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Abstract. In the context of artificial intelligence, the multiagent systems are an
alternative solution to address complex problems and distributed. PAINALLI is an
multi-agent architecture for managing messages and documents organizational
anywhere and anytime. To formalize, the management makes use of international
standards such as 1SO 15489 and MoReq specification. The ubiquity gained in the
architecture is due to the use of intelligent agents deployed in fixed and mobile
technologies: personal computers, smart phones and personal digital assistants.
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1 Introduction and motivation

This paper presents PAINALLI, a multi-agent architecture developed to provide
automatic management of internal documents and communication processes in
business. The aim of PAINALLI is to formalize and speed up communication
among members of an organization, which is commonly based on exchange of
messages and documents. Messages are written based on several templates which
contain all required and satisfactory elements in order to achieve a better
understanding of what is said; documents are attached to the messages after
having been cataloged, manually or automatically, depending on their origin. If
the document's origin is paper, cataloging is done manually, and if it is electronic,



it will be cataloged automatically by the system. The cataloging process is
supported by the 1SO 15489 standard, this norm establishes requirements for the
creation and maintenance of documents: authentic, reliable, honest and available,
as well as the context or system that must be managed [1]. It helps to ensure
quality in an organization, Formby means of a specific guide for managing
documents used as a basis for quality systems. An e-mail system is just a
communication device, not a document management system. PAINALLI merges
an architecture for managing messages (email) and document management.

Sending and receiving documents and messages can be done from both mobile
and desktop platform. Such feature is one of the PAINALLI's advantages over
other related products, using personal computers, PDAs (Personal Digital
Assistant) or smart phones. The use of a formal process to design the architecture,
the use of templates as a base for message encoding, the feedback that ISO 15489
standard and MoReq, this specification describes a model of requirements for
managing electronic documents and archives and affects especially in functional
requirements for managing electronic documents and archives through a system of
electronic document management file (SGDEA) [2] both provided for documents
management and the support of desktop and mobile technologies make
PAINALLI a robust system, reliable in its functional performance and
employment.

The communication process is a key element in current organizations. In order
to understand it we will take the elements quoted in the definition introduced by
[3]: message, channel, sender, receiver, transmission, encoding and decoding,
meaning, feedback and communication effects. The last five ones are the most
relevant elements for this project, because they are the focus of our investigation
work's hypothesis. A message encoding must be formalized so the receiver can
decode it and interpret the exact meaning of what the sender is expressing. Any
message's aim, being accompanied by a document or not, is at generating one or
more actions as a result or effect from the communication. For this purpose, the
sender must receive some feedback from the receiver; we will call this messages
exchange as “conversation”. At the present time, organizations demand tools not
only for making the communication process easier. It is essential to add them
some obligatory and sufficient features to provide them with intelligence, being
able to support every element of the process.

A very useful and suitable technology to develop multi-platform systems
consist on agents and multi-agent systems (MAS), which are composed by several
agents interacting with each other, making able together to reach the desired
functionality [4]. An agent is an entity that must have certain characteristics, like:
autonomy, situation, reactivity, proactivity, social ability, learning capacity,
mobility or organization [5]. BDI agents have got the mental states of Beliefs,
Desires and Intentions [6]. It has likely been the most spread and studied model
among agents reasoning models, and because of that it is the most advisable one
for agent-based applications development [7]. A critical drawback for
development an agent-based architecture is that, at the present time, we lack of



clear standards or completely developed methodologies that set up the steps to
realize correct analysis and design [8]. Based on the experience of the BISITE
(Biomedicine, Intelligent Information Systems and Educational Technology)
research group from the University of Salamanca, a suitable combination for
multi-agent architectures development is to use the Gaia methodology and the
AUML modeling language.

One of the advantages provided by the multi-agent systems is the ability of
agents to run on mobile devices. Nowadays there is a growing need to find more
effective ways to offer services in mobile devices [9] such as digital personal
assistants and mobile phones, using communication technologies like GPRS
(General Packet Radio Service), UMTS (Universal Mobile Telecommunications
System), Bluetooth, etc. The versatility of mobile devices offers an opportunity
that has to be taken into account in order to make the personnel an organization
come closer. By means of those, a person will be able to, whenever or wherever he
is access organizational information as if he was in his own office. Software
systems that integrate the use of mobile technologies to their solutions, as
PAINALLI system does, are more robust because provide users the possibility of
accessing the system from any place and at any moment they may require.

2 Related work on organizational communication

Nowadays, society demands more and better products and services, and as a result
organizations need to count on business strategies in order to provide a way for
their employees communicate and fulfill their clients and workmate’s expectations
more efficiently. The internal communication process in an organization is a key
factor for its members being able to interact, because by means of such
interactions, it is possible to achieve the organization's strategy goals. The vast
amount of information generated in an organization, product or its domestic
efforts of the interaction it has with other outside entities, usually is generated and
stored on paper, the main drawbacks associated with this are the unknown the
amount of information generated and the lack of standards for: development,
classification, management and retrieval of documents. Through computer
systems it is possible to solve these problems, which allows formalizing and
systematizing processes associated with the generation, use, storage and retrieval
of documents.

