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Aware of the objectives of e-learning at work [1][2],
this paper tries to describe a possible approach based
on a Knowledge Virtual Enterprise.

2. Knowledge in the virtual enterprises

A Virtual Enterprise (VE) may be considered as a
temporary  association  of  autonomous  and
heterogeneous enterprises (for instance a network of
SMEs), whose aim is the building of ties and
relationships that can be easily translated into business
processes to gain profit [3].

Every enterprise or organization, by itself, is a
source of original knowledge that, if exploited, can
contribute to its competitiveness. It frequently happens
that a solution developed in a department could be
reused with benefit by another department or these
ideas that are not useful in a particular moment become
successful in the future. If this is true (and someway
managed, with some limitations, by the current
enterprise Knowledge Portals) inside the enterprise
walls, it is more relevant when extended to VEs,
especially when they operate in a tumultuous and
unsettled context, like ICT. This sector is indeed
strongly bound to the so called soft skills (relational
and communication capabilities, knowledge
transmission, management, organization) and even
more to the capability of carrying out just-in-time
knowledge take-over and transfer.

A Virtual Enterprise is able to efficiently react to
change only through reusing and synergetic
combination of knowledge that can be found in
different nodes of its structure.

The conceptual model of the Knowledge Virtual
Enterprise is built around three main roles that can give
life to different applicative scenarios:

o/ KBroker: who receives a request for information
retrieval, looks for the provider that is likely to be
able to satisfy the request, contacts the provider
and forwards the request.

KProvider: who supplies resources and services
to be shared in the network.

KConsumer: the user of resources supplied by
providers.

A layered conceptual view of the Knowledge
Virtual Enterprise (KVE) model is depicted in Figure
1.

The layers of the KVE model Conceptual View (as
illustrated in Figure 1) are:
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Fig. 1. KVE model Conceptual View
Core and Governance Services collect services
useful to a manager to administer all dynamic
aspects that can occur during a KVE lifetime, such

as Membership Services and Policy and
Enforcement Services. Core and Governance
Services are deployed towards the IT
infrastructure of every organization subscribing
KVE rules.

Resources and Services of single organizations
are exposed through a virtualization process
realized following the rules defined by the KVE.
An organization could expose, for instance, its
human resources (skill, availability, salary, ...), its
products (price, availability, features, ...), its
services (e.g. on-line assistance through an
automatic responder).

Knowledge-enabling Services must:

-1 realize a semantic correlation among resources

and services exposed by organizations
belonging to the KVE (e.g. offering
functionalities to  implement  KBroker,

KProvider e KConsumer roles)
-I manage knowledge that has been generated and
used during a KVE lifecycle
-l model, through taxonomies and ontologies, the
KVE structure and processes.
Applicative Services belong to the set of services,
eventually based on  Knowledge-enabling
Services, operating on both the “horizontal” level
(e.g. Business Process Definition and Execution,
Project Planning, Document Sharing services) and
the “vertical” level (e.g. e-learning, e-commerce
services).
The following picture (Figure 2) shows a schema of
a possible configuration (network deployment) of a
KVE. The KVE, from the network deployment point of
view, is represented by a graph, whose nodes are the
different organizations.
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Fig. 2. A sample KVE configuration for four organizations
The KVE model could not be applied in the real
world if the involved organizations do not share:
o/ the same representation model for their internal
structures  (strategies, mission, relevant case
history, in progress activities, etc.).
the same representation model for their applicative
domains.
the same representation model for their processes.
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gpplical!ons

Organization

Provides

Resources Services

Fig. 3. Every organization exposes resources and services
through an IT infrastructure

Semantic structures like taxonomies and ontologies
are used to formalize knowledge on a specific domain
and on processes definition. In particular, for ICT
domain (adopted as the reference domain in this work),
Knowledge-enabling Services manage an Enterprise
Ontology (model used by ICT enterprises to expose
their internal structure) [4], an ICT Process Ontology
(used to identify components needed for processes
definition - like a software development process) [5],
and an ICT Taxonomy (model used to structure skills
related to ICT domain and allow therefore expertise
identification across different organizations).
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3. e-Learning at work: some business

scenarios

The Ministry of Agriculture announces a notice of
competition for the realization of a platform to support
and manage the supply chain of agro industrial sector.

Bob’s company, specialized in Engineering in
manufacturing industries, considers this job interesting
as an incentive for its core business development but,
for the complete satisfaction of the competition
requirements, he needs to find partners to cooperate
with. After a negotiation activity, two companies are
involved: Alice’s company and Fred’s company. They,
all together, prepare and submit the project proposal.
The Ministry committee awards the project realization
to the consortium established by Bob, Alice and Fred
companies.

