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Chapter 1

Introduction

The primary goal of Knowledge Management (KM) is to ”improve organiza-

tional performance by enabling individuals to capture, share, and apply their

collective knowledge to make optimal decision in real time” (Smith and Far-

quhar, 2000). In fact KM is becoming more and more an important discipline

in a variety of contexts, such as business, IT, telecommunication and so on.

The problem of KM can be faced in three different ways:

1. Local: there are specific needs that have to be solved;

2. Coordinated: there are coordinated operations (a small group of people

who share task, or work together on a product, also called Communities

of Practice) that permit to solve a specific problem;

3. Global: i.e. the management of the entire cognitive patrimony of a

company.

The topic of this thesis is the definition of an Operational Knowledge Man-

agement Framework (OKMF) for the management of the Operational Knowl-

edge (OK) and the identification of the role played by Artificial Intelligence

technologies for it. The Operational Knowledge Management (OKM) is a

local approach to KM, focused on the management of the OK. The OK is

a specific kind of knowledge mainly based on individual competence and

experience developed by skilled workers during their day-to-day acclivities

(Valente and Rigallo, 2002) (Valente and Rigallo, 2003). This research was

born and developed in collaboration with Telecom Italia Lab which is the

research laboratory of Telecom Italia, an Italian company of telecommuni-

cation. Therefore, it was motivated by both academical and organizational
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interests. On the one hand, the space of collaboration in an organization

is now more virtual than physical. Companies are increasingly distributed

worldwide. As a result, it is more difficult to collaborate with one’s peers.

It’s hard enough when the team works in a single location. It is much harder

when it is spread out across the world. Moreover, in the telecommunication

field the OK is moving up from pure and simply knowledge of procedures to

awareness of competencies. The former are usually standard actions which

are created by management and then used by technicians, whereas the latter

are associated with individual knowledge and experience developed by tech-

nicians by applying procedures during their day-to-day activities. Therefore,

the OK is becoming more tacit than explicit and for companies like Telecom

Italia, the management of OK is seen as fundamental to competing in the

knowledge economy. On the other hand, practitioners and business manager

are agree that issue of technology, process, people (roles and skills), and con-

tent must be addressed to achieve success in the KM field. Therefore, the KM

discipline should accept contribution coming from different fields like Human

Resources, Marketing, Decision Science, Knowledge Modelling and specially

from Artificial Intelligence field. KM shares a goal with the Artificial Intel-

ligence community - development and use of computational technology to

improve the performances of individuals and communities. What has been

learned in the Artificial Intelligence community about knowledge acquisition,

representation and inference can all be brought to bear for KM.

Therefore, in this thesis we present our contribution to the management of

the OK taking into account technologies and methodologies coming from the

Artificial Intelligence community. In particular, many systems have been de-

veloped to manage knowledge. However, most of them are used for a specific

goal and context. Our objective is to define an OKMF which defines roles,

processes, technologies involved in the managing of the OK and relations

among them. Moreover, the goal of the OKMF is to have a modular ar-

chitecture for managing OK which may be instantiated in every operational

context. Once the OKMF is defined, we will test Case-based reasoning and

Rule-based systems technologies in supporting the OKM. To this end, I di-

vided the plan of this document into seven chapters:

• Chapter 2 - Background: because Operational Knowledge Management

(OKM) is a branch of a bigger thematic, this chapter is devoted to

the introduction of Knowledge Management (KM). I will present some

differences among data, information, and knowledge that is useful to
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understand what are the ’inputs’ of KM. Afterwards, I shall discuss

different views of knowledge and different formalisms which are useful

to formalize knowledge;

• Chapter 3 - Knowledge Management Issues: in this chapter I shall give

an introduction of what the KM literature means about the people

(roles and skills), processes and technology;

• Chapter 4 - Artificial Intelligence methods in Knowledge Management:

AI technologies and methodologies have been appointed as appropriate

methods to support KM processes. In this chapter I shall show the role

of AI technologies and methodologies to support knowledge sharing and

using of the KM;

• Chapter 5 - Operational Knowledge Management: this chapter is de-

voted to the main contribution of my dissertation. In articular, I will

describe some characteristics of the OK and operational context. The

based on these requirements I shall define our solution in managing the

OK which was the definition of an OKMF;

• Chapter 6 - Netdoctor: first case study: in this chapter I shall present

our first case study which is called Netdoctor. Netdoctor allows manag-

ing of the operational knowledge and competencies developed by skilled

technicians performing daily maintenance and assurance activities of

the GSM (Global System for Mobile communications) radio network;

• Chapter 7 - Remoter: second case study: this chapter describe our sec-

ond case study called Remoter. It was developed in order to help tech-

nicians during their day-to-day activities of provisioning and assurance

of the ADSL (Asymmetric Digital Subscriber Line) service. Remoter

allows ADSL operators to manage, share and apply their collective OK

to take optimal decision in real time;

• Conclusions: comparisons with the other works of the literature and

outcomes are given.
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Chapter 2

Background

Because Operational Knowledge Management (OKM) is a branch of a bigger

thematic, this chapter is devoted to the introduction of Knowledge Manage-

ment (KM). In section 2.1 I will present some differences among data, infor-

mation, and knowledge that is useful to understand what are the ’inputs’ of

KM. Afterwards, in section 2.2 I shall discuss different views of knowledge

and different formalisms which are useful to formalize knowledge.

2.1 Data, Information and Knowledge

Knowledge is neither data nor information, though it is related to both, and

the differences between these terms are often a matter of degree. Confusion

about data, information and knowledge are-how they differ, what those words

mean-has resulted in enormous expenditures on technology initiative that

rarely deliver what the firms spending the money needed or thought they

were getting. Organizational success and failure can often depend on knowing

which of them you need, which you have, and what you can and can not do

with each. Understanding what those three things are and how you get from

one to another is essential to doing knowledge work successfully. Therefore, I

believe it is best to begin with a definition and comparison of the three terms

and the factors involved in transforming data into information ad information

into knowledge.
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2.1.1 Data

Data is a perception, a signal, a sign or a quantum of interaction (e.g. ’40’ or

’T’ are data) (Gandon, 2000). Data is a symbolic representation of numbers,

fact, quantities; an item of data is what a natural or artificial sensor indicates

about a variable (Weggeman, 1996). Data is a set of discrete, objectives facts

about events. In an organizational context, data is most usefully described

as structured records of transactions. When a customer goes to a gas station

and fills the tank of his car, that transaction can be partly described by

data. Data says nothing about its own importance and irrelevance but is

important to organization, because it is essential raw material for the creation

of information (Davenport and Prusak, 1998).

2.1.2 Information

Information is data structured according to a convention (e.g. ’T=40 degree’)

(Gandon, 2000). Information is the result of the comparison of data which are

situationally structured in order to arrive at a message that is significant in a

given context (Weggeman, 1996). The word ’inform’ originally meant ’to give

shape to’ and information is meant to shape the person who gets it, to make

some difference in his outlook or insight. We can image information like a

message. As with any message, it has a sender and a receiver. Information is

meant to change the way the receiver perceives something, to have an impact

on his judgment and behavior (Davenport and Prusak, 1998). Following the

ladder of understanding depicts in fig. 2.1 we may claim that information

is data endowed with relevance and purpose, which of course suggests that

data by itself has a little relevance or purpose. Data becomes information

when its creator adds meaning by adding values in different ways:

1. Contextualized: we know for what purpose the data was gathered;

2. Categorized: we know the units of analysis or key components of the

data;

3. Calculated: the data may have been analyzed mathematically or sta-

tistically;

4. Corrected: errors have been removed from the data;
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DATA

INFORMATION

KNOWLEDGE

Understanding Relation

Understanding Patterns

Figure 2.1: Ladder of understanding.

5. Condensed: the data may have been summarized in a more concise

form.

2.1.3 Knowledge

Knowledge is information with a context and value that make it usable (e.g.

’the patient of the room 313 of the Hospital of Orleans has a temperature

T=40 degree’) (Gandon, 2000). Knowledge is what places someone in the po-

sition to perform a particular task by selecting, interpreting and evaluating

information depending on the context (Weggeman, 1996). Davenport and

Prusak (Davenport and Prusak, 1998) offer a working definition of knowl-

edge, that helps us to understand what knowledge means in the organiza-

tional context. They claim: ”knowledge is a fluid mix of framed experience,

value, contextual information, and expert insight that provides a framework

for evaluating and incorporating new experiences and information. It orig-

inates and is applied in the minds of knowers. In organization, it often

becomes embedded not only in documents or repositories but also in organi-

zational routines, processes, practices, and norms”. As information derives

from data, knowledge derives from information when one of the following

transformations happen:
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1. Comparison: how does information about this situation compare to

other situations we have known?

2. Consequences: what implications does the information have for deci-

sions and actions?

3. Connections: how does this bit of knowledge relate to others?

4. Conversation: what do other people think about this information?

Knowledge can also move down the value chain, returning to information

and data. Davenport and Prusak called this process ”de-knowledging” and

it happens when there is too much knowledge that knowledge worker can no

longer make sense of it.

Because of knowledge is such a slippery concept, it’s worth reflecting a bit

on some of its key components, such experience, ground truth, judgment

and rules of thumb. Experience refers to what we have done and what

has happened to us in the past. One of the prime benefits of experience is

that it provides a historical perspective from which to view and understand

new situations and events. Knowledge born of experience recognizes familiar

patterns and can make connections between what is happening now and what

happened then. Ground truth means that knowledge describe the rich truths

of real situations experienced close up: on the ground, rather than from

the heights theory or generalization. Ground truth means knowing what

really works and what does not. Unlike data and information, knowledge

contains judgment. Not only can it judge new situations and information

in light of what is already know. It judges and refines itself in response to

new situations and information. Finally, knowledge works through rules of

thumb and intuitions: flexible guides to action that developed through trial

and error and over long experience and observation. These with knowledge

see known patterns in the new situations and can respond appropriately.

They do not have to build an answer from scratch every time. So knowledge

offers speed. In literature rules of thumb are seen as ’scripts’. Scripts are

patterns of internalized experience, route through a maze of alternatives,

saving us the trouble of consciously analyzing and choosing at every step

along the way. Scripts can be played so quickly that we may not even be

aware of them. We arrive at an answer intuitively, without knowing how

we got there. That does not mean the steps do not exist - intuition is not

mystical. In the KM field intuition is also called ’compressed expertise’.
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2.2 What kinds of knowledge?

As I will explain in more details in the following chapter, what constitutes

a KM solution depends on kind of knowledge and its objectives. Knowledge

can be classified following different criteria. In particular we may classify

knowledge according to its degree of formalization and organizational diffu-

sion or the ’what, how, when, why’ views. Moreover, by the intersection of

these classification we can obtain others different kinds of knowledge, not

always mutually exclusive and neither always compatible. In this section I

shall present an overview of different views of knowledge. Afterwards, I shall

discuss how these different views of knowledge can be formalized taking into

account the research field of knowledge representation.

2.2.1 Degree of knowledge formalization: tacit and ex-
plicit

Tacit knowledge is subconsciously understood and applied, difficult to articu-

late and formalize, developed from direct experience and action, and usually

shared through highly interactive conversation, story-telling and shared ex-

perience. It also includes cognitive skills such as intuition as well as technical

skills such as craft and know-how. Explicit knowledge, in contrast, is formal-

ized, coded in several natural languages (English, Italian, Spanish etc.) or

artificial languages (UML, mathematics, etc.) and can be easily transmitted.

It includes theoretical approaches, problem solving, manuals and databases.

As explicit knowledge, it was the first to be or, at least, to be archived

(Gandon, 2000). Nonaka and Takeuchi (Nonaka and Takeuchi, 1995) pointed

out that tacit knowledge is also important and raises additional problems; it

was illustrated by these companies having to hire back their fired and retired

seniors because they could not be replaced by the newcomers having only

the explicit knowledge of their educational background and none of the tacit

knowledge that was vital to run business. Tacit and explicit knowledge are

not totally separate, but mutually complementary entities. Without expe-

rience, we can not truly understand. But unless to convert tacit knowledge

to explicit knowledge, we can not reflect upon it and share it in the whole

organizational. Moreover explicit knowledge is playing an increasingly large

role in organizations, and it is considered by some to be the most important

factor of production in the knowledge economy. Imagine an organization
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without procedure manuals, product literature, or computer software.

2.2.2 Degree of knowledge distribution: general and
specific

Knowledge also may range from general to specific. General knowledge is

broad, often publicly available, and independent of particular events. Spe-

cific knowledge, in contrast, is context-specific. General knowledge, its con-

text commonly shared, can be more easily and meaningfully codified and

exchanged, especially among different knowledge or practice communities.

Codifying specific knowledge so as to meaningful across organization re-

quires its context to be described along wit the focal knowledge. This, in

turn, requires explicitly defining contextual categories and relationships that

are meaningful across knowledge communities (Zach, 1999).

2.2.3 What, how, when, why views of knowledge

Knowledge also may be classified in several types. Knowledge about (know-

what) something is called declarative knowledge. A shared, explicit un-

derstanding of concepts, categories, and descriptors lays the foundation for

effective communication and knowledge sharing in organizations. Gandon

(Gandon, 2000) claim that knowledge about something is explicit knowledge

which may be shared by knowledge workers. Knowledge of how (know-how)

occurs or is performed is called procedural knowledge. While both know-

what and know-how work together, they circulate separately. Know-what

circulates with relative ease and is consequently hard to protect. Know-how

is embedded in work practice and is sui generis and thus relative easy to pro-

tect. Conversely, however, it can be hard to spread, co-ordinate, benchmark,

or change. Know-how is a disposition, brought out in practice. Thus, know-

how is critical in making knowledge actionable and operational. Gilbert Ryle

emphasized the distinction between know-what and know-how. About ex-

perts, he says, ”we are interested less in the stocks of truths that they acquire

and retain than in their capacities to find out truths for themselves and their

abilities to organize and exploit them, when discovered” (Gorman, 2002).

Judgment involves recognizing that a problem is similar to one whose so-

lution path is known and knowing when to apply a particular procedure.

For instance if a physician has seen the same kind of medical problem many
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times then he or she is likely to recognize important cues that will lead more

directly to solution. This is in contrast to a novice physician who will have

to think through the problem more explicitly and make many inferences to

arrive at a correct diagnosis. Over time, the lengthy reasoning process be-

comes compiled into shorter, more direct chains of inferences that are stored

in the physicians memory and are directly available to be retrieved when

similar problems are encountered.

Knowledge why (know-why) something occurs is called casual knowledge.

Shared explicit causal knowledge, often in form of organizational stories, en-

able organizations to coordinate strategy for achieving goals or outcomes.

Know-why is also called wisdom and is related to judgment, but it is dif-

ferent kind of judgment that the one usually exercised by experts who are

working in roughly familiar territory. Wisdom is the ability to reflect on

what is doing, to question prevailing mental models and procedures and, if

necessary, come up with a new course of action (Gorman, 2002).

2.2.4 Knowledge representation

A KM system should capture in some way the domain knowledge and make

it available and usable using one or more representation language. In partic-

ular, knowledge and representation are distinct entities that play central but

distinguishable roles for any intelligent entity that wishes to reason about

its world. Knowledge is a description of the world. It determines a system’s

competence (for example, a system’s depth and breath of problem solving

power is determined by what it knows. Representation is the way knowledge

is encoded. It defines the performance of a system in doing something (in the

problem solving context speed and efficiency are determined to a significant

degree by choice of representations)(Davis et. al., 1993). It functions as a

surrogate inside the reasoner, a stand-in for things that exist in the world.

Viewing representations as surrogates leads naturally to two important ques-

tions. The first question about any surrogate is its intended identity: what

is it a surrogate for? There must be some form of correspondence specified

between the surrogate and its intended referent in the world; the correspon-

dence is the semantics for the representation. The second question is fidelity;

how close is the surrogate to the real things? What attributes of the original

does it capture and make explicit, and which does it omit? Perfect fidelity

is in general impossible, both in practice and in principle. It impossible in
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principle because any thing other than the thing itself is necessarily different

from the thing itself. One consequence of this imperfection is in describing

the natural world, we must inevitably lie, by omission at least. The second

consequence is all sufficiently broad-based reasoning about the natural world

must eventually reach conclusion that are incorrect. However, representa-

tions function as surrogate for abstract notion like actions, processes, belief,

causality, categories, etc... allowing them to be described inside an entity so

it can reason about them. To proceed with definitions, selecting a represen-

tation means making a set of ontological commitments. The commitments

are in effect a strong pair of glasses that determine what we can see, bringing

some part of the world into sharp focus, at the expense of blurring other parts.

This ontological commitment can of course be written down in a wide variety

of languages and notations (e.g. logic, Frame, ontology, rules, cases, natural

language etc.); the essential information is not the form of that language but

the content (i.e., the set of concepts offered as a way of linking about world).

However, different representations make different both for inference they are

capable of (Simmons and Davis, 1993), but also in the concepts their are able

to represent. In fact, one of the biggest debate of the last two decade is the

trade-off between the expressive power of languages and the computational

cost of reasoning for general-purpose system (Doyle and Patil, 1991). Com-

plexity and expressive power of languages are interesting for KM because

the main goal of KM is to improve organizational performance by enabling

individuals to capture, share, and apply their collective knowledge to make

optimal decisions...in real time (Smith and Farquhar, 2000). Therefore, the

choice of the right language to represent knowledge become an important

issue to make both optimal and real time decisions in a KM systems.

Expressivity vs Complexity of the languages

Levesque and Brachman (Levesque and Brachman, 1987) argue that in or-

der to provide timely and correct responses in the most critical applications,

general-purpose knowledge representation systems should restrict their lan-

guages by omitting constructs which require nonpolynomial worst-case re-

sponse times for sound and complete classification. This was called the re-

stricted language thesis. The authors motivate the choice of classification as

a term to evaluate general-purpose knowledge representation systems both

because classification is used to organize knowledge and inference in virtually
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every field and because classification is also very general, as it is essentially

equivalent to logical entailment, and so capable of supporting most forms of

logical inferences. On the other hand, Doyle and Patil proofed that restrict-

ing languages by omitting constructs which require nonpolynomial (or other-

wise unacceptable long) worst-case response times for correct classification of

concepts destroys the generality of the language and system. In particular,

because of the restricted language theses many important classes of definable

concepts are inexpressible in restricted languages. Moreover, they proofed

that language restrictions impose large costs in working around restrictions,

when this is possible. When this is not possible, users must invent mecha-

nisms external to the representation system for expressing their knowledge.

These gaps in expressive power thus mean that the restricted languages are

not general purpose. The authors suggests that efficient knowledge repre-

sentation services need not completely forbid dangerous construct, but may

only need to limit their usage. It may be sufficient to instill a sense of cau-

tion in the user when using the constructs. This conclusion proof that it can

not be representation without reasoning and reasoning without representa-

tion. Moreover, this also proof the strong relationship between two types

of knowledge: know-what and know-how. Know-what is what constitutes

domain knowledge. It is static and declarative. Know-how (also called op-

erational or procedural knowledge), that specify what to do when. However,

sometimes making a clean distinction between them is difficult. Although

at an intuitive level such a distinction makes some sense, at a formal level

it disappears. On the one hand it seems know-what needs a representation

language which has less constructs for reasoning than the ones required by

the know-how. On the other hand as Doyle and Patil (Doyle and Patil, 1991)

have proofed restricted knowledge representation languages not allows to de-

fine some important concepts of the domain. That is why although there are

different representation languages for the two kinds of knowledge (Rich and

Knight, 1991), there exist an overlap between them as shown in the fig. 2.2.

Measures of efficiency

Another important issue is the measures of efficiency to evaluate the de-

sign and actions of representation systems, and then KM systems as well.

Levesque and Brachman (Levesque and Brachman, 1987) used worst-case

costs as a measure of classification’s efficiency. Afterwards Doyle and Patil
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Figure 2.2: Knowledge representation formalisms.

have found out some reasons which show why considering the worst-case is

the wrong way to evaluate a representation system. First of all measuring

classification’s (in general any other reasoning mechanisms) efficiency with

the worst-case is that the worst-case is not the general case. The restricted

language thesis judge failure by their worst consequences in the most critical

applications, independent of how rare or common these failure are. Sec-

ondly, with worst-case time measure of efficiency ignores the other costs (e.g.

space consumption) incurred in reasoning. Anyway, these problem with us-

ing worst-case time costs to select linguistic restrictions are important, but

they are all symptoms of a more profound problem. No matter how one

measures the costs of classification (or some other reasoning), costs alone say

nothing about the value or benefits received from classification. The authors

argue that one must judge the design and actions of representation systems

according to their decision-theoretic utility rather than their computational

costs. The utility of some action is usually not identical to the cost of the

action, but to some function of the cost and the other consequences of the

action. In the sense of decision theory, means taking actions of maximal

expected utility. The expected utility of an action is the utility of its con-

sequences in each situation averaged according to the probabilities of the

consequences occurring in those situations. Judging inferential operations
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according to their expected utility instead by the worst-case time cost rec-

ognizes that all actions may fail with some probability, that failures have

different consequences in different circumstances, and that probabilities and

utilities of different consequences vary independently.
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Chapter 3

Knowledge Management issues

Practitioners and business managers alike agree that issue of technology,

process, people (roles and skills), and content must be addressed to achieve

success in the KM field. An organization must have good enough technology

to make progress, especially in the transnational business environment of to-

day (Smith and Farquhar, 2000). However, to achieve bottom-line success,

even more attention must be paid to the other issues. Experience in many

organizations has shown that no more than one third of the KM budget

should be devoted to technology. Hlupic (Hlupic et. al., 2002) investigate

the benefits of a systematic and interdisciplinary approach to research in

KM, particulary in investigating technical (’hard’), organizational (’soft’)

and philosophical (’abstract’) aspects of the concept. KM are getting more

and more important thanks to the information technology capabilities to

knowledge generation, codification and transfer. Their increasing capabili-

ties facilitate KM but are still limited. At the same time, it is recognized

that the effective management of knowledge involves more than simply ex-

ploiting the data held on information systems. It also required attention to

the ’softer’ parts of the corporate knowledge base, as found in the human and

cultural aspects of business, particularly the experiences and tacit knowledge

of employees. It is organizational structures and processes that harness and

combine intellectual and human capital for learning, innovation and problem

solving. Both ’hard’, technological, and the ’soft’, organizational and human,

aspects are important for KM. Furthermore, KM is based on more abstract

aspects, dealing with theoretical, philosophical, epistemological and ontolog-

ical aspects of this concept. Therefore, KM initiatives have to combine both

of these above aspects, which include: the technological tools that allow for
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easier and more powerful forms of data access and manipulation; the organi-

zational structures and processes that harness intellectual and human capital

for learning, innovation and problem solving, but also an understanding of

the essence and theory of KM.

