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Abstract. It is widely recognized that much management time and effort is ex-
pended in attending meetings and being such a costly resource it is important 
that the decision to attend a meeting is not taken lightly. Because of this many 
busy executives are rejecting face-to-face meetings in favour of virtual meet-
ings involving both high and low complexity technological solutions. This pa-
per proposes an agent based, ontology driven meeting assistant designed to 
support virtual meetings. Situated on a graph database and operating over a 
peer-to-peer network  the ontology will provide the basic vocabulary for the 
meeting and the semantics required to achieve a dialogue between the agents 
and the human interface used by the meeting assistant. 

Keywords: Virtual meetings, Peer-to-peer, Multi-agent systems, Ontology, 
Graph database.  

1   Introduction 

This paper develops ideas explored by the author in similar papers to provide an envi-
ronment to support meetings [1] using agents recognizing that meetings are becoming 
increasingly virtual in nature. That is to say that the meetings take place with the 
participants in their home locations, “meeting” their fellow participants over a net-
work using a computer. The increase in the use of virtual meetings [2] has come about 
because high ranking company executives are involved more and more in meetings 
with global partners involving travel over large distances with the ensuing high costs 
[3]. It is costly not only from the standpoint of the actual air travel, accommodation 
and other expenses which are involved, but also because of the amount of the execu-
tives’ time which is spent on route to and from meetings [4]. Even though virtual 
meetings are not yet considered to be more effective than face-to-face meetings one 
writer [5] cites the Wall Street Journal study which reported that out of 2300 business 
leaders 60% of the respondents used virtual facilities “very frequently”. These virtual 
meetings are becoming more common and are being used by companies for prestig-
ious occasions like sales conferences as well as business meetings. There are many 
ways for virtual meetings to be supported. These range from the simple, involving 
PC’s and the use of software such as Microsoft Office Live Meeting, together with 
webcams and microphones over a broadband or similar link, to the more sophisticated 
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Telepresence [6,7] which, through the use of large screens gives the impression of all 
the meeting attendees being present in the same room, even though they are separated 
by thousands of miles. Companies have also taken advantage of Second Life, meeting 
other people in a virtual world disguised in the form of an avatar. [8].  

It has long been recognized that in order to manage a meeting effectively a good 
facilitator is required [9,10,11,12]. The role of the facilitator includes: ensuring the 
objectives of the meeting are met and that the meeting is not going off track; allowing 
all the meeting participants to have input to the meeting; preventing some individuals 
dominating; and summarising and clarifying discussion where necessary.  Clearly, if a 
facilitator is needed in a face-to-face meeting where all the participants are in the 
same room, it is more necessary in a virtual environment. In a virtual environment, 
the ordered scheduling of contributions into the discussion becomes much more diffi-
cult. To prevent everybody talking at once and controlling the meeting requires a lot 
of concentration and skill by the facilitator. Also, the fact that virtual meetings tend to 
be asynchronous with participants leaving and re-joining the meeting as it runs its 
course presents other challenges [13] compared to face-to-face meetings. For these 
reasons to provide computer assistance to manage the participants and to take away 
some of that responsibility from the facilitator, allows that individual to focus more 
on the content of the discussion than the mechanics. 

The use of computer based agents to assist humans in the performance of tasks is a 
dream [14] that is still yet to achieve a “killer application” but promises to become the 
means by which computers can perform less important tasks while enabling humans 
to concentrate on more important ones. 

In order to assist in the facilitation of meeting an intelligent agent requires a 
knowledge of the structure and vocabulary of a meeting. An ontology provides the 
vocabulary of words and the relationship between them, providing meaning, enabling 
computers to make sense of a particular domain. A graph database is a means by 
which ontologies can be created and maintained making it an ideal vehicle for the 
intelligent agent to “understand” its environment. 

In order to address some of the problems mentioned above these now available 
technologies have been utilized in the development of a prototype “meeting assistant” 
designed to support the facilitator of the virtual meeting environment. This paper 
describes the prototype. Section 2 identifies the objectives and theoretical foundation 
behind the design, Section 3 gives a functional description, Section 4 describes the 
technical design, Section 5 explains the way the prototype has been implemented and 
Section 6 provides conclusions and outlines our future work. 

