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Abstract. The paper is focused on the detailed overview of the part of the
virtual economy project (VEP) which is developed within the research program
at the University of Hradec Kralove. The introduction is mainly about the
principles of the multi-agent system and how the economic methods could be
developed by this approach and related works. The VEP project is described to
better understanding the author’s motivation and continuity for the previous
research. The practical part is focused to explain how exactly these principles
are used in the VEP project (what methods and technologies were used, or what
influences were not been taken into account). The paper provides the graphical
samples of the labor market behavior displayed as sequences of the steps by
state diagrams. For the verification of the right behavior of the labor market
implementation, some tests were performed and the results were analyzed. The
summarization of the measured results with the relation for the future research
is described at the end of the paper.
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1 Introduction

The agent-based computational economies represent a bottom-up approach for
developing economic systems, where is desired behavior achieved through the
interaction of its individual components — agents [6]. In this paper, the main attention
is focused on an overview of the labor market in an agent-based economic sandbox
environment, currently under development at the Faculty of Informatics and
Management of the University of Hradec Kralove.

1.1 Economy in Multi-Agent systems

The economic influence is the important part of the most of the models (agent-based,
mathematics, evolutionary, experts...) [5] which is trying to simulate the behavior of
the real world.

The popular area of the modeling economy in the virtual environment is Agent-
based computational economics (ACE). Much of existing literature indicates that
ACE is a powerful tool for the ex-ante analysis of market power, and consequently for



policymakers when evaluating structural changes and market policies. The area
describes the individual economic subjects (i.e. labor market, consumer, provider...)
as separate agents which can interact with each other according to its goals [4].

Gehrke in [3] explains the logistics as an important economic integral part of
internal business processes which is crucial for efficient supply chain management
and smooth business operation.

The Virtual Economy Project (VEP) is based on the principles of Agent-based
computational economics.

2 Virtual Economy Project

The model described in this paper is a part of agent-based computational economics
project “Virtual Economy Project” (VEP) which is primarily focused on the effective
distribution of all types of products throughout the model [1].

The economic model does not aspire to be an all-inclusive real-world simulation.
Some areas important for real-world economies have been deliberatively omitted, like
currency markets, stock market trading, many financial services, etc., in order to keep
model viable and comprehensible. Although some level of abstraction was necessary,
there has been on the other hand shown a considerable effort to utilize real statistical
data (from sources like Czech Statistical Office, see www.czso.cz webpage) as much
as it has been relevant and useful for the functions of the model. Also, although
simplified for the same reasons as mentioned above, official classifications were used
to classify model components/activities plausibly (e.g. CZ-NACE classification of
economic activities or RAMON — Eurostat’s Classification Servers). This helped to
clarify the model while maintaining a reasonable level of detail at the same time [8].

The model is developed on Anylogic developer tool which runs on the JAVA
platform. There are several agents which represent economic entities:

Table 1. Agent’s overview of the Virtual Economy Project.

Agent Description of behavior Number of agents in model
Mine (MA) Mining materials, distribute materials 200 — 2000
Ordering inputs, producing and distribute

Factory (FA) products to FA, SA 500 — 5000
Store (SA) Ordering products, selling products to CA 50 — 1000
Consumer (CA)  Consume products, represent workforce 1000 — 500 000
Transport (TA) Transport CA or products 50 - 10000
Company (CoA) g(v;gnll/iloAn, FA, SA or TA. Planning company 1-100

Broker (BA) Manage markets — products, services, and labor 1 per city

City (CiA) Area unit. Represent city and its services. 1-100

In the model, the indirect communication is used. This approach is used in trading
with products or workforce. In principle, the agent needs to distribute the product



which was produced on the wholesale market. The order must be created in the
standard form: name of product, amount, price and seller. This order is sent to
facilitation agent Broker which decide what will be done next (add order on the
wholesale or retail market) [7]. The principle of the communication is described in the
picture below.

v v @

MineAgent StoreAgent FactorvAgent

l

Retail market database Wholesale market database

Fig. 1. The principle of indirect communication in the Virtual Economy Project.
The labor market will be implemented by the same principle as product markets.

Before the implementation, the several questions need to be analyzed to choose the
most appropriate option.

3 Implementation ways of the labor market

To implement the ways how the companies would hire the employees the main
attributes of the consumer agents had to be defined:

Table 2. Consumer agent’s attributes relating to the labor market.

Attribute Description
Age Only CA in productive age (15 — 65) should be employed
Specialization CA prefers the workplace with its specialization.