To concise an abstract view into a more precise observation, with regard

to the interdisciplinary perspectives on KM, I shall give an introduction of

what the literature means about the people (roles and skills), process and

technology.

3.1 Knowledge Management roles and skills

A common weakness in KM programs is the overemphasis on information

technology at the expense of well-defined KM roles and responsibilities. In

fact, if KM is to thrive, organizations must create a set of roles and skills

to do the work of capturing, distributing and using knowledge. There are

many strategic and technical task to perform and it is unrealistic to assume

that company can simply throw KM activities on top of its existing posi-

tions. Whereas Zach (Zach, 1999) give us a short reflection about KM roles

and skills, Davenport and Prusak (Davenport and Prusak, 1998) analyze it

deeper. The former claims that the KM need to create a new organizational

role, the CKO (Chief Knowledge Officer) which have to perform:

• Championing KM, educating the organization, knowledge mapping;

• Integrating organizational and technological resource.

On the contrary, Davenport and Prusack gave a more comprehensive expla-

nation about the new figure of CKO. Besides the above described activities,

according to them CKO must:

• Manage relationships with external providers of information and knowl-

edge (for example academic partners or database companies), and ne-

gotiate contracts with them;

• Provide critical input to the process of knowledge creation and use

around the firm and facilitate efforts to improve such process;

• Specify key categories of information and knowledge that the organi-

zation would address;
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• Measure and manage the value of knowledge, either by conventional

financial analysis or by ’anecdote management’;

• Lead the development of knowledge strategy, focusing the firm’s re-

sources on the type of knowledge it needs to manage most, and the

knowledge processes with the largest gaps between need and current

capability.

Moreover Zach does not distingue the role of knowledge manager with the

role of CKO. In particular he claims that CKO may also called knowledge

manager and many organizations also cluster these responsible for KM into

knowledge or expertise centers, each being responsible for a particular body

of knowledge. Instead Davenport and Prusak see the knowledge manager and

the CKO as two different role. In fact they claim that the CKO also manage

the organization’s professional knowledge manager, giving them the sense of

community, establishing professional standards and managing their careers.

From the Davenport and Prusak point of view, the knowledge manager has

to perform the following function:

• Developing project objectives;

• Assembling and managing teams;

• Determining and managing customer explanation;

• Monitoring project budgets and schedules;

• Identifying and resolving project problems.

Moreover Davenport and Prusak identified another two roles: the knowledge-

Oriented Personnel, the KM Workers. The former is defined as line workers

who must also manage knowledge their own jobs. For instance, planning

managers, business analysts, design and manufacturing engineers, market-

ing professionals, and even secretaries and clerks are the most important

managers of knowledge. They all need to create, share, search out, and use

knowledge in their daily routines. The latter may be defined as people who

extract knowledge from those who have it, put it in structured form, and

maintain or refine it over time (also called knowledge integrators, knowledge

engineer and knowledge administration). Good knowledge workers could be

a combination of ’hard’ skills (structured knowledge, technical abilities, and

professional experience) with ’softer’ traits (a sure sense of the cultural, po-

litical and personal aspects of knowledge).
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3.2 Knowledge Management processes

KM also refers to knowledge processes managed within an organization.

Therefore, it is natural that the understanding of a knowledge process differs

in different organizations; e.g., a knowledge process in one organization has

a different set of tasks than in another. Sometimes these knowledge pro-

cesses differ on the surface, though their conceptual model is the same. In

the following I tried to conciliate different point of views about KM pro-

cesses in a more conceptual characterization of them. Here are some KM

processes proposed in lectures. Beginning with the study in (Weber, 2003)

KM is comprised of four central processes: knowledge creating, understand-

ing, distributing, and reusing. Create is the creation process focuses on how

knowledge comes into existence in processes of organizations and individuals.

Knowledge understanding comprise verification, representation, synthesis,

adaptation, storage and organization of the new knowledge with knowledge

existing within the organization. Knowledge distribution embodies different

dissemination methods. Once knowledge is captured and understood, it has

to be available for access by individuals in the organization. Knowledge reuse

consists of applying knowledge to an organizational process. It is not suffi-

cient to make knowledge available; the reuse step is responding for promoting

reuse by encouraging users to apply available knowledge. This may result in

the creation of new knowledge, which in turn begin the knowledge process

again. Likewise, two knowledge researcher (Staab et. al., 2001) notes four

principal KM processes: creation and import, capture, retrieval and access,

and use. Knowledge creation and/or import contents needs to be created or

converted such that they fit the conventions of the company, e.g. to the KM

infrastructure of the organization. Then knowledge item must be captured

in order to elucidate importance or interlinkage, e.g. the linkage to conven-

tionalized vocabulary of the company. As above, knowledge retrieval and

access is largely a dissemination issue. These issues aim to satisfy the simple

requests for knowledge by the knowledge workers. Typically, however, the

knowledge worker will not only recall knowledge items, but she will process it

for further use in her context. As we said above, these two points of view dif-

fer in surface but they have more or less the same conceptual model. In fact,

we can identify similarities in the meaning between knowledge creating from

(Weber, 2003) and knowledge creation and import from (Staab et. al., 2001)

as well as between knowledge distributing and retrieval and access processes.
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Instead, the knowledge creation process in (Weber, 2003) is defined deeper

than the knowledge capture process in (Staab et. al., 2001) involving sub-

processes like verification, representation, synthesis, adaptation, storage and,

organization. However the knowledge capture process introduced by (Staab

et. al., 2001) emphasize the importance to have a conventionalized vocab-

ulary of the company (i.e. ontology) especially for domains that are shared

by group of people. I will treat this issue in more detail later. Another KM

framework (Milton et. al., 1999) is made up of five key KM process: personal-

ization is the process of sharing knowledge mainly through person-to-person

contacts. Codification is the process of capturing existing knowledge and

placing this in repositories in a structured manner; discovery is the process

of searching and retrieving knowledge from repositories and database, such

as using intranet and internet systems; creation/innovation is the process of

generating new knowledge, vital if an organization is to remain competitive;

capture/monitor is the process of capturing knowledge as people carry on

their normal tasks such as interacting with people and computer systems.

The latter framework introduces an important process that the two former

frameworks have missed, such as the creation/innovation one. This is an

attractive notion as it does not have the overhead of talking people off-line

in order to capture their knowledge. Another author (Zach, 1999) specifies

five different processes for KM: acquisition i.e. information and knowledge is

either created within the organization or can be acquired from many differ-

ent internal and external sources; refining means that captured knowledge,

before being added to the repository, is subjected to value-adding processes

(Refining) such as cleansing, labelling, indexing, sorting, abstracting, stan-

dardizing, integrating, integrating, and re-categorizing; storage and retrieval

bridge upstream repository creation to downstream knowledge distribution;

distribution represents the mechanisms used to make repository content ac-

cessible and finally presentation is related to the capability which should be

provided for flexibly arranging, selecting, and integrating the knowledge con-

tent.

Before to conciliate the different framework I have just described I shall

to emphasize the knowledge creation process. In particular Nonaka and

Takeuchi (Nonaka and Takeuchi, 1995) fig. 3.1 believe that knowledge cre-

ation processes are more effective when they spiral through the four following

activities to improve the understanding:
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• Socialization is the activity of creating tacit knowledge through shared

experiences. For socialization, we need to build a ’field’ of interaction,

where individuals share experiences and space at the same time, thereby

creating common unarticulated beliefs or embodied skills;

• externalization is the activity of articulating tacit knowledge into such

explicit knowledge as concepts and/or diagrams, often using metaphors,

analogies, and/or sketches. This mode is triggered by a dialogue in-

tended to create concepts from tacit knowledge. Creating a new prod-

uct concept is a good example;

• Combination is the activity of assembling new and existing explicit

knowledge into a systemic knowledge, such as a set of specifications for

a prototype of a new product. Often, a newly created concept should

be combined with existing knowledge to materialize it into something

tangible;

• Internalization is the activity of embodying explicit knowledge into

tacit, operational knowledge such as know-how. This mode is trig-

gered by ’learning by doing or using.’ Explicit knowledge documented

into text, sound, or video formats facilities the internalization activity.

Therefore, manuals, a quintessential example of explicit knowledge are

widely used for internalization.

Now, let us to conciliate the different framework of KM above described

taking into account the Fisher and Ostwald paper (Fisher and Ostwald, 2001)

which will be useful to us to understand the common approach to the KM

problem. In their work, traditional KM approach is defined as a cyclic ac-

tivity involving three related processes: creation, update, and dissemination.

In this model, computation supports human knowledge activities by manip-

ulating information. An information repository stores information that was

created in the past and is disseminated throughout an organization or group.

In the creation process, management collects and structures an organiza-

tional memory’s contents as a finished product at design time (before the

organizational memory is deployed) and then disseminates the product. As

above the dissemination process irrigates the organization with knowledge.

Knowledge must be actively distributed to those who can make use of it.

Finally, periodically knowledge engineers carefully craft a knowledge base in

order to update it by integrating or simply adding new piece of knowledge.

20



Figure 3.1: Nonaka’s Spiral Model.

This point of view about KM defines less processes than the others above

described. At any rate, each of the above frameworks might be mapped into

Fisher and Ostwald view easily (see tab.3.1)

3.3 Knowledge Management Technology

As we have asserted before, KM is much more than technology, but ’tech-

knowledgy’ is clear a part of KM. According to (Davenport and Prusak,

1998) investment in technology in terms of both cost and effort should stay

under one third of the total KM effort - otherwise you are going wrong some-

where. Technology’s most valuable role in KM is extending the reach and

enhancing the speed of knowledge transfer. Information technology enables

the knowledge of an individual or group to be extracted and structured, and

then used by other members of the organization or its trading partners world-

wide. Technology also helps in the codification of knowledge and occasionally

even in its generation. Much of the early focus on technology was driven by

an over-focus on explicit knowledge - on ’getting things down’ and into high-

level database. However, given the current view that up to 80 per cent of an

organization’s knowledge is always going to be in people’s heads, there is a

growing interest also in technologies that support communication and collab-

oration between people. Technology adds value when it reduce the cost, time
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Table 3.1: Mapping KM Frameworks into traditional KM view
Traditional KM view Others views

Knowledge Creation Knowledge creating, understanding
(Weber, 2003)
Knowledge creation/import, capture
(Staab et. al., 2001)
Knowledge personalization, codification
(Milton et. al., 1999)
Knowledge acquisition, refining, storage
(Zach, 1999)

Knowledge Dissemination Knowledge distributing, reuse (Weber,
2003)
Knowledge retrieve, access, use (Staab
et. al., 2001)
Knowledge discovery (Milton et. al.,
1999)
Knowledge retrieve, distribution (Zach,
1999)

Knowledge Update Knowledge capture/innovation (Milton
et. al., 1999)

and effort needed for people to share knowledge and information. However

if it not closely aligned with organizational needs and with people’s ways of

working, or if it results in information overload and so people can no longer

make sense of it all, then even the best technology in the world, you will end

up right back at square one: people still cannot easily find the knowledge as

information they need. The importance of this cannot be overemphasized.

Therefore, what kinds of technologies are we talking about? The following

is a brief and simple overview of some of the knowledge-enabling technolo-

gies currently available. In particular, we shall analyze those technologies in

according to their contribution at the following activities: connecting people

to people, connecting people to knowledge, connecting people to knowledge

using, connecting data and knowledge with new knowledge (Skyrme, 2003)

(Marwick, 2001) (Weber, 2003).
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3.3.1 Connecting people with people: collaborative tools

Collaborative tools are simple electronic tools that support communication

and collaboration - people working together. There are a number of key con-

siderations and characteristics to bear in mind when looking at collaborative

tools, as the following:

• Time: Is the collaboration taking place simultaneity (e.g. videoconfer-

encing) or at different times (e.g. email)?

• Place: Is the collaboration taking place in the same location or at

different one?

• Information richness: how much and what types of information do they

convey? For instance, videoconfencing provides both body language

and tone voice whereas email is only focused on written words (without

any context)

In short, no one technology is ideal for all situations. However, collaborative

tools can provide a number of benefits, such as:

• allowing people to work together in teams, over a network, indepen-

dently if they are in the same location or not

• enabling the sharing of tacit knowledge

• enabling access to experts knowledge wherever they are located

• saving a meeting costs

At any rate, common collaborative tools include the following:

• Groupware: is a fairly broad category of application software that helps

individuals to work together in groups or teams. Shared experiences are

an important basis for the formation and sharing of tacit knowledge.

Groupware provides a synthetic environment, often called a virtual

space, within which participants can share certain kinds of experience;

for example, they can conduct meeting, listen presentations, have dis-

cussion, and share documents relevant to some task. Indeed, if a geo-

graphically dispersed team never meets face to face, the importance of

shared experience in virtual spaces is proportionally enhanced. There
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are example of popular proprietary groupware packages as Lotus Notes,

Novell GroupWise and Microsoft Exchange. Groupware packages are

different in the functions they offer. Most include a shared database

where team members can work on common documents and hold elec-

tronic discussions. Some include group schedulers, calendars and/or

e-mail. Other focus on real-time meeting support. A true groupware

package should include several of these function, not just one.

• Discussion boards or forum: Discussion boards or forum give people

the ability to post and reply to messages in a common area. Some-

times these boards will be moderated by a leader or facilitator. Their

purpose is to provide an ’informal meeting place’ a bit like a caf. Peo-

ple can ask for advice and share information around topics of interest.

Nevertheless, it is found that many people who participate in forum

are willing to offer advice and assistance, presumably driven by a mix-

ture of motivations including altruism, a wish to be seen as an expert,

and the thanks and positive feedback contributed by people they have

helped. Discussion boards are often used to support communication

within communities of practice.

• Videoconferencing: they can either be done using specialized video fa-

cilities, or from people’s desktop using computer software. Videocon-

ferencing works well for situations that require a degree of trust and

relationship-building, for discussing issues and exploring ideas, and in

situations where you do not need a detailed permanent record to be gen-

eralized automatically. Consideration needs to be given to the quality

of the video link, as many of the benefits can be lost through poor qual-

ity. Also, be aware that not everyone likes, or feels comfortable with,

videoconferencing. An alternative is audio (teleophone) conferencing,

which tends to work best when participants already know each other.

• Project support tools: There are a number of tools that enable work

groups and project teams to share documents and exchange messages

across different locations in ’real time’. For example, when a group is

working on a shared documents, there needs to be a tool to make the

document centrally available, allow people to make changes, synchro-

nize the changes made, and ensure that the most up-to-date version is

clearly available. Similarly, remote project teams can take advantage
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of ’electronic whiteboards’ to brainstorm together, generate lists of op-

tion, draw or map concepts visually to aid understanding, display and

analyze data together.

• Workflow tools: Workflow tools are developed to model typical pro-

cesses that take place in organizations. They enable people to work

together on shared tasks, with some of the core process knowledge em-

bedded in the design of the workflow software application. An example

would be a purchasing o transition process, starting with the creation

of an order and ending with supply of goods. Where several people and

a sequence of documents and processes are involved, automation can

help speed up the process and also provide information what stage the

process is at, at any given time.

• Expertise location: the community members of a organization also

would like to find each other by searching the the corporate directory.

’Know-who’ is often as important as ’Know-what’ and ’Know-how’. Ex-

pertise location system have the goal of suggesting the names of persons

who have knowledge in a particular area. In their simplest form, such

systems are search engines for individuals, but they are only as good

as the evidence that they use to infer expertise. Usually in a com-

pany there are a LDAP (lightweight directory access protocol) direc-

tory which contains the basic ’coordinates’ of each employee-telephone

number, email, address, physical address, business unit, the manager

to whom they report, photographs, pointer to their personal web pages,

and so on. Finally, people can record their expertise in the directory

which helps community members find others who might be able to offer

assistance. Companies do, however, often encounter non technological

difficulties in building expertise location systems. The systems require

a considerable time commitment on the part of the expert to enter and

update biography into the database. Motivating experts to perform

such tasks may be difficult.

3.3.2 Connecting people with knowledge: managing
content

Besides an environment through which people can share their knowledge

and expertise you need processes in place to ensure that users can easily
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and quickly find information they need. In particular you have to consider

content management. There are three critical aspects of managing content:

• Collecting the content: Including issues such as: where will the content

come from; who will collate it; how will they find and evaluate sources

to ensure that quality and reliability of content; how will they ensure

it meets users needs both now and in the future, as needs change;

how will they weed out out-of-date content; how will you ensure that

your content complies with issues such as copyright, legal liability, data

protection, and information risk and security?

• Organizing the content: How will the content be organised so that

people can easily find what they need, when they need it? How will

content be classified and indexed, and what terms and language will

you use? Will you use taxonomies? A thesaurus or ontologies?

• Retrieving the content: How will people find and access the informa-

tion they need? What combination of navigation tools will you offer

them - menus, maps, search engines? What balance will you strike

between pushing information to users (e.g. through alerting services)

or waiting for users to pull information out for themselves (e.g. using

search engines)?

Some example of tools and technology used in content management are:

• Taxonomies and document classification: knowledge of a domain can

also be mapped as a taxonomy, i.e. a hierarchically organized set of

categories. The relationships within the hierarchy can be of different

kinds, depending on the application, and a typical taxonomy includes

several different kinds of relations. The value of a taxonomy is twofold.

First, it allows a user to navigate to documents of interest without do-

ing search. Second, a knowledge map allows documents to be put in

a context, which helps users to access their applicability to the task in

hand. Taxonomies can be generated either by manually or automati-

cally using a software program.

• Ontologies or thesauri: The main purpose of ontologies is to provide a

common language guarantees effective knowledge sharing. In content

management, the main aim of an ontology is to enable content to be
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indexed in variety of ways so that different users who tend to use differ-

ent terms can still find it. Moreover, ontologies are an old solution to

support knowledge commitment. Philosophers have relied on ontolo-

gies as a formalism that explains the nature of everything. Artificial

Intelligence and Web researcher have co-opted the term for their own

jargon, and for them an ontology is a document or file that formally

defines the relations among terms. Stabb (Staab et. al., 2001) claim

that ontologies constitute the glue to tie together all KM processes

(knowledge creation, knowledge import, knowledge capture, knowledge

retrieval and access, and knowledge use. Ontologies open the way to

move on from a document-oriented view on KM to a content-oriented

view of KM, where knowledge item are interlinked, combined and used

within inferencing processes.

• Search engines: Community members must be able to find and bring to

bear the relevant knowledge in the repository. In today’s KM systems

the search engine is the main workhouse. Search engines vary widely

in their level of sophistication. The most of them apply rudimentary

natural understanding techniques, allowing the users to search for doc-

uments that contain a specific word or phrase, which can leave users

having to sift through great deal of irrelevant information. More so-

phisticated search engines permits practical leveraging of semantic web

research. The semantic web relies on ontologies representing the main

concepts of a domain and their relations. Such ontologies can be used

to describe metadata on information, resources and services. On an-

other end, users search information, resources and services by means of

these knowledge models. Ontologies can help to improve this search as

semantic metadata based on these ontologies enable take into account

the semantic contents of Web resources and then reduce the amount of

irrelevant material retrieved (Dieng et. al., 2004).

• Portals is now a standard first step in KM. A portal is a website or a

web page that provides your main point of entry into an intranet or

the internet, and which gathers and integrates information from vari-

ous sources into a single location. Portals are essentially personalized

gateways - a kind of one-stop-shop for information that is personalized,

either to an organizations needs or to individual peoples needs. The

purpose is to avoid information overload by providing at each persons
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desktop access to the specific information and tools they need to do

their job, while filtering out those they do not need. It typically offers

two ways to find information: search which can be be full text and

context specific; indexing of structured and unstructured data form file

systems, web servers, email, and so on; the key aspect of a portal is

that it maintains its own meta-data about the information to which it

gives access.

3.3.3 Connecting people to knowledge using: problem
solving and decision making tools

There is a part of KM technologies that is specifically focused on activities

to be performed by knowledge users such as problem-solving and decision

making activities. More precisely, these kinds of technologies are related to

what we called know-how knowledge. The key to success here is to bake

specialized knowledge into the jobs of skilled knowledge workers - to make

knowledge so readily accessible that it can not be avoided (Davenport and

Glaser, 2002). There are some consideration to bear in mind when you

consider such tools:

• What balance will you strike between ’pushing’ knowledge to users or

waiting for users to ’pull’ information out for themselves?

• Is the final decision a user’s competence or a system’s competence?

