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Abstract—New technological developments have made it possible 
to interact with computer systems and applications anywhere and 
anytime. It is vital that these applications are able to adapt to the 
user, as a person, and to its current situation, whatever that is. 
Therefore, the premises for evolution towards a learning society 
and a knowledge economy are present. Hence, there is a stringent 
demand for new learner-centered frameworks that allow active 
participation of learners in knowledge creation within 
communities, organizations, territories and society, at large. This 
paper presents the multi-agent architecture of our context-aware 
system and the learning scenarios within multi-dimensional 
learning spaces that the system provides support for. This 
architecture is the outcome of our endeavor to develop ePH, a 
system for sharing public interest information and knowledge, 
which is accessible through always-on, context-aware services. 

Keywords: context-aware systems, multiagent systems, case-
based reasoning, multi-dimensional learning spaces 

I.  INTRODUCTION 
Context-awareness refers to the ability of a class of systems 

to use contextual information to supply better services to the 
user, in a flexible and manageable way. Context can be seen as 
“any information that can be used to characterize the situation 
of an entity”, where an entity can lay within a large range of 
things: a person, a place, an object, etc., that is relevant to  
the interaction between a user and an application [1].  
A context-aware system is able to extract, interpret and use 
contextual information and to adapt its functionality to the 
current context of use in order to provide the right services to 
particular people, place, time, event, etc. [2].  

Technological progress has seeded the stimuli for evolution 
towards a learning society and a knowledge economy, in which 
there is a need to rethink education, training and learning to 
subscribe to a new learning environment paradigm that 
provides for lifelong and life-wide learning. In this 
environment, learners are not simply consumers of knowledge; 
they (socially) create knowledge for themselves, for their 
organizations and their communities. A 21st century learner is 
able to extracts knowledge from everyday activities, at work 
and in the community, through mainly informal, non-formal, 
intentional, incidental or accidental learning activities, and 
shares his/her learning with peers within relevant communities 
in multi-dimensional learning spaces [3]. Therefore, there is a 
stringent demand for new learner-centered frameworks that 
allow active participation of learners in knowledge creation, 
within learning communities, learning organizations, learning 
territories (municipalities, regions) and society, in general. 

This paper presents the multi-agent architecture of our 
context-aware system (called ePH) and the learning scenarios 
within multi-dimensional learning spaces that the system 
provides support for. This architecture is the outcome of our 
endeavor to develop ePH, which is a system for sharing public 
interest information and knowledge that is accessible through 
always-on, context-aware services [4, 5]. ePH is an acronym 
for “e-Prahova”, where Prahova is the name of our county, for 
which the system has been developed. The rest of this paper is 
structured as follows: the next section contains the related work 
with focus on some systems that have been utilized in real 
world experiments. Section III describes briefly our context-
aware system and illustrates its use within learning scenarios. 
The ePH’s learning capabilities are demonstrated in Section IV. 
The multi-agent architecture of the system and a possible 
learner scenario are presented, respectively, in the next two 
sections. The last section briefly concludes the paper, and 
points out some future work ideas.  

II. CONTEXT AWARE MULTI-AGENT SYSTEMS 
A multi-agent system is composed of multiple interacting 

intelligent agents. Multi-agent systems can be used to solve 
problems, which are difficult or impossible for an individual 
agent. In [6] the following major characteristics of multiagent 
systems are identified: each agent has just incomplete 
information and it is restricted in its capabilities, system control 
is distributed, data is decentralized, and computation is 
asynchronous. There is evidence in the literature that context-
aware systems are a very active area of research, from which 
context-aware multi-agent systems covers more than one third 
[7, 8]. Within this section, we focus on some relevant systems 
that have been used in real world experiments. 

X.MAS is a generic multiagent architecture that is focused 
on information retrieval tasks that are aimed to retrieve, filter 
and reorganize information according to user’s interests [9].  
It consists of the following categories of software agents:  
Information agents, tailored to extract and handle information 
while accessing information sources, Filter agents, which 
transform information according to user preferences, Task 
agents, able to help users to perform tasks typically in 
cooperation with other agents, Interface agents, in charge of 
interacting with the user, and Middle agents, for establishing 
communication among requesters and providers. The authors 
also present some examples of actual systems that have been 
built based on the proposed architecture – e.g. WIKI.MAS that 
classify Wikipedia contents according to a predefined set of 
classes belonging to the WordNet domains. 



