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Abstract — The paper presents a mechanism and an
implemented tool for multi-agent based cargo auctions. The
auction automates negotiations between a particular client and
multiple logistics companies. The user can define his priorities in
terms of six different criteria and find the most appropriate offer
as a result of an auction. The developed marketplace is part of the
eINTERASIA e-logistics portal and, thus, available online for both
the client and the logistics companies.
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|. INTRODUCTION

Nowadays many markets involve large numbers of buyers
and sellers. Each buyer is willing to find the most appropriate
seller for his needs. The buyers can be either companies or
private clients. Small companies and private clients cannot
afford to invest in any automated IT solutions for finding the
most appropriate seller and offer. Usual approach is the
following. The sellers make their offers available online and
clients access the offers of various companies online and
sometimes even make orders online. Still, the comparison
between different companies is manual in many markets,
including cargo transportation and logistics domain.
Additionally, the strategic question of the pricing that the seller
company should offer to its clients is complex and many
resources are spent on market studies done at each seller
company with the aim to get a competitive advantage over other
sellers. To sum up, one of the problems in today’s markets is to
automatically get the price from different suppliers. Some price
comparison solutions exist for internet shops, for example,
Latvian portals salidzini.lv and kurpirkt.lv. Still they do not
allow the sellers to vary the price or the offered service in
different situations as well as such portals usually exist just for
internet shops selling finite and rather small sets of products
instead of services that should be adapted to each particular
client. In particular, these price comparison portals can just
compare prices for static offers without giving any possibilities
for the suppliers to create individualized solutions for each
client.

One possibility to save effort on the market studies at the
companies as well as clients’ time to choose the most
appropriate solution for his needs is to implement an automated
electronic marketplace where the companies can offer their
services and clients can automatically find the most appropriate
offers for themselves. Because of the differences in the criteria
and models used by clients to evaluate offers, a unique or
customized solution is needed for each individual market. An
example of such a marketplace exists for the travel insurance
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policy domain [1] where clients can enter their preferences into
the market automation software and get offers from the
companies participating in the market. Still the tool is not
available online and it is just a simulation tool that can be
installed on a particular computer.

The paper describes a tool that demonstrates automation of a
cargo transportation market and creates a marketplace for
buying and selling cargo logistics solutions. The tool is based
on a multi-agent system within which agents carry out an
auction where each order is auctioned among the possible
suppliers and the client can get the most appropriate offer
according to the chosen criteria and importance of each
criterion.

The remainder of the paper is organized as follows. Section
Il defines the main requirements for the marketplace
automation solution. Section 111 describes the developed multi-
agent system. Section 1V defines the used mathematical model
for the offer evaluation. Section V describes the developed
auction tool for marketplace automation. Section VI outlines
the access to the tool by its administrator. Section VII concludes
the paper and outlines the future work.

Il. REQUIREMENTS FOR THE MARKETPLACE

The aim of the research is to create a marketplace that would
automate the interactions between the logistics companies that
offer cargo transportation from Asia to Europe and their clients
that need the actual transportation to be done. The client knows
the location of the cargo and the needed destination as well as
may have some preferences in terms of characteristics of the
transportation process like time, security, etc.

The first requirement for the marketplace is non-functional.
The marketplace should be accessible online both by the clients
to find the most appropriate deal and by the logistics companies
that offer the cargo transportation services.

To help the companies in solving the problem of finding and
executing the best strategic behavior of the company and
implementing it into the automated marketplace, each company
should be represented by an autonomous software component
that may differ from other companies by the strategy that it uses
to represent the corresponding company. These autonomous
entities should be capable to communicate and negotiate among
themselves to automatically find the deal (without any human
actions between the input of the criteria and the output of the
most appropriate deal) that is presented to the potential user.
Autonomous representation of stakeholders at the marketplace
in the latest studies is achieved by the use of intelligent agent
paradigm [2]-[4]. In these studies, marketplaces are built so that
each stakeholder is represented by an intelligent autonomous
agent. In the case of cargo transportation, it means that each
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logistics company is represented by its agent as well as the
client is represented by his agent. The essential benefit of using
intelligent agents is their capability to act autonomously and
represent their owners by doing proactive actions to achieve the
user’s goals. These agents are chosen to be the autonomous
software components that implement the particular market
strategies of each company. The intelligent agents and the
multi-agent system built from them to implement the automatic
cargo marketplace are described in Section I11.

