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Abstract—Enterprise  knowledge management is
approaches, methods, and techniques, which will spprt the
management of the resource “knowledge” in an entemise for
the purpose of support and advancement of businesseAn
important part of it is knowledge development of idividual
and organizational knowledge. This paper provides ra overall
conception of enterprise knowledge management in ¢hform
of a layered set of ontologies, which are enrichedy
appropriate rule systems. This set consists of gema (i.e.
enterprise-independent) and of enterprise-specifiontologies.
General ontologies in this set include ontologiesf knowledge
and knowledge development and for human interaction
Enterprise-specific ontologies formalize specificamains in the
enterprise as well as managerial principles and fally a whole
enterprise.

Keywords—-Knowledge management ontology, knowledge
development, organizational learning, human interaction,
managerial and enterprise ontology.

I INTRODUCTION

Enterprise knowledge management is about approach

methods, and techniques, which will support

management of the resource knowledge in an enserfor
the purpose of support and advancement of busisiefse
important part of it is knowledge development afiindual,
group, and organizational knowledge. Several ambres

for knowledge management exist, one of them is the

process-oriented approach see [1], [12], and [14ne
specific approach for enterprise knowledge devekinis

EKD (Enterprise Knowledge Development), which aiats
articulating, modeling and reasoning about knowéedg
which supports the process of analyzing, planningint

designing, and changing your business; see [7]@ndr a

description of EKD. EKD does not provide a conceptu
description of knowledge and knowledge development

about

view. This

Ismael Navas-Delgado, José F. Aldana-Montes
E.T.S.I. Informatica
University of Malaga, 29071 Malaga, Spain
{ismael, jfam}@Ilcc.uma.es

surveyed in [13]. Concepts for organizational I@agn
which is closely related to knowledge managemerg, a
given by Argyris and Schén [4, 5] and by Senge [THe
latter refers to system thinking as very importdifith
discipline of organizational learning. In [3] a new
conception of organizational learning based on Kadge
dynamics is presented.

For intellectual capital, which is a more strategiew
on knowledge in a company, see [19] for an approach
towards an ontology for this domain.

In this paper, we propose a conception towards an
ontology for enterprise knowledge management. Tie th
end, we first summon up the tasks of knowledge
management in an enterprise from a process-oriquat
of view. Important items are knowledge processes,
knowledge management processes, knowledge flows, an
organizational learning. Second, we explain a cptige of
knowledge itself and of knowledge dynamics.

Based on this, we present a new conception for a

efg)rmalized model for enterprise knowledge managénién
theconsists of a layered set of ontologies. This setudes

ontologies for knowledge and knowledge dynamics, fo
human interaction, for management, and for the whol
enterprise. They together will support the mentibne
processes related to knowledge management.

One of the basic constituents of this model is gmesd

in detail as a semantic implementation of the cptioa of
knowledge and knowledge dynamics, namely a
corresponding ontology and rule system. Other doesits

of the model have yet to be developed.

The structure of the paper is as follows. After an
roduction, section Il provides an outline of kvledge
management and its tasks from a process-oriented pb
reflects knowledge processes, knowledge
management processes, knowledge flows and orgemaht

however. ~An approach for knowledge access angh,ining Section Il shortly presents the conaeptiof
development in firms is given by Boisot [6]. Here, ynowledge and of knowledge dynamics. Then, sedfibn
development scenarios of knowledge in the Inforamati jntroduces the overall semantic-based concept layesed
Space are provided. For the conception part of ketge set of ontologies with special recognition of th®gesses
development, there exists the well-known approagh band tasks identified in section Il. Section V déses the
Nonaka/Takeuchi [14], which is built on the distioa developed ontology for knowledge and knowledge
between tacit and explicit knowledge and on fourdevelopment with the corresponding rule system. A
knowledge conversions between the knowledge typesummary and outlook section will conclude the paper
(SECI-model). Approaches for knowledge transfer are
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II. OVERVIEW ON TASKS ANDPROCESSES OF flows. This again has been rearranged and changebeb
KNOWLEDGEMANAGEMENT author to the version as given in Figure 1.
As basic notion we have knowledge processes (d=pict