Reference [10] proposes a Context-aware Service Platform 
(a prototype system) that utilizes Semantic Web technologies 
to analyze the ambient contexts and contrive service plans. 
They have integrated ontology with rule-based reasoning to 
automatically infer high-level contexts and deduce a goal of 
context-aware services. An AI planner decomposes complex 
services and establishes the execution plan, while agents 
perform the tasks to accomplish the service. 

LOQOMOTION is a mobile agent-based architecture for 
distributed processing of continuous location-dependent 
queries that are issued by mobile users, which allows the 
retrieval of objects’ locations and other interesting data. 
LOQOMOTION is able to process queries that depend on the 
location of any moving object, as opposed to other approaches 
that, for example, only focus on queries about static objects 
that are in the vicinity of a certain static or moving object, 
objects moving within a fixed region, etc. [11]. 
LOQOMOTION is based on a layered hierarchy of mobile 
agents that move autonomously over the network with the goal 
of tracking efficiently the relevant moving objects, correlating 
partial results, and, finally, presenting and continually updating 
the answer to the user’s query [12]. 

Cyberguide is one of the first systems to provide for mobile 
context-aware tour guide. Knowledge of the user’s current 
location, as well as a history of past locations, are used  
together to provide the kind of services that are expected from 
a real tour guide [13]. Reference [14] presents a model and a 
multi-agent architecture that has been designed to solve 
problems in web domains through the integration of 
information gathering and planning techniques. A particular 
implementation (MAPWEB-ETOURISM) has been applied to 
a specific domain, e-tourism, to solve travel problems. 

The AmbieSense system has a multi-agent architecture for 
context-aware information services for mobile users that 
consists of wireless context tags, content provision platforms 
and mobile users [15]. The goal of the AmbieSense project is 
to develop a platform that satisfies the information needs of 
travelers and mobile users by providing ambient and 
personalized information in a context-aware manner. 

III. THE ePH SYSTEM 
ePH stores regional information and knowledge in  

ePH-DLib, a user-centered core digital library. Its content is 
available through always-on context-aware services. Users can 
get it or augment it no matter where they are: at home or office 
by using a computer, on road with a specific GPS-based device 
in the car (called gipix, developed in-house), or off-line/off-
road via mobile phone. The users can act as members of a 
social network or individually. The digital library contains 
public interest information (drugstores, hospitals, general 
stores, gas stations, weather, entertainment spots, restaurants, 
travel and accommodation, routes etc.), historical, touristic, and 
cultural information and knowledge, users' personal "war 
stories" (tracks, touristic tours, impressions, photos, short 
videos and so on), and their additions, comments or updates to 
the content. This content is available to the ePH’s users in a 
context-based way. For example, for a traveler being in a given 
area, the system may suggest several locations to go to (and 

actions to execute to reach them): a restaurant to dine at, a 
museum or memorial house to visit etc.  Moreover, if a user is 
interested in something in particular, like haunted castles, and 
s/he is located near such a place, and s/he can reach it within a 
reasonable time frame (having time to get back before dark), 
the system could show the tasks to be executed to guide her to 
reach that place [16]. The system has the ability to help also in 
a scenario that takes place in a remote region, in which the fuel 
is going down rapidly - ePH shows on the car’s GPS-based 
device where the nearest gas station is.  

Moreover, one important capability of the system is its 
support for learning in multi-dimensional learning spaces [3]. 
The basic learning scenarios involve the possibility to access 
whatever is relevant to education within a given almost circular 
area (having a certain radius) or along a particular segment of a 
track (having a particular length), both in the real and virtual 
world. The system can support users to fulfill their specific 
learning goals in a context-aware fashion, by recommending 
what is worth to be visited (from a learning viewpoint) within 
the specified area and by displaying the tasks to be executed to 
guide the user to get to that place.  