Common tools for connecting people to knowledge using are the following:

• Recommendation systems: a recommender is a system able to make

prediction on the fact that user will like or not a certain item. Rec-

ommendation systems are a step further than Information Retrieval

systems. The goal is always the same to help them with the informa-

tion overloading. They are different by two fundamental issues: first

of all, they try to deal with every type of item available. Second, they

try to anticipate the users’ needs, and they can be used as decision

tools in case of users absences. Recommendation systems restrict the

number of items available, letting the users to operate a choice. Gen-

erally speaking the term ’recommendation system’ refers to systems

which recommend lists of products and those that help users to evalu-

ate those products. Every recommendation system is based on the same
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process of three fundamental steps. This process is normally repeated

several times during the life of a recommender. At least the last two

steps are repeated every time that a user access the system. The steps

are: retrieve and filter items (for example book, a movie, a restaurant,

a web page etc.), elaborate a prediction for every item for a certain

user, display the recommendation to the user. Therefore, in contrast

to the tools described above, these tools giving special importance to

the users and their profile in order to make predictions (Cobos et. al.,

2002). Collaborative filtering is the most successful recommendation

technique to knowledge. The basic idea of it is to provide item recom-

mendations or predictions based on the opinion of other like minded

user. The opinions of the users are their past behavior in the system

and can be gathered explicit or implicit. These type of recommenda-

tion systems are usually used in communities of practice environments

which involve knowledge workers who share knowledge about the same

domain (Davies, 2000). Search-based (content-based) recommendation

systems do not rely on preferences of other users but treat the problem

as a search for related items. Based on the already purchased or rated

items this tool look for items from the same author, the same genre, the

same artists, similar keywords or something like that. This kind of tools

are mainly used in the context of KM to support search and retrieval

process of Portals. Collaborative filtering assumes that human prefer-

ences are correlated, thus if a group of like minded user like an item it

then is very likely that the active user also likes it. Knowledge Based

Recommendation Systems on the other hand choose a totally different

approach. In such a system the user have to say what he want, the sys-

tem then determine based on its knowledge which items are available

that meet his wishes. Example of these application are usually based

on Case-based reasoning techniques (Burke, 2000) (Hurley, 2001).

• Knowledge-based systems: A knowledge-based system can be defined

as ”an intelligent computer program that uses knowledge and inference

procedures to solve problems that are difficult enough to require sig-

nificant human expertise for their solutions”(Feigenbaum, 1982). Over

time, a human being in the process of becoming an expert will gain sig-

nificant experience in their field of expertise. This experience is in turn

used to solve problems that the expert encounters. Knowledge-based
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systems represent one way that expertise can be captured, coded, and

reused. Fundamentally, a knowledge-based system consists of some rep-

resentation of expertise, some representation of a problem to be solved,

and some mechanisms to apply the expertise to a problem. Although

expertise may be represented in various forms, one common represen-

tation for expertise is in the form of rules. But what are the needs for

knowledge-based systems in the context of managing knowledge? Some

organization have concentrated knowledge domain rather than a com-

munity of expert users. This is the best situation for expert systems,

which can enable the knowledge of one or a few experts to be used

by a much broader group of workers. However, it can be difficult to

extract knowledge from an expert in the first place - either because the

expert does not know what he or she knows, or because he or she does

not want to surrender the knowledge. That’s why, many KM project

have failed. For this reason, according to Davenport (Davenport and

Prusak, 1998), the rules that usually governing the knowledge-based

system must be carefully specified in a tight structure, and must not

contain overlapping knowledge. Another requirement must be bear in

mind when we are using knowledge-based system: because these highly

structured systems are difficult to maintain or add knowledge to, the

knowledge domain needs to be fairly stable.

• Case-based Reasoning: is a methodology that reuses previous episodes

to approach new situations. When faced with a situation, the goal is

to retrieve a similar previous one to reuse its strategy. When CBR is

applied to problem solving, a previous solution is reused to solve a new

problem. The choice of which previous solution to reuse is based on

how similar the previous problem is to the current one. This reasoning

process can be referred to as the similarity heuristic and its underlying

hypothesis is that similar problems have similar solutions. This is a very

natural form of human reasoning that relies on previous experience, it

is relatively easy to implement computationally successfully mimicking

this very common method to solve problems and deal with knowledge

and experience.

Case-based Reasoning systems have continually been appointed as an

appropriate method to support KM and its processes. One reason can

be due to the affinities between the Case-based Reasoning processes
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Figure 3.2: Key dimensions of knowledge management tools.

and KM processes. Other can be because the similarity heuristic, in

which the Case-based Reasoning methodology lies upon is originally

a common form of human reasoning that is commonly employed in

KM processes (Aha et. al., 1999) (Watson, 2001) (Weber, 2003). In

general, if you have little time and smarter users, tools for KM like

knowledge-based systems are not appropriate. If we consider customer

support or help-desk application where the time are getting the essence

of the services the Case-based Reasoning technology is the best bet.

Therefore, roles and skills of people and the time to find a solution are

key factor in distinguishing the various types of knowledge technology

(see fig. 3.2). Moreover, unlike Expert systems which require that rules

are well structured with no overlaps, case structures can reflect the fluid

thinking that goes on in our minds (Davenport and Prusak, 1998).

Connecting data and knowledge with new knowledge: knowledge
creation technologies

As well as technologies designed to enable the sharing of knowledge, there

is also an increasing number of technologies aimed at supporting the cre-

ation of knowledge - helping to generate new knowledge from data and past

knowledge. A few example are briefly mentioned here:
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• Knowledge discovery: is a technology which allow supporting KM in its

knowledge creation process. Introducing knowledge discovery systems

helps to automate organizing, utilizing and evolving large knowledge

repository. The process of finding useful patterns in data has been re-

ferred to as data mining, knowledge extraction, information discovery,

information harvesting, data archaeology and data pattern processing.

The phrase knowledge discovery was coined at the first Knowledge Dis-

covery and Databases workshop in 1989. Although it has similar goals

to data mining, knowledge discovery emphasizes the end product of the

process, which is knowledge. Thus, the pattern should be novel and

in form that the human users will be able to understand and use it.

Knowledge discovery usually employs statistical data analysis meth-

ods but also methods in pattern recognition and artificial intelligence.

Discovered knowledge has three important facets: form, representation

and degree of certainty. The pattern is a statement that describes re-

lationships among subset of facts with a particular degree of certainty.

Such patterns include clusters, sequences or association rules. To be

potentially useful the patter must be simpler than an enumeration of

all the facts in the subset being consider. Knowledge discovery is com-

posed by some processes (Shapiro and Frawley, 1991) , but it is not

goal of my dissertation explain them. I shall underlying how knowl-

edge discovery meets KM. There are enormous application of knowl-

edge discovery. Here, I will focus only on a few that are related to

information systems and KM and thus text, World Wide Web. Knowl-

edge discovery for text is also called Text Mining, and consequentially

knowledge discovery for WWW is called Web Mining. Text mining

can be used to automatically find, extract, filter, categorize and evalu-

ate the desired information and resources. Tools for text analysis are

used to recognize significant vocabulary items and uncover relation-

ships among many controlled vocabularies by creating meta-thesaurus.

They can also recognize all names referring to a single entity and find

multi-word terms that have a meaning of their own and abbreviations

in a text with a link to their full forms. Text analysis tools automati-

cally assign documents to preexisting categories and detect document

clusters. Web Mining is the discovery and analysis of useful informa-

tion from the World Wide Web. Text mining applies to Web content

mining, which is the automatic retrieval of information and resources,
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filtering and categorization. The other aspect of Web mining involves

Web usage mining, that is , the discovery and analysis of user access

patterns (Jurisica, 2000).

• visualization techniques: can be applied in an attempt to help the user

understand the available information and knowledge more easily. Usu-

ally, a slide presentation with histograms and other images is much

more appreciated and effective than a text presentation on the same

subject. Graphics and animations, when appropriately rendered, can

decrease the time required for knowledge workers to grasp complex pro-

cesses and allow nonexperts to verify the accuracy of relationships that

would have been unwieldy to describe with tables of data (Bergeron,

2003). Different visualizations of a large collection of documents have

been used with the goal of making subject-based browsing and navi-

gation easier. These methods include text-based category trees. Topo-

graphic map have been used as a metaphor to represent the different

subject themes, their relatedness, and the proportional representation

of the themes in the collection. Another approach allows visualization

of documents in a large taxonomy or ontology. However, graphical vi-

sualization has not been widely adopted in search application, whereas

text-based interfaces are ubiquitous. Perhaps a more promising ap-

plication of visualization is to help user grasp relationships between

concepts in a set of documents or relationships expressed as hyperlinks

between documents (Marwick, 2001). This is more promising because

of difficulty of rendering relationships textually. Furthermore, figuring

out the relationships within aa set of documents is a task that requires

a lot of processing, and a computer assistance is of great value.
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Chapter 4

Artificial Intelligence methods
in Knowledge Management

Technology holds a pivotal position both as a domain for knowledge posses-

sion and creation and as a possible contributor to the knowledge proliferation

and management processes. Hence, although the primacy of the human re-

source, as the originator and developer of knowledge, is firmly established in

the KM canon, it is also necessary to contemplate the role and interaction

of technology. This provides the potential facilitator and enabler of capa-

bilities within the knowledge building cycle, identified by Nonaka (Nonaka

and Takeuchi, 1995) and others as being the core business process occurring

within contemporary ’knowledge companies’ (Fowler, 2000). Of particular in-

terest, within the context of technology’s role in KM, is the potential role of

AI in its various forms. In particular AI technologies and methodologies have

been appointed as appropriate methods to support KM processes. Therefore,

in this chapter I shall show the role of AI technologies and methodologies to

support knowledge sharing (i.e. connecting people to knowledge), and using

(i.e. connecting people to knowledge using). Moreover, because of the prob-

lem solving and decision making characteristics of the Operational context I

do not describe more deeper AI technologies and methodologies to support

creating (i.e. connecting data and knowledge with new knowledge) processes

of KM.
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4.1 AI to support knowledge using process

4.1.1 Knowledge-based Systems

Knowledge-based systems (KBS) solve problems that are normally solved by

human ’experts’. More precisely a KBS can be defined as ”an intelligent

computer program that uses knowledge and inference procedures to solve

problems that are difficult enough to require significant human expertise

for their solution” (Feigenbaum, 1982). Over time, a human being in the

process of becoming an expert will gain significant experience in their field of

expertise. This experience is in turn used to solve problems that the expert

encounters. KBS represent one way that expertise can be captured, coded,

and reused. Briefly 1, a KBS consists of some representation of expertise,

some representation of a problem to be solved, and some mechanisms to

apply the expertise to a problem. Although expertise may be captured and

represented in various forms, one common representation for expertise is in

the form of rules. The representation of a KBS would be a collection of rules

that were derived form the expert. However, I want to explain neither in

more details KBS nor applications of KBS for KM, but I thought it is more

interesting to show and describe how the research in KBS could contribute

to the success of KM system. In my opinion most of the efforts spent in

research of KBS especially in the field of Knowledge Acquisition, Modelling,

Verification and Validation methods can be used and adapted to the KM

context.

Knowledge Acquisition for Knowledge Management

The early years of knowledge engineering were dogged by problems. Knowl-

edge engineers found that acquiring enough high-quality knowledge to build

a robust and useful system was a very long and expensive activity. As such,

knowledge acquisition (KA) was identified as the bottleneck in building a

KBS. This led to KA becoming a major research field within knowledge en-

gineering. The aim of KA is to develop methods and tools that make the

arduous task of capturing and validating an expert’s knowledge as efficient

and effective as possible.

The most obvious similarity between KA and KM is the importance of treat-

ing knowledge as an asset which, if used in the right way, provides for in-

1for the sake of simplicity, I do not describe the KBS deeper
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creased efficiency and effectiveness within the workplace. Moreover, most

of the early KM problems have been addressed by KA many years ago. Of

particular relevance are the common problems found across the two domains.

Three of the most prevalent problem found within the KM literature are the

as follows:

1. Organizations contain such a vast amount of knowledge that mapping

all of it would be both impossible and a waste of time (Davenport and

Prusak, 1998).

2. Tacit knowledge is vital to an organization, yet is very difficult and

time-consuming to capture and codify (Nonaka and Takeuchi, 1995);

3. Ordinary language is the main form of communication, yet is so full

of jargon, assumptions and ambiguities that people often fail to under-

stand what others are trying to say;

At a stretch, I will show how KA principles can help to address these prob-

lems.

Mapping the right knowledge in the right way Avoiding the need to

map too much knowledge requires a number of techniques and tools which

aims are to fit the following consideration:

• choose what knowledge needs to be mapped by first capturing the goals

and users to which the knowledge is to be put;

• decide on the scale (i.e. the level of granularity) of the knowledge to

be acquired;

• choose from a range of tools, so the right one is used for the job;

• reuse knowledge (do not reinvent the wheel);

• piece together knowledge from multiple sources;

• validate knowledge by checking it with other experts;

• structured knowledge as it is captured, so that it is easier to search

repository and retrieve relevant knowledge.

KA developed a series of techniques which allow to satisfy the seven aims

listed above.
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Making tacit knowledge explicit In the book The knowledge Creating

Company, Nonaka and Takeuchi (Nonaka and Takeuchi, 1995) argue that

”the success of Japanese companies is a result of their skills and experience

at organizational knowledge creation”. They state that ”the key to knowledge

creation lies in the mobilization and conversion of tacit knowledge”. Their

theory of organizational knowledge creation explains how tacit and explicit

knowledge interact, and how knowledge is converted from one to the other.

They demonstrate that the main ways in which tacit knowledge is made

explicit is through metaphors, analogies, concepts, hypotheses and models.

However, the basic assumption that knowledge is either tacit or explicit is

contest by Shadbolt and Milton (Shadbolt and Milton, 1999). In particular

they claim that ”knowledge is often neither exclusively explicit nor exclusively

tacit, but lies on a continuum between the two”. A simple everyday example

of this is a person trying to remember something saying ’it’s on the tip of

my tongue’. Tip of my tongue suggests that knowledge is neither tacit nor

explicit, but only require a small prompt to be made explicit. Providing the

right prompts require to identify what type of knowledge you are trying to

capture, what type of expert is involved and what representation to use. KA

techniques may help to address this problem.

Avoid the problem of miscommunication The problem of miscommu-

nication is well known by the KA field. In fact, people who develop KBS

often emphasize the communication difficulties that beset application special-

ists and knowledge engineers. At least initially, the experts in the application

area and the computer scientists building the knowledge base rarely speak the

same language. On the other hand, communication of knowledge is perceived

as a stumbling block by domain experts as well. Because expert typically do

not understand programming, they have little appreciation for what knowl-

edge might be relevant for computer-based models of their behavior. In a

similarly way the problem of miscommunication happen between expert peo-

ple and novice between different CoPs in a organization. People use the same

word to mean different things (ambiguity) and use different words to mean

the same thing (synonymous). These characteristics of language can lead to

major problem for organizations - lack of knowledge dissemination, misunder-

standing and the hardening of functional boundaries. One techniques in KM

that attempts to alleviate such problems is the construction of a thesaurus

of company terminology. However, this is not enough. A prime need is to
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form a clear and precise ’language’ requires first classifying the terminology

in terms of the types of knowledge present, then determining where it resides

on a hierarchy of knowledge. The location of a term is determined by the

attributes associated with it, which also need to be analyzed and classified.

This is an example of what is called ’ontology’. Thanks to KA techniques an

ontology could be built following the steps listed above as I will show later

in this chapter.

KA techniques KA have developed many techniques to help elicit tacit

knowledge from an expert. In particular techniques used to interview domain

expert have received increasing attention in the literature. Many interviewing

strategies have been borrowed from original work in psychology and cognitive

anthropology, disciplines in which the methods that people use to categorize

their world and to solve problems have been focal point of investigation.

These techniques include:

• Direct Questioning: The simplest way to elicit information from ex-

perts is to ask them questions. Unfortunately, direct questioning has

a number of major limitation. An expert’s response to a question may

depend in subtle ways on how the question is asked. The reply may as-

sume implicit background information that is not directly articulated.

The words used to phrase a question can have an enormous effect on an

expert’s response. A knowledge engineer may ask myriad well-formed

questions and still elicit misinformation. Much of skilled knowledge is

tacit processes, experts volunteer plausible answers that may not reflect

their true behavior. Therefore, acquisition of authentic knowledge, not

surprisingly, requires more than just asking direct questions.

• Protocol Analysis: The most extensively studied methods designed to

elicit authentic knowledge all involve protocol analysis, a technique de-

veloped by cognitive psychologists. Protocol analysis requires subject

to be studied while they are in the process of solving problems. The

subjects are encouraged to ’think aloud’ while working on either real or

simulated cases. They are asked to report their problem solving goals

and the data they are considering at each point, but are asked not to

rationalize or justify their actions. The result is a verbal protocol that

trace execution of the particular task. Although this method seems to

be useful for capturing user’s expertise, may be cause of wasting time
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for the experts. Moreover, many authors remain concerned that asking

experts to speak out loud during their activities may cause distortion

of these experts’ behavior, resulting in less than authentic protocols.

• Psychometric Methods: Researcher interested in psychological testing

frequently are concerned with how people classify elements in the world

and solve problems. Just as protocol analysis has been adopted from

the methods of cognitive psychologists, formal psychometric techniques

also have worked their way into the knowledge engineer’s tool box. One

of the returns on this research was the repertory grid method. Such a

method began with structured interviews for selecting a set of entities

- called elements - from an expert. Then the interviewer identified

the personal construct (i.e. attribute, slots) of the expert by asking

the expert to volunteer distinguishing features of the various elements.

Finally, the interviewer asked the expert how each construct applied

to each element. Therefore the result is a matrix of personal construct

and elements (i.e. the repertory grid). For example, presented with

of characterizing different wines, you might choose elements Cotes du

Rhones, Lambrusco and Liebfraumilch, with the constructs sweetness,

color, and effervescence. The link between elements and constructs

are represented by dry/medium/sweet, red/white, and still/sparkling.

Table4.1 shows the value associated for the three wines.

Table 4.1: An example of Repertory Grid

Sweetness Color Effervescence
Cotes du
Rhones

Dry Red Still

Lambrusco Medium White Sparkling
Liebfraumilch Medium White Still

Other psychometric techniques have been used for KA, such as Hierarchy-

generation techniques, Sorting techniques, Limited-Information and

Constrained-processing tasks, Diagram-based techniques.

From simple interview, to protocol analysis, to use of psychometric ap-

proaches, there are many techniques available to knowledge engineers for

the elicitation of the basic knowledge required to build KM systems. More
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recently, there has been a paradigm shift in KA. Knowledge Acquisition is

no longer simply a means of mining the knowledge from the expert’s head.

It now encompasses methods and techniques for knowledge elicitation, mod-

elling, representation and use of knowledge. This shift was also recognize

by researcher involved in the KBS field. They claim that ”Transcripts of

protocols and others verbal data alone, of course, are insufficient for cre-

ating knowledge base; developers must use these elemental data to create

computational models of the professional behavior that given expert systems

ultimately will carry out” (Musen, 1993). By the way, the knowledge mod-

elling advent has enabled knowledge to be re-used in different areas of the

same domain. In the past knowledge systems had to be developed from

scratch every time a new system was needed, and it could not interact with

other systems in the organization. Therefore, the paradigm shift towards a

modelling strategy has resulted in reducing development costs.

Knowledge Modelling for Knowledge Management

Models are used to capture the essential features of real systems by breaking

them down into more manageable parts that are easy to understand and to

manipulate. ”A model is a simplification of reality” (Booch et. al., 1999).

Models are used in systems development activities to draw the blueprints

of the system and to facilitate communication between different people in

the team at different levels of abstraction. People have different views of

the system and models can help them understand these views in a unified

manner. Knowledge modelling is important to KM because contributes to

the understanding of the source of knowledge, the inputs and outputs, the

flow of knowledge and the identification of other variables such as the impact

that management action has on the organizational knowledge (Davenport and

Prusak, 1998). As the paradigm has shifted from the transfer approach to the

modelling approach, knowledge modelling has become an important aspect in

the process of building knowledge management systems. With the modelling

approach, systems development can be faster and more efficient through the

re-use of existing models for different areas of the same domain. Therefore,

understanding and selecting the modelling technique that is appropriate for

different domains of knowledge will ensure the success of the KM system

being designed.
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Figure 4.1: The CommonKADS Model Set .

CommonKADS CommonKADS has become the de facto standard for

knowledge modelling and is used extensively in European research projects.

It supports structured knowledge engineering techniques, provides tools for

corporate knowledge management and includes methods that perform a de-

tailed analysis of knowledge intensive tasks and processes. A suite of models

is at the core of the CommonKADS knowledge engineering methodology

(Schreiber et. al., 1999). The suite supports the modelling of the orga-

nization, the tasks that are performed, the agents that are responsible for

carrying out the tasks, the knowledge itself, the means by which that knowl-

edge is communicated, and the design of the knowledge management system

(see fig. 4.1.

The organization model is regarded as a feasibility study for the knowl-

edge system (Schreiber et. al., 1999). The study is conducted based on

problems and opportunities; it can focus on such areas as: structure, pro-

cess, people, culture and human power bases, resources, process breakdowns

and knowledge assets. The organization model serves three main purposes:

the identification of the area in an organization where knowledge-based appli-

cations can be implemented, the identification of what impact the knowledge-

based application will have in the organization when it is implemented, and
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it provides the system developers with a feeling for where in the organiza-

tion the applications will be deployed. The purpose of the agent model is

to understand the roles played by different agents when performing a task

(Schreiber et. al., 1999). Agents can be people, computers or any other en-

tity that can perform a task. The agent model specifies its characteristics, its

authority to perform the task and any associated constraints. The purpose of

the task model is to provide an insight in to the likely impact that introducing

the knowledge system will have on the organization. The task model refers

to the characteristics of the business processes such as: the inputs and out-

puts, the preconditions, performance and quality, the function of the agents

that will carry out the processing, the structural coupling of those agents,

the flow of knowledge between the agents, their overall control, the knowl-

edge and competencies of the agents and the resources available to deliver

the business process. The knowledge model is used to describe the applica-

tion related knowledge used to perform tasks and the role of the knowledge

in problem-solving activities. The knowledge model of CommonKADS has

three categories of knowledge: task knowledge that describes the order of

execution for the reasoning (inference) steps, inference knowledge that de-

scribes the reasoning step (inference) performed using the domain knowledge

and the domain knowledge itself including its properties, concepts, relations,

and so on in the application domain. The communication model describes

the inter-agent communication needed when performing the tasks. Finally,

the design model is a technical specification of the system in terms of its

architecture, platform, modules, constructs and computational mechanisms

(Schreiber et al. 1999). It brings together all the other models.