2   Objectives and Theoretical Foundation 

The objective of this paper is to report on the work to use a multi-agent approach as a 
possible solution to the problem of managing virtual meetings. By using an ontology to 
provide the means for agents to make sense of and give meaning to their environment, 
they can be used to assist the meeting facilitator in performing that meeting manage-
ment role. This work draws on the theoretical foundation set by other researchers in 
these fields and attempts to introduce some new ideas to further this work. This section 
explains how these ideas have built on this theoretical foundation giving a brief intro-
duction to multi-agent systems, ontologies and peer-to-peer networks. 
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2.1   Multi-Agent Systems 

Multi-agent systems have been described as “computational systems in which several 
artificial "agents", which are programs, interact or work together over a communica-
tions network to perform some set of tasks jointly or to satisfy some set of goals” 
[15]. They are also described as either “benevolent or self-interested” in pursuit of 
their goals and autonomous in their choices. Although a truly independent agent 
should be able to choose whether or not they complete a task they would not be much 
use in a situation where the task is important. The particular agents that are described 
in this paper are benevolent rather than self-interested sharing the goals of their mas-
ter (being the facilitator or the participants of the meeting) according to the requests 
made of them. They pursue those goals with the set of skills that they have been pro-
grammed to use. This means that they release some of their autonomy to co-operate 
with their master. 

The Open Multi-Agent System (OMAS) [16] provides the infrastructure for the ap-
plication. OMAS uses a concept of personal assistants which provides a human inter-
face to allow a mixed environment of humans and agents in the design of applications. 
It provides skeleton agents to which can be added LISP code which gives the agents 
the “skills” required to perform the actions required by the applications. The mecha-
nisms to allow natural language statements to be passed to agents from the personal 
assistant are included and these statements are then parsed to extract the “performa-
tives” and associated information. The performatives are verbs which require the agent 
to execute a particular action according to its implemented skills. The creation of the 
dialogue and vocabulary which is necessary to make sense of the statements must also 
be implemented in LISP code although again skeleton procedures are provided to sim-
plify this process. The human interface of the personal assistant provided by OMAS is 
suitable for prototyping the processing of these statements but what is required for 
actual applications is a procedure more specific to the needs of that application. 

The meeting assistant described in this paper has provided an interface which is 
designed specifically for a virtual meeting environment and attempts to make the 
process of creating vocabulary and dialogue more configurable by the application 
designer. This is achieved by using a database which can be created and maintained 
without recourse to LISP code. 

2.2   Ontologies 

Ontologies have their origins in philosophy but work started in the 1990’s to use them 
to model information systems [17]. A definition given at that time was, “a specifica-
tion of conceptualization”. This was further developed into, “a specification of a rep-
resentational vocabulary for a shared domain of discourse – definitions of classes, 
relations, functions and other objects”. This has evolved today to a comprehensive 
specification of an ontology in the form of the Web Ontology language (OWL), Re-
source Description Framework (RDF) and Vocabulary Description Language (RDFS) 
which have become the adopted standards for applications embodying ontologies into 
their design. These are the standards which have been built into the ontology used in 
the Meeting Asssistant described in this paper. The ontology has been implemented 
using the ALLEGROGRAPH graph database. The ontology database has then been 
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used to give the agents a vocabulary for the meeting application concepts and objects 
and the relationships between them, to allow them to make sense of that domain. The 
idea  of using an ontology in an application using multi-agents is not new and is a 
concept employed by OMAS described above. The ontology in OMAS is imple-
mented using the LISP language which although made simpler by the use of skeleton 
procedures requires a working knowledge of the language to configure the informa-
tion. What is different in the application described in this paper is that the ontology is 
embedded into a database and uses RDF statements as the means of describing the 
word vocabulary, object properties, relationships and command list of the application 
making configuration easier. The command-list on the ontology will be used to vali-
date the keywords addressed to agents from the meeting participants.  

