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Abstract 

In this paper, we present the multi-agent sys-
tem (MAS) architecture of CoMMA (Corpo-
rate Memory Management through Agents), a 
system for the management of a corporate 
memory. In particular we describe the agents 
roles and interactions, illustrate the design 
choices for societies and discuss the configu-
ration and implementation issues. CoMMA 
was realized integrating several emerging 
technologies: agent technology, knowledge 
modeling, XML technology, information re-
trieval and machine learning techniques. The 
system aims at helping users in the manage-
ment of an organization corporate memory 
and facilitating the creation, dissemination, 
transmission and reuse of knowledge in an or-
ganization. CoMMA system is a FIPA com-
pliant agent system and has been implemented 
by using the JADE agent development soft-
ware framework. CoMMA is the result of an 
international project funded by European 
Commission. 

1 Introduction 
Companies in the ICT sector are faced with a high and 
increasing complexity given by the number of services, a 
wide variety of customers dispersed over multiple coun-
tries, and a large number of rapidly evolving technolo-
gies. High complexity implies that a large number of dis-
tributed competencies are required and that they are 
changing dynamically with market, technologies and of-
fered services. These companies ”possess” a knowledge 
that is really large and complex, therefore it becomes 
fundamental to exploit it, providing employees with ef-
fective and efficient means for communicating their 
knowledge and ideas for the benefit of the whole organi-
sation. This involves the processes of representing, cap-
turing, accumulating and transferring distributed organ-
isational knowledge in working environment. 

The communication of knowledge is important for the 
insertion of new employees in the company and to dif-
fuse innovative ideas among employees particularly 
when dealing with technology monitoring activities.  

Corporate knowledge management aims at facilitating 
creation, dissemination, transmission and reuse of knowl-
edge in an organization [Rabarijaona et al., 1999]. It can 
rely on an organizational memory (or corporate memory), 
i.e., an explicit, persistent representation of crucial 
knowledge and information of the organization. This cor-
porate memory can be materialized by a knowledge base, 
a case base or by documents, made accessible through the 
company's intranet.  

In order to realise such kind of system, some recent 
works shown that organisations can take advantages of 
internet and intranet technologies and of agents. Internet 
and intranet technologies simplify the diffusion of 
knowledge. In fact, the Web can serve as a basis to dis-
tribute information in a uniform way independently of the 
way the information is stored [Corby and Dieng, 1997]. 
Agents can help the user supporting retrieval of the rele-
vant information from the corporate memory and adapt-
ing the interaction with the system to the user’s prefer-
ences [Berney and Ferneley, 1999]. 

In this paper, we describe the multi-agent system 
architecture of CoMMA, a system for the management of 
a corporate memory. The next section shows a brief 
introduction on related work on multi-agent systems for 
information management. Section three describes the 
general architecture of CoMMA MAS and introduces the 
different kinds of agent that populate the system. Section 
four describes how the system carries out push diffusion 
of information functionality, that is how the system in-
forms users of the presence of documents likely to inter-
est them and which have recently entered the system. 
Section five introduces some implementation notes. Sec-
tion six describes how the system is configured and 
shows a possible deployment. Finally, section six con-
cludes with a discussion about CoMMA MAS features. 

2 Related Work 
The research on multi-agent systems for information re-
trieval and management is very active and some systems 
have already been realized. 

Most of such systems are specialized for information 
retrieval from heterogeneous information repositories. 
Some of these systems as, for example, SIMS [Arens et 
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al., 1996] and InfoMaster [Genessereth et al., 1997], are 
composed of agents that wrap these information reposito-
ries, and combine and translate information through me-
diation techniques based on a local schema within the 
mediator agents themselves. 

Other systems as, for example, RETSINA [Decker and 
Sycara, 1997] and InfoSleuth [Nodine et al.] are based on 
resource agents having in charge the translation of infor-
mation. Another important set of systems, see, for exam-
ple, CASMIR [Berney and Ferneley, 1999], is specialized 
to make easy the gathering of information.  In these sys-
tems, agents help the user supporting retrieval of the 
relevant information from one or more information re-
positories and adapting the interaction with the system to 
the user’s preferences. 

Finally, a third interesting set of systems is represented 
by agent based digital libraries, see, for example, SAIRE 
[Odubiyi et al., 1997] and UMDL [Weinstein et al., 
1999]. These systems use agents to realize decentralized 
digital libraries and to enhance scaling, flexibility and 
extensibility using market based or other distributed arti-
ficial intelligence techniques for agents coordination. 