Knowledge Verification and Validation for Knowledge Management

Verification and Validation techniques have always been an essential part

of the development because they offer the only way to judge the success

(or otherwise) of a knowledge base development project. This remains true

in the context of KM: verification and validation techniques provide ways

to measure the quality of knowledge in a knowledge base, and to indicate

where work needs to be done to rectify anomalous knowledge. Validation

and verification comprise a set of techniques used in software engineering

(and therefore in knowledge engineering) to evaluate the quality of software

systems (including KBS and KM systems). There is often a confusion about
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the distinction between validation and verification, but conventionally view

is that verification is the process of evaluating a system or component to de-

termine whether the products of a given phase satisfy the conditions imposed

at the start of that phase and validation is the process of evaluating a system

or component during or at the end of the development process to determi-

nate whether it satisfies specified requirements. Verification and Validation

together is the process of determining whether the requirements for a system

or component are complete and correct, the products of each development

phase fulfill the requirements or conditions imposed by the previous phase,

and the final system or component complies with specified requirements 2.

Using only a few words, verification is building the system right and valida-

tion is building the right system (Boehm, 1984). Verification can be viewed

as a part of validation: it is unlikely that a system that is not ’built right’ to

be the ’right system’. Of course, the goal of software/knowledge engineering

is to try to ensure that the system is both ’built right’ and the ’right sys-

tem’; that is, the goal is to build ’the right system, right’. This distinction

is not less important in the field of KM. In this context, verification tell us

whether or not the knowledge base are flawed as software artifacts, while val-

idation tell us whether or not the content of the knowledge base accurately

represents the knowledge of the human experts that supplied it. It is worth

noting that in this context verification is essentially an objective test: there

are absolute measures of the correctness of a piece of software. Instead, val-

idation is typically subjective to a creation extent, where we must compare

formally-represented knowledge to informal statements.

Although efforts has been made to formalize the development process so

that user requirements may be stated as a fully-formal specification, this

not happen in the real systems. Therefore it is unrealistic to expect formal

verification to serve as the only validation and verification techniques in a

KBS development project, because it will rarely be possible to ensure that

the formal specification is a complete and correct statement of the users’ re-

quirement. Therefore, KBS validation and verification will typically need to

involve multiple techniques, including formal verification against formal spec-

ifications (where possible), and empirical validation (including running test

cases). This is especially important in the KM context, where a large part

of validation will be fundamentally subjective: checking that the represented

2Verification and Validation according to the IEEE Standard Glossary
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knowledge accurately captures what’s going on in the experts’ mind.

KBS development process Before to consider knowledge verification and

validation techniques I shall list the steps which constitute the development

process of a KBS usually applied for business application (Preece, 2001).

• Requirements Specification: typically the requirement specification stated

the user requirement in a natural language form. This requirement

specification is not amenable to analysis by verification and validation

techniques - instead, it is used to establish the needs for them.

• Conceptual Model: it is the definition of the KBS content in terms of the

real concepts and relations. This description is completely independent

of the way in which the KBS will be designed and implemented. The

idea is to allow the knowledge engineer to perform a knowledge-level

analysis of the required system before making any design and imple-

mentation choices. One of the best known model which I briefly de-

scribe above is CommonKADS (Schreiber et. al., 1999) in which model

may be initially defined using a semi-formal, largely diagrammatic rep-

resentation, from which a refined, formal model can be derived. The

conceptual model is the foundations for the design model

• Design model: the design model serves to ’operationalize’ the concep-

tual model into an executable KBS; it describe the required system

in term of computational entities: data structures, processes, and so

on. For example it may specify that a taxonomy which was defined in

the conceptual model could be represented as a frame hierarchy. The

design model dictates the form of the implemented system.

• Implemented system: once the design task have been performed the

system may be implemented in any programming language, although

typically a special-purpose KBS language is used.

Techniques of knowledge verification and validation There are many

verification and validation techniques that have been developed for use on

KBS. However, they can be classified in two categories: static methods (In-

spection, Static verification, Formal Proof, Cross-Reference verification) and
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dynamic methods (Empirical testing). Static methods detect faults by ana-

lyzing a complete program, but the program is not executed, while dynamic

methods require that a program be executed with regard to test suites.

• Inspection: it is the most commonly-employed techniques. It is based

on the human proof-reading the text of the various artifacts. Typically,

a domain expert is asked to check the statement in the knowledge base;

since the formal languages used in the design model and implemented

system will be unfamiliar to domain experts, this technique is better

suited to use with the semi-formal conceptual model. Inspection is a

highly-relevant technique to use in the context of KM, where human

experts need to review knowledge acquired from them. It is also the

minimal form of validation that should be applied in the KM system.

• Static verification: it consist of searching in the knowledge base of

the KBS for anomalies. Many framework for detecting anomalies have

been successfully developed and most of them have the objectives of

find out redundancy and conflict in the knowledge base. Redundancy

occurs when a knowledge base contains logical statement that play

no purpose in the problem-solving behavior of the system; this typ-

ically indicates that the system is incomplete in some way. Conflict

occurs when there are logical statement that are mutually inconsistent,

and would therefore cause the system to exhibit erroneous behavior.

Anomalies may exist in any of the formal artifacts: the implemented

system, the design model, and if it is defined formally - the conceptual

model.

• Formal Proof: is a more thorough form of logical analysis of the (for-

mal) artifacts in the development process than that provided by static

verification. Formal proof techniques can be employed when require-

ments are amenable to formal specification, in order to verify that the

formal artifacts meets the specified requirements. In practice, however,

while there are many formal specification languages for KBS, there are

few documented examples of the use of proof techniques to very user

requirements. Formal proof is only likely to be applicable in KM appli-

cations where organizational knowledge will be applied in safety-critical

or costly mission critical situations for decision-making or decision sup-

port.
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• Cross-Reference verification: this technique is usually performed when

there is a formal description of the KBS at different ’levels’. For exam-

ple, we would expect the concepts that are specified as being required

at the conceptual level to be realized in terms of concrete entities at

the design level, and in terms of concrete data structures in the imple-

mented system. A useful application of the cross-reference verification

methods in KM lies in the linking of knowledge described at different

levels of formality. Once a correspondence has been established be-

tween, for instance, semi-formal statements in the conceptual model

and formal statements in the implemented system, then the user can

use hyperlinking tools to move from one to the other. In one direction,

users can move from formal to semi-formal in order to obtain a more

understandable statement of the same knowledge; in the other direc-

tion, users can move from semi-formal to formal in order to apply some

knowledge in automated decision support.

• Empirical testing: the testing process usually involved the following

steps (Tsai et. al., 1999):

1. establishing testing criteria;

2. generating test cases (inputs) and expected outcomes on the se-

lected input;

3. applying a test method to exercise the software, and

4. evaluating the test methods

A testing criteria define the goal for comparing a system again spec-

ification. Several criteria for testing are testability, reliability, safety,

completeness, consistency, robustness, and usability. Different testing

criteria implicates different test cases. For instance, testing for relia-

bility checks whether the system conforms to its specifications while

testing for safety checks whether the system does not cause any harm-

ful effects to its environments. However, difficulties in generation of

test case inputs can be happen. A legal test input is a test input that

is consistent with the input specification in the problem specification.

It is almost impossible to generate a large number of legal test input

when the problem specification does not specify the definition of a legal

input. If the problem specification specifies the legality criteria and an
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oracle (it can be a program or a domain expert) is available it can be

used to identify the legal (or illegal) test inputs for positive (or neg-

ative) testing. The literature of testing methods (Tsai et. al., 1999)

(Preece, 2001) speaks about function-based and structure-based test-

ing. In the function testing, also known as black-box testing, a program

is treated as a black-box. The program’s implementation details do not

matter as the focus on the requirements specification. The success of

function-based testing is dependent upon the existence of a ’represen-

tative’ set of cases. The structural testing, also known as the white-box

testing, constructs the test cases based on the implementation details

such as the control flow and data flow aspects, source language de-

tails, and programming styles. In KM, testing often takes the form of

systematically asking questions of an implemented KBS (if it exists),

the goal being to assess the acceptability of the responses in terms of

both completeness and correctness. However, one of the characteristics

of KM system is the knowledge creation process. Therefore, measure

like completeness must be consider as referred at the time in which the

system will be deployed.

4.1.2 Case-based Reasoning

Case-based Reasoning (CBR) is the technique of solving new problems by

adapting solutions that were used to solve old problems. There are many

example of people using CBR in their daily lives. When you have to fix your

computer you remember past problem solving experience and adapt it to the

new problem. So is a car mechanic who suspects he knows the problem when

a car is brought into the shop with symptoms similar to a previous one that

he has fixed. A cooker who have to prepare a dinner for vegetarian hosts

remembers past times he cooked for vegetarians. If you have to go by car in

a place you visited you remember the total oil you spend in order to gas up

your car.

CBR is used extensively by people in both expert and commonsense situa-

tions. It provides a wide range of advantage:

• CBR allows the reasoner to propose solutions to problems quickly,

avoiding the time necessary to derive those answers from scratch;

• CBR allows a reasoner allows a reasoner to propose solutions in domains
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that aren’t completely understood;

• CBR gives a reasoner a means of evaluating solutions when no algo-

rithmic method is available for evaluation;

• Cases are particularly useful for use in interpreting open-ended and

ill-defined concepts;

• Remembering previous experiences is particularly useful in warning of

the potential for problems that have occurred in the past, alerting a

reasoner to take actions to avoid repeating past mistakes;

• Cases help a reasoner to focus its reasoner on important parts of a

problem by pointing out what features of a problem are the important

ones.

From Knowledge-based systems to Case-based Reasoning systems

Knowledge-based Systems are one of the success stories of Artificial Intel-

ligence research. Today’s Knowledge-based Systems are based upon an ex-

plicit model of knowledge required to solve a problem, using a formal model

that enables system to reason using first principles. However, despite the

undoubted success of Knowledge-based Systems in many sectors develop-

ers of these systems have met several problems (Watson and Marin, 1994)

(Davenport and Prusak, 1998) (Kolodner, 2000):

• Knowledge Acquisition: Knowledge-based Systems are typically struc-

tured in a set of rules extract from the experts. However, knowledge

engineering found it hard to uncover the hundreds of rules that the

expert used to solve problems - because the expert does not know want

he/she knows, or because he or she does not want to surrender the

knowledge, or mainly because the expert often had hard time trying

to articulate his or her problem solving skill in the form of IF-THEN

rules. This last problem became known as the the knowledge acquisition

bottleneck. In addition, while rules seemed like nice compact represen-

tations to collect, it is often the case that rules have many exceptions,

making the knowledge acquisition problem that much harder. To com-

plicate matters even further, it was necessary to trace the interactions

between rules to insure that they could chain together properly, and

that contradictions were eliminated.
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• No memory: A second major criticism of the Knowledge-based Sys-

tems is that most did not have any memory, that is, the system would

not remember previous encounters with the same problem, and would

have to solve them again from scratch. This, of course, is terribly in-

efficient, but even dismissing efficiency issues for a moment, an even

more important point is that a system with no memory will not be

able to remember past mistakes. Without this ability, the system is

surely condemned to repeat those mistakes again and again. This type

of stupidity is not tolerated in human problem solvers, and many peo-

ple were dissatisfied with Knowledge-based Systems’ inability to learn

from their mistakes.

• Robustness: A third serious criticism of Knowledge-based Systems is

that they were brittle. Since all their knowledge was recorded in terms

of rules, if a problem did not match any of the rules, the system could

not solve it. In other words, rule-based systems had little or no ability

to work beyond their rule base; they could not adapt to handle novel

situations very well, if at all.

• Maintenance: maybe the worst drawback is due to the difficulty to

maintain the entire knowledge based.

Solutions to these problems have been sought through better elicitation tech-

niques and tools, better Knowledge-Based Systems shells and environments,

improved development methodologies, knowledge modelling languages and

ontologies, facilitating the co-operation between Knowledge-based Systems

and databases in expert databases and deductive databases, and techniques

and tools for maintaining systems. However, over the last decade CBR

paradigm has increasingly attractive because it seems to directly address

the problems outlined above.

Advantages of the CBR approach

CBR has many advantages as a theory and methodology of reasoning and

problem solving. Many of these advantages are in direct response to the

factors, outlined above, that led to the development of the CBR paradigm.

• Model of reasoning: Given that CBR grew out of research on human

memory, it is not surprising that one of the things that makes CBR
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appealing as a model of reasoning and problem solving is that it is

based on the way in which humans reason and solve problems. Rea-

soning from past cases, as opposed to a (large) set of rules, has been

thought to be a more psychologically plausible model of how people

reason. Unlike Knowledge-based systems, which require that rules are

well structured with no overlaps, case structure can reflect the fluid

thinking that goes in the technicians minds. In fact, people typically

spend much of their time trying to connect new problems with known

problems and resolving them with known solutions rather than devising

new solutions.

• Cases vs. Rules: CBR is appreciating as a problem solving methods

that attempts to fix the Knowledge-based problems. CBR offers ad-

vantages over rule-based systems in the following ways:

– Knowledge Acquisition: Cases are easier to remember than rules

because experts usually prefer explaining specific examples of the

problems they have encountered and their solutions to those prob-

lems, than it is for them to describe their problem solving tech-

nique in term of potentially large numbers of rules. In fact, sev-

eral people building expert systems that know how to reason using

cases have found it easier to build Case-based expert systems then

traditional ones.

– Learning from experience: CBR systems for definition are built

on a-priori memory of cases. Each time the systems solve a prob-

lem, it save both the description of the problem and its solutions.

Therefore, CBR systems do not have to waste their time trying

to re-solve old problems and in this way they do not repeat mis-

takes they have made solving the problem the first time around.

While systems that do problem solving from first principles spend

large amount of time solving their problems from scratch, CBR

systems have been found to be several orders of magnitudes faster

(Kolodner, 2000). These learning process makes maintenance eas-

ier.

– Adaptation techniques: CBR systems display more robustness than

Knowledge-based Systems when they have to solve new problem

thanks to their adaptation techniques. In fact, when a CBR sys-
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tems have to face a new problem it search to similar problems in

its case base. Once it find out a similar problem attempt to adapt

the solution to the new problem.

CBR cycle

However, what is Case-based Reasoning? There exists many definitions of

CBR, as following:

• ”Case-based Reasoning is reasoning by remembering” (Leake, 1996);

• ”A case-based reasoner solves new problems by adapting solutions that

were used to solve old problems” (Reisbeck and Schank, 1989);

• ”Case-based reasoning is a recent approach to problem solving and learn-

ing. CBR is able to utilize specific knowledge of previously experienced

(case). A new problem is solved by finding similar past case, and reusing

it in the new problem situation (Plaza and Aamodt, 1994);

• ”Case-based reasoning is both the ways people use cases to solve prob-

lems and the ways we can make machines use them (Kolodner, 1993).

At any rate, CBR can mean different things depending on the intend use of

reasoning: adapt and combine old solutions to solve a new problem, explain

new solutions according to previously experienced similar situations, critique

new solutions based on old cases, reason from precedents to understand a new

solution, or build a consensued solution based on previous cases. However,

these different aspects can be classified into two major types: interpretative

CBR, and problem solving CBR. In interpretative CBR the key aspect is

arguing whether or not a new situation should be treated like previous ones

based on similarities and differences among them. In problem solving CBR,

the goal is to build a solution to a new case based on the adaptation of

solutions to past cases. This division, though it is useful to present the field,

is not always clear in practice because many problems have components of

both types of CBR and certainly the most effective case-based learners will

use a combination of both methods (Kolodner, 2000). However, given a case

to solve, CBR involves the following steps: retrieving relevant cases from

the case memory (this requires indexing the cases by appropriate features),

selecting a set of best cases, deriving a solution, evaluating the solution (in

order to make sure that poor solutions are not repeated). According to these
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Figure 4.2: CBR cycle.

steps, Aamodt and Plaza (Plaza and Aamodt, 1994) describe a Case-based

as a cyclic process comprising ”the four R’s (see fig. 4.2):

1. Retrieve the most similar case or cases;

2. Reuse the information and knowledge in the case to solve the problem;

3. Revise the proposed solution;

4. Retain the parts of this experience likely to be useful for future problem

solving.
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In problem solving, the cycle starts with a new problem and the goal of

the system is to provide a solution to this new problem. Therefore the new

problem is compared with a collection of past experiences (previous cases)

that are composed by problem-solution pairs. The previous cases are stored

in the case base, also called case library. The result of this comparison is

represented in terms of a score of similarity and based on this score, previous

experiences (cases) are sorted. When a list of similar cases is presented in or-

der of similarity, one case is chosen (probably the one with highest score) and

the retrieve step is completed. This chosen case lends its solution part (or

its strategy) to append to the new problem as its proposed solution, which

may be adapted when needed. Adaptation methods substitute or transform

items in the solution to suit the new problem; this step is called reuse. This

proposed solution is revised and if satisfactory it becomes the solution to the

new problem thus generating a new case. This step, called revise, verifies the

appropriateness of reusing the previous cases solution to solve the new prob-

lem. Sometimes it is necessary to repair the retrieved solution or record the

result of its application to enrich the case. The step review was introduced

by Aha (Aha, 1998) to describe the repeated iterations of revision and repair

that some types of case-based reasoners need to carry out. This new case

can be added to the case base causing the CBR system to learn (retain).

CBR approaches

In CBR there are three main approaches that differ in the source, materials,

and knowledge they use:

1. Textual CBR approach: as I said above, the fundamentals idea of CBR

is to reuse knowledge obtained from earlier problem solving situations

in a similar context. In practice, however, these experiences are very

often stored in textual documents. Probably the best-known examples

are collections of Frequently Asked Questions (FAQ) which are used

in virtually any area. Other examples are documentations, manuals of

technical equipment, reports by physicians etc. Consequentially, most

CBR researcher started to address issues of textual documents under

heading of Textual CBR (Lenz, 1998). In Textual CBR, existing doc-

uments are interpreted as cases containing information worth to be

reused for future problem solving episodes. In the context of Textual
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CBR the definition of an index vocabulary for cases and the construc-

tion of a similarity measure are crucial - while it is assumed that the

documents themselves do exist already and adaptation is of limited use

only. Unlike, information retrieval systems, there is no a-priori domain

model, but similarity measures can be introduced between the words

occurring in the documents. Therefore, retrieval is very similar to key-

words matching, but considers the similarity for document scoring.

2. Structural CBR approach: relies on cases that are described with at-

tributes and values that are pre-defined. In different Structural CBR

approaches, attributes may be organized as flat tables, or a set ta-

bles with relations, or they may be structured in an object-oriented

manner. The Structural CBR approach is useful in domains where ad-

ditional knowledge, besides cases, must be used in order to produce

good results (Bergmann and Schaaf, 2003).

3. Conversational CBR approach: Conversational CBR is a form of inter-

active CBR. The users input a partial problem description(in textual

form). The conversational CBR system responds with a ranked so-

lution display that lists the solutions of stored cases whose problem

descriptions best match the user’s. Each case in this kind of CBR is a

list of question-and-answer pairs. Thus, the system presents the user

a ranked question display that lists the unanswered questions in the

proposed cases. Users interact with these displays, either refining their

problem description, or selecting a solution to apply (Aha et. al., 2001).

CBR systems have continually been appointed as an appropriate method

to support KM and its processes. Because the most successful commercial

application of CBR is conversational CBR (Weber, 2003), I shall take a

deeper look at Conversational CBR and its characteristics, and giving more

details at its interaction with KM field in the following character.

Conversational Case-based Reasoning

Prior to problem solving, a case author (best known as knowledge engineer)

creates a set of cases, called a case library. In its most generic form, a case

C is represented as follows:

1. Problem Cp = Cd + Cqa : Encodes the problem;
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(a) Description Cd: Free text that partially describes C’s problem;

(b) Specification Cqa: A set of ¡question,answer¿ pairs;

2. Solution Cs = {Ca1, Ca2,....}: A sequence of action Cai for responding

to Cp

Actions can be free text, hyperlinks, or other objects. A case’s problem

description and specifications serve as its index. C serve as a prototype

for solving queries whose problem specification are similar to C’s; queries

that closely match a case’s problem are expected, with high probability, to

benefit from its solution. Users interacts with CCBR systems by submitting

a query Q in a conversation (see fig. 4.3), which begins when a user inputs a

text description Qd of a problem. The system then computes the similarity

s(Q,C) of Qd to the problem description Cd of each stored case C, which

yields an initial case similarity ranking. The solution of these top-ranking

cases are displayed according to decreasing similarity in a solution display

Ds. Currently unanswered questions in these cases are ranked by importance,

and the top-ranking questions are listed in a second ranked display Dq. The

user can then select a question q ∈ Dq to answer or a solution s ∈ Ds,

thereby terminating the conversation. If the user selects a question, they

then input its answer a. The CCBR system adds (q,a) to the query’s problem

specification Qqa recomputes all case similarities, and updates the displays

Ds and Dq. The more questions answered the more accurate the resulting

case ranking become. Users usually can delete or alter their previous answers

to questions at any time. Problem solving terminates successfully when the

user is satisfied with a selected solution or the top-ranking case’s similarity

exceeds a threshold. It terminates unsuccessfully when the system can not

find a good match or further relevant questions to ask.

