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Abstract

We present a Multi-Agent System for communication in the trans-
port sector. It is part of an ‘Intelligent Communication Platform for
Multi Modal Transport’ that is called MamMoeT. The motivation for
a communication platform stems from the observed need for support
in maintaining evolving partnerships as well as for the establishment
of new partnerships. We observed a lack of commonly accepted tools
to obtain quantifiable and live information. Examples are position of
freight and vehicles, expected arrival and waiting times as well as al-
ternative routes and transport modes. Multi-Agent Systems provide
appropriate models for the communication platform. In the trans-
port sector, which is distributed by nature, models with autonomous
agents representing each of the logistic players match better to the re-
quirements than one central information system would. The presented
model explicitly addresses the transparency and privacy issues in order
to increase the level of acceptance of this type of software platform.
We introduce three models: an agent model, a privacy model and a
communication model and elaborate upon negotiation, communication
and cooperation skills of the agents.
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1 Introduction

The transport sector is under pressure. Overloaded roads lead to both eco-
nomical and ecological problems. The region of Flanders (Belgium) is an
attractive area due to its dense transport infrastructure and its central po-
sition in Europe. However, a system supporting the transport players could
relief the current pressure and conserve the competitiveness of the region.



Recently more and more attention is paid to the ‘modal shift’. It promotes
transport modes other than road transport and any combination of different
transport modes. The MamMoeT project (‘Intelligent Communication Plat-
form for Multi Modal Transport’) [1] [2] is designed to support the modal
shift.

The rationale for an agent based intelligent communication platform is three-
fold:

1. On the one hand, there is a need of support to easily find partners in
the logistic chain. Logistic companies want to avoid empty transport
and manufacturers require information about alternative transport so-
lutions. Often e.g. a loader (an organiser of transport flow) has con-
nections with his well known partners. However, during busy times
the loader lacks a transparent view on other possibilities. Moreover a
clear view on alternative transport modes and a combination of them
can help in reducing time and costs.

2. In addition, a more efficient information flow is needed. Loaders e.g.
currently lack information about the position of freight, the expected
arrival times. Although useful information is spread across the differ-
ent transport players, it is often not in the right place, neither at the
right time nor in the right format.

3. The transport domain, which is distributed by nature, requires a cor-
responding approach (from a developer’s point of view).

We designed and implemented three agent models to provide an easy toolbox
that offers a solution for the transport domain.

This paper is structured as follows. First we describe related work applying
MAS in the transport domain. Then we present the multi-agent model. In
this multi-agent architecture we address three core issues in three models:
(1) we model individual agents as BDI decision makers as described in [8]
(2) communication is subject to privacy restrictions described in the privacy
model (3) finally cooperation between agents follows a communication model.
Next we describe agent types and outline a real world scenario. Finally,
we discuss observed success factors including graphical user interfaces and
integration.

2 Related work

Managing complexity by using models is a wide-spread methodology [12].
Multi-Agent Systems have proven their surplus value in the domains of logis-
tics, transport and manufacturing [9]. The MAGENTA’s commercial multi-



agent systems technology [7] e.g. offers support in scheduling for ‘very large
crude carriers’ using tools to model the domain (Ontology Management
Toolkit) and to design, debug agent related features (Virtual Market En-
gine).

Concerning several transport modes, Chiu et al [4] present a model for pas-
senger transport supporting tourists and moving workforces in a metropolis
using agents to build a flexible and scalable solution.

Privacy related terms such as trust and confidence recently gained interest
in projects such as PISA (Privacy Incorporated Software Agent [3]). One
possibility is to provide ‘Closed User Groups’ (CUG) in which end users can
gradually expose their needs to potential partners. So privileges are given in
the sense that one first addresses partners with an excellent reputation, if no
solution is found, a group of partners with less reputation will be contacted
and so on.

Systems (especially in road transport) that optimise the handling of freight
and transport already exist within one or more related companies. Since
data is internally used, privacy surveillance is not necessarily implemented.
Such single modal solutions usually do not fit for integration with other
systems or for supporting multi modal transport.

3 Multi-Agent Architecture

3.1 Agent model

An agent model has to deal with particular concerns within the MamMoeT
project. In Fig. 1 we present an agent model inspired by the BDI-model [8].

