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Abstract — The paper presents a simulation tool for automated
interactions between insurance companies and their clients
during the travel insurance buying process. Insurance deal
evaluation model using price and insured risks has been
developed based on the study of the Latvian insurance market.
The proposed model is used together with well-known agent
auction protocols, thus providing a multi-agent negotiation
protocol. It allows automating one-to-many negotiations between
client and insurance companies simulating electronic insurance
policy marketplace. The simulation tool has been developed using
the MASITS methodology and tool, thus providing a case study
for the methodology and tool for a new type of systems.
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|. INTRODUCTION

The objective of the paper is to represent research results
increasing the interaction automation level between Latvian
insurance companies and their clients. At the moment, Latvian
companies sell insurance policies on the Internet for the
insurance types that allow automatic risk evaluation like travel
insurance, civil liability insurance of vehicle owners and some
other types. Therefore, one-to-one interactions between a
client and a single insurance company are automated. Still, at
least in the case of the travel insurance it is possible to view
offers of insurance companies only one by one. The potential
client must fill in information about him/herself, his/her
intended trip and the risks he/she is willing to insure at the
website of each company he/she is willing to receive offer
from. Thus, finding out offers of all existing companies is time
consuming.

Intensive research is conducted to automate different
markets during the last years. Still our search for solutions of
automation of the insurance market failed because we could
not find any approach. Majority of studies from general
market automation research direction try to create electronic
marketplaces by using multi-agent paradigm [1] - [3].
Traditionally, marketplaces are built so that each stakeholder
is represented by an intelligent autonomous agent. In the case
of insurance, it means that each insurance company is
represented by its agent as well as the client is represented by
his/her agent. The use of intelligent agents is motivated by
their capabilities to automatically represent their owners and
do proactive actions to obtain the user’s goals as well as by the
possibility to implement the whole insurance system as a set
of agents [4]. In this case, the agent that represents the
company in the electronic marketplace would also be a
participant of the multi-agent system that implements the
insurance information system of the corresponding company.

In such a marketplace, there is a need for negotiation
protocols to automate interactions between client agents and
company agents. Negotiation protocol is defined as a set of
rules, which govern the interaction [5]. In case of civil liability
insurance of vehicle owners, the negotiations have one
attribute, because there is only one criterion, price, in
particular, whose value must be negotiated about. On the
contrary, markets for other insurance types like travel
insurance are more complex, because there is more than one
attribute to negotiate about, namely, the price, insured risks
and the liability limits. Thus, to automate one-to-many
negotiations between insurance companies and their clients
there is a need for multi-attribute one-to-many negotiation
mechanism. To the authors’ knowledge, at the moment there
are no one-to-many agent interaction protocols that would be
suitable for travel insurance marketplace automation. The
paper outlines the analysis of Latvian travel insurance policy
market as well as proposes model based on this study for
insurance deal evaluation using multiple criteria. The model
can be used together with traditional agent auction protocols to
implement an automated negotiation mechanism between a
client agent and insurance company agents. A simulation tool
for such an electronic market has been developed, showing the
potential of agent and auction usage to automate the insurance
market. The development has been done using the MASITS
agent oriented software engineering methodology, which
initially is proposed for the development of agent based
intelligent tutoring systems. Therefore, the paper serves as a
case study for this methodology demonstrating its usability for
other type of system — electronic marketplace.

The remainder of the paper is organized as follows. Section
11 outlines the related work in the area of multi-attribute agent
negotiation protocols paying special attention to the multi-
attribute or multi-criteria auctions. Section 11l describes the
study of the Latvian travel insurance market and suggests a
domain specific model for proposal evaluation in the travel
insurance domain. Section 1V describes the multi-agent
system used to develop the simulation tool and outlines the
development process of the tool. Section V gives a detailed
description of the developed tool functionality. Section VI
concludes the paper and outlines the possible directions of
future work.