It is necessary that organizations count on a mailing system that guarantees an
appropriate use of itself, the pure fact that electronic mail arrives sooner doesn't
mean that the effort in mechanical details is going to last shorter [10]. This
reasserts the proposal presented with PAINALLI, electronic mail per se is not the
solution to communication problems; formalization is required in order to make
the communication process efficient.



The purpose of establishing a CDMS (Corporate Documents Management
System) is to provide a documents management model and a software tool that
guarantees access to information and its availability in order to improve
productivity, mind capital and knowledge [11]. Formalizing the process of
creating a CDMS requires using some standard or methodology as a reference.
PAINALLI was developed using ISO standard 15489:2001 and MoReq [2].

In the IV study about internal communication in Spain [12], elaborated by
“Infopress”, the “Instituto de Empresa” and the “Capital Humano” magazine,
presented the following results: 68.7% of organizations are equipped with an
internal communication plan. Descendant information is more effective than
ascendant. The main capabilities that directives must improve are empathy with
employees (81.1%) and the ability to expose appalling (79.3%). Directives say
that company results would improve in 90.7% if there was better commitment
with communication, and also that it would let decisions being taken faster in
85.6%, those decisions affecting directly to the results account. In view of such
facts, we can say that a software system such as PAINALLI, which supports the
internal communication system, would present a significant impact for the
organization and its economic resources.

The 9™ AIMC (Communication Media Investigation Association) survey on
Internet users shows that [13]: 75.1% of users polled use a program to block pop-
ups and 76.1% to eliminate or filter unwanted email (spam). 51.8% of them have a
personal email account at work or college. The most employed email software is
the Microsoft Outlook (40.6%), followed by webmail (25.1%). Subsequently to
desktop computers and laptops, 94.7% and 51.5% respectively, mobile phones
with 20.5% and PDAs with 9.3% are the most employed equipments to access the
Internet. PAINALLLI is a platform that avoids non wanted emails and pop-ups. It is
specifically designed to manage messages among members of an organization.
Besides, it is built with the required and adequate structure to formalize
communication, thus giving users the possibility of accessing their messages and
documents through two technologies: wired or wireless.

In economic terms, the use of electronic mail and documents management
reduce costs significantly. Apart from being cheaper, they represent a way of
saving economic resources in organizations. Traditional archiving costs can be
reduced in three aspects: salary, administrative and chance loss [14]. On the other
hand, Boronat classifies costs in: localization and recovering, distribution and
storing [15]. A critical drawback organizations might face is the incidence of
unwanted email or spam (non-requested messages), besides, they can bring
viruses. In July, 2007, Panda Software presented a report which said that 88% of
emails in companies were spam [16]. A study carried out by Dimension Data over
524 companies along the USA and other 12 countries of Europe, Middle-East,
Africa and Asia says that 99.6% of the employees and executives use email to
communicate at work [17], in a study alike stresses the fact that the
communication type must be formalized so the communication process becomes



efficient and secure. Taking into account the needs of modern organizations, we
have provided some functionalities.

3 Overview

PAINALLLI is a multi-agent architecture structured by interactions of intelligent
agents that manage sending and receiving messages and documents. The
platform’s development has been carried out using Java programming language
and JADE framework (Java Agents Development Environment). Combining these
tools allowed us to build an easy-to-use multi-platform system based on a
distributed technology of well-known efficiency. The user accesses the system
through an intuitive interface helped by ex profeso designed templates. Users are
able to write messages and attach electronic documents to them. This kind of
access is available using personal computers or mobile devices such as smart
phones or PDAs. The user may send a message with PAINALLI using one of the
templates available, which let him Inform, Ask, Request or Arrange a Meeting
with the receiver, who in turn may answer the message and attach a document if
he needs to. The owner of the conversation (sequence of messages about one
specific subject) is the one who sends the first message and, as a consequence, he
is the only one who may delete the conversation from the server and consider it
concluded. PAINALLI provides advanced automatic conversation management,
as well as knowledge extraction techniques which allow obtaining a better
understanding of communication processes inside the organization and a support
system for decision making.

Management of registered, created or received information, which is stored as
pure or test information, by an organization in the exercise of its activities [18] is
the scope of application of documents management realized in PAINALLI
platform. This is achieved by means of the agents in charge of visualizing,
cataloging, storing and recovering the electronic documents [19] sent as attached
files. If the document is printed, it may be converted to an electronic format to be
considered as that. MoReq specification and 1SO standard 15489 [2] are the tools
used to make PAINALLI's documents management more robust.

Users of PAINALLLI have a personal agenda which contains every commitment
acquired from conversations with other/s member/s of the organization. There is
one special agenda called “Institutional Agenda” where users can publish
information of institutional interest. One way of formalizing commitments is by
means of an acknowledgement of receipt, got by the sender, when the message has
been opened by the receiver.

