectivity between peers and persdimadiza
More specifically, theJM Engine maintains the user models describing each user’s
expertise and interests, besides other personal information. Haotegs to these
user models, thBroker can propose ‘experts’ to solve particular knowledge requests.
These two agents cooperate with #& on fulfilling the CoP’s goal of ‘knowing
who knows what’, delegated 0ARe (Fig. 6). Analyzing the goals of Fig. 7, we can
understand how this cooperation occurs. H® relies on theBroker to have
information about experts that may answer a particular requesheirtase of a
question being sent by BReer or when searching for knowledgeable peers to
recommendf{nding experts dependency fronPA’s recommending experts goal,
and submitting query to experts from PA’s searching for knowledge goal).The
Broker has the goal of indicating, among all peers in the network, who wotutltebe
most knowledgeable to answer about specific topratidating experts goal). This
goal also serves th&/M Engine actor when elaborating the peer model that
represents a particular usengintaining peer models goal). This model provides



information about the peers’ interaction and how they rated one anotfeding the
knowledge provided, resulting in a sort of rank where the most knowledgeshte
are rated higher in relation to otheranking peers dependency). The peer model is
created and maintained with the aid of #&, who provides authorized personal
information about the peer it represemsllecting info about peers goal).

All user interactions withKARe are handled by th&®A, each community
member being represented by d& (acting on peer’s behalf goal) which can be
noted by the only dependency from teP Member towards thePA (interacting
with peers goal). By getting involved in social interaction, teP Member is able
to exchange knowledge about work content and practices with other coiymuni
members, getting involved in a rich knowledge exchange thatfoségr community
evolvement antNewcomer’s adjusting to the organizational context.

The KARe system, earlier described #2], is inspired on developments of an
earlier system proposal4] (we refer to this publication for details on the agent’s
information and interaction design), and is developed on top of an exagiitigation
[1], which presents a semantically enriched technique for contentgsrarat, and
performs the basic peer-to-peer operations needed for this warkmse. KARe
extends this application by providing some degree of proactivemessammending
items to users, and on building over the existing methods for evolnguailable
queryingandretrieval techniques.

6. Related Work

As already mentioned, a few approaches to the application ofagkat
organization paradigm for the development of KM systems have beemtlse
proposed $,9,1824]. Here we shall focus on those that are mostly influencing our
methodology.

Perini et al. 18] supports the use of agents to model organizational processes,
proposing a methodology for analyzing KM requirements based on oriahti
analysis, claiming that, in order to develop effective KM solutidtns, necessary to
analyze the intentional dimension of the organizational settingthee interests,
intents, and strategic relationships among the actors of the atianizTheir
methodology is based on the use of the i* framewd8&],[ which models the
organization as a set of actors, goals, softgoals, dependensi@satal resources. In
a sense, our work builds on this initiative since it applies tmeeseodeling
framework and with similar purposes. In our approach Agent-Orientedlimgpde
proposed as one of the techniques at support of a more complex analgssssee
Fig. 1). Moreover, having adopted theoposmethodology allows using a more clear
semantics of i* elements (il2] a metamodel for the modeling language used in
Troposis given) and will enable a smooth transition to our design approach.

Dignum proposes OperA6], recognizing that, like multi-agent systems, KM
environments can be seen as distributed systems where diffex@st aach pursuing
its own goals, need to interact in order to achieve commontsasgel realize
organizational objectives. In order to model the different rolessgoal interactions
within an organization, this methodology proposes: a)oaganizational model
describing the domain’s structure and global characteristics, desimgj that the
society’s goals determine agent roles and interaction norms; dgcial model
describing the commitments that regulate roles enactmentiwdual agents; and c)
an interaction modelin which the society’s agents interactions is described by the
means of interaction contracts. The similarity between our agipraad OperA is



mainly given by the use of actors, roles and goals. However, theingpdehstructs
applied are completely diverse, for instance, while OperA is based on scriptgy@nd |
formulas, our work proposes the use of a visual language and is much less formal.
Wagner R4] has proposed AORML, an UML-based modeling language in
which an agent can bmstitutional, humanor artificial. Institutional agents are
usually composed of a number of human, artificial, or other institutegents that
act on their behalf. This distinction allows the analyst to malenaain model and
then, gradually introduce artificial agents to support KM. To remtesights and
responsibilities, AORML introduces, respectively the deontic mogetonstructs of
claims and commitments Besides agents, ordinary objects are used to model the
passive entities of the domain. In this way, the knowledge artéactsanged can be
modeled as objects, providing the system analyst and designpreee®st and reason
about them. We refer td 4] for a more extensive discussion and exemplification on
the use of AORML for KM, in the context of collaborative learniadthough we
acknowledge the possibility of using AORML in domain modeling, ve fieat this
language lacks the concepts and constructs to support requiremelyssana
general, modeling with AOR starts with information modelinge(lin UML class
diagrams), jumping over the requirements analysis step. The soprbposed by
Wagner for these initial phases is the use of UML Use Chsegver, we claim that
our approach is more appropriate for focusing on goals, supportedigkdl &
Takeuchi’s emphasis on intention (i.e. goal$)][as the basis of any KM project.

7. Conclusion and Future Work

The paper presented a novel methodology for analyzing the reqoiserogé a
Knowledge Management System, and illustrated it with a s@aghr. The analysis
process rests on an iterative workflow in which agent-oriented modplays a
crucial role in understanding the domain’s (organization) stakehatéeds for KM
systems, basically, by tracing system requirements back to the stakelholalsrs

The agent-oriented modeling approach that has been exploited is batked on
Tropos software development methodolog®].[ It offers both a visual modeling
language and some analysis techniques. The main contributions apgn@ach is
supporting domain modeling in terms of the organizational structurtharemergent
goals of each human or organizational agent involved in a given coher
benefits are reached by the adoption of a visually rich and #@dees®tation,
supported by several modeling toadls P3].

We believe that providing such kind of informal visual methodology can be
quite beneficial for the KM community, since business analysiscansultants will
be able to use it without having to get acquainted with more fappbaches. As an
alternative, computer science expert analysts can also cothbinge of Tropos with
the Formal Troposlanguage 10], intertwining formal and informal modeling to
obtain more precision and consistency.

Concerning the fundaments of our approach, recent works in agent
organizations ] elaborate on relevant concepts for analyzing and supporting
communities, including: ayorms which describe and enforce common standards of
behavior and therefore enable identification of members with the cortynim)i
identification that is, the awareness of each member of its connection to atiters
the community as a whole; andta)st, which will enable predictability of action and
comfortable handling for the members. While concepts of obligatiotveebe the



actors of an organization and identification may be dealt witbur model, further
work is needed to effectively represent concepts of trust and norms.

For future work, we shall point out two distinct directions: apngahead with

the KM system analyzed in the paper, i.e. the KARe systenvela@nent and
validation; and b) extending the fundaments of the methodology.

The detailed design of KARe will be based on the use of AOR2I, jwhich

allows us to move on with the description of agent’s mental model, devimgj
beliefs, commitments and the interaction between agents and pbggeesenting the
passive entities used by the agents to accomplish their goals. Bemefitesalt of the
application of this language may be attributed to our proposals on hesevdhstract
concepts can be materialized in practical elements of ansy3this will require us to
deal with interesting research issues such as defining a smvenethod between
elements of the Tropos notation to AORML. A preliminary vergibthis conversion
method has been developefi3] and is currently being revised, for achieving
semantic consistency regarding the metamodels of the two modeprapahes. This
refinement will allow the integration of both methodologies in a EASol [17]
(currently under-development), thus facilitating the tasks diyatsaand designers on
system development.
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