4.2 AI to support knowledge sharing process

4.2.1 Ontologies

Ontologies represent another methodology for the development of systems

that implement knowledge tasks. The main purpose of ontologies is to pro-

vide a common language to support knowledge sharing. In practice, a com-

mon languages guarantees effective knowledge sharing, and thus should be

a requirement for all systems intend to implement a knowledge tasks. ”The
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Figure 4.3: CCBR system.

word ontology comes from the Greek ontos for being and logos for word. It is

a relatively new term in the long history of philosophy, introduced by the 19th

century German philosophers to distinguish the study of being as such from

the study of various kinds of beings in the natural science. The more tradi-

tional term is Aristotle’s word category (kathgoria), which he used for classi-

fying anything that can be said or predicated about anything” (?). Therefore,

philosophers have relied on ontologies as a formalism that explains the nature

of everything. Artificial Intelligence researcher have adopted ontologies as a

comprehensive knowledge representation formalism to provide commonsense

reasoning in support of knowledge tasks such as knowledge acquisition and

reuse. Web researcher have co-opted the term for their own jargon, and for

them an ontology is a document or file that formally defines the relations

among terms.

Ontology and Semantic Web: an overview

The more we develop intelligent information system, the more the general

knowledge about things and their categories appears to play a pivotal role

in inferences. Therefore, this knowledge needs to be given to the machine

if we want them to behave intelligently and intelligibly. In particular, on-
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tologies have been exploited to support the main ideas of Semantic Web. In

fact, most Web’s contents are now well-represented in order to be readily by

humans but they are not structured in order to be processable by computers

programs. For instance, a Web Browser can visualize the information in a

specific way, but can not understand or give them a specific meaning.

However, the Semantic Web is not a separated Web but an extension of the

current one, in which information is given well-defined meaning, better en-

abling computers and people to work in cooperation. For the semantic web to

add semantic meaning to Web’s contents, require a language that expresses

both data and rules for reasoning about data and that allow rules from any

existing knowledge representation system to be exported onto the Web. XML

(eXtension Markup Language3) was the first language that separate contents

from the presentation markup. It became a standard language to make in-

formation easily to elaborate by both human and computer programs; for

example, it allows creating structured documents, but unfortunately it can

not manage the documents’ semantic. Besides, it does not provide taxonomic

and reasoning mechanisms, and for these reasons Semantic Web need a more

powerful language. RDF (Resource Description Framework4) was born to

cover these weak. It was developed by W3C (World Wide Web Consor-

tium) as a standard to manage meta-data and with the aim to add semantic

meaning to the Web. RDF describes not only Web’s information but every-

thing you can attach an URI (Uniform Resource Identifier 5); for instance,

if you can attach an URI to a person, every information about her could be

represented by that URI. RDF has a class paradigm like Object Oriented

language; a set of classes is called Schema, and such classes are organized

as a hierarchy of classes. In this way, RDF allow specializing concepts and

sharing of meta-class definitions. A data model of RDF is represented by

a graph which represents the (resource-property-value) triple (see fig. 4.4).

The nodes of the graph are resources described by RDF (Web pages, set of

pages, object not directly accessible via Web), and the arches of the graph are

labelled by a property name of the resource and are directed from the node

which represents the resource to the node which represent its value (it can be

an atomic value or one other resource). Resource with its property and the

property’s value identify a statement which is also called subject-verb-object

3http://www.w3.org/XML/
4http://www.w3.org/RDF/
5URLs, Uniform Resource Locators, are the most common type of URI
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http://www.w3.org/Home/Lassila Ora Lassila

Creator

Figure 4.4: RDF graph.

triple.

The graph consists of two nodes connected by a single arc. One node

(represented as an oval) contains the URI text

http : //www.w3.org/Home/Lassila

and the other (represented as a rectangle) contains the text ’Ora Lassila’.

The arc connecting these nodes bears the label Creator. The RDF data

model provides an abstract, conceptual framework for defining and using

metadata. A concrete syntax is also needed for the purposes of creating and

exchanging this metadata. This specification of RDF uses the XML encoding

as its interchange syntax.

<?xml version="1.0"?> <rdf:RDF

xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

xmlns:s="http://description.org/schema/">

<rdf:Description about="http://www.w3.org/Home/Lassila">

<s:Creator>Ora Lassila</s:Creator>

</rdf:Description>

</rdf:RDF>

Moreover, RDF prefix is used to specify an element belongs to a RDF syn-

tax. For example, let’s consider the above statement about ’Ora Lassila’.

The meaning of the terms used in a RDF statement is very important in

order to choose the right elaboration, and in particular those who reads the

statement must understand the same meaning. That meaning is expressed

by a Schema (RDFS), which defines terms of the statement and their seman-

tic meaning. RDFS is a language which allow defining classes and resources,

their properties, constraint about domain and range of the properties, rela-

tion (subclasses and subproperty). Unfortunately, RDF and RDFS have not

much expressive power to represent properties of properties and necessary
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Figure 4.5: Semantic web stack viewed by Tim Berners-Lee.

or necessary and sufficient conditions for classes. Besides, they do not allow

specifying reasoning mechanisms which must be built on them. The superior

level of RDF and RDFS is what give the constructs to create ontologies.

An ontology is a collection of assertions among concepts and logic rules to

make reasoning on them. Going straight on the road of standard languages,

there are a lot of standard languages for the upper level of RDF and RDFS.

The most important extensions are represented by DAML+OIL (DARPA

Agent Markup Language + Ontology Inference Layer6) and OWL (Web On-

tology Language7) which was derived from the DAML+OIL languages. To

summarize the current vision of the Semantic Web, Tim Berners-Lee uses

in his presentations the Semantic Web Stack (or Semantic Web Cake) as

reproduced in fig 4.5.

Using ontologies in Knowledge Management

A number of factors drive the need for ontologies in KM. First, KM sys-

tems provide opportunities for collaboration and use of knowledge (O’Leary,

1998). However, without an appropriate set of ontologies, the lack of a com-

mon language might cause confusion in collaboration.

6http://www.daml.org
7http://www.w3.org/2004/OWL/
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Also, KM systems are dynamic, according to the knowledge creation process,

introduced by Nonaka (Nonaka and Takeuchi, 1995). However, not only the

knowledge repository should grow but it will be update when its knowledge

will become out-of-date. Therefore, an ontology could provide suggestion to

use of appropriate terms and new pieces of knowledge during such processes.

Furthermore, most KM systems are based on Artificial Intelligence tech-

nologies that are able to make some form of reasoning. Initially, researcher

supported the development of ontologies to provide common sense to other

intelligent systems, like ES and CBR, which lack this feature. Today, ontol-

ogy development and reuse is a topic of AI that encompasses an independent

methodologies. Because the representation language used is typically based

on first order logic, rule-based reasoning is easy to implement within ontol-

ogy application.

Also, KM systems must provide search capabilities. On the Internet, searches

will often yield thousand of possible solution for search request. This might

work in Internet environments, but it generally is not appropriate in individ-

ual organization Intranet environments. To provide an appropriate level of

precision, KM systems need to unambiguously determine what topics reside

in particular knowledge base: for the user, the right (ontology) means the

difference between spending hours looking for information or going right to

the source.

Because KM systems usually employ discussion groups for either raising or

responding to an issue, they must be able to isolate which groups are of in-

terest. Ontology serve to define the scope of these group discussions, with

ontology-formulated topics used to distinguish what different groups discuss.

Without an ontology to guide what the groups discuss, there can be over-

lapping topics discussed in different groups, making it difficult for users to

find a discussion that meets their needs. In another scenario, multiple groups

might address the same needs, but possibly none would have all the required

resources to address a particular user’s need.

Knowledge processes and ontologies

Because of the KM needs is evident that the definition which the main pur-

pose of ontologies is to provide a common language to support knowledge

sharing is too much restrictive for. In fact, according to Staab (Staab et. al.,
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2001) ”ontologies constitute the glue to tie together all knowledge subprocesses

(i.e. knowledge creation, knowledge import, knowledge capture, knowledge re-

trieval and access, and knowledge use)”. They argue that KM solution treats

not only with documents but in general with knowledge items (i.e. text

documents, spreadsheets, presentation slide, database entries, web pages,

construction drawing, or e-mail, and so on). They recognized that most KM

systems however follow the approach used to develop document management

systems (see fig. 4.6 left column ). In that approach what appear evident is

the focus on documents and infrastructure, and the existing but minor role of

the appendix process. In spite of its immediate success, this approach shows

several draw back. In particular, it often leads to the consequence that the

Knowledge process steps of creation, import, capturing, retrieving/accessing,

and using are very loosely connected, if at all. The underlying reason is that

for each o these steps different types of business documents play a major

role, which makes knowledge-reuse extremely difficult. Therefore, (Staab et.

al., 2001) claim that the introduction of ontology in KM development may

act as a glue between knowledge items, bringing between different knowledge

process steps. Moreover, ontologies open the way to move from a document-

oriented view on KM to a content-oriented view of KM, where knowledge

item are interlinked, combined and used within inferencing processes (see

fig. 4.6 right column). This is particulary true, but implies that knowledge

items should be described by meta-data. Meta-data, i.e data about data,

may be classified at least into the following categories:

1. Data describing other data. We may again divide this category into

two orthogonal dimension

(a) The one dimension concerns the formality of this data. Meta data

may range from very informal descriptions of documents, e.g free

text summaries of books, up to very formal description, such as

ontology-based annotation of document contents (Gandon, 2000).

(b) The second dimension concerns the containment of the meta data.

Parts of meta data may be internal to the data that is described,

e.g the author tag inside of HTML documents, while others may be

stored completely independently from the document they describe,

such as a bibliography database that classifies the documents it

refers to, but does not contain them.
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Figure 4.6: Approaching the Knowledge Process - two extreme positions.

2. The second major connotation of meta data is data that describes the

structure of data. For our purpose, one might refer to this notion

by term ’meta meta data’, because we describe the structure of meta

data. Also, in our context this notation boils down to an ontology that

formally describes the domain of the KM application, possibly including

parts of the organization and informal structures. The ontology allows

to combine data from different parts of Knowledge process and data

proper that adhere to the ontology description.

In this way meta data fulfills a double purpose. First, they together with

ontologies condenses and codifies knowledge item for reuse in other step of

the KM subprocesses by being connected through mutual relationships and

the ontology (the meta meta data). Furthermore, it may link knowledge

items of various degree of formality together, thus allowing a sliding balance

between depth of coding and costs.
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Ontology development

There is no one ’correct’ way or methodology for developing ontologies. There

are always viable alternatives. The best solution almost always depends on

the application that you have in mind and the extension you anticipate. On-

tology development is necessarily an iterative process, both because the real

word things are changing and so the specification of the ontology and because

of the user feedbacks. By the way there exists some desiderate characteris-

tics that have been find out by O’Leary (O’Leary, 1998): cost-beneficial,

decomposable, easily understandable, extensible, maintainable, modular and

interfaceable, theory/framework based, tied to the information being analyzed,

universally understood or translatable.

The Artificial Intelligence literature contains many definition of an ontology;

many of these contradict one another. For the purpose of these of these

dissertation we adapt the definition of ontologies given by (Staab et. al.,

2001). Ontologies typically consist of definition of concepts, relation and

axioms. An ontology together with the definition of individual instances of

concepts constitutes a knowledge base. In reality, there is a fine line where

the ontology ends and the knowledge base begins. In fact, one of the main

problem with ontologies is the level of granularity. Usually deciding whether

a particular entity is a concept in an ontology or an individual instance de-

pends on what the potential applications of the ontology are. An interesting

example comes from (Noy and McGuiness, 2000) whom have developed an

ontology about wine. Another rule of thumb for distinguish between con-

cepts and instances claims that if entities form a natural hierarchy then we

should represent them as concepts. However, though existence of this two

rules of thumb, the choice to represent an entity as concept or instance is an

hard job and will accompany the whole development of the ontology itself.

The development of an ontology begin to define its domain and scope (that is,

answer to several question what is the domain that the ontology will cover?

for what we are going to use the ontology?). However, in my opinion this

is not sufficient as a starting point, because in order to answer to these two

questions you have to have an idea of the connection between the ontology

and the reasoning mechanisms which will use it. Moreover, it will be useful

to determine what application ontology have to support, what knowledge

sources consider in order to build the ontology (e.g. domain expert, organi-

zation charts, business plans, dictionaries, index lists, db-schemas etc.), what
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potential users and usage scenarios.

One of the way to determine the scope of the ontology is to sketch a list

of questions that a knowledge base, based on the ontology should be able

to answer, also called competency questions (Noy and McGuiness, 2000). It

worth noting that by the competency question is possible to determine an

initial list of concepts and relations among them (Staab et. al., 2001).

It is almost always considering what someone less has done and checking if

we can refine and extend existing sources for our particular domain task.

Reusing existing ontologies may be a requirement if our system needs to

interact with other applications that have already committed to particular

ontologies or controlled vocabularies. Many ontology are already available in

electronic form and can be imported into an ontology development environ-

ments that you are using. The formalism in which an ontology is expressed

often does not matter, since many knowledge representation systems can im-

port and export ontologies.

At this point is necessary to acquire all possible concepts and find out their

possible connection and property. An interesting starting point could be the

concepts and relations discovered by the competency questions (i.e. baseline

taxonomy). Afterwards a knowledge elicitation process with domain experts

based on the initial input from the baseline taxonomy to develop a ’seed

ontology’ containing relevant concepts, relation among them, axioms on top,

and instances. Then a conceptualization and formalization phase to transfer

the seed ontology into the ’target ontology’ expressed in formal representa-

tion languages like OWL, DAML+OIL etc. The use of potentially reusable

ontology may improve the speed and quality of the development during the

whole refinement phase.

Ontologies need to be evaluated. One of the methods is to check whether

the ontology supports or answers the competency questions introduced be-

fore. Moreover, ontology can be tested in the target application environment.

Feedback from beta users may be a valuable input for further refinement of

the ontology. Another valuable methods is the usage patterns of the ontol-

ogy. The prototype system has to track the ways users navigate or search

for concepts and relations. With such an ’ontology log file analysis’ may

trace what areas of the ontology are often used and others which were not

navigated.

Finally, because the real world things are changing, ontologies have to be

maintained frequently like other parts of software too. Similarly to the phase
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of evaluation of the ontology, feedbacks from users may be a valuable input

for identifying the changes needed. According to Staab (Staab et. al., 2001),

”maintenance should accompany ontologies as long as they are on duty”. Let

us summarize these steps in the following table4.2
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Table 4.2: Ontology development steps

Steps Description and methods

Define the domain of
the ontology • What is the domain of the ontology?

• What are you going to use ontology?

• What are the interactions between the
ontology and the reasoning mecha-
nisms?

• What application ontology have to sup-
port?

• What knowledge sources consider?

• Potential users and usage scenario

Define the scope of the
ontology

Competency question (initial baseline taxon-
omy)

Re-use of the ontology Search for similarly ontology and capture
similarity

Elicit concepts and
relations

Knowledge engineering process with domain
expert starting from the baseline taxonomy
and existing ontology to produce seed ontol-
ogy

Evaluation of the
ontology • How the seed ontology support the

competency questions?

• Feedbacks from beta-users

• Usage patterns of the ontology and the
ontology log file

Maintenance of the
ontology

Feedbacks from users
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Chapter 5

Operational Knowledge
Management

The problem of KM can be faced in three different ways:

1. Local: there are specific needs that have to be solved;

2. Coordinated: there are coordinated operations (a small group of people

who share task, or work together on a product, also called Communities

of Practice) that permit to solve a specific problem;

3. Global: i.e. the management of the entire cognitive patrimony of a

company.

In general, the Global one is a quite theoretical approach while the Local

one is more pragmatic and more suitable for companies needs. On the other

hands, local solutions are quite simpler than the global ones because they

have to manage just a part of corporate’s knowledge. In fact, most companies

have argue and that KM should begin on a small scale, with the objectives

focused on improving the effectiveness of a single knowledge-oriented func-

tion or process (Davenport et. al., 1998). Davenport and Prusak claim that

”a common sense about KM are both starting with high-value knowledge and

with a focused pilot project (and let demand drive additional initiatives).”

The most important factors in deciding where to start are the importance of

the specific knowledge domain to the firm and the feasibility of the project.

Starting from this first and important line of work we have investigated the

ways and methodologies in managing the Operational Knowledge(OK). In

fact for companies like Telecom Italia, the OK is one of the most impor-

tant types of knowledge. The management of this kind of knowledge allows
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telecommunication companies differentiating from one to another.

The Operational Knowledge Management (OKM) is a specific part of KM

specifically focused on Operational Knowledge. Operational Knowledge is

mainly based on individual competence and experiences developed by skilled

knowledge workers during their day-to-day activities (Valente and Rigallo,

2002) (Valente and Rigallo, 2003). Therefore, Operational Knowledge is the

type of knowledge also known as know-how. As we have seen know-how is

embedded in work practice and is sui generis and thus relative easy to pro-

tect. Conversely, however, it can be hard to spread, co-ordinate, benchmark,

or change. Know-how is a disposition, brought out in practice. Thus, know-

how is critical in making knowledge actionable and operational.

5.1 Operational Knowledge, consequences and

context of OKM

OKM is quite a new approach. First of all, let us list some (it would not be

exhaustive) of the characteristics which we found out regarding the Opera-

tional Knowledge.

• Subjective: everyone ’knows’ the best ways to perform activities;

• Implicit: everyone ’has in his mind’ the ways to perform activities;

• Actionable: it usually used in decision making and problem solving

activities;

• Unstructured: often the logical sequences are not recognized;

• Local: Operational Knowledge was born and dies inside the Territorial

boundaries;

• Traditional ’it always worked that ways’.

Of course, the first two ones are intrinsic characteristics of the OK, whereas

the other ones are related to the telecommunication context. As a conse-

quence of such features:

• It is hard to substitute people;
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• Training activities are difficult and time-consuming;

• Found solutions are seldom re-applied;

• Information is not shared;

• People are highly skilled only on few topics;

• People dislike changes.

It worth noting that solutions are not re-applied because people usually do

not share their OK due to the lack of tools or spaces which allows shar-

ing of knowledge. Moreover, in the telecommunication field the operational

knowledge is moving up from pure and simply knowledge of procedures to

awareness of competencies. The former are usually standard actions which

are created by management and then used by technicians, whereas the latter

are associated with individual knowledge and experience developed by tech-

nicians by applying procedures during their day-to-day activities. Therefore,

the operational knowledge is becoming more tacit than explicit. Tacit knowl-

edge knowledge is embedded in individuals and often has a personal quality.

Explicit knowledge is the codified one, expressed in a formal way, easy to

transmit and conservable. We claim that the OK becomes an innovative

factor in a competition only if it becomes explicit and shared (see fig. 5.1).

However, why and when a solution of Operational Knowledge Management

should be applied? By our experiences OKM can be a successful and inno-

vative solution when we are in front of (see also table. 5.1):

• An high turn-over and competitiveness. Therefore, it needs to capture

and make explicit tacit knowledge (the expertise) in order to capitalize

it;

• A continuous technological upgrade and complex problems to solve.

Therefore, it needs to facilitate everyone’s access to the explicit knowl-

edge, in order to use it during day-to-day activities (to improve quality);

• An high level of territorial distribution and different ways to perform

tasks. It needs to identify and capture the ’best way’ to perform activ-

ities, and share it as a ’company standard’ (best practices).
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Table 5.1: Operational Knowledge and reasons to OKM

OK Features Consequences Why and When
Subjective hard to substitute

people
high turn-over − > capture and make ex-
plicit tacit knowledge in order to capitalize
it

Implicit training is time-
consuming

continuous technological upgrade − > facili-
tate everyone’s access to the explicit knowl-
edge, in order to use it during day-to-day ac-
tivities

Unstructured Found solutions are
seldom re-applied

Local Information is not
shared

high level of territorial distribution and dif-
ferent ways to perform tasks − > identify
and capture the ’best way’ to perform activ-
ities, and share it as a ’company standard’
(best practices)

Traditional People are highly
skilled only on few
topics and people
dislike changes
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Figure 5.1: From standard procedures to organizational competencies.

5.2 Operational context and OKM require-

ments

An operational context is typically an environment in which workers as stake-

holders create new knowledge as they carry out their work practices. Knowl-

edge is usually a collaborative by-product of work. By actively participating,

stakeholders become ’knowers’ and by collaborating, they construct knowl-

edge. These collaborative structures of stakeholders are usually called CoPs

(Communities of Practice). At the simplest level CoPs are a small group

of people who have worked together over a period of time. Not a team,

not a task force, not necessarily an authorized or identified group. People

in CoPs can perform the same job or collaborate on a shared task or work

together on a product. They are peers in the execution of ’real work’. What

holds them together is a common sense of purpose within a single company,

and most people belong to more than one of them. CoPs are known by

many names in different organizations: communities of interest, knowledge

communities, technical communities, knowledge ecologies, professional net-

works, best-practice networks, and so on (Smith and Farquhar, 2000). In
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light of that, learning becomes a process of knowledge construction acquired

as stakeholders act and improvise while carrying out their activities. This is

quite different from the view of learning as a transfer process of knowledge

from the ’knowers’ to the ’learners’. In such context knowledge is broad-

cast to an audience through standardized tasks, rather than being activated

on-demand. Moreover, the operational context is quite a dynamic and open

environment. Operational knowledge will be often upgrade by using of them

in the day-to-day activities. Another fundamental aspect of the operational

scenario is the necessity to manage ’best-practices’. Best practices are effec-

tive ways to perform a process or subprocess that have been identified inside

or outside the company. These represent the ready-at-hand knowledge of the

community - its shared common sense. They include recipes and examples

that detail the community’s understanding of the best way to accomplish a

task or solve a problem (Davenport and Prusak, 1998) (Smith and Farquhar,

2000).