The third major requirement is the possibility to find the most
appropriate transportation deal by more than one criterion,
because the cheapest solution is not always the best one and,
thus, the price is not the only criterion to consider. Criteria such
as price, delivery time, security, possibility to access the data
about the current location of the cargo, reputation of the
company are among the most important criteria to consider. In
general, there might be more criteria that are important for the
client and, thus, the model used to evaluate deals should be
extendable with additional criteria. The current model used to
evaluate the deal by multiple criteria is outlined in Section IV.

Lastly, a negotiation protocol is needed to implement
automated negotiations between the client agent and the
company agents. The general multi-agent negotiation protocols
for the deals with multiple attributes or criteria are usually based
on multiple negotiation rounds and the notion of concession
and, as a consequence, require complex game theory based
strategic deliberations to find the optimal individual strategies
[5]. This would lead to the increase of the investments in the
market research and finding the best strategy. Thus, the
requirement is that the negotiation protocol used at the
marketplace is simple in terms of finding the optimal strategy.

To sum up, the main requirements of the electronic
marketplace for the transportation domain are the following:

» The marketplace is available to the client and logistics

companies online;

 The client and the logistics companies are represented by
the autonomous software components;

» The autonomous software components representing the
logistics companies should implement the corresponding
company’s market strategy;

« The negotiations among the client and the logistics
companies must be automatic and there should be no
human involvement between the choice of the criteria and
the output of the most appropriate deal that is available at
the marketplace;

» Multiple criteria should be used to find the most
appropriate deal and the model should be open for new
criteria. The values of all criteria that are important for the
client must contribute to the utility of each deal during the
process of evaluation of deals and choosing the best one;

 The negotiation protocol must be simple in terms of the
choice of the strategy and should not require complex
market research to find the most appropriate strategy.

I1l. THE MULTI-AGENT SYSTEM

As discussed in Section Il, the marketplace is implemented
by a multi-agent system. Each logistics company as well as the
client is represented by particular autonomous agents. The
agents are named a client agent and a company agent,
respectively.

As concluded in Section |1, there is a need for the negotiation
mechanism between the client agent and the company agents
with simple individual strategies. According to [5], multi-agent
auction mechanisms are simple and effective and, as a
consequence, one of the most explored and applied negotiation
mechanisms  for  one-to-many negotiations.  Auction
mechanisms have been used in the logistics domain to develop
an offline electronic marketplace simulator [6]-[7], in the
insurance domain to build a travel insurance policy market [1]
as well as in labor management [8].

To use the auction as a negotiation mechanism, some
commonly known evaluation model is needed to find the utility
of deal for the client agent that is negotiating with logistics
company agents for the cargo transportation deal. The
traditional auctions are based on one criterion or one attribute
of the deal, which in most cases is price [5], [7]. The cargo
marketplace requires multiple criteria. Several auction
approaches have been developed for such a purpose [6], [9],
[10]. The approach used in the developed tool is outlined in
Section 1V.

To fit the requirements of the cargo transportation,
marketplace traditional auction protocols with the following
two extensions are used. First, instead of the price the deal must
be evaluated by the weighted sum of all the criteria that are
important for the client. Second, the auction is reverse in terms
of the roles. The client’s agent is the auctioneer that tries to
maximize the utility of the deal (minimize the price and
maximize other criteria), while the bidders are the company
agents that try to maximize their income. Thus, the value of the
utility is moving in reverse order compared to the traditional
auctions. Still, this does not change the main mechanisms of the
auction protocols and the traditional protocols can be adapted
and used.

The four best known and widely used auction protocols
according to [5] have been implemented. The client can choose
the protocol to use in each particular case. The auction protocols
are implemented in the following way:

» The English auction is an ascending open-cry auction. The
client agent as an auctioneer starts the auction by
announcing a new auction and giving weights defining the
importance of all criteria as well as the initial value of the
utility that is the minimum acceptable value for the client.
The bidders can respond by submitting a bid. The response
can be either a transportation offer or refusal to participate
in the auction. After receiving an offer, the following
offers must have a better utility for the client agent than
the previous ones. The auction ends when no agent is
willing to submit any bid with a better utility as the current
bid has.