Il.RELATED WORK

According to [6], multi-attribute (multi-issue, multi-criteria)
negotiation protocols have been studied widely and represent
an important challenge in the multi-agent system community.
Several general multi-attribute agent negotiation models exist
[7] - [9]- General negotiation protocols are usually based on
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multiple negotiation rounds and the notion of concession. The
main disadvantage of such protocols is the complexity of
agent’s individual strategies, because usually these protocols
have no dominant strategy. It usually can be solved in case of
one-to-one negotiation settings, for example, by using search
techniques [9], but to the authors’ knowledge the one-to-many
setting is too complex for existing techniques, and the current
research concentrates on one-to-one interactions [8]. Still,
many domains require one-to-many negotiations or even
many-to-many negotiations, including the insurance policy
market that requires automation of the negotiations between
one client and many insurance companies. The problem of
agent strategy building in one-to-many negotiations is
sometimes solved by involving the user into multi-agent
negotiations, like in the architecture proposed in [7]. Still this
approach disables building of completely autonomous
negotiations. In case of negotiations between the user and
insurance companies, the potential client would be involved in
the strategic decisions during the negotiations; therefore, the
concluding deal would depend on the client’s negotiation
skills that is undesirable.

A simpler option from the individual agent strategy
viewpoint is multi-agent auctions that are one of the most
explored and applied forms of one-to-many negotiations. The
traditional auctions are based on one criterion or one attribute
of the deal, which in most cases is price [10]. However,
several auction models for multi-attribute deals have been
proposed. Some of these approaches concentrate on one
particular auction protocol, for example, David et al. [11]
extend the English auction protocol to multi-attribute
applications. At the same time, other authors concentrate on
general mechanisms that can be used with any auction
protocol [12], [13], [14], [15]. Still the key idea behind both
approaches is to use a domain specific model for deal
evaluation by the auctioneer. Bichler et al. [12], [13] propose
using a mediator (named E-Broker) based solution. The
mediator is put between the auctioneer and the bidders and the
latter two do not communicate directly. The mediator
computes a winner and generates a contract based on the bids
made.

The objective of the paper is to provide a completely
distributed marketplace for autonomous negotiations. Thus,
the involvement of mediators in the interactions is not desired.
One completely distributed solution is described in [14], [15].
The solution is domain specific for transportation and logistics
domains because it is based on the domain specific deal
evaluation model. Still, this solution is the closest to the needs
of an insurance policy, because it offers autonomous, multi-
attribute one-to-many interactions between one client and
many sellers.

I1l. THE MODEL OF THE MARKET

The client’s decision to choose a particular insurance deal
must be made not only based on the price, but also based on
the insured risks. The Latvian insurance market has been
analysed to determine the risks that Latvian insurance
companies offer for the analysed type of the insurance deals —

travel insurance. The insurance companies collect data about
the client that will be insured (mainly the data include name,
surname, personal ID number and some status information, for
example, if the client is a student) and the planned trip (start
and end dates as well as destination). The possible destinations
are categorized in 3-4 groups (depending on the company) that
have the same price. Additionally, the risks that the client
wants to be insured are collected. The study of the offers given
by Latvian insurance companies allows concluding that there
are four groups of risks that can be insured in travel insurance,
namely:

e Health insurance or medical insurance. This group may
contain the following risks: medical expenses,
repatriation, medical evacuation, dentist services and
accidents.

o Risks related to aviation, namely, flight delay, luggage
loss and luggage delivery delay.

o Risks related to sports and active recreation. These risks
must be chosen to cover expenses that occur due to
accidents during the sports events like winter sports
(skiing, snowboarding), summer sports, motorsport and
other kinds of amateur sports. These risks do not add
new insurance liabilities but remove constraints related
to the accidents that occur during sports activities and
are otherwise not compensated by the insurance
company.

o Other risks that do not fit in the groups listed above. The
most common risks in this group insured by Latvian
companies are loss or theft of the passport, money and
personal belongings, civil liability, legal aid and
replacement of the client due to his/her health situation.

Scale for the values for every risk has been defined,
including the measurement units, minimum value and
maximum value. Majority of risks have the scale in EUR,
meaning the maximum insurance liability that can be paid out
if the risk occurs. Thus, the scale is from zero EUR (risk is not
insured) to the maximum insurance liability amount for a
particular risk that can be insured by Latvian companies
(differs for various risks). The only exceptions are the risks of
the group about the sports events. These risks have a binary
scale — they either are included in the insurance or not.
Additionally, some risks may have deductibles, i.e., the
amount for which the client is liable on each loss.