ePH’s architecture incorporates the Communications 
Server, the Location Server, the CBR Reasoner, the 
Knowledge Base, the Context Middleware, and the Multi-
Agent Action Subsystems [5]. The Communications Server 
provides the support for the always-on kind of service, 
regardless of the place where the user is when s/he needs that 
service. The Location Server makes available the right service 
according to the location. The main tasks of the CBR Reasoner 
are as follows: identification of the current problem situation, 
retrieval of a past case that is similar to the one in progress, 
suggestion of a solution to this problem that uses that similar 
case, evaluation of this solution, and update of the system by 
learning from the current experience. The Knowledge Base 
incorporates general domain-dependent knowledge and 
specific knowledge (that is embodied by cases), which are used 
together to find the solution to a specific user problem (that 
defines the ePH’s architecture as being knowledge-intensive).  

The Context Middleware provides a generic context 
management infrastructure that gathers and maintains 
contextual information, freeing the agents and the applications 
of this chore. Throughout this work we have considered the 
context definition from [15]: context is a set of suitable 
environmental states and settings that concern a user, which 
are relevant for a situation-sensitive application during the 
process of adapting the services and the information that is 
offered to the user. Once the current context changes, the new 
context activates the Multi-Agent Sub-system, which contains 
various agents that deal with the context, the CBR process, the 
task facilitation and decomposition, and the application-
specific undertakings [16]. These agents will be described in 
more detail in Section V. As the digital library, ePH-DLib, can 
be used both on- and off-line with ePH, it is not seen as 
strongly connected within this architecture. 

The current stage of the project is as follows: the geospatial 
engine unde.ro provides the basic ePH functionality [4], the car 
device is in current use, and the vital cores of both the CS and 
the LS are functional as well. Some experimental results are 



also available [16, 17]. Currently, we are working on the CBR 
reasoner, the knowledge base and the context middleware.  

IV. LEARNING WITH EPH 
Nowadays, learning is an active process that is blended into 

our daily life. Placing the learner at the center, in this context, 
does not mean that s/he is the center of attention of well-
meaning teachers and instructors, but the center of production 
of knowledge that occurs in various contexts within multi-
dimensional learning spaces. To enable this kind of learning, 
the revision of the old educational frameworks is required 
(moving from contents to context). Thus, the learner is now at 
the center of a multidimensional learning space through an 
active participation in learning communities (personal and 
professional), learning organizations, learning territories 
(municipalities, regions) and society [3]. The major reason for 
such a revision remains the massive shift from an industrial 
society to a knowledge economy and learning society.  

As shown briefly in the section that describes our system, 
ePH has a significant potential to support learning in multi-
dimensional learning spaces. There are two relevant learning 
scenarios, each of them involving the opportunity to access 
whatever is relevant to one person’s educational interest within 
a given (real or virtual) area. First one is confined inside a 
almost circular area, while the second takes place along a 
particular segment of a track. The system can support users to 
fulfill their specific learning goals in a context-aware fashion, 
by making recommendations on what is worth to be seen 
within the specified area, from a learning point of view, and by 
showing the tasks to be executed to guide the user to reach 
those specific Points of Interest (POIs).  

The context, as a concept, is intimately related with 
reasoning and cognition in humans. For context-aware systems, 
the context works as a tool to select the correct action, in an 
action-oriented view of intelligence [18]. There are many 
works that report on development of context models to be used 
in problem solving. Thus, the context has been used to improve 
the quality and efficiency of case-based reasoning within 
diagnostic domain. The authors had focused on the entwined 
relationship between the agent doing the reasoning and the 
characteristics of the problem to be solved [19]. In [20] the 
focus is on how the agents understand situations relying on the 
information they can perceive.  

In this work we use a multidimensional context model that 
subscribes to a meronomy that articulates various works from 
the literature [15, 21, 22, 23, 24] and it is enriched to fulfill 
ePH’s specific functionality. Thus, the context can be personal 
(user’s interests, state of mind, expertise, limitations – time 
interval, location area etc., preferences, and so on), task (user’s 
activities, goals, operating mode – static or dynamic, and so 
on), device (mobile phone, gipix, PDA, laptop etc.), social 
(user’s friends, family, colleagues, acquaintances etc.), spatio-
temporal (time, user’s location and movement), environmental 
(things, persons, services, weather etc. from user’s 
surroundings), strategic (something important for a planned 
effect) and historical (for keeping trace of the past experience). 
[16]. These all relate to where the user is, when s/he is using 
the service, what s/he is using the service for, who s/he is with, 

what s/he likes etc. However considerations such as how young 
the user is, or whether it is raining can be equally important. 