+ The Dutch auction is an open-cry descending auction. The
client agent starts the auction by announcing the weights
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of all criteria and the starting bid with an artificially high
utility for the client. If no company agent is willing to
propose a deal with the same utility, the client agent
increases the price (so decreasing the utility) and asks for
new bids. The client agent continues to increase the price
until one of the company agents gives a bid with at least
the same utility.

» The first-price sealed-bid auction starts with the client
agent announcing the weights of all criteria. There is only
one round of bidding and each agent is allowed to submit
one offer. Offers are not visible to other participants. After
all participants have submitted their offers (or the deadline
has come), the auctioneer chooses the offer with the best
utility.

+ The Vickrey auction similarly to the first-price sealed-bid
auction has only one round of bidding. The only difference
is that it is a second price auction and in case of multiple
criteria it is implemented in the following way. The utility
of the winning deal is changed to be the same as the utility
of the second best offer. It is done by increasing the price.

The structure of the developed multi-agent system is the

following. It consists of 2 types of agents, namely, a single
client agent and multiple company agents that represent the
stakeholders of the cargo transportation market and participate
in the auction protocol. The structure of the multi-agent system
defining the roles of agents and showing interactions among
agents is given in Fig. 1.

Client Agent

Initiates

Auction protocol

A

Participates  Participates Participates

Logistics Company
Agent 1

Logistics Company
Agent 2

Logistics Company
Agent N

Fig. 1. Interactions among agents at the cargo transportation marketplace.

The extended version of the MASITS agent oriented
software engineering methodology [11] was used for the
development process of the multi-agent system based on the
defined types of the agents.

IV. THE EVALUATION MODEL

Although the price usually is the most important criterion
used to make a choice among different cargo transportation
options, it is not the only one. Various types of cargo may
require different criteria. The paper will reuse the set of criteria
that were found as the most important ones for the cargo
transportation from Asia to Europe in [6]:

* Price, measured in currency per unit of the cargo;

« Transportation time, measured in minutes;
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 Safety, measured in percent stating the probability to
receive the cargo undamaged. It is based on the previous
experience in the used transportation routes;

+ Monitoring. The possibility to follow the location and
status of the cargo. The scale is Boolean;

+ Reliability. The client’s subjective evaluation of the
logistics company is based on the previous experience
with the company. The scale is from 1 (very low) to 10
(very high);

+ Reputation of the company as the partner. The scale is
from 1 (very low) to 10 (very high). This criterion is
subjective and varies among the clients.

The last two criteria are subjective and cannot be calculated
by the logistics company. Thus, they must be added to the value
of the utility by the client agent. The authors of [6] have created
the following model to deal with the situation where values of
some criteria are known only to the client agent, while other
values are known only to the logistics company agents. The
utility function of cargo transportation deals is defined by the
following equation:

U=Yr, w; *v;, where Q)

U — utility of the deal;
n — number of criteria;

w; — i weight;

vi — value of it criterion.

The company agent does not know subjective criteria that are
just client’s evaluations. As a consequence, the company agent
can calculate only one part, named objective part of the utility
function. The other part, namely, subjective part must be
specified by the client agent. The model considers that the
objective criteria are the first ones and the objective and
subjective parts of the utility function can be calculated by
Equations (2) and (3).

Uy = X2 w; * v, )
Us = Xitn,+1 Wi * Vi, where 3)

U, — objective part of the utility function;

Us— subjective part of utility function;

no — humber of known (objective) criteria for the company
agent;

n — the total number of criteria.

In open-cry auctions (English and Dutch), the company
agents may decide to make a bid with a particular utility. The
utility is adjusted by increasing the price. The actual value of
the price that will give the needed value of the utility is
calculated by using Equation (4) (assuming that the price is the
first criterion):

U=Us=310 w;*v;
p, = = 2= Wit Zi=2 Wit \yhere (4)
w1

V1 — price;
w; — weight of the price.
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The used model is general enough to allow adding any
criterion to one of the groups — objective criteria or subjective
criteria and so including it in the model. The model is reused in
the developed auction platform.