In this section, an overall view on the tasks aramtgsses as yellow activities in Figure 1), which composevhole
of knowledge management is given from a procesmted knowledge cycle from identification, acquisitiorusturing
point of view. We describe knowledge processes(constructing, combining, representing), storage,
knowledge management processes and knowledge #ews distribution (communication), usage until keepingda
essentials parts of knowledge management. In additi preservation. They may be grouped into four areas:
organizational learning is shortly explained, whigltlosely  preservation of new and existing knowledge, geimranf
related to knowledge management. new knowledge, making available knowledge, and gisin

The extended knowledge cycle was originally intreehll  knowledge. These groups are indicated by the dotted
by Probst [16] as far as the outside cycle is comemk  rectangles in Figure 1. Two additional special klealge
Lehner [12] in addition introduced the correspormemo  processes (the blue arrows in Figure 1) are metl-le
knowledge-intensive business processes and thelkdges processes and close the overall cycle by goalsggtti

knowledge evaluation and the feedback.

Knowledge Feedback Knowledge
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------------ l-----------------——————————————I————————————ﬂ Knowledge
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Figure 1. Tasks and Processes of Knowledge Manage{8ources: Ammann, reworked from Probst [16] lagither [12])

Knowledge Management Processes keep the knowleddgmowledge processes. For example, in an earliévitycof
cycle going. Knowledge goals are set and drive theéhe business process the need for new or re-coghbine
knowledge cycle until an evaluation. In general tiee  knowledge is becoming clear, while in a later phtse
arrows in Figure 1 represent knowledge managemerknowledge is communicated to certain employees.is Th
processes. For example, a knowledge managemerggsroc relation is provided by knowledge flows. In additjo
takes care inside the above-mentioned knowledgeepso knowledge flows can also interrelate different kiedge
group “making knowledge available”, that employeee  processes, as shown in Figure 1 between the kngeled
encouraged to communicate knowledge. The finallfaekl  distribution and knowledge preservation processes.
in the cycle is an important knowledge management Organizational Learning is closely related to knesge
process. Here gained knowledge is compared ag#iest management. This resembles the classic triad cosdpof
original goal and possibly a new cycle with a new o knowledge, learning, and storage. The latter one lba
changed goal is initiated. provided by the organizational memory. Organizatlon

In our process-oriented view, business processdbleof learning has been described with the help of sitage,
company, especially the knowledge-intensive orsdateg to  double-loop, and deutero learning, see [4, 5]. Aveho
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approach to build those organizational learningley®n is knowledge about content, facts in a domain, stima
top of knowledge dynamics is given in [3]. See theinterrelationship and theories. Experience, prattic
following section for details on this knowledge andknowledge and the knowledge on “how-to-do” congtitu
knowledge dynamics conception. procedural knowledge. Strategic knowledge is meta-
cognitive knowledge on optimal strategies for dindag a
problem-solving approach. Finally, familiarity is
lil. A CONCEPTION OFKNOWLEDGE AND acquaintance with certain situations and enviroriseit
KNOWLEDGEDYNAMICS also resembles aspects of situational knowledge, i.
knowledge about situations, which typically appdar
particular domains.

The quality dimension introduces five characterstf
knowledge with an appropriate qualifying and s
independent of the kind dimension: level, structure
automation, and generality. See [2, 8] for moreaitket

We provide a conception of knowledge with typesdki This knowledge conception can be visually represgnt
and qualities as three dimensions. As our baseomoti by a knowledge cube as shown in Figure 2.
knowledge is understood as justified true belief {he
propositional kind), which is (normally) bound teethuman
being, with a dimension of purpose and intent, fifigng
patterns in its validity scope, brought to bealaation and o2
with a generative capability of new informationedé, 10,
and 12]. It is a perspective of “knowledge-in-us® | | et
because of the importance for its utilization inmg@nies Internal Latent
and for knowledge management. | | 7 Conscious |

The type dimension is the most important for knalgke
management in a company. It categorizes knowledge Explicit
according to its presence and availability. Isnitycavailable
to the owning human being, or can it be communitate External Quality
applied or transferred to the outside, or is iteexally
available in the company’'s organizational memorysl| Figure 2. The knowledge cube
crucial for the purposes of the company, and henogain
goal of knowledge management activities, to makenash B Knowledge Dynamics
as possible knowledge available, i.e. let it beveoted from
internal to more external types. Knowledge conversions, i.e. the transitiorsneen