Commonly, organizational structure is based on functional areas or
departments and in addition there may be committees or groups integrated by
people from different departments or areas. It is possible to send messages and
documents to a specific person, a group of people or to everyone in the



organization. People in charge of an area or department have the possibility of
knowing the productivity level of each one of their subordinates. All information
is stored in a database. Critical information is kept encrypted.

3.1 Model proposed

The formalism and system-based approach achieved during analysis, design,
implementation, testing and deployment of a software product is obtained by
employing techniques, tools, methodologies and languages. In the case of
PAINALLI we take the Gaia methodology as reference, which mainly aims at
providing a system analysis method and at designing its structure from a series of
initial requirements, obtaining several models that allow us to define and analyze
the basic structure of the system [20]. The Gaia methodology incorporates novel
software engineering mechanisms, based on the artificial intelligence perspective.
Gaia analyzes the problems focusing on social and organizational concepts, which
allows obtaining models adapted to the user behaviors. The models obtained with
Gaia are refined and adapted using AUML, getting a series of diagrams that
provide a model of the system close to implementation [21].

The aim is to generate a multi-agent architecture which supports sending and
receiving messages, by means of ex profeso elaborated templates, and sending
documents attached to messages. Figure 1 shows the architecture which models
the agents who, through their performance and interaction, allow PAINALLI users
to use the tools offered by the platform.
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Fig. 1. System Architecture

The Gaia agent model was developed based on roles observed in these kinds of
problems, and the communicative acts among such roles. The agent types that
make up the architecture are: PCClient, MClient, MessagesManager,
DocumentsManager, AgileGateway, SessionControl, Serverinterface, and
Administration. After obtaining the agents model and following the GAIA



methodology, the acquaintance model was created as shown in figure 2. In this
model it is possible to observe the communication flows among agents.
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Fig. 2. Acquaintance Model

In order to analyze the system’s functionality by means of agents collaboration,
an interaction model was developed. Figure 3 shows an example of interaction
diagram for opening a session, this interaction consists of two protocols. First, the
Client role sends a login request to SessionControl, indicating its login and
password. SessionControl checks the information in the database and, if the user
exists and the password is correct, grants the Client access to the system. After
that, the protocol “Get New Messages” is executed: the Client asks
MessagesManager for its new messages, and the latter recovers them from the
database and sends them to the Client.
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Fig. 3. Opening a session interaction diagram

3.2 AUML diagram

Once the Gaia methodology finishes, it is necessary to detail the results obtained.
The “Request” template contains the following elements: receiver(s), subject,



message, format, date and time, and an optional attached file. The message is sent
by agent A to the MessagesManager agent, which asks the SessionControl agent if
agent A is logged in as a valid user. If so, it forwards the message to agent B, who
is one of the receivers of the message. When agent B receives the message, an
entry is created into the user’s agenda that describes the request. When B has the
information requested, he can hand it in to A, which includes another valid-user
checked by the MessagesManager and SessionControl agents, figure 4 shows the
corresponding diagram.
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Fig. 4. “Request” template diagram

4 Results and Conclusions

Taking into account the consulted bibliography we can say that the organizations’
communication process needs formalization and that a software system is a tool
able to support and make it better through techniques and standards belonging to
messages and documents management.

A message and document management system like PAINALLI can be
developed as an intelligent agent’s platform. MAS are a robust technology that
supplies all required and sufficient versatility to carry out the messages and
documents interchange by means of agents’ interacting within wired or wireless
networks.

Through the templates used in PAINALLI (“Arrange a meeting”, “Ask”,
“Inform” and “Request™), users can communicate easier with their mates. In each
message it is possible to attach a document, which is cataloged by the Documents
Management agent.

In picture 5 we can see the dialog box for the “Request” template. On the left
side of the dialog there is a “receivers panel”, where we can pick the employees or
groups which we want to receive the message. The upper side of this panel shows
the company structured in groups and employees who belong to them, and the
lower side shows all employees alphabetically sorted. The rest of the dialog lets us



to enter the request details, such as subject, message, format in which we want to
receive the information, limit date and time, and finally, it allows us to attach a
document to the message.
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Fig. 5. Dialog box for the “Request” template

We achieved competitive results on the experiments done with the prototype,
where it was considered variables like: storage capacity, security, performance and
utilization tests. With regard to document management, PAINALLI can carry out
actions such as cataloging, storing and recovering documents.

PAINALLI has been evaluated by expert from Tulecom Group, Flagsolution
and Matchmind. They have analyzed the proposal model and correspondence with
other applications. Results are shown in table 1.

Table 1. Results table

Gmail Yahoo Lycos Hotmail PAINALLI
Storage capacity  Excellent Excellent  Very good  Acceptable Excellent
Security Good Good Acceptable Good Very good
Performance Very good  Very good Good Good Excellent

Utilization tests Excellent  Very good Good Acceptable Excellent
Total Excellent  Excellent Good Acceptable  Excellent

In future works the prototype will be tested with different kinds of
organizations (public and private) to contrast the results obtained with PAINALLI
against other commercial and free-of-charge products of the market to know and
demonstrate the efficiency of the platform.
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