3 Multi-Agent System Architecture 
The main objective of the CoMMA project is to imple-
ment and trial a corporate memory management frame-
work based on agent technology. It addresses particularly 
the problem of information retrieval faced by employees 
involved in the following scenarios:  

•  Enhancing the insertion of new employees in the 
company,  

•  Performing process that detect, identify and inter-
pret technology movements and interactions for 
matching technology evolutions with market op-
portunities to disseminate among employees inno-
vative ideas related to technology monitoring ac-
tivities.  

Agents are used for wrapping information repositories 
(i.e., the corporate memory), for enhancing scaling, flexi-
bility and extensibility of the corporate memory and to 
adapt the system interface to the users. One of the points 
that makes CoMMA system different from most multi-
agent information systems is that agents are not only used 
for the retrieval of information, but also for the insertion 
of new information in the corporate memory. 

In particular, CoMMA system helps the users in per-
forming three main tasks: insertion of XML annotations 
of new documents, search of existing documents, and 
autonomous document delivery in a push fashion to pro-
vide her/him with information about new interesting 
documents. These tasks are performed through the coop-
eration among different kinds of agents that can be di-
vided in four sub-societies: document and annotation 
management, ontology (Enterprise and User Models) 
management, user management and agent interconnec-
tion and matchmaking. 

3.1    Dedicated Sub-Societies 
The agents of the connection dedicated sub-society are 
in charge of the matchmaking of the other agents 
based upon their respective needs. The agents of the 
connection sub-society must play two roles defined in 
a FIPA compliant platform [FIPA, 2000]:  

•  The Agent Management System (AMS) has the 
duty to maintain system white pages where agents 
may register themselves and ask for addresses of 
other agents. 

•  The Directory Facilitator (DF) has the duty to 
maintain system yellow pages where agents may 
register themselves and their capabilities and ask 
for services of other agents. The agents that play 
this role can be organized into graphs, with the 
possibility of searches of arbitrary depth. 

The agents from the ontology dedicated sub-society 
are concerned with the management of the ontological 
aspects of the information retrieval activity, especially 
the queries about the hierarchy of concepts and the dif-
ferent views.  

The ontology repository maintains a set of concepts 
and their relationships that “attempt to constrain the in-
tended meaning of a vocabulary by eliminated unin-
tended models in the representation…” [Guarino, 1998]. 
Documents of the community are annotated using these 
ontologies and ontologies are used to search documents 
into the corporate memory and to navigate into it. In par-
ticular, the CoMMA ontology describes the documents 
maintained in the organization corporate memory and the 
enterprise model describes the structure of the organiza-
tion ruling, for example, the access to the different type 
of documents of the corporate memory. A replicated or-
ganization for the ontology sub-society is conceivable 
because ontologies shared by users should be stable and 
most of the queries will need the whole ontology to apply 
inference algorithms. The agents of the ontology sub-
society must play two roles:  

•  The Ontology Archivist (OA) has the duty to store 
and retrieve information to/from the CoMMA on-
tology repository.  

•  The Enterprise Model Archivist (EMA) has the 
duty to store and retrieve information to/from the 
CoMMA enterprise model repository. 

The agents from the document dedicated sub-society 
are concerned with the exploitation of the documents and 
annotations composing the corporate memory; they will 
search and retrieve the references matching the query of 
the user with the help of the ontological agents. A hierar-
chical organization for the document sub-society is ap-
propriate because separates the task of maintaining 
document repositories from the task of intelligent inter-
face towards the other agents of the system. The agents 
of the document dedicated sub-society must play two 
roles:  



•  The Annotation Archivist (AA) has the duty to 
store and retrieve information to/from the 
CoMMA corporate memory.  

•  The Annotation Mediator (AM) has the duty to 
manage query about the CoMMA corporate mem-
ory content.  Therefore, it is the interface between 
the AAs and the other agents of the system mak-
ing transparent to the other agents the implementa-
tion of the corporate memory (i.e., the number of 
document repositories and of AAs managing 
them), the policies to store documents in the dif-
ferent repositories, the need of retrieving docu-
ment from different repositories.  

The agents of the user dedicated sub-society are con-
cerned with the interface, the monitoring, the assistance 
and the adaptation to the user. Moreover, they have to 
maintain the user profile repository and distribute infor-
mation about user profile to the agents needing it. The 
agents of the user dedicated sub-society must play four 
roles: 

•  User Profile Manager (UPM) is in charge of up-
dating and exploiting the user's profile when the 
user is logged on to the system. This agent uses 
machine learning techniques to adapt the system 
to the user; for example, it is able to know if a 
document is of interest for a user and to order a 
list of documents on the basis of user preferences. 