Our conception for the type dimension of knowledgethe different knowledge types, kind and qualitiesaeen or
follows a distinction between the internal and exa Within humans are responsible to a high degree for
knowledge types, seen from the perspective of timaam  knowledge development in an organization. These
being. As third and intermediary type, explicit kiedge is  conversions are the building blocks to model knolgee
seen as an interface for human interaction andtier dynamics, i.e., all of acquisition, conversion, nster,
purpose of knowledge externalization, the lattez ending devellopmen.t and usage of knowI(.edge! In an e”te“F’f's
up in external knowledge. Internal (or implicit) dwledge Five _ba_5|c Knowledge cqnversm_m_s m_the type d'_"“?*“.s
is bound to the human being. It can be furtherddigiinto are distinguished here: socialization, ~explicimyi

. . externalization, internalization and combinationasi®
conscious, latent and tacit knowledge, where tisodypes .
) conversion means, that exactly one source knowledget
do partly overlap with each other; see [10]. Itaik that,

e o o is converted into exactly one destination knowledgset
what a person has “in its brain” due to experiefi&ory, 54 exactly one knowledge dimension (i.e. the type
activities and learning. Explicit knowledge is “n&ad yimension in this case) is changed.
explicit” to the outside world, e.g., through spoke  gocialization converts tacit knowledge of a per&uo
language, but is still bound to the human beingefbal  tacit knowledge of another person. This may sucdegd
knowledge finally is detached from the human beamgl  exchange of experience or in a learning-by-doirgasion.
may be kept in appropriate storage media as path®f Explicitation is the internal process of a perstm,make
organizational memory. internal knowledge of the latent or conscious tggelicit,
In the second dimension of knowledge, four kinds ofe.g. by articulation and formulation (in the cosd case)
knowledge are distinguished: propositional, procadand  or by using metaphors, analogies and models (inatemt
strategic knowledge, and familiarity, resemblincatoertain  case). Externalization converts from explicit knedge to
degree the type dimension in [8]. Propositionalwdsalge  external knowledge or information and leads to cledd

In this section, a conception of knowledge and
knowledge dynamics in a company is shortly desdribe
More details of this conception are given in [2].

A.  Knowledge Conception

Type
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Figure 3. Layered set of ontologies with rule eys

knowledge as seen from the perspective of the hibearg,  support of knowledge management. This can be vieageal
which can be kept in organizational memory systemsstep towards an ontology (or a set of ontologies) f
Internalization converts either external or explici knowledge management.
knowledge into internal knowledge of the consciaus Figure 3 depicts this conception of a layered set o
latent types. It leads to an integration of experés and ontologies and gives a example, how knowledge paEs
competences in your own mental model. Finally,knowledge management processes, and the knowledge
combination combines existing explicit or externalflows are supported by the various ontologies ifs th
knowledge in new forms. conception. We propose a hierarchical structureichvis
Basic knowledge conversions in the kind dimensibn oalso divided in a general and a specific part.hst general
knowledge do not occur. Those in the quality din@msre  support side, we start with an ontology of knowledmd
mostly knowledge developments aiming at qualityknowledge dynamics at the bottom layer. The Knogéed
improvement. Examples include basic conversionsiging  Ontology as described in the following section V
the overview, structure and automation qualitypeesively.  implements the corresponding conception as intreduno
More complex conversions can be easily gained byection Ill. It is complemented by a set of rulesl &in the
building on this set. They consist of n-to-m-corsiens and future) of heuristics, which enhance the support fo
include information assets in addition. Generalvideolge reasoning in incomplete knowledge application sdesa
conversions convert several source assets (possibly An incomplete scenario consists of one or more ggne
different types, kinds and quality) to several thegion  knowledge conversions, where one or more placasr¢eo
assets (also possibly different in their knowledgeor destination knowledge objects or conversions
dimensions). In addition, information assets amesaered themselves) are not known. They may be implied by a
as possible contributing or generated parts of igne application of an appropriate rule or a heuristWile rules
knowledge conversions. support the proper handling of knowledge conversiand
transfers, heuristics will be needed for those sasé
knowledge dynamics, where no unique resolutionoofrce
IV. OVERALL SEMANTIC CONCEPT OF and destination knowledge assets in complex knayded
KNOWLEDGEMANAGEMENT conversions is possible with rules. The followiregtion V