Different clients evaluate particular criteria with different
preferred values and importance. Thus, the proposed model
allows clients to specify two values for each criterion, namely,
the preferred value and the importance of the particular
criterion. The specified values allowed measuring the
difference between the preferred values and the values
proposed by the company. The bigger the difference between
the preferred value and the proposed value (only risks where
the proposed value is smaller than the preferred one are
considered) is, the worse the deal for the client is. This is true
for all insurance risks and the price, whose preferred value is
as small as possible (0 in an unreal case). This allows
calculating the utility U of each deal proposed by the
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insurance company to the particular client according to (1).
The equation includes two more coefficients expressing the
importance of the criterion in the insurance market and
importance of the criterion to a particular client.

ef

- .
U= 5 T k(pref), (1)

where

x; — the actual value of the i-th criterion (attribute);

xP"¥1 _ the preferred value of the i-th criterion, that is
input by a client;

x™* _ the difference between the maximal and the
minimal value (usually 0) of the i-th criteria;

k£ — the importance coefficient corresponding to the i-th
criteria. The coefficient is needed to deal with the fact
that some criteria are more important than others in
general. The values of this coefficient are defined by an
expert and are in the interval from 0.5 to 2;

k(pref;) — the coefficient of the priority level specified by
the client for the i-th criterion. The model assumes that
there are fixed priority levels given to the client to
choose from. Current implementation offers priorities
from 1 (the lowest) to 5 (the highest). The coefficients
have been determined empirically and are in the
boundaries from 1 to 10.

The proposed approach allows adapting the model to
different users and use cases in the following way. First, a
client can specify his/her preferred values together with their
importance. Second, the model can be calibrated by changing
the coefficients and, as a consequence, making the model
suitable for different users and also other market situations.

In the current implementation, the following indexes of
criteria are used. Price is criterion number 0, and, in the
current model based on the study of the Latvian insurance
market, criteria 1-19 are different insurance risks, but the
model can be extended with new insurance risks or other
parameters of insurance deals like client service or reliability
of the insurance company.

The proposed model for evaluation of different insurance
deals gives the utility of each proposed deal enabling the
comparison of the deals and finding the best deal.

Additionally, the proposed model can be used when the
agent knows the utility of the bid that it should make, for
example, the utility of the current highest bid in the English
auction. The model allows finding the price P that must be
offered by the company for its deal with known all other
values of the criteria for the offer to have a particular needed
utility value for the client. It can be done using (2).

pref
X — X )
{U;Iref - f_-'!;f-?.x_ " k,_-”-f * k(pref;)) = p™a* @
P = L i s
where g™t » k(p)

n — the number of criteria (attributes) in the model;
p™* — the maximum value of the price;

x"*" — the needed value of the utility of the bid;
kST _ the importance coefficient for the price;

k(p) — the coefficient of the priority level of the price.

Thus, the model can be used as a basis for automated
negotiations between insurance companies and possible
clients, allowing finding the most appropriate deal in the
whole insurance market. The multi-agent system that
implements automated negotiations is presented in the
following section.

IV. THE MULTI-AGENT SYSTEM

The authors propose to implement automatic negotiations
between the potential client and insurance companies by
means of the multi-agent system. Each insurance company and
a client are represented by particular autonomous agents,
namely, the client agent and company agents. Additionally,
the market monitoring agent is added to monitor the actions
done by the agents of insurance companies so ensure that they
comply with the legislation. In this case, all messages sent by
the client agent and the company agents are also visible to the
market monitoring agents.