2.3   Peer-to-Peer 

In a peer-to-peer network [18] no central server is required. Each peer brings enough 
extra resource to support its own membership of the network. Peer-to-peer computing 
also allows shared information to be, “accessible by other peers directly, without 
passing intermediary entities. When a new member joins the team information can be 
sourced from any of the other members. Although this creates data redundancy it does 
offer data resilience by providing an answer to the single point of failure problem 
encountered in central server systems because no central repository is used for infor-
mation. The scalability offered by peer-to-peer networks means that it is easy for new 
participants to join the meeting. In a conventional client-server network extra re-
sources have to be provided at the server as more and more nodes join the network. 

Peer-to-peer is used by the application in this paper to broadcast messages so that 
any contribution for a participant in the meeting is sent to all the participants to  
maintain their record of the conversation. It also allows participants to be able to 
communicate with each other without any central server being involved. OMAS uses 
peer-to-peer as the means of sending and receiving messages from one computer to 
another. The scalability of a peer-to-peer network allows new meeting participants to 
join the meeting with minimum impact on the rest of the system. 

3   Functional Description of Prototype 

To support the typical virtual meeting environments referred to above there needs to 
be both control over the dialogue between participants as well as the need to assist the 
facilitator in managing the meeting. To control the dialogue what is required is an 
orderly transfer of the dialogue from one participant to the next.  Ideally it should not 
be possible for more than one person to contribute to the meeting at the same time and 
the time allowed, to give opportunity to all the participants to make a contribution 
should be carefully metered. The work of the facilitator is to be concentrated on 
bringing participants in to the discussion in turn, allowing the person who is the most 
knowledgeable on an issue to lead. Any offline tasks which would interfere with this 
process should be handled by the meeting assistant. These tasks would include such 
peripheral activities as issuing agendas or discussion papers to new arrivals at the 
meeting. This becomes especially important because the nature of the virtual meeting 
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is asynchronous, with participants joining and leaving the meeting more so than  
happens in a synchronous or face-to-face meeting. The usual expectation in the face-
to-face meeting is that people arrive at the beginning, receive all the supporting 
documentation, take part in the meeting and then leave at the end. A virtual meeting is 
likely to last longer, sometimes spread over many days and people would be more 
selective over the agenda items to which they contributed. 

Using a suitable input device, the participant will, on registering for a meeting, be 
able to access any information relating to previous related meetings including a record 
of the discussion, summary of agenda items and actions given to individuals together 
with any supporting documentation. On requesting to join the meeting the participant 
will receive a list of all the meeting participants together with the agenda for the meet-
ing and a summary of the meeting so far if the meeting was in progress. The partici-
pant will have a visual display of the typed contributions of all the other meeting 
attendees as they occur and will be able to make a contribution if required. All re-
quests to contribute to the meeting will be directed to the facilitator who will cue the 
participant when it is their turn. The participant will inform the facilitator if they wish 
to leave the meeting which could occur through interrupts at their location or simply 
because they have no interest in the particular agenda item. This will remove that 
individual from the list of current attendees. 

The facilitator will move through the agenda items in turn and after enough discus-
sion has taken place will summarise the main decisions, record any actions against 
individuals together with the date the action should be completed and then close the 
agenda item. If it is judged that there has not been enough discussion on an item or 
because information is needed from somebody not present at the meeting the facilitator 
may choose to leave the agenda item open and proceed with the meeting. When all the 
agenda items have been discussed the facilitator will either suspend or close the meet-
ing depending on whether any agenda items are still open. The facilitator may choose 
to interrupt the meeting or the contribution of a participant at any time. If the meeting 
is interrupted in this way all participants will be notified of the reason and informed 
when the meeting will continue. This could happen if the facilitator needed a break in 
the proceedings or wished to suspend an agenda item to bring a more important item 
forward for discussion or schedule in a previous agenda item left open because a key 
individual has now joined the meeting. Another option open to the facilitator particu-
larly if there is a need to attend to some other business, would be to pass the facilitator 
responsibility for the meeting to another individual. In practice any one of the meeting 
participants could take control of the meeting simply by giving them access to the 
functions normally given to the facilitator. A third option would be to allow the meet-
ing to run on “automatic” at least as long as there are still requests to contribute from 
participants when the meeting would be temporarily suspended until the return of the 
facilitator. This would mean that there would be no supervision of the dialogue with 
the atttendant risk of the discussion moving “off topic” and open to abuse. 