Because of all these peculiarities and requirements of the operational context

get across that a traditional approach of KM is not sufficient. In particu-

lar, in the traditional views of KM, knowledge is regarded as a commodity

that needs to be captured, stored, and indexed to allow efficient retrievals

in the future. The underlying assumption is that future needs most likely

to be the same as those of today. The responsibility of creating adequate

’knowledge structure’ to enable future retrievals from shared repository of

’knowledge object’ is delegated to specialists (e.g. knowledge engineers),

who at design time (when a KM system is designed and developed) create

such structures (Fisher and Ostwald, 2001). The requirements of an opera-

tional context say that knowledge should not be treated as an object created,

integrated, and stored by knowledge specialists at design time, to be later

manipulated, transferred, and retrieved by users at use time (when the KM

system is deployed and used), when they encounter problems and knowl-

edge become necessary. It is instead one of the by-products of getting work

accomplished, as enacted in collaborative practices by a network of skilled

workers. In this networks (CoPs), these stakeholders, such as engineers, ar-

chitects, governments representatives, telecommunication technicians and so

on, engage in the design of a joint solution to a common problem, and col-

laboratively constructing the knowledge necessary to address the problem at

hand. Knowledge should be integrated into potential solutions at use time

by means of user-driven tasks, rather than being predefined at design time
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through a series of canonical (system-driven) tasks. Therefore, it seems to

be two perspective from and support two distinct organizational structures.

Traditional KM perspective that is a top-down social structure in which there

is a clear distinction between those who create the knowledge the knowledge

and those who need and use it. Operational Knowledge Management per-

spective, no clear line exists between these two groups in that those who

own the problem and need the knowledge are the ones who help to create

it and later integrate it into the solutions. The top-down structure (tra-

ditional KM perspective) often reflects the hierarchical structures of roles

and power of work structures, whereas the peer-to-peer (OKM perspective)

structure reflects the types of work structure that take place in CoPs. To

summarize, in the traditional KM perspective, management usually collects

and structures an organizational’s memory content as a finished product at

design time (before the organizational memory is deployed) and then dis-

seminated the product. Such approaches are top-down in that they assume

that management creates the knowledge and that workers receive it. OKM

perspective is an alternative that relates working, learning, and knowledge

creation. In this context, workers are reflective practitioners, who struggle to

understand and solve ill-defined problems. Learning is intrinsics to problem

solving, because problems are not given but must be framed and solved as a

unique instances. This perspective have two fundamentals aspects: workers,

not managers, create knowledge at use time, and knowledge is a side effect

of work. Table. 5.2 compares the two perspective and context.

5.3 OKM Framework

In order to answer to the OKM requirements derived by the types of con-

text and knowledge is not sufficient introduce a traditional KM solution as

described by Zach (Zach, 1999). In, fact according to Zach a typical KM

solution is made up by four main concept:

1. Knowledge repository: represents the KM core, since it contains all

domain knowledge;

2. Knowledge roles: represent the actors of the KM solution. Every actor

performs a specific task and has different features;
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Table 5.2: The two perspective of KM
Traditional Per-
spective

OKM perspective

Nature of Knowl-
edge

Object Enacted

Creation Management Stakeholders
Integration Design Time Use Time
Tasks System-driven User-driven
Learning Transferred Constructed
Distribution Broadcasting On-demand, best

practices
Technologies Closed, static Open, dynamic
Work Style Standardize Improvised
Social Structures Top-down Peer-to-peer
Work Structured Hierarchical CoPs
Breakdowns Error to avoided Opportunities

3. Knowledge Flows: represent process by which the knowledge moves

inside the KM solution;

4. Knowledge technology: all useful technologies provided by computer

science to support KM.

In a traditional KM solution, the knowledge is captured by a knowledge en-

gineer through one or more knowledge acquisition session with specialists

and then management decides which knowledge stored into the repository.

Once that all domain’s knowledge is stored into a repository, the user of KM

solution are able to access and retrieve the stored knowledge at least till it

become obsolete, such as for a strong innovation in the domain. Furthermore,

the follow-up procedures of knowledge repository are often not continuous.

In other words, in a typical KM solution, knowledge flows are mainly from

knowledge repository to user. This is what we called ”one-way flows” (see

fig. 5.2.a) (Valente and Rigallo, 2002) (Valente and Rigallo, 2003). We now

consider the well-known Nonaka’s model for knowledge creation. Nonaka

analyzes knowledge creation with a 2 ∗ 2 matrix, where each cell represents

the transition from tacit or explicit knowledge to tacit or explicit knowledge

(Marwick, 2001). Tacit knowledge is all the implicit information we have

created by personal reasoning, relationship, experiences and so on. Explicit
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Figure 5.2: One-way flows vs double-way flows.

knowledge is all the information that we can find in books, couses, inter-

net and so on, namely knowledge expresses with in a formal ways, easy to

transmit and conservable. Each transition requires different kind of thinking

and interaction. When viewed as a continuous leaning process, the model

becomes a clockwise spiral. Nonaka claims that ”the dynamic interaction,

between the two types of knowledge, is the key to organizational knowledge

creation” (Nonaka and Takeuchi, 1995). In order to obtain a clockwise spiral

is necessary to introduce into a KM solution of knowledge flows following the

opposite direction (from user to knowledge repository) at the same intensity

too. This is what we called ”double-way flows” (see fig. 5.2.b) (Valente and

Rigallo, 2002) (Valente and Rigallo, 2003). The double-ways flows is what

is needed in the operational context in order to capture and store solutions

that come from the collaborative work among stakeholders (CoPs).

In our Operational Knowledge Management Framework (OKMF), we devel-

oped the ”double-way flows through three distinct phases (see fig. 5.2.c):

1. Acquisition: is the phase of capturing existing domain’s knowledge and

storing it into a repository (in a structured manner);
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Figure 5.3: OKM phases

2. Dissemination: is the phase where the repository of knowledge is ac-

cessed and used by the users;

3. Upgrade: is the phase of monitoring and up-grading of knowledge

repository during people’s day-to-day activities (such as interacting

with other people and computer system).

From the temporal point of view, we have the Acquisition of knowledge. Then

it will be possible to use it, during the Dissemination phase. Afterwards,

there could be a cycle of use and upgrade of knowledge. This means that,

the users will be able to add new knowledge to the repository during the

knowledge use as well. In this way we do not need to acquire this new

knowledge during a ’formal’ phase (Acquisition), but we derive it directly

by the usage of the OKM solution itself. Sometimes it could be necessary

to go back to the Acquisition phase, usually when the knowledge into the

repository will become out-of-date or inconsistent (see fig. 5.3). For example,

in the telecommunication field, when there is a big technological innovation

(such as from GPRS to UMTS technology). Therefore, the link between our

OKMF and the Nonaka’s spiral model is the temporal dimension. In fact, the

knowledge repository should increase through the continuous cycle generated

by Acquisition, Dissemination and Upgrade phases.

Subsequently, we have described deeper the phases in terms of activities. In

particular, we have identified the following seven activities:
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1. Acquisition: capturing existing knowledge mainly through knowledge

engineer-expert user session;

2. Codify: placing knowledge in a structure repository using a knowledge

model;

3. Explicitation: sharing knowledge mainly through person-to-person con-

tacts;

4. Application: using of stored knowledge for supporting activities (prob-

lem solving, decision making, and so on);

5. Discovery: increasing stored knowledge as people carry on their normal

tasks;

6. Monitoring: monitoring and evaluating of knowledge usage;

7. Creation: generating new knowledge.

The relation between activities and the three phases is shown in fig. 5.4. As

the Creation activity is independent from the three phases by the temporal

point of view, we assume that it could be stand out of the two cycles. The

creation of new knowledge is a side effect of the application of the three

phases and could be performed anytime.

5.3.1 OKM roles and skills

In the description of the activities and phases of OKM Framework is easy to

recognized different ’actors’. Each of them has a different characteristics and

interacts with the systems using different ways. The existing actors are the

following:

1. Knowledge Engineer: he has the task to build the knowledge repository.

Therefore, he is present only in the knowledge acquisition activities;

2. Knowledge Manager: represents the main expert in the domain knowl-

edge which has to perform the tasks of upgrading, updating, modifying

the knowledge repository. In particular, he has the following task to

perform:
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Figure 5.4: Activities distribution through the knowledge flows phases.

• navigating of the knowledge repository as a basic user;

• analyzing and eventually modifying of the knowledge repository;

• validating and deploying of the knowledge repository;

3. Expert user: it means user who has skills in the domain knowledge.

She/he has the same task and policies of the basic users. Moreover,

she/he could valuate new pieces of knowledge that will be proposed by

the basic users.

4. Basic user: she/he may navigate, retrieve and use the knowledge repos-

itory. Moreover she/he can submit new pieces of knowledge that will

be evaluated by the expert users.

5.3.2 OKM modules

Once we have defined the activities of the OKM framework, we have divided

them in one or more module which is responsible of a part of the knowledge

flow (see table. 6.1. Activities modularization is a remarkable features of

our OKM framework because it allows having a modular architecture which

may be instantiated taking into account the specific contexts and OK to be

managed. This means that an OKM systems could not include each module

but at least one for each of the three phases should be an element of the
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system. In the following each module will be described in more details in

Table 5.3: Activities modularization
OKM Activities OKM Modules
Knowledge Acquisi-
tion

Knowledge Acquisition

Knowledge Codify Knowledge Codify
Knowledge Explicita-
tion

Knowledge Explicitation

Knowledge Applica-
tion

Knowledge Retrieval, Just In
Time Knowledge Handling

Knowledge Discovery Knowledge Feedback, Knowledge
Interception

Knowledge Monitor-
ing

Knowledge Evaluation, Best-
Practices Identification

Knowledge Creation Simple Knowledge Creation,
Best-Practices Creation

terms of information floes, roles, concepts, and relations which have been

identified as useful to implement the functionality of the module.

Knowledge Acquisition

Once identified the knowledge sources and all relevant domain experts the

Knowledge Acquisition module include some knowledge acquisition session

between the Knowledge Manager and the Domain Experts and/or the knowl-

edge sources in order to define a knowledge model (see fig. 5.5). The knowl-

edge model contains concepts, relation between concepts, processes, attributes,

and values which are relevant to describe the domain. Successive knowl-

edge acquisition session become focus upon appending, modifying, validating

knowledge previously elicited.

Knowledge Codify

Once a knowledge model was identified, concepts, relation between concept,

processes, attributes, and values must be represented using one or more

knowledge representation formalism taking into account the objectives of the

OKM system and the context. As showed in fig. 5.6, the knowledge manager
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Figure 5.5: Knowledge Acquisition module.

creates some knowledge records (for instance documents, rules, cases) and

then the Structured Knowledge Repository whose structures is defined by

the knowledge model (for instance taxonomies of documents, Rule Set, Case

based).

Knowledge Explicitation

The characteristic of this module is the strong interaction between basic users

and expert users. This module may be seen as a newsgroup or a mailing list.

The basic user sends a post or an e-mail to an expert user whose personal

information was found out from a Competence/Skill repository. Of course,

knowledge and information exchanged are not structured and usually in a

natural language form. As for newsgroup and mailing list, the Knowledge

Explicitation module is managed by a moderator (the knowledge manager)

whose tasks are to structure and to organize knowledge exchanged by the

users (see fig. 5.7).

Knowledge Retrieval

This module provides to the users with tools for search and navigate on

a Structured Knowledge Repository. Thanks to these features users may

submit a query to the system using natural language or more structured de-

scription (it depends what search functionalities are provided). Moreover, it
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Figure 5.6: Knowledge Codify module.

Figure 5.7: Knowledge Explicitation module.

81



Figure 5.8: Knowledge Retrieval module.

allows navigating on the Structured Knowledge repository, eventually start-

ing from an entry point provided by the search result (see fig. 5.8).

Just In Time Knowledge Handling

This module represents the main innovative part of our OKM framework.

In particular , the Knowledge Handling module leverages to one of the most

important feature of the Operational Knowledge, that is OK is usually used

in decision making and problem solving activities. Therefore, whereas users

through the Knowledge Retrieval module actively decide which knowledge

records to be consult, thanks to the Knowledge Handling module users receive

from the OKM system advice and suggestions to follow in order to solve

problems or to make decisions. The Knowledge Handling module relates

the OK to the normal day-to-day activities of the users. In fact, starting

from some indicators (which may be data measures or alarms coming from

legacy systems or parameters provided by the users) and using an Automatic

Handling Engine, the knowledge handling module consults the Structured

Knowledge Repository and provides one or more suggestions to the users.

The idea of the Just In Time Knowledge Handling module is to bake the

right and specialized knowledge into the jobs of skilled workers in order to

access and use important knowledge when he needs to make decisions or solve

problems.
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Figure 5.9: Just in Time Knowledge Handling module.

Knowledge Feedback

In a context of problem solving and decision making one of the most impor-

tant things to do is to capture the real impact of the suggestions provided by

the OKM system on the users activities. Therefore, the aim of this module is

to allow users to provide their own judgment on the suggestions which may

be:

• structured feedback: thanks to this kind of feedback the users will be

able to provide a sort of grading of the suggestions (taking into account

several factors of the suggestion). For instance the problem solving

capacity, problem solving time performance, the resource optimization

and so on.

• unstructured feedback: the users give a natural language evaluation of

the suggestions.

By the way, this evaluation is requested to the users which access for the

first time to a suggestion. The module drives the users in the submission

of their own feedbacks. This is very important because the system has to

guarantee that the evaluation on the suggestion will be sent by the users only

then the suggestion has been applied. Moreover, each user will have an own

personal configuration of the system in order to easily manage feedbacks.
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Figure 5.10: Knowledge Feedback module.

The personal configuration of the system is based on users profiles which

are stored in a User Customization Database (see fig. 5.11). Finally, the

knowledge manager exploits some tools provided by the OKM system will

have the task to analyze these feedbacks (see fig. 5.10).

Knowledge Interception

The aim of this module is to capture the flows of the information between the

users and the Structured Knowledge Repository (see fig. 5.11). In general

this module may be described by the following flow: an Intelligent Capture

Module registers the input and output flows while the users use the function-

alities provided by the system. This registration is useful to build the users

profiles (stored in a User Customization Database) to do better the knowl-

edge dissemination activities and then the output provided to the users.

Knowledge Evaluation

In this sub-activity the Structured Knowledge Repository is evaluated by the

knowledge manager. The evaluation by the knowledge manager could exploit

several indicators on the knowledge stored in the Knowledge Repository (for

instance metrics on knowledge records or suggestions usage, or the number

of times a knowledge record or suggestion has been hyperlinked to). The

knowledge manager could also have a direct contact with an expert user and

84



Figure 5.11: Knowledge Interception module.

ask for explicit evaluation of the side effects of the possible updates of the

Structured Knowledge Repository. Both knowledge evaluation by the met-

rics and the advice obtained by the expert users provide information about

correctness, efficiency and efficacy of the knowledge stored in the Knowledge

Repository. Therefore, the knowledge manager taking into account such in-

formation may update the Structured Knowledge Repository (see fig. 5.12).

Best Practices Identification

This module is devoted to a distribute context constitutes by different CoPs

(Communities of Practice). In a distribute environments different CoPs may

access to Structure Knowledge Repository of others CoPs (usually when they

do not find useful knowledge in their own Structured Knowledge Repository).

In that case, they can also import new knowledge from different OKM sys-

tem into their Structured Knowledge Repository and use it. When a piece

of knowledge is imported by several CoPs, it could become a best-practice

candidate. Therefore the import-export mechanisms must be managed by

the Best-Practice Analyzer using several indicators like % of access, % of

import, % of re-use (see fig. 5.13).
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Figure 5.12: Knowledge Evaluation module.

Figure 5.13: Best Practice Identification module.
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Figure 5.14: Simple Knowledge Creation module.

Simple Knowledge Creation

Thanks to this module users are able to add new knowledge to the Structured

Knowledge Repository. In order to maintain the integrity of the Structured

Knowledge Repository the new piece of knowledge must follow a refereeing

process. Therefore, once a new knowledge record is sent by the users, an

Automatic Skill Check Engine consults the Competence/Skill Repository and

sends it to one or more expert users in the domain of the new knowledge

record. Then each expert users may give a judgment about the quality of

the new knowledge records which is stored in a Knowledge State Table. At

any moment, the knowledge manager can check the Knowledge State Table

and decide to publish the new knowledge record or not (see fig. 5.14).

Best-Practices Creation

Once an imported piece of knowledge reaches a specific threshold, it becomes

a Best-practice candidate which must be validate. Therefore, it is involved

in a formal validation process. The validation process includes some expert

users of the domain of the candidate Best-practice which will be find out by an

Automatic Skill Check Engine consulting the Competency/Skill Repository.

Each expert user may submit an own judgment about the candidate Best-

practice which will be stored in a Best-practices State Table. At any moment,

the knowledge manager can check the Best-practice State Table and decide
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Figure 5.15: Best Practice Creation module.

to publish the candidate Best-practice as a new Best-practice or not(see

fig. 5.15).

5.4 Discussion

In this chapter we have shown our Operational Knowledge Management

Framework (OKMF) whose aim is to define one of the possible way to man-

age the Operational Knowledge (OK). Therefore, we have defined some of

the characteristics of the OK and some of the requirements of an operational

context. In particular, an operational context is characterized by the exis-

tence of CoPs (Communities of practice) an by the actionable characteristics

of the OK. In that context the OK is continually created by its usage and

application during the day-to-day activities of the knowledge workers. We

have claimed that in telecommunication context (that is one of the possible

Operational context) the OK is moving up from simple knowledge of proce-

dures to awareness of competencies. The former are usually standard actions

which are created by management and then used by technicians, whereas the

latter are associated with individual knowledge and experience developed by

technicians by applying procedures during their day-to-day activities. There-

fore, OK should not be treated as an object created, integrated, and stored

by the management at design time, to be later manipulated, transferred, and
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retrieved by users at use time (when the KM system is deployed and used).

On the contrary, OK should be integrated into potential solutions at use

time by means of user-driven tasks, rather than being predefined at design

time through a series of canonical system-driven tasks. In order to answer

to these requisites we have defined our OKMF which implements what we

have called ”double-way flows” by the cyclic application of the three phases:

Knowledge Acquisition, Knowledge Dissemination, and Knowledge Upgrade.

Afterwards, these three phases have been described in terms of seven differ-

ent activities. Moreover, roles have been defined identifying required skills

and tasks for each role. Finally, each activity has been characterized in terms

of modules or sub-activities. Activities modularization is a remarkable fea-

tures of our OKM framework because it allows a modular architecture which

may be instantiated taking into account the specific contexts (for instance

context in which is important to collaborate with one peers, pure problem-

solving context, decision-making context, distribute context and so on) and

the objectives of the OKM system (for instance problem solving, decision

making, sharing OK, and so on). This means that an OKM systems could

not include each module but at least one for each of the three phases should

be an element of the final OKM system. Moreover, it is worth noting that

the Upgrade of knowledge in term of module is made up by both human

(knowledge management and basic users) and automatic component. These

means that an the OKMF should provide some semi-automatic tools in order

to facilitate the upgrading of OK by the knowledge manager and basic users.
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Chapter 6

Netdoctor: first case study

Netdoctor allows managing of the operational knowledge and competencies

developed by skilled technicians performing daily maintenance and assur-

ance activities of the GSM (Global System for Mobile communications) ra-

dio network. In fact, for mobile operators, like Telecom Italia Mobile (TIM),

the management of network operational data is a critical services quality-

affecting factor that allows differentiating TIM from its competitors. Moni-

toring network performances data is needed in order to warn network oper-

ational personnel on existing or potential network troubles, and to fix them.

Monitoring requires connections and correlations of large set of data gen-

erated by network inventory measurements systems and on the field mea-

surements systems. This aggregation of network data provide all remarkable

inputs for proactive discovery of network faults. However, connection, cor-

relation, aggregation and monitoring of these network data is an expensive

task to be performed by operational personnel. In case of network faults

which affect the quality of the provided services technicians have to find the

solutions as quickly as possible (see fig. 6.1). TIM network departments,

which is a department of TIM (a mobile company of Telecom Italia group),

is constituted by seven different territorial areas (TAs), each of them with

a specific and local way to perform problem solving activities. Technicians

operators of each TA can be considered as a CoP which engage in the design

of joint solution, and collaboratively constructing the knowledge necessary to

address the problem at hand. The culture of these communities is such that

members feel the responsibility to respond. It is a normal part of the way

they work. Unlikely, technicians do not have sufficient tools to collaborate

(except for person-to-person contacts and mobile phones), and usually they
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have just little time to do it. Therefore the questions of TIM were:

• how to allow cooperative work among technicians in order to make

faster and more efficient activities?

• how to distribute fragmented operational knowledge among different

territorial areas?

• how to find out the best way to perform activities from the different

territorial areas?

• how to manage the connection, correlation and monitoring of the net-

work measurements data from the field?

Our solution was to implement Netdoctor which is a tool able to detect

performance degradations of network services by connecting, correlating net-

work measurements data and to recommend a solution for the trouble to the

network personnel. By encapsulating the network expert’s knowledge (Op-

erational Knowledge) the system is able to suggest in real-time the network

diagnostic procedures and generate trouble reports containing corrective ac-

tions for field personnel.

6.1 Netdoctor Architecture

6.1.1 Netdoctor Hardware Architecture

TIM network departments are made-up by seven different territorial areas

(TAs). Each TA owns an instance of Netdoctor system and all these instances

are connected by a WAN (Wide Area Network). Each node of Netdoctor are

constituted by the following modules (see fig. 6.2):

• Interface Layer: this layer has three types of interfaces:

1. Network Inventory Interface: to download the network configura-

tion;

2. Measurement Systems Interface: to download statistical counters

(Drop, Congestion, Accessibility, Hand-Over) and A-bis measure-

ments (RxQual, RxLev, Time Advance);

3. On the field measurement System Interface: to download measure-

ments on critical coverage through the use of dedicated systems.
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Figure 6.2: Netdoctor modules.