The agents can automate the negotiations between the client
and insurance companies by using some agent interaction
mechanism. According to [10], auction mechanisms are
simple negotiation mechanisms that are used for one-to-many
negotiations that have some common known evaluation
mechanism to evaluate the deal for the negotiation participant
that is negotiating with other agents to buy some goods.
Auction mechanisms have been used in various domains like
logistics [14], [15], electronic procurement [13], and labour
management [16]. Majority of these researches use auctions to
determine one attribute of the deal, while [14], [15] use
auctions to determine more than one attribute of the deal.
Similarly to these studies, the paper proposes the usage of
agent auctions together with the domain specific utility model
that allows determining which deal is better for the auctioneer,
which in our case is the client agent, while the company
agents are bidders. The four most popular auction protocols,
according to [10], have been implemented. There are two main
differences from the classical implementation of these auction
protocols. Firstly, in the insurance policy buying case, the
auctioneer has to minimize the price and the bidders prefer to
maximize it not vice-versa as it is in traditional auctions.
Secondly, the total utility is used instead of just price to
evaluate bids. Thus, the auction protocols work in the
following way:

e The English auction is an ascending open-cry auction.
The auctioneer starts the auction by announcing a new
auction and giving the preferred values of all criteria as
well as the initial value of the utility that is very bad for
the client. The bidders can respond either by refusing to
participate or by giving offer that has better utility for
the client. The bids are visible to all other participants.
The following offers must have better utility than the
previous ones. The auction ends when no agent is
willing to submit any bid with better utility as the
current bid has.

e The Dutch auction is an open-cry descending auction.
The auctioneer starts the auction by announcing the
starting bid with very good utility for the client, in
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particular the preferred values of all insurance risks and
an artificially low price. If no agent is willing to
propose the deal with the same utility, the client agent
increases the price (so decreasing the utility) and asks
for new bids. The auctioneer continues to increase the
price until one of the company agents gives a bid with
at least the same utility.

e The first-price sealed bid auction starts with the
auctioneer announcing the preferred values of all
criteria. Each agent is allowed to submit one offer.
Offers are not visible to other participants. After all
participants have submitted their offers (or the end time
has come), the auctioneer chooses the offer with the
best utility.

e The Vickrey auction is very similar to the first-price
sealed-bid auction only it is the second-price auction.
In our case, it means that 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.

Thus, the multi-agent system consists of 3 types of agents —
there is a single client agent, multiple company agents and
single monitoring agent. The corresponding structure of the
multi-agent system is given in Figure 1.

Client agent

Auction protocol Monitors=t Monitoring agent

Company Agent 1 Company Agent 2 Company Agent N

Fig 1. The structure of the multi-agent system.

The agents and their interactions have been defined at the very
early stage of the development of the system. The MASITS
methodology [17] is initially built for agent based intelligent
tutoring system development. One of the main characteristics
of its current version is the fact that it is suitable for the
development process that is started with the known set of
agents. Thus, this methodology has been selected to support
the software engineering process for the simulation tool.
Therefore, the paper gives one more contribution. It provides a
case study for the usage of the MASITS methodology for a
new type of systems that have a set of agents known before
the beginning of the development process.

The MASITS methodology defines the following phases of
the development process: requirements analysis, design (this
phase is split into two stages, namely, external design of
agents and internal design of agents), implementation and
deployment. The development starts with the requirements
analysis phase that consists of two steps, namely, the goal
modelling and the use case modelling. The goal modelling
starts with the definition of the main goal. In our case, it is
“Automated policy selling”. The process continues with
iterative definition of subgoals of the main goal. The goal

hierarchy is defined as a result of this step. The MASITS tool
[18] was used for practical development. In the requirements
analysis and design phases its main functionality is diagram
creation. The tool also provides a solution to consistency
checking among the models, thus ensuring that no important
parts of one model are missing in the following models. The
interface of the tool with the created goal hierarchy is given in
Figure 2. Textual description was also created for each goal.
The goal diagram together with the descriptions creates a goal
model that is the first artefact of the development process.

B MASITS Development Tool - InsuranceAuctions.idp
Eile Edit View Tools Help

=1gixl

2 |a|m

Interaction Diagram r Agent Diagrams r Holon Hierarchy r Holon Diagrams rDeponment Diagram
Goal Diagram r Use Case Diagram r Task Diagram r Use Case Map I/ Ontology Diagram

i€ lsl (O] <
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mechanism participation in participation in
automated marke automated marker,

Correct . Making bids according Automated
Finding the most
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client pre

market preparation

Fig 2. The MASITS tool with the goal diagram.