When agenda items require formal agreement by the meeting participants they will 
be able to propose or second a motion and then agree, disagree or abstain in any vot-
ing activity. This will be recorded against the agenda item for future reference. Voting 
preferences will not be recorded against any individual in the meeting apart from 
indicating whether they have voted or not. This will allow votes to be cast by indi-
viduals later before the agenda item is closed.   
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The ontology will contain a vocabulary of the terminology used in the meeting and 
any relationships between words or concepts within that vocabulary. So for example 
the ontology will “understand” that the “agenda-item” relates to an “agenda” which 
itself relates to a “meeting” and so on. Also contained in the ontology will be a series 
of “performatives” which will allow the participants to issue natural language state-
ments to the meeting assistant which will be recognized by matching against the ontol-
ogy and result in certain actions being performed by the assistant. For example the use 
of the performative “get” together with the word “agenda” will result in the meeting 
agenda being sent to the participant. Properties will be stored against these terms to 
help the meeting assistant decide the action required. For example against the “agenda- 
item” will be a filename or URL to allow the information to be accessed from a data-
base or on the web. The ontology will be stored on a database to allow easy updating 
of the terminology, relationships and properties for different types of meeting. 

For efficient management of the meeting there needs to be a facilitator. The facili-
tator needs to create an agenda where the agenda item sequence is clear for all partici-
pants and an estimated time for discussion for each item should be added. Ideally 
somebody should be asked to lead the discussion on each agenda item. At the end of 
each agenda item the facilitator should summarise findings and then clearly identify 
what actions are required and who is to perform the action [14]. A date should be 
associated with action to ensure feedback. 

The participants on joining the meeting should be given a copy of the agenda and 
any other supporting documents. The facilitator should control who speaks and when 
they speak and should be able to interrupt if required to seek clarification. Participants 
should be able to signal to the facilitator to gain access to the meeting; when they 
wish to speak; if they do not understand; if they want to move progress; if they wish 
to leave the meeting, etc. They should be able to terminate a session and resume at a 
later time in case they do not need to be present for certain agenda items. At the end 
of the meeting they should be provided with a copy of the action list by the facilitator. 

4   Technical Design of Prototype 

The prototype environment we designed consists of control windows for the partici-
pant and facilitator. These control windows are used to display the discussion and 
allow communication and also provide access to the infrastructure which supports the 
meeting. The environment is designed to allow all communication between partici-
pants, facilitator and the meeting assistant agent to be controlled from the one window 
using a conversational dialogue. 

The Input-Output window in Figure 1 is the first window to appear after login. It 
gives the participant a list of all the other meeting attendees by displaying their names 
down the right hand side of the screen. The discussion itself appears in the main part 
of the window with a scrolling record of the contributions made showing the name of 
the participant together with their typed contribution. Participants wishing to contrib-
ute to the meeting discussion will type their contribution and then hit the “send” but-
ton which will display the entry in the scrolling record after the entry of the current 
participant has been completed. 
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Fig. 1. Input-Output Window 

The participant can also communicate to others in the meeting by highlighting 
them before hitting the send button which will direct the message to those selected. 
This facility can be allowed or disallowed at the discretion of the meeting facilitator. 
It could be useful to allow the facility if discussion is required between members 
before a decision can be taken. Messages received back will only appear on the 
screens of the selected participants and the original sender. 

Participants will obtain information about the meeting by the use of keywords they 
type into the message. These messages will be targeted at the meeting assistant which 
will process them accordingly. The list of keywords and how to use them will be sent 
to the participant on successful login. They will include: get agenda, get agenda item, 
list attendees, etc. Any information sent in response to these messages will be dis-
played in pop-up windows on the requestor’s main screen. 

The facilitator (who could be at the same time a meeting participant) will also use 
the display and communication window. Using that window, agenda items will be 
introduced; the flow of the meeting will be interrupted when required; the agreed ac-
tions will be typed when all the discussion on an agenda item has been completed and 
the meeting will be closed. All this will be visible to the other meeting participants in 
the scrolling display, which will become a permanent record of the meeting. 