The lower layer in the figure represents the agent’s beliefs. The combination
of interaction protocols (IP’s) and actions makes up the intentions. Finally
the agent type itself and the ‘matching/decision making layer’ define the
desires (the design goals of the agent). Depending on the agent type, a
set of actions (in BDI-terms: plans, activities) are available. With each of
these actions a couple of IP’s is associated. The IP’s regulate the exchange
of messages. Concerning this message traffic we designed a privacy model
(section 3.2) through which every message should pass (in-coming as well as
out-going).

Any incoming message first passes through the privacy ‘filter’. Afterwards
the ‘decision making layer’ uses the type of the message to determine which
action (plan) to execute and thus which IP’s are applicable to fulfill the
goal/desire (also determined by the agent type). If needed the beliefs of the
agent can be updated with information obtained through the exchange of



Figure 1: Agent Model

messages. The strategy of the agent is determined by the decision making
part of the plans which one can visualise as a mapping of a message type to a
plan. Characteristics such as ontology, sender, interaction protocol make up
the message type. This variety allows to flexibly select a plan corresponding
to a specific domain functionality.

With this agent model inspired by the BDI1-model, we want to implement
the agents efficiently. This is made possible by disentangling the complex
information streams of the real world and by projecting these to protocols
(as a part of the intention layer). As a result, the code for exchanging
messages, code for performing actions, for preserving privacy is reusable
and easily adaptable, anticipating the future whimsicality characteristic of
the ever changing transport domain.

1Believe, Desire, Intention



3.2 Privacy Model

Tim Berners-Lee stated that “No-one will take part in the new web-like
way of working if they do not feel certain that private information will stay
private”. This utterance perfectly summarises our point of view. On one
hand a more transparent view on the transport sector is needed but this
can not be accomplished if a system can not guarantee privacy. In [2] a
straightforward model for preserving privacy is introduced.

3.3 Agent Community Model

Actors are often related by similar activities. Using agent communities [5] is
a very natural way of projecting such a real world situation in which partners
meet to inform each other and to discuss business. In [2] we elaborate on
this methodology.

4 Agent types

We distinguish four types of agent. (1) Negotiation agents correspond to
real world negotiators and act as delegates of those entities in our model.
(2) Information agents relate to data sources and either represent real world
data suppliers or serve as a wrap around an external data system. (3)
Observer agents support the negotiation agents by offering a ‘publish and
subscribe’ service. (4) Finally, the reasoner agents relieve the negotiation
agents by isolating their reasoner capabilities into a new agent.

4.1 Negotiation agents

When attempting to match demand and supply, negotiation is indispensable.
That is the case in the communication platform just as in the real world.
In both cases agents depend on each other’s helpfulness [13]. In MamMoeT
, we have not explicitly modelled helpfulness . An agent can be considered
helpful to another agent if (1) their demand/supply request matches the
supply/demand of the other agent (2) the agent has earned a reputation of
the other agent. For example, a loader who offers a load of sand will not
be connected to container transporters since containers are not suitable for
carrying sand. The loader will be connected to bulk transporters with which
he already has good relations. Once the contract between is established, the
agents can start negotiating about constraints regarding the load, trajectory,
pick up and delivery time, etc. We deliberately keep away from cost issues



in the model since it is not the intention of the MamMoeT platform to affect
the market.

The agents will use ‘calls for proposal’ to enter into agreements. We do
not adopt a Blackboard protocol as-is mainly for privacy reasons [10] [6].
We do not want all information to be public for every party. Previous
projects that aimed at improving the communication failed. One of the
main reasons for the failure seems to be distrust in the Blackboard which
announced everybody’s requests.

4.2 Information agents

Information agents are broker agents as they will seek and gather informa-
tion on other agents and/or on existing (legacy) systems. An agent that
is on the look-out for specific information only has to communicate with
one information agent through well defined messages. Examples include the
‘Transport Checker Agent’ and the ‘Freight Checker Agent’. One can ad-
dress one of these agents to get some (static) information about respectively
transport suppliers or freight suppliers. Behind the scenes the information
agents will comb for the requested data resulting in a uniform outcome
(named event). If we want MamMoeT to easily integrate with existing sys-
tems, ‘wrapper’ agents can be used. An extra layer will be wrapped around
the existing system in order to act like an agent within the MAS. ‘Web
Services’ can act as the glue between these wrapper agents and the legacy
systems [11].