The use case model is created based on the goal model. The
model includes three actors, namely, a client, insurance
companies and monitoring institutions. There is one central
use case — policy buying that includes the following use cases:
priority input, offer preparation, choice of best offer and deal
saving. Additionally, there is one more use case for the
monitoring institutions — market monitoring. Similarly to the
goals, a description is created for each use case. This
concludes the requirements analysis phase.

The external design stage (the first part of the design phase)
is the next step in the MASITS methodology after the
requirements analysis stage. This stage of the MASITS
methodology requires the known set of agent classes. The
multi-agent system given in Figure 1 is used for this purpose.
Thus, there are three classes of agents: a client agent,
monitoring agent and company agent. The latter will have
multiple instances (denoted with company agents 1...N in Fig.
1). A particular stage of the design answers the question about
the functionalities of each agent and the interactions among
agents. The functionality of agents is specified in terms of
tasks that each particular agent has to do. The tasks assigned
to each agent are grouped into hierarchies. The following tasks
have been assigned to the client agent:

e Representation of the client in the market — the main task.

e Collecting the client’s preferences — the first-level
subtask.

e Participation in the auction — the first-level subtask and all
the tasks listed below are subtasks of this task.

e Finding the company agents. This is needed to know the
potential participants of the auction.
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e Announcement of the auction — sending the initial
information about the auction.

e Receiving and collecting offers made by company agents.

e Choice of the most suitable offer for the client.

Figure 3 shows the task hierarchy of the client agent that is an
example of task hierarchy building in the MASITS tool.

Representation of the
client in the market

Agent: ClientAgent

AN

Participation in the
auction

Collecting the client’'s
preferences

Agent ClientAgent

P

Announcement of
the auction

Agent ClientAgent

Choice of the most
suitable offer

Finding the company
agents

Receiving and
collecting offers

Agent: ClientAgent Agent: ClientAgent Agent: ClientAgent Agent ClientAgent

Fig 3. The task hierarchy of the client agent.

The company agent has the following hierarchy of tasks

assigned:

e Representation of the company in the market — the top
level task.

e Making the final contract — the first-level subtask.

e Participation in the auction — the first-level subtask. All
the tasks listed below are subtasks of this task.

e Service registration to the Directory Facilitator agent to
make the agent discoverable for the auctioneer.

e  Automated offer preparation.

e Making the bids.

The monitoring agent has only one task — market monitoring
to ensure that all the offers made comply with the rules of the
market.

After defining the hierarchy of tasks for each agent, the
interactions among agents become the central concept of the
external design. Two diagrams are created iteratively: the
messages sent among agents are added to the interaction
diagram as well as the concepts and predicates used in the
communication among agents are added to the ontology
diagram. After the end of the external design, the ontology
diagram contains a class hierarchy of the domain concepts (see
Figure 4) and predicates (see Figure 5). The hierarchies shown
in the figures are refined in the detailed design step, because
these initial versions contain only the concepts needed in the
interactions, but do not contain concepts and predicates used
only inside agents. The interaction diagram specifies all the
messages sent among agents. The messages are designed
according to the FIPA auction protocols [19], [20]. The client
agent sends the following messages to the company agent:

e Call for Proposals (CFP) message containing a predicate
NewAuction. This message invites company agents to
participate in the auction.

e Call for Proposals (CFP) message containing a predicate
NextBid that asks agents to submit next bid that has a
better utility than the previous one.

e The accept message with a predicate ChooseDeal
confirming that the user accepted the winning proposal.

Preference Deal Person Preferences

String Name
Integer Value
Integer Priority

Preferences
preferences
Person client

String name
String sumame
String persiD

Preference
PrefList

Fig. 4. Concepts defined during the interaction design.

Predicate

AN

NewAuction Bid

NextBid

Refuse

ChooseDeal
Deal LastBid

Preferences Preferences
Person client

Integer zone

Integer days

Integer AuctionType

Deal deal
string Agent

Preferences
preferences
Person client
Integer AuctionType
Integer zone
Integer days
Integer startPrice

Deal Deal
Person client
String dateFrom
String dateTo
string zone

Fig. 5. Predicates defined during the interaction design.