V. THE AUCTION PLATFORM

The auction platform has been implemented to make the
electronic marketplace available online. Currently the
marketplace with test data from test companies is available
online at the eINTERASIA web portal.

The developed tool automates the cargo transportation
market from Asia to Europe in the following way. The client
can use the developed auction platform to find the best deal
according to the evaluation model outlined in the previous
section. To find the offer the client has to provide the following
inputs (see the top right part of the tool interface shown in
Fig. 2):

* To specify the route in terms of start terminal and
destination terminal. The terminals are chosen from the list
that comes from the tool database. For the administration
details see Section VI. The currently available terminals
are also denoted in the map shown to the client in the tool
main window (see Fig. 2).

» To choose the type of the auction. The client is allowed to
choose among four types of auctions outlined in Section III.

» To specify the criteria that are important in the choice of
the offer.

The following form of criteria input is used. For each

criterion the weight and the initial value are specified. The
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Relyability: 5 Reputation: 5, Logistics company: "Eestilog"
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Arrival time
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Destination | Terminal Op Transport type
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initial value is meaningful only in English and Dutch auctions
where it is needed to have the initial utility value to start the
auction. Clients should remember that in the English auction the
initial values define the worst possible deal that the client is
ready to accept, while in the Dutch auction it defines an
artificially good deal for the client and it is used to start the
auction. The weights of the criteria are specified in the
following form. Price always has the weight of 100 that allows
specifying the other weights in the form of how many cents is
the client ready to pay for each unit of the criterion. This method
enables a precise definition of semantics of the measurement
units used for the weights.

After the client starts the auction, his agent does the
negotiations with the logistics company agents automatically
according to the chosen auction protocol. The result of the
auction is shown to the client in two ways. Firstly, the details of
the result are outlined in the table at the bottom left part of the
tool interface (see Fig. 2). The values of all 6 criteria and the
name of the logistics company are given as well as the route is
specified by the terminals, terminal operators and the
transportation type used in each step of the route. Secondly, the
route is visually drawn on the map (straight lines are used to
denote the transportation from one terminal to another
independently from the actual route).

See Fig. 2 for an example of the offer visualization. After
receiving the offer if the client is satisfied with its details, he
can choose to accept the deal by clicking the corresponding
button.

=10l x]

e

Auction

From: ‘Shanghai...ivll To: 1RigaFreepor1§Vi

Auction: lFirst Price Sealed Bid !v“

Weight Units Init. value

Price 100 EUR [s00 |
Time [1 | mins [12000 |
safety FE 5 |
Monitoring [1 | YesiNo ]
Relyability |1 | 1.10 s
Reputation |1 | 1.10 s |
Start Auction ‘ l Accept Deal |

Shan®hai Port

@ Fesderport

@ Railway terminal

|Riga Freeport |Rigas kravéjs |Feederlines  [8d 21h 36min

Feeder lines

Deep sea shipping lines

Railway

Fig. 2. The interface of the cargo auction tool with the visualization of the winning offer.
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The following two requirements were specified for the
auction tool in Section Il. Firstly, the tool must be available
online. Secondly, the use of the autonomous agents as a core
technology is followed from the fact that each stakeholder has
to be represented by its own autonomous software component.
To the author’s knowledge the state-of-the-art agent
development platforms do not provide a convenient way to
deploy agents that represent stakeholders directly in the web
environment, but only as Java processes. To fulfil both of these
requirements, the auction platform has been developed using
the JADE agent development framework [11] and Java
language [12]. A web start has been created to integrate the tool
into the eINTERASIA e-logistics portal and make it available
online.

V1. ADMINISTRATOR’S ACCESS

Additionally to the client’s interface that is developed for the
client to communicate with his agent, there is a need for the
logistics companies to access the database and edit their offers.
Currently the companies can access the tool database through
the administrator’s tool that is available in the restricted area of
the eINTERASIA portal. The tool allows editing the available
logistics companies, terminals, operators, carriers, schedules as
well as the collaborations among the logistics companies,
terminal operators and carrier companies. Simple forms for
inserting, editing and deleting information from a database are
available from the administrator’s tool. An example of such a
form is given in Fig. 3.