• Monitoring module: it gives a graphical presentation of warning and

fault on BSC (Base station controller), BTS (Base transceiver station),

and Cells. The monitoring module has an hour detail on a one-week

window. With an opportune ’colors’ code’ an operator can quickly view

if there are critical network equipments on his area network;

• Real Time Measurements DB: a relational database to store real-time

measurements on a one-week window;

• Historical Measurement DB: when the measurements of the oldest day

are out the one-week window, they are stored into the Historical DB;

• OKM modules: they allow capturing, diffusing, and sharing the Op-

erational Knowledge, i.e. the knowledge developed by mobile network

operators;

• Trend Analysis module: it allows analyzing how much Netdoctor is used

by technicians;

• Web Interface: Netdoctor is a web-based application and the users can

use a common browser to access it.
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6.1.2 Netdoctor Software Architecture

Network performances’ monitoring, as we said before, requires huge volumes

of data and a lot of time to process them. In order to deny the overload and

to support technicians in real-time, Netdoctor adopts a distributed architec-

ture. Each TA have an instance of Netdoctor which requires two different

computers: the first dedicated to the DBMS and the second to the web appli-

cation server. By the way, NetDoctor is a three-tiers web-based application

developed using the J2EE platform application model. Using this model the

various parts of an application can run on different devices. Figure. 6.2 shows

the tiers:

• Client Tier: this tier supports common browsers as Netscape or MS

Explorer, the clients are inside of corporate firewall

• Middle Tier: this tier supports client services through Web Server (Pre-

sentation tier) and supports business logic through Application Server

(Business Logic tier). Application Server uses Rules Engine through

dedicated beans. The transactions with DBMS (Database Manage-

ment System) are managed by JDBC (Java Database Connectivity) or

dedicated beans.

• Enterprise Information Systems Tier: this tier contains Measurements

Systems to download measurements by CGI(Common Gateway In-

terface) and XML (Extensible Markup Language) and NetDoctor’s

databases.

6.2 From OKMF to Netdoctor

One of the peculiarities of the assurance and maintenance context of the GSM

network is to be mainly characterized by problem solving activities. Techni-

cians in reply to data and measurements coming from the field are able to

recognize network faults and then to apply their strategy in order to fix the

trouble. The time spent by technicians to monitoring, and solve the trouble

is usually of the essence both for the customer satisfaction and consequen-

tially in order to emerge in a competition. Then we have recognized that the

implementation of Just-in-Time Knowledge Handling module as described in

a previous chapter can be the right answer to such requirement. Moreover,
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Figure 6.3: Netdoctor architecture.

technicians do not have enough time and needs to exchange information to

each others. Therefore, we decided that the implementation of the Knowl-

edge Explicitation module was not a requirement of this context. On the

other hand, the environments in which Netdoctor has been installed is also

characterized by distributed CoPs. In fact, the TIM network departments is

constituted by seven different territorial areas each of them with a specific

and local way to perform activities. Because of one question of TIM was how

to distribute and manage fragmented operational knowledge among different

territorial areas, we also chose to implement both Best Practice Identification

and Best Practice Creation module. In this way, the total knowledge of a

single instance of Netdoctor (i.e. each instance of Netdoctor belongs to each

TA) will grow up thanks to the import and export mechanisms which con-

stitute the two latter modules. Table. 6.1 summarizes which modules have

been implemented in Netdoctor system.

6.2.1 Netdoctor Knowledge Acquisition and Codify mod-
ules

In the field of maintenance and assurance activities of the GSM among the ex-

itances of knowledge representation models the rule-based formalisms seemed

to be the most efficient way to explicit technicians knowledge. This choice

95



Table 6.1: Netdoctor modules
OKM Phases OKM Modules
Knowledge Acquisi-
tion

Knowledge Acquisition, Knowl-
edge Codify

Knowledge Dissemi-
nation

Just In Time Knowledge Han-
dling

Knowledge Upgrade Best-Practice Identification
Knowledge Creation Best-Practice Creation

was motivated by the following reasons:

• rules well represent the inferential reasoning which is performed by

technicians during their work. In fact, By the correlations and moni-

toring of data measurements of the GSM network technicians have to

detect faults. In such cases they have to fix the trouble by following

some standard steps and usually adapting such standard steps to the

problem at hand. Therefore, the basic idea is to directly related cor-

related measures coming from databases to operational knowledge in

form of rules coming from technicians using an expert system shell.

• In order to apply their strategy technicians must be secure that all

requirements for a fault identification must be satisfied. Such perfect

matching between actions and conditions is well modelled by the rule

based formalism (i.e. the language of ”rules” is much more efficient

and parsimonious than that of ”cases”).

• Technicians actions are related to each others. This characteristic may

be modelled by the rule based formalism because rules could also con-

tain hypertext links to other related rules.

Therefore, Netdoctor has a rule based knowledge representation formalism

to map and categorize the unstructured operational knowledge developed by

skilled technicians of the maintenance and assurance field of the cellular net-

work. The OK is acquired through a series of knowledge acquisition sessions

with knowledge engineers and skilled technicians. NetDoctor’s rules have the

well-known form 〈SY PTOM,DIAGNOSYS, RESOLUTION〉 where:

- SY MPTOM is the network fault recognition;
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- DIAGNOSY S is the identification of fault’s causes;

- RESOLUTION are the activities for restoring the network.

The structure of a Netdoctor rule is quite more complex than an usual IF −
THEN structure, because it includes also the identification of faults’ causes.

Therefore, besides the suggestions to repair faults, Netdoctor try to give some

diagnosis motivations to the users. In particular there are three different

kinds of rules:

1. Simple rules: where the RESOLUTION directly refers to the restoring

activities

IF 〈SY MPTOM〉 THEN 〈RESOLUTION〉 BECAUSE OF 〈DIAGNOSIS〉.

2. Structured rules: where the RESOLUTION part refers to other rules

IF 〈SY MPTOM〉 THEN 〈R1〉 ELSE 〈R2〉.

3. Mixed rules: where the RESOLUTION part refers both to other rules

and to the restoring activities

IF 〈SY MPTOM〉 THEN 〈R1〉 ELSE 〈R2〉
ELSE 〈RESOLUTION〉 BECAUSE OF 〈DIAGNOSIS〉.

Usually the structured and mixed rules have one or more ELSE parts, one for

each rules referred. The ELSE parts are taken into account only if the object

of the THEN statement could not be applied. For instance, let consider the

following example:

R1: IF 〈SY MPTOM1〉 THEN 〈RESOLUTION1〉 BECAUSE OF 〈DIAGNOSIS1〉
R2: IF 〈SY MPTOM2〉 THEN 〈RESOLUTION2〉 BECAUSE OF 〈DIAGNOSIS2〉
R4: IF 〈SY MPTOM4〉 THEN 〈R1〉 ELSE 〈R2〉

R4 means that if SYMPTOM4 is true, we have to take into account R1.

On the other hand, if SYMPTOM1 is not true, we have to go back to the

ELSE part of the R4 and start to analyze R2. By the way, it has to be

guaranteed that one of the SYMPTOM part of the refereed rules have to be

true. In the previous example, if both SYMPTOM1 and SYMPTOM2 are

not true, the R4 rule is semantically not correct. Moreover, the structured

rules have no DIAGNOSIS part, because the fault’s causes are already iden-

tified by simple rule referred. Finally, the structured rules could be referred

by other structured rules. Instead the mixed rules have two or more ELSE
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parts, one for each rule referred and one for their own RESOLUTION part.

They have no a DIAGNOSIS part, related only to their own RESOLUTION

part. Then, mixed rules could be referred by a structured rule only in its

last ELSE part. In the following example, R1, R2, and R3 are simple rules;

R4 and R5 are structured rule and R6 is mixed.

R1: IF 〈SY MPTOM1〉 THEN 〈RESOLUTION1〉 BECAUSE OF 〈DIAGNOSIS1〉
R2: IF 〈SY MPTOM2〉 THEN 〈RESOLUTION2〉 BECAUSE OF 〈DIAGNOSIS2〉
R3: IF 〈SY MPTOM3〉 THEN 〈RESOLUTION3〉 BECAUSE OF 〈DIAGNOSIS3〉
R4: IF 〈SY MPTOM4〉 THEN 〈R1〉 ELSE 〈R2〉
R5: IF 〈SY MPTOM5〉 THEN 〈R3〉 ELSE 〈R4〉
R6: IF 〈SY MPTOM6〉 THEN 〈R3〉 ELSE 〈R4〉 ELSE 〈RESOLUTION6〉
BECAUSE OF 〈DIAGNOSIS6〉

It is worth noting that:

R7: IF 〈SY MPTOM7〉 THEN 〈R3〉 ELSE 〈R6〉

is a correct rule, while:

R8: IF 〈SY MPTOM8〉 THEN 〈R6〉 ELSE 〈R3〉

is not syntactically correct. Of course, both semantic and syntactic correct-

ness is automatically checked by an opportune module provided by JRules.

6.2.2 Netdoctor Just In Time Knowledge Handling mod-
ule

Netdoctor implements the Just In Time Knowledge Handling module by

leveraging on a JRules 1 rule based system shell. In particular, starting from

measurements and data correlation, technicians are able to view the current

state of the different devices that constitutes the local radio network. In par-

ticular, Netdoctor provides a matrix view of all devices state which is based

on the correlation of data and measurements from the field (see fig. 6.8). The

red light represent a possible device’s fault, whereas a yellow light is a warn-

1http://www.ilog.com
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Figure 6.4: Netdoctor Monitoring interface.

ing state of a device. In case of a device’s fault which affects the quality of the

network, the Just In Time Knowledge Handling module automatically pro-

vides to the technicians with a suggestion. Each suggestion is a by-product

of a rule based reasoning mechanism of JRules. Of course, technicians may

check the life cycle of the suggestion (which is constituted by the application

of the rules) and may also obtain explanations for the suggestion (thanks to

the DIAGNOSIS part of the rules).

In order to choose an adequate expert systems shell we have conduct a bench-

mark study, which included three different technologies ILOG JRules 2, Blaze

Advisor 3, OPSJ 4 (Tilab, 2001). Both systems implement the classical rule

based system architecture developed using JAVA 5. The rules have the well

known IF − THEN structure which have a condition and action part. The

languages provided by them to build the rule set are Java-Like and/or natural

language Like. One the one hand using a Java-Like language makes easier the

definition of the rules by the developer besides an easier embedding in JAVA

application. On the other hand a natural language syntax or even the possi-

bility to define a specific language make easier the definition of the rules by

2http://www.ilog.com
3http://www.fairisaac.com
4http://www.pst.com/
5http://java.sun.com/
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Figure 6.5: OPSJ time performances.

a novice user. The following table. 6.2 shows the languages provided by the

three shells: As concern the reasoning mechanisms, JRules and Blaze use the

Table 6.2: Functionalities of the three expert systems shell

Java-Like English-Like Business
Language

Specific Lan-
guage

OPSJ Yes Yes No No
JRules Yes Yes Yes Yes
Blaze Yes Yes Yes No

RETE algorithm (Forgy, 1995) whereas OPSJ RETEII which is an improve-

ment of the simpler previous algorithm 6. In fact, RETEII is more efficient

and faster than RETE on a huge volume of data. Figures shows some tests

that have been conducted in order to verify the time performances of the three

different tools (see fig. 6.5 6.6 6.7). As you can see JRules is faster than the

others two ones on small quantity of facts, while to the growth of facts OPSJ

results more efficient. This is a proof that RETEII algorithm is faster than

6Whereas RETE is available and public RETEII is not public. For more information
see http://www.pst.com/rete2.htm
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Figure 6.6: JRules time performances.

Figure 6.7: Blaze time performances.
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RETE algorithm on a huge number of facts. Instead, BLAZE showed some

troubles in managing large quantity of data. Moreover, JRules and Blaze

provide some GUI modules in order to easily capture, upgrade, debugging

and monitoring the rule set. Instead, OPSJ does not provides any graphical

tools. The following table 6.3 summarizes the main differences among the

three different expert systems shell: By considering all these characteristics

Table 6.3: OPSJ, JRules and Blaze Features
OPSJ JRules Blaze

Graphical
Builder

No Yes Yes

Graphical
Debugging

No Yes Yes

New Lan-
guage Defini-
tion

No Yes No

Usage Difficult Easy Medium
Learning Difficult Easy Medium
Truth Main-
tenance Sys-
tem

No Yes No

Algorithm RETEII RETE RETE

of the three shells, we chose JRules due to the following reasons. On the one

hand, JRules seems to be better than OPSJ on small and medium quantity

of facts. Moreover, it has quite the same time performances of OPSJ on a

huge quantity of data. On the other hand JRules provides several graphical

tools for managing rules which are not provided by OPSJ. These graphical

features are very important in the application domain of Netdoctor, because

most technicians are not familiar with the usage of rules. Moreover, thanks

to the natural language syntax to build rules provide by JRules, operators

can easily manage and codify their competence using JRules.

6.2.3 Netdoctor Best-practice Identification and Cre-
ation modules

Netdoctor implements the Best-practice Identification module by leveraging

on a rules import and export mechanisms. It worth noting that because of
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Figure 6.8: Netdoctor Best-practice Identification and Creation modules.

different TAs, each instance of Netdoctor has two repositories of rules: Local

Rule Repository with rules created by a single user in a specific territorial

area and National Rule Repository with rules shared by all territorial areas

(Best-practices). Let us consider the following example (see fig....). If there

are network troubles in the TA1 the Rule engine starts applying the National

Rules. If a solution is not reached, the Rule engine applies the Local Rules

related to the territorial area (in this case TA1) of the user. If it fails again,

the Rule Engine automatically tries to find out a solution in the Local Rules

repository of the others territorial areas (in this case TA2). If a solution

is reached, the instance of Netdoctor of the TA1 asks for a rule import to

the TA2. In this way the rule of the TA2 will be added to the Local Rule

repository of the TA1. This rule import/export mechanisms is monitored

by a Rule Diffusion Analyzer which stored the number of import and export

for each rule. Moreover, thanks to the monitoring module the rule set life

cycle of each Nectdoctor instance is evaluated (by a set of indicators like % of

access, % of reuse). Therefore, when a rule reaches a specific threshold will

be evaluated as a best-practice candidate. In this case we do not implement a

very formal best practice creation process. In fact, the best-practice creation

is a task of the Knowledge Manager which after checking the correctness of

the best-practice candidates have to upgrade the National Rule repository.
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6.3 Future works

As we have described in the previous section, Netdoctor does not have a

very formal Best-practice Creation process, because we have assumed to be

a knowledge engineer task. Of course, the experiences of skilled and expert

technicians is more useful in order to have a more precise evaluation of a

new best practice candidate. Therefore, one of the future work will be an

implementation of a formal best-practice creation process taking into ac-

count the guidelines outlined by the OKM framework. This implies that a

Competence/Skill repository have to be created in order to send the right

best-practice candidate to the right expert user. In this way, each best-

practice candidate may be automatically sent to an appropriate expert user

which have the task to evaluate it and send her/his evaluation to Netdoctor.

At the end of this process the knowledge manager may easier decide to up-

grade or not the National Rule repository with the best-practice candidate.

Another important task to be performed in order to improve Netdoctor may

be the implementation of the Knowledge Interception module. This module

is devoted to capture and store the users profiles which could be useful to

customize Netdoctor interfaces and information according to the user profile.

In fact, we have noted that many users have to face the same problem many

times. Thanks to the Knowledge Interception module the previous sugges-

tions (rules) may be stored and showed anytime the problem arise without

the support of the rule engine.

6.4 Conclusions and experiments

In this chapter we have described Netdoctor which allows managing of the

operational knowledge and competencies developed by skilled technicians

performing daily maintenance and assurance activities of the GSM (Global

System for Mobile communications) radio network. In particular, Netdoc-

tor is a tool able to detect performance degradations of network services

by connecting, correlating network measurements data and to recommend

a solution for the trouble to the network personnel. By encapsulating the

network expert’s knowledge (Operational Knowledge) the system is able to

suggest in real-time the network diagnostic procedures and generate trou-

ble reports containing corrective actions for field personnel. This represents

an example of instantiation from the neutral OKM Framework to a specific
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OKM System in order to manage a particular Operational Knowledge. We

have showed what requirements have motivated the implementation of the

system and what OKM modules have been implemented. Moreover, the

Netdoctor OKM system has been field proved during 2001 and 2002 in two

TIM territorial areas of Italy. The TAs interested by installation are really

various and characterized by about 5000 Network element under monitoring

(about 30 millions of data recorded up to 30 days for historical correla-

tions and diagnosis). About 30 users used each of Netdoctor instances of

TA own about 100 rules. Moreover, Netdoctor covers both of GSM (Global

System for Mobile communications) and GPRS (General Packet Radio Ser-

vice) technologies. The system for the whole period of its functioning has

demonstrated its robustness in managing and monitoring the huge amount of

network anomalies. Moreover, system users have evaluated a time-reduction

on measurements collection, correlation and problem solving activities.
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Chapter 7

Remoter: second case study

The importance of competence and knowledge in Telecommunication context

is constantly growing today, due to several issues (complexity of the hardware

and software systems, customer retention, time-to-market etc.). Nowadays,

companies like Telecom Italia are increasingly distributed world wide. As a

result, it is more difficult to collaborate with ones peer. Therefore, they have

recognized that in order to remain competitive, they must efficiently and ef-

fectively create, locate, capture and share their OK in a innovative way. In

particular, the offer and maintenance of new services is the Telecommunica-

tion field where the ability to reuse and manage competence and knowledge

is a key factor to the success in a competition. Let us consider the ADSL

service. In this context, two groups of technicians have been identified:

1. help desk/back office technicians: people working in an office, whose

main activity is to help the on-the-field technicians where some trouble

related to the ADSL context occurred;

2. on-the-field/front-end technicians: technicians mainly involved in pro-

visioning and maintenance activities, for example ADSL components

installation, troubleshooting, etc.

When a customer wants to install a new ADSL component or some troubles

arise, call the ADSL customer care center of Telecom Italia who arranges

an appointment between the customer and a front-end technician. Then

the front-end technician goes to the customer in order to perform his work

request. In some cases, on-the-field technicians call help desk/back office

technicians for advice. However, both the back office and on-the-field tech-

nicians usually access to technical documents, knowledge spread on different

106



web-sites in order to perform their activities. They often do not have on

their desk the last version of a technical manual about an ADSL component

and waste their time searching it on the web. At time, technicians in two

different regional area have two different way to carry out an activities or

to solve a trouble. Therefore, they need to share, fast access and manage

knowledge regarding the ADSL services, especially when they are new to the

job. We have developed an OKMS, called Remoter, in order to help techni-

cians during their day-to-day activities of provisioning and assurance of the

ADSL service. Remoter allows ADSL operators to manage, share and apply

their collective OK to take optimal decision in real time. A brief description

of the Remoter Architecture will be given in the following section. Section 3

discusses our motivation developing Remoter system and section 4 describes

Remoter’s user roles and functionalities. In section 5, we show the OKM

phases in Remoter, and finally sections 6 and 7 discuss related and future

work on improving the Remoter system.

7.1 Remoter Architecture

The proposed system is a three tier web-based architecture, which allows

managing and sharing of the OK (see fig. 7.1). The OK is mainly based

on individuals competence and experience, namely some sets of procedures

used by people to construct a genuine strategy tailored to the peculiari-

ties of a given situation (norms, technical documents, procedures, personal

experience, links to web-site etc...). The presentation layer contains some

GUI modules that provide the user-interface. This layer provides not only

a graphical interface so that users can interact with the application, insert

data, and view the results of requests, but it also manages the manipula-

tion and formatting of data once the client receives it. A client device can

communicate with Remoter using a web-browser with JavaTM technology. In

fact, the presentation layer consists of either a set of HTML with JavaScript

or ASP and JSP pages. The second tier is a Web application server run-

ning the logic of the disciplined development process on the Web server. In

particular, it supports some Logical Modules, which have been developed in-

tegrating different technologies as AutonomyTM Search and Retrieval Engine
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1, eGainTM Knowledge 2, Snitz Forum 3. Autonomy Search and Retrieval

Engine allows content to be searched and presented with summaries and hy-

perlinks to similar information, automatically and in real-time. eGainTM

Knowledge is a conversational Case-based Reasoning (CCBR) shell. Con-

versational Case-based Reasoning is a problem-solving paradigm that is able

to utilize the specific knowledge of previously experienced, similar problem

situation (case) to solve a new problem (Aha et. al., 2001). eGainTM Knowl-

edge stores knowledge in the form of cases in a case base. Snitz Forum is

a freeware interactive discussion environment that allows different people on

the Internet or an Intranet to leave messages for each other, and then to

reply. Moreover, the middle-tier is responsible of the users authentication

and causing client devices to display the applications. A database server and

a document repository constitute the third tier. The database server is used

to store either messages posted by the users or the eGainTM case base. The

document repository is used to store all knowledge records (i.e. technical

documents, pieces of technical information, norms, software etc...).

The benefits of a three-tier architecture are significant. Being a web service,

the system can be accessed and used from any system with Internet access

and a suitably capable web browser. Systems like Laptop, Palmtop, Smart

Phone, Wearable Computer, which are used by the users of Remoter, can be

used without any additional software.