The problem can be defined as “take a point from the multi-
dimensional context space and map it to a learning point cloud 
within the space of the intertwined subject circles” (Fig. 1a). 
Various things of interest from a historical point of view are 
situated on the historical axis (H): monuments, theme museums 
(World War Two, French Revolution etc.), buildings (castles, 
house of parliament etc.), locations (e. g. Austerlitz field) and 
so on. Geographically relevant information that can be found 
on the geographical axis (G) is as follows: locations, caves, 
waterfalls, volcanoes, rivers, deltas, seas, oceans, mountains, 
natural reservations etc. On the Natural Sciences (NS) axis one 
can find elements of the flora and fauna (e.g. a botanic garden 
or a natural reservation), geological formations, astronomy 
phenomena and so forth. The culture axis (C) includes 
museums, memorial houses, monuments, cultural events, 
traditional fairs, workshops and expositions, significant 
constructions and so on. As many learning points can be 
associated with more than one axis, the users’ interest is 
generally focused on a learning point cloud (Fig. 1b). 

  a)                                                     b) 

Figure 1.  a) The intertwined subject circles b) The learning point cloud 

Our solution to this problem is to use case-based reasoning 
and multi-agent actions subsystems within a knowledge-
intensive architecture, as it can be seen in the next section. 

V. EPH MULTIAGENT ARCHITECTURE 
In this section, the multiagent architecture of ePH is 

presented in more detail (Fig. 3). We have called this 
architecture “FACE” to emphasize our aspirations to provide a 
knowledge-intensive reasoning process that is inspired by the 
way in which humans solve problems. A more detailed 
description of FACE can be found in [16]. 

Users may benefit from using ePH either on request or 
event-triggered by a change in the current context. The users 
can act individually or within a ePH-based social network, both 
situations being covered by context widgets that are able to 
acquire particular context information and to make it available 
to the context-aware applications [15]. Once a new context is 
identified, the CBR Reasoner tries to retrieve a known case and 
to classify the new situation relying on this case, if possible. 
After the successful classification of the current situation is 
performed, the new case will be stored in the case-base as a 
tuple that includes the contextual information that describes the 
situation, the problem that corresponds to this situation, and the 
constructed solution (the retrieved information and knowledge 
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and the tasks to be executed when appropriate). The CBR 
Reasoner of ePH integrates the classical CBR cycle (Retrieve, 
Reuse, Revise, Retain) [23] with other reasoning paradigms 
(rule-based systems, model-based reasoning, deep models – 
like causal reasoning etc.), as well as with other methods of 
generating knowledge (data-, text- or knowledge-mining) [16]. 
The knowledge base incorporates general domain knowledge 
and case-specific knowledge 

Beside general domain knowledge, the knowledge base 
contains the context model (briefly presented in the previous 
section), and the cases (the initial cases - pre-classified 
situations that have been acquired prior to first execution, the 
point cases - which are generated to incorporate a new occurent 
situation, and the prototypical cases - generalized cases, that 
contain aggregation of knowledge from previous point cases). 
Moreover, we need to keep within the knowledge base the user 
stereotypes and their specific triggers, to support the 
construction of user models [25].  

Context templates are used to generate context patterns, and 
valid context instances are context instantiations that comply 
with the patterns laid out by the templates. When a new context 
instance occurs, the Context Agent gets it via the Context 
Middleware, translates it based on the specific ontology and 
sends it to the CBR Agent, which tries to identify the current 
situation (by using the ontology for reasoning about concepts). 
If this new situation cannot be classified above a given 
similarity threshold, then a new case is created by the New case 
Creator Agent. Further, the Task Decomposer is notified about 
this particular situation. The notification contains the situation, 
the corresponding contextual information, the task description 
and the associated goal. The Task Decomposer Agent separates 
the task into the required sub-tasks and recruits the correct 
application agents for solving those tasks. There is a large 
variety of such agents: device agent, GIS agent, reasoning 
agents, knowledge mining agent, information retrieval agent 
etc. We describe some of these agents below. 