City CA prefers the workplace which is near to its permanent residence

The next important attribute for labor market area could be e.g. efficiency which
could be calculated from attributes like experiences, education and if the CA works in
its specialization field. This attribute is scheduled to be added to the future version of
the VEP project.



Table 3. Workplace attributes relating to the labor market.

Attribute Description

Salary Salary for the specific workplace

CA with the relevant specialization to the workplace will have a better chance
to be employed than CA with other specialization.

City CA prefers the workplace which is near to its permanent residence.

Specialization

The companies prefer the employees in the relevant specialization — simple behavior
of the hiring. Consumers prefer the workplace in its specialization field, near to its
permanent residence and on the amount of the salary.

3.1 Datasets of the VEP relates with Labor market

The important part of the project is the verification of the appropriate datasets. The
main statistics in the model are provided by the Czech Statistical Office [2].
The age of the consumers is calculated by the average values of the age limits:

Table 4. Age limits in the VEP project

Age limit  Age group name % Consumers (CZ)

1-14 Child 15
15-65 Adult 65
66 + Retired 20

The dispersion of the consumers by age is done at the start of the model by the simple
function, where for each of the consumer agent the age is randomly calculated by the
percent probability from the Table 4:

At first, the value from the random generator is used to determine to which age
group the CA belongs (1 — 15 = Child, 16 — 80 = Adult, 81 — 100 = Retired). Then the
age is set at the appropriate interval.

The next datasets based on the real data in VEP are e.g. gender distribution, the
population of the specific cities or location of the cities on GIS map.

4 Experiments

For the verification of the right behavior of the age distribution and the relating hiring
procedure, the simple experiments were performed.

4.1  Age distribution experiment

The purpose of this experiment was to ensure that the all of the age groups have the
similar distribution as in the real. The experiment was performed on the total
population of the 4 cities (which parameters were based on the real data) from the



Hradec Kralove region. These cities (Hradec Kralove, Trebechovice pod Orebem,
Chlumec nad Cidlinou and Jaromer) have totally 116502 people (consumers). The
results of the distribution from the 10 runs of the model are following:

Table 5. Age distribution in the VEP

Run Childs Childs ratio  Adults  Adultsratio  Retired Retired ratio

1 17501 0,15 75675 0,65 23326 0,20
2 17447 0,15 76181 0,65 22874 0,20
3 17416 0,15 75866 0,65 23220 0,20
4 17493 0,15 75746 0,65 23263 0,20
5 17535 0,15 75561 0,65 23406 0,20
6 17504 0,15 75881 0,65 23117 0,20
7 17316 0,15 75746 0,65 23440 0,20
8 17321 0,15 75790 0,65 23391 0,20
9 17525 0,15 75775 0,65 23202 0,20
10 17469 0,15 75729 0,65 23304 0,20

From these results, it is clear that the age distribution function works properly in the
VEP model. It was important to verify to get the right count of the consumers which
could be used as the employees within the labor market area.

4.2 Hiring management experiment

This simple experiment verifies that the preferences of the companies (described in
chapter three) are applied properly. The consumer’s decision making will be more
complex and will be used in the future research. For the test this companies and
consumers were available:

Table 6. Companies in the VEP model within the hiring experiment

Company  Specialization City
Hradec
Butchery_1 1 Kralove
Butchery 2 1 Jaromer
. Hradec
Accounting_1 2 Kralove
Accounting_2 2 Jaromer

The companies are looking for the employees with the same specialization and the
location of the consumer and company is not important for them. Within this strategy
the results after applying hiring process in the model run were different.



Table 7. Consumers in the VEP model within the hiring experiment

Consumer  Specialization City
Consumer_1 1 Hradec Kralove
Consumer _2 1 Jaromer
Consumer 3 Chlumec nad

- 2 Cidlinou

Once the Consumer_1 was hired by Butchery 1, in the next run by Butchery 2 etc. In
the main attribute, the results were always the same — specialization of the consumer
was equal to the specialization of the company. It was not possible to hire e.g.
Consumer_1 with specialization 1 by company Accounting_1 with specialization 2.

5 Conclusion

Presented simulations showed potential for testing more complex labor market
behavior patterns in such virtual environments. The experiments were focused to
verify if the standard and expected behavior work properly to start to implement
complex algorithms. Future proceeding in the simulation will be focused on whole
labor market process and its impact on the other areas (producing, transporting,
trading...). Together with the involvement of more market participants, this is
intended for the future work.
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