All the messages from participants will be directed to the meeting assistant which 
is an intelligent agent who through a system of keywords embedded in the messages 
will be able to perform the necessary processing of the message. Keywords identify-
ing the sender and target of a message will precede and follow the message and the 
agent will direct the message accordingly, messages being displayed on the scrolling 
record in the display and communication window of the target participant. Normal 
messages not containing a target keyword will be directed to all participants. 
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Fig. 2. Prototype Implementation Layers 

Where the message target keyword specifically identifies the meeting assistant this 
will indicate the requestor requires information about the meeting which will necessi-
tate sending messages to other agents called meeting agents who will process the 
message and obtain the required information. The meeting agents will use the other 
keywords in the message to access the meeting ontology and extract the required 
information to be sent back to the participants. 

5   Implementation of Prototype 

The implementation layers of the prototype are shown in Figure 2. The application 
layer of the prototype is made up of the human interface, the agents and the database. 
The human interface is where the human participants and facilitator interact with the 
system. The agents, consisting of the meeting assistant and meeting agents operate 
within the OMAS environment and interact with the human interface by sending and 
receiving messages. The graph database using the ALLEGROGRAPH package is 
updated by the meeting agents and holds the meeting structure, vocabulary and list of 
commands in the form of an ontology. 

The applications have been developed in the LISP language using ALLEGRO as 
the Interactive Development Environment (IDE) and operate under the control of the 
WINDOWS operating system. 
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Fig. 3. The Protoype Design 

The communications layer controls the interaction between the different nodes on 
the Ethernet network. The facilitator and the participants each occupy a node on the 
peer-to-peer network. The communications between nodes is implemented by the use 
of sockets which identify the IP address and port number of each node. The same 
mechanism is used to communicate with the agent infrastructure through the use of 
messages being sent via the sockets to and from the human interface and the agent 
infrastructure.   

The OMAS agents process the messages according to their implemented “skills” in 
order to service the requests coming from both the facilitator and the participants. The 
prototype is shown diagrammatically in Figure 3 which also illustrates how the com-
ponents of the virtual meeting environment can be located on different computers. 

The meeting ontology is achieved through the use of a graph database which, 
through the use of a triples datastore, identifies the terminology used in the meeting 
environment, the relationship between objects reflected in those words and the prop-
erties of the objects. An extract of the ontology for the meeting is shown in graph 
form in Figure 4, and in the Resource Description Framework (RDF) in Figure 5 
which illustrates how this information is held in the database in triples format. The 
equivalent graph is shown for the Command List in Figure 6. 

When the meeting assistant recognizes a command keyword in the input line from 
the participant the command is extracted and sent to one of the meeting agents. The 
meeting agent first validates the command performative against the graph database 
returning an error if it does not match the database. If the performative is valid the  
agent processes the rest of the command and by breaking it up into recognizable  
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Fig. 4. Meeting Ontology Graph 

 

Fig. 5. Meeting Ontology Graph – Vocabulary 

elements uses those elements to perform the processing. The result of the command 
could update the database with information passed from the participant or extract 
information from the database to be sent back to the participant. The processing of the 
database is performed by building up LISP queries from code fragments held on the 
database according to the type of processing required. 
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Fig. 6. Meeting Ontology Graph - Commands 

6   Conclusions and Future Work 

Techniques and solutions have been referred to in this paper which use computing 
technology for supporting virtual meetings and this is now an established option for 
business. However, the novelty of the system described in this paper is that the natural 
language dialogue from the meeting participants and facilitator is interpreted by the 
use of an ontology and given meaning to allow requests to be performed by “intelli-
gent agents” in response. It provides the means to manage virtual meetings by allow-
ing the participants to see the contributions of the other participants, add their own 
contributions and also to obtain supporting information and manage the agenda 
through a simple natural language interface. The facilitator can concentrate on the 
important task of co-ordinating the agenda and the contributions of participants while 
being assisted by multiple computerized agents with the less important tasks. The 
structure and vocabulary of the meeting understood by the agents is implemented as 
an ontology which, residing on a database can be easily created and maintained. 

Future work will be concentrated on further refinement, trialling the application in 
a real meeting situation, analysing the results and reporting the outcomes. 
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