•  Interface Controller (IC) is in charge of monitor-
ing the user interface and the interaction of the 
user with the system. The IC agent is the system 
front end, working in close collaboration with the 
user. Moreover, it is the only agent in the system 
that is not running persistently, with its lifetime 
limited to a single session (IC starts when the user 
logs into the system and shuts itself down when 
the user logs out). When IC starts up, it uses the 
yellow pages services provided by the Directory 
Facilitator agent to get acquainted with all neces-
sary agents. During system usage, the IC interacts 
directly with the agents belonging to the ontology 
sub-society, whereas it relies on a responsible 
UPM agent to deal with the document sub-society. 
A distinguished feature of IC agent is its GUI, 
through which users can exploit the CoMMA 
MAS. The GUI makes the user look as an agent to 
the rest of the system, because as soon as the GUI 
layer is crossed, all the information passing hap-
pens by means of FIPA ACL messages. 

•  User Profile Archivist (UPA) has the duty to store 
and retrieve user profiles to/from CoMMA user 
profile repository, maintaining the profile of the 
users belonging to a specific sub-net of the enter-
prise intranet. Only this agent has the access to the 
user profile repository of a specific sub-net. 

•  The User Profile Processor (UPP) has the duty to 
perform proactive queries on the corporate mem-

ory on the basis of the user profiles and informa-
tion about new documents. 

4 Push Diffusion of Information  
CoMMA behavior may be shown through the scenarios 
describing how agents interact to perform the different 
tasks. These scenarios are: user login, add a new annota-
tion, edit an annotation, information retrieval, update 
user profile, push diffusion of information. In the follow-
ing, we introduce the description of one of the most rele-
vant scenarios: push diffusion of information.  

The agent roles taking part to this scenario are: Inter-
face Controller, User Profile Manager, User Profile Proc-
essor, User Profile Archivist and Annotation Mediator. 
This scenario is played whenever a new annotation ap-
pears within the corporate memory or a pre-existing an-
notation is modified. The purpose of this scenario is to 
retrieve relevant information contained within the corpo-
rate memory, and present it to the user in the most com-
fortable way.  

Even if CoMMA users connect to the system intermit-
tently, in order to carry out the push diffusion of informa-
tion functionality, there is an obvious need to persistently 
store information about them and remembering it across 
all the sessions. Therefore, user dedicated agents are con-
tinuously running, gathering information from the user to 
improve system performance. Moreover, CoMMA sys-
tem supports the user capability of logging into the sys-
tem from different parts of the corporate intranet, while 
preserving his/her organization group (the group of peo-
ple he/she belongs to) and his/her home location (the net-
work host he/she usually logs on). 

At any point in time, a UPM agent handles all the us-
ers currently connected to the system from within its ju-
risdiction domain. This means that the whole corporate 
network is partitioned in subsets and there is one and 
only one UPM for each subset. The UPP has the duty to 
perform proactive queries on the corporate memory on 
the basis of user profiles and information about new 
documents. Concerning push mode, the UPP has the re-
sponsibility for each user leaving within its jurisdiction 
domain, to handle Annotation Mediator notifications for 
new/re-edit annotations and to start the push mode. 

The pushing of information involves two phases. In the 
first phase user agents compute the list of users that 
might be interested in the information. In the second 
phase, user agents inform the possible interested users 
about the information.  

Figure 1 shows the protocol diagram (a restriction of 
the UML collaboration diagram, proposed within the 
AUML initiative [Bergenti and Poggi, 2000]) of that sce-
nario when the user is connected; the name Mgr denotes 
the concrete agent that plays UPM and UPP roles. 

The task is performed in three steps: 
1. The AM informs all UPPs a new document is an-

notated or a pre-existing annotation is modified. 
2. Each UPP generates a request to its local UPA, 

using the annotation and an inference mechanism 



in order to receive the list of users (users profiles) 
that can be interested. 

3. Each UPP sends information to each user inter-
ested. There are two possible cases: 
a. The user is connected. The UPP informs the 

IC of the pending notification; the effective 
information is sent on explicit user demand 
(fipa-request interaction protocol). 

b. The user is not connected. The UPP requests 
the UPA to store the pending information in 
the user profile. When the user logs in, the 
user will be notified of the stored pending in-
formation. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Push Diffusion of Information (user connected) 

5 System Implementation 
The realization of the system was carried out by using a 
pre-existing software framework for the development of 
agent applications called JADE [Bellifemine et al., 2001] 
and by using a semantic search engine prototype, called 
CORESE [Corby et al., 2000]. 