The company agents respond with the following messages to

the client agent:

e Propose a message containing a predicate Bid with the
offer made by the agent.

o Refuse a message stating that the agent is not willing to
make a bid.

Additionally, all the messages sent between client and
company agents are also sent to the monitoring agent making
it capable to monitor if the auction protocol and market rules
have been followed by all the participants.

The final part of the interaction diagram is interactions
between the client agent and user interface. The MAISTS
methodology designs this kind of interaction in the following
concepts: the events passed from the interface to the agent and
the interface methods invoked by the agent. The interface of
the simulation tool passes the following events to the client
agent:

e Event InputPreferences contains the client’s preferences
that have been input in the user interface and inform the
client agent that it should start the auction.

e Event ChooseDeal informs the client agent that the client
has approved the offered deal.

The only interface method that is called by the client agent is
showOffer(), which is used to show the winning offer of the
auction to the client.
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The detailed (internal) design of each agent in the MASITS
methodology answers the question, how the agent will achieve
the specified functionality and defines the components of the
agent. Agents of the same type are specified as one class of
agents. This class implements actions done by agents. The
MASITS methodology follows the JADE agent model [21] of
single thread per agent. Agent’s actions are implemented as
behaviour classes that are scheduled for the execution in the
agent’s thread.

In case of the simulation tool, all company agents are
specified as one agent class. This class implements common
functionality of the company agents and default methods for
all other actions. Common functionality of all company agents
is the following:

e Registration of services and cancellation of the
registration. The auction mechanism is open for new
company agents. This means that the client agent must
be capable to find all company agents that currently are
present in the system. The directory facilitator service
is used for this purpose. Thus, all company agents must
register their services.

e Message receiving and adding of corresponding
behaviours as well as calling the methods that
implement the corresponding actions to process them.

e Participation in new auction that includes specification of
the offer by finding the most appropriate values of risks
and making the bid according to the strategy. Separate
methods have been defined and described below for
latter two.

Still, there are actions that are executed differently from one
company to another, because the companies do these things
differently, for example, the price calculation is done
completely differently in each company. Thus, a particular
company agent is implemented as a new subclass of the
general class of company agents that redefines the methods
and/or behaviour classes for the actions that differ company by
company. Finding the best combination of risk values and
price calculation is the only method that is defined as an
abstract method and, thus, must be separately implemented in
all  subclasses. Some other actions have default
implementations and the developer can choose either to use
the default implementation of the general CompanyAgent
class or to redefine them. The actions that can be redefined are
the following:

e Method applyStrategy. This method implements agent’s
strategies for participation in auctions, i.e., knowing the
current bid and its utility for the client as well as the
minimum price that can be offered to the client, the
method calculates the price that should be included in
the bid or decides not to make any bid.

e Method findOptimalValue that finds an optimal value for
every risk. It is determined by minimizing the utility

10

decrease caused by the price increase and the difference
between the preferred and actual values of the criterion.
In other words, it returns the value that has the best
combination of criterion’s value and the cost of this
value according to the client’s priorities.

o Behaviour SaveDeal that saves the details of the deal and
gives the insurance policy to the client. Its default
implementation saves the deal in the database and
creates a document containing general information
about the insurance deal.

To summarize, if there is a need to add new agents for new
companies that are willing to come into the market, the
developer must take the following steps:

o Create a new subclass of CompanyAgent class;

e Implement the method findBestDeal that creates the
insurance offer and calculates the minimum price for
that offer;

¢ Implement the actions whose default implementations do
not fit the needs of a particular company;

o Compile the agent class and add the agent to the system.

In the implementation phase, the MASITS tool was used to
generate the Java code of the agent and behaviour classes that
implement the system in the JADE Agent Development Kit
[21]. The main task of the programmer was to implement
action methods of behaviour classes. A majority of other code
was generated. The developed tool is used for simulation
purposes and, thus, it is deployed on a single computer making
the deployment phase simple, because all agents are deployed
in a single JADE container.