4.3 Observer agents

In order to spread events fastly -without overwhelming users with trivial
ones- and react on events occurring somewhere in the platform (see first ra-
tionale in the introduction) we foresee observer agents. All transport parties
can subscribe to their services and be notified if required. An observer agent
questions some information agents in order to find out which events are in-
teresting for an agent to subscribe to. An agent can proclaim his interest
(subscribe) in particular events so that he will be alerted when such event
happens. Alternatively, information agents can spread events (publisher).

4.4 Reasoner agents

Reasoner agents receive and process messages (containing some semantic
language e.g. RDF content) from other agents. Combining all these messages
with some user-defined rules (constraints of the end-users, whether they are



Figure 2: Interrelation between agent types

related to privacy or business) can lead to the derivation of additional data.
The reasoning process can be a resource and time consuming task. For
example an agent looking for a possible route for going from A to B, can
start a ‘reasoner agent’ being responsible for making enquiries with other
agents and processing recovered information to make an intelligent decision
on which route to follow.

An attractive characteristic of agents is mobility. Especially reasoner agents
profit from this. The negotiation agents can start reasoner agents (as slave
agents) on computers with extra resources (memory, cpu) so that the com-
puter on which the negotiation agent operates is not too heavily loaded.
Consider a case where an inland bargee uses his mobile phone to connect to
the MamMoeT platform. The mobile device is not capable of accommodat-
ing heavily loaded agents.



4.5 Interrelations between agent types

Fig. 2 presents the different agent types and their role in the platform.
The figure also depicts the interactions with the real world. Information
agents gather information in the real world outside the MamMoeT platform.
They communicate with data sources of the parties on the platform, with
governmental information sources on roads and waterways, with information
instances on weather and weather forecast, etc. All that information will
be gathered, processed and, if requested for, passed on to negotiation or
observer agents.

When their own resources are scarce negotiation agents will call in reasoner
agents. The majority of communication is established between the negotia-
tion agents themselves and with the outside world. The eclipse in the figure
shows a formed group of transport players making up one ‘logistic chain’.

5 Scenario

In this paragraph we present a real-world scenario that considers a holistic
view (see also Fig. 2) on the sequence within the settlement of a freight
transport. In a first phase, partners need to find each other and make
agreements. In a second phase, an efficient support during the transport
of the freight is needed where relevant information is brought to the proper
actors. Consider in this scenario a skipper specialised in producing fertilisers,
established at location A and a customer at location B who ordered 280 tons
of fertilisers. For transport handling, the customer appeals to a loader and
gives some time constraints.

5.1 Defects in the current situation

Currently it is quite common that the loader (or transport company in
general) makes agreements by telephone. This results in avoidable costs
(personnel, time, infrastructure). Due to the lack of standards concern-
ing formats on (electronic) documents, employees often produce the same
information multiple times e.g. they type in text that was sent by fax.

Moreover, when the known contacts do not allow to satisfy the accepted
tasks, the loader has to cancel some orders and may on the long term, lose
some good relations.

Tedious situations (e.g. calamities) during the transport of the freight can
be avoided by efficiently communicating events that happen somewhere in
the system. Especially when actors belonging to different ‘logistic chains’



Figure 3: Match of supply and demand: a sample interaction sequence

want to communicate, they often face large administrative burdens. There
is an obvious need for a streamlined communication where parties with the
right privileges can hook onto.

5.2 Opportunities with MAS

Fig. 3 outlines the interaction sequence for establishing an agreement. The
loader serving the client application prompts the business data (the freight
and place characteristics) into his ‘freight supplier agent ’ (FSA, negotiation
agent). That agent subsequently gets in touch with the transport checker
agent (TCA, information agent) which works out which transporters phys-
ically match the given constraints using existing databases. Starting from
the obtained sublist another information agent, the availability checker agent
(ACA) will be addressed. The ACA verifies which transporters are available,
in which transporter’s schedule the job fits (e.g. without inducing empty
transport when travelling to the start place). For performance reasons the
ACA can cache availability parameters for some time. Next, the FSA nego-
tiates with the ‘transporter agents’ (satisfying physical as well as available
constraints) of the resulting sublist of the ACA. Finally the FSA selects,
based on e.g. earlier experiences, the required transporter supplier agents
(TSA) with which he composes a complete transport route. At that mo-
ment one ‘agent community group’ is formed containing the loader, the
depicted transporters, the skipper and eventually other agents which are in
some way connected to the transport chain (e.g. the customer, transhipment



company). After the transport handling is finished, the FSA evaluates his
experience with this party, resulting in an adjustment the agent’s reputation.