Currently the company agents are created automatically upon
the start-up of the marketplace based on the information
available in the database. Still, the information in the database
contains only the basic data about the company (hame, country

and values of the company related criteria) as well as the
relationships to the carriers and terminal operators. As a
consequence, there is no difference among company agents in
terms of used negotiation strategies and algorithms for
calculation of the best offer that the company agent is capable
of making according to the client’s criteria. The multi-agent
paradigm allows solving this issue by developing a specific
agent class for each logistics company agent. To develop a new
class with a specific strategy, a subclass of the company agent
class has to be implemented and the following behaviors of the
company agent can be overloaded in the subclass of a particular
company agent:

+ The auction strategy must be redefined for the company
agent to have another strategy than the current default
strategy. It must be programmed how the agent calculates
the bid that it is willing to make. For details about the
currently implemented default strategies in all auction
types see below.

+ The calculation method for the most appropriate offer
according to the criteria specified by the client. In the
default implementation a backtracking search is used to
find the most appropriate route and a flat 5 % rate is added
to the price as a minimum profit. The utility of this deal is
used as the personal evaluation of the deal by a particular
company agent. The company can redesign the
corresponding  behavior to implement any other
calculation mechanism.

Currently all agents implement dominant strategies described
by M. Wooldridge in [5] for all for auction types in the
following way:

« In the English auction, the agent calculates its personal

evaluation and if the evaluation is better than the current

JRI=TEY
|’Log|st|cs companies rTermmals r{:arners rOperators [’ Schedule r{:ooperat\on |
D Name Country Rate Terminal Security

1 Rigas kravéjs Latvia 5 Riga Freeport k] -~

2 Hamburg cargo Germany 8 Hamburg Port k]

3 Tallinn cargo Estonia 3 Tallinn Freeport 93

4 Klaipedas c Lithuania 4 Klaipeda Port 91

5 Gdansk c Poland 3 Gdansk Port a8

li] Kokkola Finland 2 Kokkola Port 100 =

] Shanghaic China 12 Shanghai Port 99

9 Hamburg new c Germany 2 Hamburg Port 93

10 China cargo China 10 Shanghai Port 91

11 DaugDZ Latvia 2 Daugavpils 94

12 LiepDZ Latvia 2 Liepdja 95 =1

Add/Edit

Name | | Rate Terminal |Hamburg Port |V|
Country | | Security
Add | | Cancel |

Fig. 3. The administrator’s interface.
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+ bid, then it makes a bid that improves the utility of the
currently best bid by 5 %. The price included in the bid is
calculated by applying Equation (4).

+ In the Dutch auction, the agent waits while the evaluation
of the current bid is 10 % worse than its private evaluation
and then accepts it.

* In the first-price sealed-bid auction, the agent finds its
personal evaluation and increases the price until the
evaluation of the deal is 10 % worse than the agent’s
personal evaluation by applying Equation (4).

» In the Vickery auction, the agent calculates its personal
evaluation and bids it.

If the company is willing to employ any other strategy then
it has to create its own agent class that implements a particular
strategy and uses it to run an agent as an instance of this class.

VIl. CONCLUSION AND FUTURE RESEARCH

The developed tool demonstrates that an electronic
marketplace can be created for a particular domain and it is
possible to automate negotiations among clients and suppliers.
It has been proven by shoving an example in the cargo
transportation and logistics domain. Additionally, it is possible
to automate not only well-studied single attribute negotiations,
but also multi-attribute ones, so finding the best possible deal
for each particular client according to his criteria. The proposed
evaluation model is developed to be open in the sense that new
criteria can be added to the model according to the new trends
in the market.

The paper proves the ability of the multi-agent paradigm to
support two requirements at the same time, namely the creation
of the marketplace where autonomous software components
represent their users and the system being available online. The
marketplace is open in one more sense. New logistics
companies in the person of the corresponding agents can join
the marketplace. New agents can be created just by filling in the
information about the company.

The main direction of the future research is to actually
implement agents with different strategies into the developed
marketplace. That would make the market flexible in the sense
that it would allow the use of different strategies by company
agents. It would be the choice of the company as to which
strategy to employ. As M.P. Wellman et al. [13] have outlined,
there are very different negotiation strategies even in rather
simple domains and agents can have significant improvements
in their profit if they find the strategy that works the best against
the set of strategies used by their competitors.
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