Having provided the tasks and processes of kI’IOWJedii” describe the Knowledge Ontology and the

management in section Il and a conception of kndgde corresponding rule system.

and knowledge dynamics in section Ill, we now peste | tBtht_ on tc())ptolf the Knowletdg$ OntoLogy atHlkJ]man
with the introduction of an overall concept for sertic . oraction ntology — conceptuaizes human-to-human
interactions. The knowledge and knowledge dynamics
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support is utilized here, based on the observathoat V. THEKNOWLEDGEONTOLOGY
human-to-human interaction always comes along with
knowledge transfers (conversions). To state isedtfitly, In this section we present the Knowledge Ontology,
human-to-human interaction can be modeled by apiatep Which implements the conception of knowledge and
genera| know|edge conversions between people_ ,ﬁs td(noWledge dynamiCS as described in Section llis hne of
|ayer on the genera| Side, a top level 0nt0|ogy mb\”de the bUIldIng blocks in the set of OntO'OgieS ascdésd in
genera| Concepts like time, |Ocation3, and so on. section IV. Here we describe the 0nt0|ogy, resomg and
On the specific support side, one or more Domaif€asoning, and rules. For more details, see [2].
Ontologies reflect the domains of interest in theemrise. The ontology (as visually shown in Figure 4) isided
On top of it, a Managerial Ontology provides mamaget N four core concepts: Knowledge, Information,
conceptions related to knowledge management. Tgaa Knowledge Conversion and Knowledge Dimension. The
is utilized on the next layer by an Enterprise Qugy, three different knowledge dimensions are represeate
which conceptualizes the whole (specific) entegpris Type_Dimension, Kind_Dimension and Quality-Dimension.
Figure 3 gives an examp|e how the know|edge presgss KnOWIedge is defined aCCOfding to these dimensions.
knowledge management processes, and the knowled§doperties are used to model the relationships emtw
flows are supported by the various ontologies iis th Knowledge and Dimensions: hasType, hasKind and
conception. The same color code is used in Figuas ;1  hasQuality. For exampleExplicit_Knowledge is defined as
Figure 1. Each type of processes is supportedhey t €very piece of knowledge, which is related to thetance
Knowledge Ontology and the General Ontology on theExplicit_Type via the hasType property. In the same way,
general side. A knowledge process like “knowledgeknowledge in general must be related to every quality sub-
communication” utilizes the Human Interaction Ontyy ~ dimension through thieasQuality property.
and the appropriate specific Domain Ontology in ithokl Two properties have been defined to model the
The same kind of support can be observed for krbyde knowledge conversionshasSource and hasDestination,
flows, as can be seen for the flow from “knowledgeWith knowledge conversions as ranges, and pieces of
communication” to “knowledge keeping” in Figure 3. knowledge and information as domains.
Finally knowledge management processes like “Eragair A General Conversion is modeled through Keowledge
Knowledge Communication” will take hold of the Huma Conversion concept, and its only restriction is the fact tihat
Interaction Ontology from the general side and themust have at least one source asset and one diestina
Managerial and Enterprise Ontologies from the djmeci assetBasic Conversionsare more specific, in the sense that

side.
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they have only one source and only one destinafidre  a rule system already exists and has been desdribinils

conceptCrucial_Conversion gathers those conversions that paper.

contribute to the goal of making the knowledge k¢ for Future work includes the development of the other

the company. ontologies in our layered set of ontologies on ¢he side
Basic reasoning is based on subsumption méshan and an implementation of knowledge processes, lenyd

that deal with the ontology hierarchy. However,abogies = management processes, knowledge flows and orgamaht

can contain more complex elements to enable addancéearning cycles based on the set of ontologieshenother

reasoning. In this way, the Knowledge Ontology basn side.

extended with OWL restrictions to enable new ways o

generating interesting new knowledge.
Ontology restrictions allow us to
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