Note that the number of potential players is reduced gradually by contacting
the information agents ACA and TCA. This already prevents unnecessary
exchanges of privacy related messages. Moreover, the end user can use the
CUG principle, starting to negotiate with partners with the best reputa-
tion and as long as no solution is obtained contacting parties with a lower
reputation.

An advantage over negotiating in a Blackboard environment is that the
privacy settings can be maintained locally (per agent).

Regularly, unforeseen occurrences take place that impact upon different
players somewhere in the system. Thanks to observer agents such events
can be handled efficiently. A company can make a submission for specific
events (e.g. sudden changes in the water level of waterways) with an ob-
server agent. As soon as a government publishes this event on a specific
trajectory, the registered companies for which this is relevant will receive a
notification.

A slightly different situation arises when companies belonging to the same
transport chain set up communication. Consider a contract between a skip-
per, a loader and a customer belonging to the same ‘agent community
model’. As soon as the loader perceives an abnormal delay on the trajectory
of the assigned transporters, a report will be sent to the other parties. That
is very important as the customer can thus reschedule as there are extra con-
straints in the supply chain. An even more complex situation arises when
communities are entangled. Suppose that the transporter in the scenario
has a consecutive transport with a different loader and customer. In that
situation, information has to flow efficiently from one community to another.

The MAS approach thus brings in some advantages; it

1. diminishes administrative burden (avoid prompting duplicate informa-
tion) by constantly being online via the personal negotiation agent

2. makes a transparent view of the market while preserving privacy

3. couples the different modal transport sub-domains

4. supports efficient communication between related partners.

6 Practical success factors

So far we focussed on projecting a real world situation to MAS which results
in an important decision support system for users and eases modelling and



implementation for developers. On the other hand it requires an effort to
increase the acceptance rate of the system for a broad public. That includes
several sub aspects: (1) taking away fear by paying attention to privacy
concerns (2) providing a confident looking graphical user interface (GUI)
(3) making the platform easy to integrate with existing systems.

The last two aspects will be briefly discussed.

The statement of Tim Berners-Lee also has impact on the graphical aspects.
During conversations we perceived that the end users attach a great value
to the GUI. In fact, for end users the GUI determines how they perceive the
system. We resolved to pay sufficient attention to the GUI. The confidential
appearance of a GUI can support trust in a software system. Moreover
it is a good means for discussing features and software requirements with
non-technical people.

In the history of computer science we notice an evolution originating from a
mechanistic world vision (the machine is identical to the user interface) via
assembly, procedural and object-oriented languages towards agent oriented
programming. Every step introduces hereby an extra level of abstraction.
It makes users feel that agents are really extension of themselves.

The user interface becomes again identical to the machine, i.e. the agent
model which is a projection of the real world.

Wooldridge outlined in his book “An Introduction to MultiAgent Systems” [14]
the human-oriented evolution through computer science history. By making
a confident GUI we want to bridge the gap between Multi-Agent Systems
and the end-users.

In our implementation we provide each negotiation agent with an own per-
sonal database. The database holds settings (among which privacy) and
business data. By loosely coupling the database and the agent system, in-
tegration burden is diminished.

7 Conclusion and further work

The transport and logistics domain is very complex and automatisation on
decision support has not yet found its way to all the players in the sector.
In this paper, we have presented an architecture through which, by making
the market partly more transparent, transport players can more easily meet
the orders of the day and construct long term relationships. When facing
the diversity of problems in the sector, a Multi-Agent System seemed very
applicable to tackle negotiation, communication and cooperation problems.



By accurately developing a Multi-Agent Architecture (consisting of three
models) and different agent types, we managed to control the complex do-
main characterised by a big tangle of relations between different actors. The
agent models enable information flow more efficient in and out the tangle.
This control over the complexity is made possible by the agent paradigm of-
fering a next step in abstraction. To increase acceptance rate a confidential
looking GUI is needed (especially for the non-technical people), that way
the gap between software agents and the end users become smaller. Having
demonstrated the usability of software agents in a complex domain, further
investigation in optional plug-ins for the platform is desirable. For exam-
ple several planning tools can be integrated in the platform: production
planning, lock planning, ...
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