7.2 From OKMF to Remoter

According to Davenport(Davenport and Prusak, 1998), knowledge projects

are more likely to succeed when they can take advantage of a broader infras-

tructure of both technology and organization. Technology infrastructure con-

sist of technologies that are knowledge-oriented. If these tools and the skills

to use them are already present, a particular initiative will have an easier time

getting off the ground. The above technicians usually access and retrieve doc-

uments and software by searching them on different intranet web-sites. Such

intranet web-sites contain hundreds of thousands of documents (white pa-

pers, technical specification and manual), forums and software about ADSL

components, that help technicians in the provisioning and assurance activ-

1www.autonomy.com
2www.egain.com
3www.snitz.com
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Figure 7.1: Remoter tree-tier Architecture.

ities. Therefore, because technicians were skilled using intranet web-sites,

forums and search engine we chose to implements both Knowledge Explicita-

tion and Retrieval modules of our OKM framework using a unique web-site

with AutonomyTM and Snitz forum facilities. Moreover, one of the peculiari-

ties of the provisioning and assurance activities of the ADSL context is to be

characterized by problem solving activities. For instance let us consider the

activities of the help-desk technicians. They usually help on-the-field tech-

nicians by providing them with some technical documents, asking to expert

for advice or submit a new trouble tickets to some ADSL experts. In such

cases, the time is usually of the essence because the on-the-field technician

is on the telephone in real time. Therefore, we have also implemented the

Just In Time Knowledge Handling module by leveraging on eGain TM tool

which is based on a CBR technologies. CBR application require someone to

input a series of ”cases”, which represent knowledge expressed as a series of

problem characteristics and solution. Then, when a problem arise its char-

acteristics can be compared against the set of cases in the application and

the closed match is selected. Unlike rule based systems, which require that

rules are well structured with no overlaps, case structure can reflect the fluid

thinking that goes in the ADSL technicians minds. In fact, help-desk tech-

nicians, typically spend much of their time trying to connect new problems
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with known problems and resolving them with known solutions rather than

devising new solutions. Finally, we have also recognized that the ADSL pro-

visioning and assurance context is characterized by an high dynamic value

of the knowledge. ADSL devices are continually changing or upgrading and

then also knowledge related to them. For instance, there are different doc-

uments version for a single device and many different solution to a single

device fault. Therefore, we have also implemented the Knowledge Feedback,

Evaluation and Simple Knowledge Creation modules. Table. 7.1 summarizes

which modules have been implemented in Remoter system.

Table 7.1: Remoter modules
OKM Phases OKM Modules
Knowledge Acquisi-
tion

Knowledge Acquisition, Knowl-
edge Codify

Knowledge Dissemi-
nation

Knowledge Explicitation, Knowl-
edge Retrieval, Just In Time
Knowledge Handling

Knowledge Upgrade Knowledge Feedback, Knowledge
Evaluation

Knowledge Creation Simple Knowledge Creation

7.2.1 Remoter Knowledge Acquisition and Codify mod-
ules

In the Knowledge Acquisition and Codify modules of our OKM Framework,

two parties play an important role in the success of the knowledge acquisi-

tion phase: the knowledge engineer and the sources of knowledge. It is worth

noting that we have identified three different kinds of knowledge in the ADSL

domain: knowledge records (i.e. technical documents, piece of technical infor-

mation, norms, software), messages from some existing forum related to the

ADSL domain, and technicians expertise. Each of the three kinds of knowl-

edge was captured and codified in three different ways according to the main

Remoter functionalities. As regards knowledge records, they was gathered by

the knowledge engineer who published and structured them according to a

file system hierarchy (see fig. 7.2) Instead, as regards existing forum messages

they was gathered by the knowledge engineer who structured and published
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Figure 7.2: Knowledge records file system hierarchy.

them according to categories of ADSL context (see fig. 7.5). Both file system

hierarchy and categories of ADSL context are validated and draw from the

expert users. Finally, we have created a case base taking into account the

expert users expertise. In particular the knowledge representation formalism

used to structured the case base is based on the language provided by eGain

which is a CCBR shell. CCBR is a problem solving paradigm that is able

to utilize the specific knowledge of previously experienced, similar problem

situation (case) to solve new problem. A case is a list of question and answer

pairs. Therefore, the case base, that is a set of cases, can be thought as a

tree. In particular, eGainTM Knowledge provides to the knowledge engineer

a very user-friendly interface, called eGainTM Knowledge Author, which al-

lows building step-by-step the case base. Therefore, starting from the OK

sources, we planned the overall case base structure in term of case clusters,

and associated links among them. Each case cluster has been identified by

the symptoms of the problem to include. Then starting from the symptoms,

we have recognized the underlying problems, and for each of them we have

listed all possible solutions. Once we had the ”top” (symptom/problem) and

”bottom” (solutions) of the case cluster, we have created a consistent and

efficient route between the problem and its solution. This route is composed

by a list of question and answer pairs (see fig. 7.4). Finally, in order to get

a consistent and efficient list of question and answer pairs we have followed
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Figure 7.3: Forum categories of ADSL context.

some sample CCBR guidelines (Aha et. al., 2001).

7.2.2 Remoter Knowledge Explicitation module

The Knowledge Explicitation module allows a strong interaction between

technicians. As we have seen in the chapter 4 this module may be seen as a

newsgroup or a mailing list where users can exchange their experience posting

messages. We realized this module using Snitz forum 2000, an interactive

and freeware discussion environment. Messages are classified according to

the ADSL category which was defined in the knowledge acquisition phase.

Each category is managed by a moderator who has the task to structure and

to organize knowledge exchanged by the users.

7.2.3 Remoter Knowledge Retrieval module

It provides to the users a search and retrieval engine, which matches the

users queries presenting an ordered list of knowledge records and messages.

The search and retrieval engine was implemented using AutonomyTM . This

choice was motivated by the fact that we had the right to use it. The users

can tune the number of results that will be displayed and the minimum

threshold of relevance. They can also select a check button if they want a

brief summary for each search result. After inserting their query, the users
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Figure 7.4: Remoter case base.

Figure 7.5: Remoter Knowledge Explicitation module.
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Figure 7.6: Remoter Knowledge Retrieval module.

can then simply click and follow the systems internal pointers to the selected

link. For each selected link, a horizontal window will be open which contains

all related knowledge record to that link. Moreover, Remoter Knowledge

Retrieval module also allows the users to navigate through some knowledge

record folders. In fact, as we have seen in the knowledge acquisition phase,

knowledge records have been classified according to a file system hierarchy

(see fig.

7.2.4 Remoter Just In Time Knowledge Handling mod-
ule

It provides to the users the capability for finding out a solution related to

diagnosis troubles. This module of Remoter is based on a CCBR approach

(Aha et. al., 2001). It interacts with a user in a conversation to solve a

complex query, defined as the set of questions selected and answered by the

user during a conversation. At each step of the conversation new questions

are presented to the technician and a list of cases which could be possible

solutions. Each of them have a measure of similarity and the number of times

they were accepted or refused by technicians. The match between the users

answers and the question and answer pairs that make up a particular case,

determinants which case scores the highest, and therefore, which resolution

or action the search recommends (see fig. 7.7) .
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Figure 7.7: Remoter Just In Time Knowledge Handling module.

7.2.5 Remoter Knowledge Feedback module

thanks to this feature, technicians could send to Remoter their feedbacks

related to the solutions proposed by the Just In Time Knowledge Handling

module. Once the operator reaches a solution, Remoter asks her/him to

submit a feedback related to the solution. In the feedback form, the users

can insert a textual feedback, upload a file and select a vote for the adequacy

of the proposed solution. However, they could forget to fill in the feedback

form or they can also close the Web Browser or the connection in order to

apply the solution proposed by Remoter. The connection could close itself

because of session ended or a network trouble. Therefore, at every log on, a

list of forgotten feedbacks is proposed to the user. The operator can choose

to fill in or to skip the feedback form. In this way, the users have always the

chance to submit their feedbacks even if the connection failed or is closed.

Moreover, the user is able to see all feedback related to the selected solution.

The user feedbacks are very important because allow the knowledge manager

to upgrade and maintain the case base (see fig. 7.8).

7.2.6 Remoter Knowledge Evaluation module

Our OKM perspective is based under assumption that knowledge workers

create new knowledge during their work and mainly when they use knowl-

115



Figure 7.8: Remoter Knowledge Feedback module.

edge of the KMS. Therefore, Remoter allows telecommunication operators to

integrate new knowledge at use time. Thanks to the Knowledge Feedbacks

module technicians are able to send feedbacks related to the solution pro-

posed by Remoter. These feedbacks have to be evaluated in order to update

the case base. Therefore, this module provides to the knowledge manager a

tree representation of the case base. The leaves of the tree are the solutions

of the case base. For each solution all submitted feedbacks have been ap-

pended. In this way, the knowledge manager could see all the information

about feedbacks and how many times technicians have attached a feedback

to a specific solution. Then he can validate or reject feedbacks which will

be useful for the knowledge engineer in order to upgrade the knowledge base

(see fig. 7.9).

7.2.7 Remoter Simple Knowledge Creation module

This module is devoted to the creation of new knowledge records. As we have

seen, knowledge records have been classified according to an ADSL hierarchy.

Moreover, each user must to register to Remoter if he/she wants to use it.

Each user have to specify in which ADSL thematic area he is an expert. This

is useful to the knowledge creation process. In fact,new knowledge record

(candidate) is added by the knowledge manager after it is reviewed by a set

of expert users. Each user can be an expert in one or more thematic areas of
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Figure 7.9: Remoter Knowledge Evaluation module.

ADSL context. In particular, this methods can be divided into steps shown

in fig. 7.10. Once a user uploaded a candidate knowledge record, he/she must

check the thematic areas whose the knowledge record belong to. Afterwards

the candidate will be send to all expert users belong to thematic areas of the

candidate. The expert users can voice a vote, attach a comment and send

an e-mail to the user who sent the new candidate knowledge record. At any

moment, the knowledge manager can check the grand total of expert users

who reviewed the candidate and the average of its votes. In this way the

knowledge manager can publish the new knowledge record or not.

7.3 Related work

Turning to related work, Smith and Farquhar (Smith and Farquhar, 2000)

describe an approach to Knowledge Management which combines different

areas and technologies. They describe their experience at the Schlumberger

company with developing a KMS, called InTouch. InTouch allows sharing

and applying knowledge among different Schlumberger’s CoPs which are en-

gaged in what they called field activities often on remote seismic vessels or

drilling rigs to find and develop oil and gas reservoirs. As our technicians

from the ADSL context, Schlumberger’s CoPs are directly involved in the

field activities and share a set of procedures or norms need to do their jobs.
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Figure 7.10: Knowledge Upgrade process.

Both approaches, InTouch and our emphasize the importance of upgrading

the knowledge hub (i.e. the knowledge repository) to memebers of CoPs (i.e.

technicians) during their normal work. However, InTouch does not support

technologies which represent knowledge in a structured manner like CBR. On

the other hand, InTouch offers knowledge management functionality that are

no part of our system like expertise directory, best practices repository.

The substantial list of deployed applications of CCBR for Knowledge Man-

agement include, for example, a knowledge management system for PC trou-

bleshooting (Wang and Hsu, 2004). As our approach, the author emphasize

the importance of CCBR technique of supporting the knowledge management

activities, including knowledge capture, knowledge development, knowledge

sharing and knowledge utilization. When compared to our approach this

system lack the upgrade level that is partially provided in our approach by

using the feedback mechanism. On the other hand, the author combined

ontology with the CCBR techniques to ensure the effective communication

among users and system. Another application that uses CCBR technique

was implemented at NEC (Shimazu and Kusui, 2001). NEC is using knowl-

edge stored in a case library to reach unprecedented levels in quality control

and marketing of its products. Alike our approach an important issue they

have addresses refers to maintenance of case bases that used to be update

manually. The obvious problems arising from manual update were overcome
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with the creation of FAQ case bases automatically, allowing creation and

understanding to be implemented without human intervention. The system,

called SignFinder, detects variation in the case bases generated automatically

from customer calls. When they detect variations on the content of typical

customers requests, they can discover knowledge about defects on their prod-

ucts. Besides, the automatic update of case library allows the timely sharing

of new defects solving the knowledge sharing obstacle they face due to the

magnitude of their organization.

7.4 Future works

Due to the complexity of the ADSL domain each technicians has his/her own

vocabulary to express the operational knowledge. In the context of knowl-

edge sharing, as Remoter, to have different vocabulary could be a drawback.

In recent years the development of ontologies has moved from the realm of

Artificial Intelligence laboratories to the desktop of domain experts. On-

tologies have become common on the World-Wide Web. Many languages

as Resource Description Framework (RDF), Darpa Agent Markup Language

and Ontology Inference Layer (DAML+OIL), Karlsrurhe Ontology (KAON)

and OWL (Ontology Web Layer) were developed for encoding knowledge on

the Web to make it computer processable. Therefore, we are developing an

ADSL ontology in order to share common understanding of the operational

knowledge among people. We are using Text-to- Onto, an open-source ontol-

ogy management infrastructure, in order to create an ADSL ontology (Staab

and Maedche, 2000). It facilitates ontology engineering by discovering taxo-

nomical and non-taxonomical conceptual relationship between concepts from

texts. The aims of the ADSL ontology are on the one hand to have an on-

tological commitments for telecommunication technicians and on the other

hand to improve the Knowledge Up-grade phase with regard the Diagnosis

context. The Knowledge Up-grade phase for the diagnosis functionality is re-

lated to the feedbacks which are submitted by telecommunication operators.

This feedbacks are related to the solutions proposed by Remoter. Moreover,

Remoter provide an ASP window to the knowledge manager which represents

the case base with those feedbacks. Thanks to this ASP window and to the

knowledge author module provided by eGain, the knowledge manager may

upgrade the case base. We would, for instance, using ADSL ontology, be able

to suggest the appropriate concepts for feedback to the telecommunication
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operators in order to automatize the up-grading of the case base.

Future issues that will be also explored include using of the agent technolo-

gies in order to capture users profiles, to automatize the question and answer

flows with regard the diagnosis functionality, to have a distribute knowledge

base (document repository, case base and messages) and finally to build an

Expertise Location System which have the goal of suggesting the names of

person who have knowledge in a particular area (Marwick, 2001).

7.5 Conclusions and experiments

Remoter is an Operational Knowledge Management System (OKMS) that

enables telecommunication technicians from ADSL context to share, capture

and apply their collective operational knowledge (OK) to take optimal de-

cision in real time. In particular, two groups of users have been identified:

help desk/back office users, on-the-filed users. Because of two groups of users,

various features of REMOTER system has been developed to ensure a good

access and usage of the system by all the users: Docs, Diagnosis, Forum,

Feedback, News, Search. However, the proposed system is a three tier web-

based application. Therefore being a web service, the system can be accessed

and used from any system with Internet access and a suitably web browser.

For the Remoter development an Operational Knowledge Management Frame-

work (OKMF) has been followed (Valente and Rigallo, 2003). The OKMF

is based of three main phases: Knowledge Acquisition, Knowledge Dissemi-

nation and Knowledge Up-grade. The Knowledge Acquisition campaign has

been conducted on the experts of the ADSL context. Because of different

Remoter functionalities, OK has been acquired modelled and then imple-

mented into different structures (knowledge record, case base, messages).

One of the main features of our OKMF is the relation between the knowl-

edge dissemination and the knowledge up-grade phases. In fact, our OKM

perspective is based under assumption that knowledge workers create new

knowledge during their work and mainly when they use knowledge of the

OKMS. Therefore, Remoter allows telecommunication operators to integrate

new knowledge at use time. Finally, besides Diagnosis and Forum function-

alities, we have introduced a knowledge up-grade strategy with regard to the

Docs functionality in which upgrades are reviewed and analyzed by trusted

and reliable reviewers.

Initial assessment of Remoter has been very positive. In particular Remoter
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has been field proved for the last six months of the 2003 in two Telecom terri-

torial areas (TA) of Italy. Significant saving in the energy, time and number

of phone calls from on-the-field to help/desk technicians has been realized

with the help of Remoter. Each TA had about 30 technicians (one sixth of

them were help/desk technicians) which used Remoter. At the beginning of

the trials, Remoter contained about 50 cases, 400 knowledge records and 60

messages posted. After six months, the OK in Remoter has been extended

to incorporate more than 100 cases, 700 knowledge records and 250 messages

posted.
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Conclusions

The topic of this thesis has been the definition of an Operational Knowledge

Management Framework (OKMF) for the management of the Operational

Knowledge (OK) and the identification of the role played by Artificial Intel-

ligence technologies for it. This research was born and developed in collab-

oration with Telecom Italia Lab which is the research laboratory of Telecom

Italia, an Italian company of telecommunication. As we have seen in the

chapter 5 most companies have argue that Knowledge Management (KM)

should begin on a small scale, with the objectives focused on improving the

effectiveness of a single knowledge-oriented function or process (Davenport

et. al., 1998). Davenport and Prusak claim that ”a common sense about KM

are both starting with high-value knowledge and with a focused pilot project

(and let demand drive additional initiatives).” The most important factors in

deciding where to start are the importance of the specific knowledge domain

to the firm and the feasibility of the project. Starting from this first and

important line of work we have investigated the ways and methodologies in

managing the Operational Knowledge(OK). In fact for companies like Tele-

com Italia, the OK is one of the most important types of knowledge. The

management of this kind of knowledge allows telecommunication companies

differentiating from one to another. Practitioners and business managers

alike agree that issue of technology, process, people (roles and skills), and

content must be addressed to achieve success in the KM field. It is natural

that the understanding of a knowledge process differs in different organiza-

tions; e.g., a knowledge process in one organization has a different set of

tasks than in another. In the chapter 3 we have drawn from the recent lit-

erature to outline principal activities required for KM. In particular, many

different processes definition for KM have been proposed each of them re-

lated both to objectives and context of the KM solution and to the type

of domain knowledge. In other words KM objectives, context and types
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of knowledge represent the requirements for the definition of processes. At

the same time processes underline the identification of useful technologies

to support it. The analysis of the Operational context and knowledge has

underlined several important differences between traditional KM approaches

and the approach that should be followed in order to manage the OK. In

particular, in the traditional KM perspective, management usually collects

and structures an organizational’s memory content as a finished product at

design time (before the organizational memory is deployed) and then dis-

seminated the product. Such approaches are top-down in that they assume

that management creates the knowledge and that workers receive it. Op-

erational Knowledge Management (OKM) perspective is an alternative that

relates working, learning, and knowledge creation. In this context, workers

are reflective practitioners, who struggle to understand and solve ill-defined

problems. Learning is intrinsics to problem solving, because problems are not

given but must be framed and solved as a unique instances. This perspective

have two fundamentals aspects: workers, not managers, create knowledge

at use time, and knowledge is a side effect of work. Therefore, what was

evident analyzing traditional KM approaches is that the knowledge flows are

mainly from repository of knowledge to user (i.e. one-way flows). Instead,

in an operational context is also necessary to have knowledge flows follow-

ing the opposite direction (from user to knowledge repository) at the same

intensity too. This is what we called ”double-way flows” which has been

realized through the cyclic implementation of Knowledge Acquisition, Dis-

semination, and Upgrade phases. Afterwards, these phases was described

in term of activities which were also defined in term of modules. Activities

modularization is a remarkable features of our OKM framework because it

allows a modular architecture which may be instantiated taking into account

the specific contexts (for instance context in which is important to collabo-

rate with one peers, pure problem-solving context, decision-making context,

distribute context and so on) and the objectives of the OKM system (for

instance problem solving, decision making, sharing OK, and so on). This

means that an OKM systems could not include each module but at least

one for each of the three phases should be an element of the final OKM sys-

tem. Although many researcher claims that KM should be faced addressing

issues like processes, technologies, and roles very few work have attempted

to develop a KM framework or architecture. Turning to related work, Zach

(Zach, 1999) describe a KM architecture which is composed by four main
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concepts: repository of knowledge, processes, roles, and Information tech-

nologies. When compared to our approach, the architecture defined by Zach

does not define the proper things to do in every process, and which roles and

technologies are included in every process. Moreover, he does not explicit the

linking among process, roles and technologies. Another important contribu-

tion comes from OVUM that is an analyst and consulting company. It offers

reports designed to put companies at the forefront of thought leadership on

a specific topic and to provide to companies with research-based substance

for their strategic planning. For this reason, the following OVUM report has

been a good term of comparison for our OKM Framework. In 2000, OVUM

provided a report (Ovum, 2000) on global software markets. In this report,

there is a section dedicated to the KM problem. As our approach, they

start with the definition of the requirements for implementing a KM system

within an organization and then define the Ovum model which shows how

these requirements can be met with a KM architecture. Alike our approach,

they define the Ovum architecture in term of services that must be provided

and then for each of them an exhaustive list of technologies was reported.

The objectives of the Ovum architecture is to provide a framework for po-

sitioning existing, disparate technology for KM rather than a guide to the

development of an environment for managing knowledge. This is proved by

the fact that also their research solution does not define the proper things to

do in every process, and which roles are included in every process. Moreover,

they do not explicit the linking among process, roles and technologies.

For what concerns the two case study (Netdoctor and Remoter), on the one

hand they were useful to test how the guidelines provided by the OKMF allow

to easier understand the problem at hand and to easier implement an OKM

system. In fact, in each case study we have drawn the characteristics of the

context which defined its requirements. Then starting from the requirements

we have easy select modules which could meet them. Both in Netdoctor and

Remoter not all modules have been instantiated but at least one for each of

the three phases was an element of the final OKM system. It is worth noting

that the activities modularization did not pretend to completely define what

should be part of an OKM system. Despite of that, both case study have

proved that at present the modules which constitute the OKMF are sufficient

to define an OKM system.

On the other hand, Netdoctor and Remoter have been implemented to verify

the contribution of Artificial Intelligence methods to support OKM. Because
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of the problem solving characteristic of the operational domain two are the

main Artificial Intelligence technologies that have been used in our two case

studies: rule-based system and case-based reasoning. Both technologies have

proved to be useful in supporting the Just In Time Knowledge Handling

module. A rule-based system was used in Netdoctor whereas a conversa-

tional case-based reasoning system was used in Remoter. Although both

technologies have been integrated in a single module (Just In Time Knowl-

edge Handling module) they offer supporting for the overall process of our

OKMF. In other words, they do not have only the goal to solve a particular

problem but they also support the knowledge acquisition and upgrade phase

of our OKMF, as we have seen in the chapter 6 and 7. Related works have

been presented in the previous chapter. Finally we want to stress how the use

of this two technologies offer a new way to think about KM. In fact, most

KM solution have the objectives to provide ’collaborative’ and ’discovery’

services (Ovum, 2000). Collaborative services provide an environments for

knowledge sharing whereas discovery services help users retrieve and analyze

(understand) the information in the corporate memory. Instead thanks to

these two Artificial Intelligence technologies also ’operational’ service may be

provided through which users receive suggestions, solutions to their problem

(in form of cases or rules) applicable to their day-to-day activities.
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