V.THE DEVELOPED SIMULATION TOOL

The simulation tool for the travel insurance policy market
was implemented as a result of the agent oriented software
engineering process using the MASITS methodology. Usage
of the tool consists of the following steps:

1. Collecting the information from the client;

2. The client must select the auction type and start the
execution of the auction. The remaining process of the
auction is done automatically by agents.

3. Data output;

4. If the client is not satisfied with the offer, he/she can
change some input data and go through steps 2 and 3
again.

During the first step, the interface of the tool collects
information about the person willing to buy a travel insurance
policy and about the planned trip as well as the preferences
about price and insured risks. According to the previously
defined model, client’s preferences are collected in the form of
the preferred value and its importance. This pair of values is
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Fig. 6. The interface of the simulation tool.

collected for all the risks mentioned above. It is done in the
left half of the tool’s main form shown in Figure 6. The tool’s
user interface is in Latvian, because the Latvian insurance
market is modelled. The information about the client and
travel dates must be entered in the upper left area denoted with
1 in Figure 6. The area denoted with 2 in Figure 6 is foreseen
for input of preferred values of other criteria. The tabs in this
area split the input of criteria into groups that match the
groups of risks defined in Section Ill. Additionally, the first
tab (general) is used to input data about the destination and
importance of lower price.

Preference input example is given in Figure 7 for input of
preferences related to medicine. The left column contains the
preferred value of the preference. For example, the entered
preferred value of the first criterion “General Medical
Expenses” (“Mediciniskie izdevumi”) is 80 000 EUR. The
right column is used for input of the preference level.

Input of other 3 groups of criteria (criteria related to
aviation, sports and others) is done in the same form as the
input of medical criteria.

After inputting the data described above, the user can
choose the auction type and press the button “Atrast
piemérotako piedavajumu” to start the second step (see the
part of the interface denoted with 3 in Figure 6). The interface
passes the auction starting event together with the collected
data as parameters. The client agent does the following actions
to start the auction of the corresponding type:

1. Finds the company agents currently available at the
market. These agents will be invited to participate in
the auction.

2. Forms the predicate NewAuction that contains the
auction type (four above-mentioned auction types:
English, Dutch, First-price sealed bid and Vicrey
auctions are available) and the information received

from the interface module, namely, client data, needed
insurance policy data as well as client’s preferences.

3. Sends the Call for Proposals (CFP) message to the
available company agents, thereby starting the auction.

fGaIvenais rMedicTna rAvio rSports Cits

Cik svarigs?

Velams (1-mazsvarigs, 5-kritiskis)

Mediciniskie izdevumi:  |80000

Repariacija: 10000

Med. evakuacija: 50000

Zobarstnieciba:

Nelaimes gadijumi:

i
el

Fig. 7. Preference input of the category “Medicine”.

After receiving the CFP message all company agents find
deals that most of all fit the client’s needs and comply with the
business strategy of the corresponding insurance company.
Additionally, the minimum price that is satisfactory for the
company is calculated. The preference values together with
the calculated price form the marginal deal for the company
agent. The utility of the marginal deal is the company agent’s
private evaluation of the auction subject. After finding the
marginal deal, the agent is ready to participate in the auction
according to its strategy. The default strategy implemented in
the simulation tool depending on the auction type is the
following:
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e In the English auction upon receiving CFP or message
with other agent’s bid, the agent should make a bid if its
private evaluation is better than the current best bid.
According to the dominant strategy, the bid should be
slightly better than the current best bid, but it is not
evident how much better. In the current implementation,
the price is calculated in two steps. First, the price that
together with optimal values of all criteria would result in
the same utility for the client as the current best bid has is
calculated by applying (2). Second, the price is reduced
by 5% to make the deal slightly better for the client.

e According to [10], there is no dominant strategy in the
Dutch auction. Currently, the default strategy
implementation is the following. In response to the
received message with a current price, the agent checks if
the deal is good enough to accept. Firstly, it finds the
utility of the deal if the price in the marginal deal is
increased by 10%. Secondly, it compares, if such a deal
has at least the same utility as the current offer by the
auctioneer. If it has, the company agent accepts the
proposal by finding the price of the marginal bid that
gives the same utility as the current offer by the
auctioneer.

o In the first-price sealed bid auctions, the company agent
increases the price of the marginal bid by 10% and
submits it. This number similarly to the price increase in
the English and Dutch auctions is empirically determined
and appeared to be suitable for a particular auction
protocol.

e In the Vicrey auctions, truth telling is the dominant
strategy. Thus, the agent submits its marginal bid.