CORESE is a prototype of a search engine enabling in-
ferences on Resource Description Framework (RDF) an-
notations by translating the RDF triples to Conceptual 
Graphs (CGs) and vice versa. CORESE combines the ad-
vantages of using the standard language RDF for express-
ing and exchanging metadata, and the querying and in-
ferencing mechanisms available in CG formalism. 

JADE (Java Agent Development framework) is a 
software framework to aid the development of agent ap-
plications in compliance with the FIPA specifications for 
interoperable intelligent multi-agent systems. JADE is an 
Open Source project, and the complete system can be 

downloaded from JADE Home Page [JADE, 1999]. 
JADE offers a good support to the usage of content lan-
guages and ontologies designed for specific agent appli-
cations, in order to manage complex interactions between 
agents. 

6 Configuration and Deployment 
The CoMMA system must adapt its configuration to a 
specific corporate environment at deployment time. 
CoMMA system explicitly targets corporate networks, 
and the network topology of a corporate intranet is 
deeply influenced by the company organizational 
structure, so that agent acquaintance and reachability 
will vary, depending upon specific company policies. 
In fact, the deployment of the CoMMA MAS should 
be driven by an instance of the enterprise model, de-
scribing the actual structure of the company where 
CoMMA is installed. Moreover, the deployment will 
also be driven by the network topology technical envi-
ronment and its constraints (such as the topologies 
characteristics, the network maps and data rates, data 
servers location, gateways, firewalls, etc) and by inter-
ests area, where are the stakeholders (users, system 
managers, content providers…). 

This means that CoMMA configuration will not just 
use a single dimension of the enterprise model. Rather, 
multiple ontology views will need to be extracted from 
the enterprise model instance representing the current 
company where a CoMMA system is installed. 

Even if the static model (agent roles) and the dynamic 
model (agent interactions) describe quite well the 
CoMMA MAS, it is useful to provide a third view that is 
the Deployment Model. This model can help a lot in fo-
cusing on the actual system, because the CoMMA KM 
solution is made by a highly distributed system deployed 
over a structured, managed corporate network.  

6.1   Three-Tier Deployment 
The Figure 2 shows a possible deployment, called Three-
Tier Deployment because the physical computers hosting 
the agents are divided into clients (client tier), application 
servers (middle tier) and database servers (DB tier). Such 
a deployment strategy has the main advantage of match-
ing one of the most popular intranet structures. 

In this diagram, boxes represent physical hosts and ge-
neric components are replaced by agents (with bufferfly 
shape) and knowledge bases (represented using the famil-
iar mass storage icon). An important observation to make 
is that this diagram contains physical agent instances and 
not agent roles. This means that a single butterfly icon 
can represent many agent roles that will be played to-
gether by a single physical component. A directed graph 
shows the agent acquaintance graph. Moreover, agents 
belonging to the same JADE platform are grouped to-
gether (notice that belonging to a platform implies the a 
priori knowledge of the Agent IDs for the AMS and the 
default DF). 

According to the three-tier architecture, only agents 
that play the role of Interface Controller live on the client 

GenericMgrs:UPM/UPP 
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:protocol fipa-request 
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machines (performing pure presentation) and only agents 
that play the role of Annotation Archivist live on the da-
tabase servers (performing pure data management). The 
middle tier, as in classical three-tier architectures, con-
nects the client tier and the data base tier (through DF 
and AM agents) and is where the most interesting stuff 
happens (ontology and enterprise/user model manage-
ment). In this deployment, the ontology, the enterprise 
model and the user model belong to the middle tier and 
not to the data base tier because they are supposed to be 
much smaller in size than the annotation base and they 
are not distributed.  

In this deployment example, there is a JADE platform 
spanning the whole Lab A, another the Lab B and a third 
that contains all the agents that play the role of Annota-
tion Archivist, managing the distributed annotation base. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2: CoMMA Three-Tier Deployment 

The user dedicated sub-society is deployed according 
to the following rules: the IC is active for a session and 
runs on the host where the user logs for the current ses-
sion; the UPM is active continuously and runs on a server 
that manages the current location of the user (i.e. the ma-
chine he or she is logged on); the UPA is active continu-
ously and runs on a server that manages the home loca-
tion of the user (i.e. the machine where he or she belongs 
and where he or she usually logs on). 