Bob’s company is in charge of the project
management. At this stage a recurring problem in ICT
dynamic contexts is perceived: no resources with
enough expertise are available in the organizations
belonging to the pool. The decision is therefore to
create a training project customized and tailored on the
problem to be faced and to involve additional
resources. But the companies, as always, have
processes and in progress activities not so convergent.
Fred’s company is a “young” company, so intensive
training during office hours is preferred. Bob’s
company, on the contrary, can rely on skilled and busy,
as well, staff, so they usually spend few time for
learning. For these reasons, customized learning
projects are designed for each worker allowing him/her
to acquire skills with respect to the foreseen activities.
At this stage production activities start.

At the same time, a high school is starting training
and learning activities to involve students in scientific
experiments, but, indeed, it haven't adequate laboratory
equipment to employ for motivating experiments.

The Principal of the school has to realize this
project and so it asks for collaboration from technical
agencies specialized in virtual scientific experiments
execution. After a negotiation activity, two agencies
are selected to work out the project. One of them has a
powerful simulator able to create virtual environment
where it is possible to study the planets motions, to
reproduce the interactions among masses in gravity
field, to observe trajectories and reactions. Their
researchers know very well all details of these
phenomena and related simulations. The other agency
has an engine able to design complex mathematical
models related to fluid dynamic phenomena. Also the
researchers working in this agency know very well all
details about that.



In both cases practical and institutionalized
knowledge are available. The collaboration with these
organizations allows the school to improve the
efficiency and efficacy of its learning and training
activities. In the first step the teachers of the schools
may receive support from the knowledge of the experts
of the agencies. In the second step, young students may
be engaged in simulations and get in virtual
laboratories where they may apply all competencies
acquired during the normal lessons, where they may
find all knowledge shared by the teacher and the
experts, where they may receive detailed and
personalized deepening as they could need.

4. How a knowledge virtual enterprise
leverages e-learning at work

In this section we are going to see how the scenarios
introduced in the previous section could be realized
using the KVE model.

To begin, we suppose that a KVE Administration
Application Node (KAAN) and a KVE Knowledge-
enabling Services Node (KKSN) are available and can
be accessed through the network. The KAAN allows to
access the functionalities of lifecycle management of a
KVE, while the KKSN, beyond other functionalities,
exposes a registry service to record the references to all
the organizations adopting the model of the KVEs.

Through the KAAN and the KKSN, Bob (who
represents his organization) looks for partners to be
involved in the activities foreseen by the requirements
expressed by the Ministry of Agriculture. The KKSN
answers to Bob’s query, and returns as a result (using
the KAAN front-end) information on Alice’s
organization and Fred’s organization. Once retrieved
the references of the two organizations, Bob starts the
KVE and a process (in charge of the Business Process
Execution Service exposed by the KBPN) with the
goal of producing an agreement. After this first task,
the KVE may have a new goal: in a collaborating way
the involved organizations have to produce and submit
the project proposal. When to proposal is accepted,
Bob decides his resources to employ for the project
and, by using KBPN, define the project workflow. For
each activity, he also asks to the other companies to
allocate human resources. The request is carried out
considering skills and characteristics expressed through
a Competency Model and a Worker Model [6]. All the
requests referring to the resources needed for project
activities are registered by the KKSN.

Once the human resources have been chosen, the
processes related to project activities can be activated
and therefore run by the KBPN. The KVE is also used
to fulfill the skill gap, through the execution of
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learning experiences personalized and customized on
the needs of learners (workers in this case) and adapted
to the project context. These services could be
deployed on a new network node that is the e-Learning
Services Node (ELSN). The ELSN, therefore, receives
information about competences of the involved
workers/learners and the project requirements and
builds a learning path on the best set of learning
objects from several Digital Repositories useful for the
acquisition of the needed competences. At the end of
the learning experience, workers will go through
assessment tests and then to the activities if they pass
the test or to a remedial learning path.

In the same time, in the other scenario, the Principal
of the school looks for expert agencies, through the
KAAN and the KKSN, he receives information from
two agencies able to create and execute virtual
scientific experiments. He creates a KVE with the
selected agencies and define the goal to design virtual
scientific experiments for his school. He find the right
experiments by consulting with the expert of the
agencies in a collaborative way and start a new
business processes for each of them by the Business
Process Execution Service exposed by the KBPN. He
allocates right teachers and select young students
considering their skills, competencies and real needs
expressed through a Competency Model and a Learner
Model. All the requests referring to the resources
needed for activities are registered by the KKSN. By
using the ELSN, all involved users are get in
customized learning and training activities: teachers
may receive personalized support from the agencies
and access to their shared knowledge; students may
receive personalized learning and training path to be
able to assist to a virtual scientific experiment, to
interact with it, to understand which phenomenon it
represents.

5. Technological mapping

In this section, our effort is the identification of the
existing technologies and specifications that could be
exploited to implement in real terms the previously
described scenarios, and establish a set of foundations
to support design and implementation of a software
platform for the KVEs life cycle management. The
KVE model defined in this paper is tightly-coupled
with the concept of “service”, so we believe that we
cannot avoid to use concepts coming from the SOA
model [7], actually considered at the state of the art for
the distributed architectures. Basing on SOA concepts
we identify two main critical points (there exist many
other critical points) for the implementation of our
software platform:
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