The Device Agent has three functionalities. The first one is 
to configure the device’s applications and to present the 
prepared information. Secondly, it tries to obtain the user 
identification and all the possible data about the user’s current 
context. The third functionality is to communicate with the 
system by using any appropriate means of communication.  
The device agent has different implementations for different 
types of devices (e.g. cars, mobile phones, PDAs, notebooks or 
desktop PCs). It contains more information about the device’s 
specific hardware capabilities, and it can obtain additional 
information about available software tools. 

The GIS Agent encapsulates spatial analysis and query.  
It can respond to outside requests, and carries out specific 
spatial analysis and queries that have different data requests. 
Spatial data is accessed through one ore more GIS servers, to 
which it may interface. This enables the distribution and 
manipulation of maps, models, tools and specific points of 
interest within the ePH framework, in a way that fits well to 
users’ needs. The GIS Server allows the developers to author 
cost-effective maps, points of interest and geo-processing tasks. 

The Information Retrieval agent is responsible for 
extracting data from different information repositories (Internet 

web sites, digital libraries, other trusted sources etc.).  
Each information agent is associated with one information 
source, the extraction of data being done using specialized 
wrappers, which can also transform the relevant information 
into a structured form, if necessary. 

VI. EPH USER SCENARIO  
Further on we present the way in which a user who is 

interested in learning experiences can benefit from interaction 
with ePH. The idea behind this kind of support has been to help 
a person who is at a given time in a certain location to 
experience as most as possible as a learner, in a personalized 
and effective way, both in the real and virtual world.  Let us 
consider a scenario, in which Tudor, an ePH user, is interested 
in learning about the specificity of the Byzantine architecture 
of the monasteries in our county. Tudor may be planning his 
learning trip prior to the journey itself or he might adjust his 
excursion dynamically, as he gets close to some POIs that are 
relevant to him. The static scenario is illustrated in Fig. 2, 
where one can also see the related prototypical case. 

 
Case: Prahova 12 
… 

Context.task: 3 day car trip 
Context.operating_mode: static 
Context.device: laptop 
Context.location: 44.9412,26.0213 
Context.movement: no 
Context.time: 2010.03.20 
… 

Context.interests: Byzantine monasteries 
Context.preferences: take away food 
Context.interval: next 3 days, 9am-7pm 
Context.limitations: max 500km 
Context.weather: good  
Context.friends:yes 

Figure 2.  One possible learning scenario and the related prototypical case 



 

 

Figure 3.  The ePH’s multi-agent architecture  
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VII. CONCLUSIONS AND FUTURE WORK 
New technological developments have made it possible to 

interact with computer systems and applications anywhere and 
any time. It is vital that these applications are able to adapt to 
the user, as a person, and to its current situation, whatever that 
is. Therefore, the premises for evolution towards a learning 
society and a knowledge economy are present. However, to 
have these goals accomplished requires the pervasive presence 
of, and ubiquitous access to, knowledge technologies that 
support construction of a new paradigm for learning 
environments and for social construction of knowledge.  
This new environment links together individuals, communities, 
organizations etc., both real and virtual, which are involved in 
impressing learning experiences. Learning that occur in these 
experiences is contextual, active, social and reflective. 

In this paper we have presented in a few words ePH,  
a system that provides for sharing public interest information 
and knowledge that can be accessed via always-on, context-
aware services, focusing on its multi-agent architecture.  
We have also advocated its use in learning scenarios within 
multi-dimensional learning spaces. 

We need to investigate further how our agents may comply 
with the formal definition of an autonomous agent, which 
clearly distinguishes a software agent from just any program 
that had been proposed in [25]. Future work needs to be done 
for better understanding of the relationship between problem 
solving and learning, and their integration into an autonomic 
framework, which provides for the system’s ability to inspect 
its own behavior and to learn how to change its structure, in 
order to improve its future performance (then the FACE will 
get all the parts it misses to be completely independent :). 
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