6.2  Configuration and System Flexibility 
The CoMMA system was targeted right from the start 

at corporate intranets, so it relies on assumptions such 
having a common, agreed upon ontology, or having a 
network whose topology can be derived from the enter-

prise model. However, even when requiring a global on-
tology or an administered network, the fact that those en-
tities change with time needs to be taken into account. 
The CoMMA system needs to be adaptable to organiza-
tional changes of the corporation using it.  

Several aspects of the CoMMA system work together 
to achieve this goal: firstly, the O'CoMMA ontology is a 
separate asset, materialized into RDF Schema files and 
completely decoupled from the other software artifacts. 
The ontology can be evolved after the initial deployment, 
with no need for system-wide operations: agents in the 
ontology subsociety will be able to reload the new ver-
sion of the ontology. Of course, some rigidity remains 
due to the need for an ontology to capture semantic in-
formation, that cannot be produced automatically but 
needs to be extracted from humans. The CoMMA solu-
tion tries to ease this demanding task by defining a meth-
odology to build and refine ontologies.  

Even if the previous subsection presented a classical 
three-tier deployment for the CoMMA system, it should 
be emphasized that this was only a sample deployment, 
chosen to set up a simple example in a familiar environ-
ment. Moreover, the enterprise model is just another set 
of RDF annotations, so it can be augmented and modified 
during the system usage. Due to the highly flexible dis-
tributed component infrastructure provided by the JADE 
environment, the system can be incrementally deployed, 
new agents or platforms can be added or removed dy-
namically, without the need to stop normal system opera-
tions. So, the network structural changes due to corporate 
reorganizations can be dealt with rather seamlessly.  

Above and beyond the qualities of its separate compo-
nents, the flexibility of the overall CoMMA solution is 
achieved thanks to the system architecture that holds 
them together. Solid software engineering best practices 
were used, and adapted to multi-agent systems where 
needed; an iterative development process was used, 
which performed two complete iterations during the pro-
ject, gathering user feedback through questionnaires and 
walkthroughs. A first version of the system was released 
to end users after one year of development, and a first 
system trial was carried out. The feedback gathered was 
used in building the second version of the system, featur-
ing such non trivial changes as a complete GUI redesign 
driven by usability results from trial 1 and a change of 
the content language used by the agents from FIPA SL 
with RDF embedded in strings to a complete RDF-based 
content language, relying on a more advanced metamodel 
introduced by the latest JADE versions. All this hap-
pened while some major new features were introduced in 
the system (information push, user-defined inference 
rules in CORESE); nevertheless, the loosely coupled 
component model promoted by multi agent systems 
proved itself extremely important in minimizing interfer-
ence between different change efforts.  

Moreover, relying on a framework as JADE helped a 
lot in managing the content language replacement, an in-
frastructural change that could have affected every soft-
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ware component in the system, but which remained well 
hidden behind JADE abstract APIs. 

8 Conclusions 
In this paper, we presented a multi-agent system for the 
management of a corporate memory. The innovative as-
pect of the system is the integration of several emerging 
technologies that were generally used separately until 
now: agent technology, knowledge modeling, XML and 
RDF technologies, information retrieval techniques and 
machine learning techniques. 

CoMMA MAS architecture showed good modularity 
and flexibility. In fact, during its implementation we 
needed to modify some parts of the system to cope to 
new user requirements and it does not generate side ef-
fects on the other parts of the CoMMA system. The use 
of JADE increases system modularity and flexibility. The 
separation between the software platform infrastructure 
managing agent life-cycle, distribution and communica-
tion and the software implementing agent tasks decouples 
modifications in these two parts.  

The system was developed within an international re-
search project, funded by the European Commission  
IST program [CoMMA, 2000]. The project lasted two 
years, ending in January 2002, and it spanned two  
iterations of a complete development life cycle, including 
two field trials, carried out by end user project partners  
in order to validate the overall system and to provide 
feedback to the project partners more involved in the  
development. As it often happens in this kind of applied 
research projects, the software developed within the  
CoMMA effort is not a mere proof of concept, but rather 
a prototype that is expected to be further evolved into  
a product or a solution after the project conclusion. An 
exploitation plan was part of the CoMMA project right  
from the start, and several avenues were envisaged, in-
volving the whole CoMMA KM solution or separate  
components (e.g. the ontology, the MAS architecture). 
The project final report is a public document containing  
explicit information about project result exploitation 
strategies.  
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