As described above, the strategy module is one of the
components of the company agents that can be changed if the
designer of the agent wishes to do so.

When the termination condition of the auction is reached,
the data output step (Step 3) starts and the client agent finds
the winner according to the rules of a particular auction. The
winning proposal is displayed in the right side of the user
interface (marked with 4 in Figure 6). The following data are
displayed:

e The name of the insurance company whose agent won the

auction;

e The price;

e Information about the client (hame, surname, personal
ID);

e Information about the planned trip (the destination and
dates);

e All the insured risks and the values of maximal liability
that can be paid out in case of the corresponding risk
comes true. The risks that are not insured are excluded
from the list.

Alternatively, if no bids are received from company agents
(there is no agent willing to propose the deal with the
corresponding characteristics), there is no winner and the
corresponding message box is displayed.

After the end of data output step, the user can start Step 4.
He/she can accept the winning proposal or reject it. If the user

12

accepts it, he/she has to press the button “Noslégt ligumu”. In
that case, the interface passes the confirmation to the client
agent that sends the corresponding message to the company
agent that issues a policy and opens it in a new RTF
document. On the other hand, if the client is not satisfied with
the result of the auction, he/she can change the preferred
values and/or the auction type and start a new auction, i.e., the
next iteration that consists of the same steps as the first
iteration.

VI. CONCLUSIONS AND FUTURE WORK

Insurance domain specific multi-attribute deal evaluation
model has been proposed and implemented in the simulation
tool. The implemented tool demonstrates two things. Firstly, it
validates the use of auction protocols together with domain
specific multi-criteria offer evaluation methods. It has proved
that the combination of domain specific model and one of the
traditional auction protocols gives a sufficient and at the same
time simple automated interaction protocol to automate the
interactions in an electronic marketplace. The term
“simplicity” here is used to point out the easiness for the
participants to find the strategy in the interaction protocol. The
auction protocols either have a clear dominant strategy
(Vicrey auction in particular) or it is obvious what an agent
should do and only the numbers (for example, price increase
in the English auction) may vary. Secondly, it demonstrates
the possibility of automating interactions between insurance
companies and their clients in the travel insurance policy
market. The tool would allow simulation of the situation if the
automated interaction mechanisms were deployed in the real
market. The developed tool shows the possibility of
implementing automated interaction mechanisms with
multiple companies and also manifests the potential of
autonomous agents to save the time and workload of clients
and insurance company employees. It also supports studies
that determine which auctions give better results for clients
and which give better results for companies.

The accomplished research has also achieved its secondary
objective — it has served as a case study for the MASITS
methodology and MASITS tool, thus testing the possible
usage of the methodology in a new area. The development
process of the simulation tool has shown that the methodology
is sufficient for the auction based system development. The
only significant limitation is the interaction design level of the
MASITS methodology, where it is not possible to design the
sequence of messages or interaction protocols. The main
conclusion is that the methodology can be successfully used
for other types of systems not only restricted to intelligent
tutoring systems, in cases the system meets the following
requirements:

e A set of agents must be known before the development
process.

e The interaction design at the level of sent messages must
be sufficient.

This leads to the new tasks of the future work — related to
the extension of the MASITS methodology to fit the needs of
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systems that do not comply with above-mentioned limitations.

The following main tasks must be fulfilled:

e Introduction of agent definition mechanisms to define the
agent classes in case they are not known at the beginning
of the design process.

e Extension of interaction design mechanisms to support
the interaction protocol design.

The second direction of future work is to carry out the
experiments using the developed simulation tool in order to
find which auction protocol leads to better deals for clients. It
is also planned to develop new strategies for auction
participants and to investigate which strategy gives better
results for insurance companies in the auctions that have no
theoretical dominant strategies.
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