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Abstract— Multi-Agent System (MAS) is a proven approach that 

permits to solve large and complex social problems. Due to 

heterogeneous nature of agents and various variables, many 

population dynamics problems are difficult to be addressed 

properly with traditional micro-simulation methodologies. This 

research work focus the designing of match making and fertility 

modules of population dynamics. In our model agents interacting 

with other agents and environment to find a life partner and then 

take decision about childbirth. The agent’s age and socio-

economics (referred to as education and income level) conditions 

are the key factors while taking decisions about family formation 

and childbirth. Using belief, desires and intensions (BDI) 

architecture, we explicitly take into account the agent’s 

heterogeneity with respect to age and income level.  Designing a 

conceptual multi-agent model, we are trying to explore how 

changes in agent’s desires and intensions might be transmitted 

through a population to effect the overall perception while taking 

decision about life partner and childbirth.  The implementation of 

our model will give more substantial evidence about how and why 

these attributes can influence the evolution of family formation and 

childbirth in Korea. 
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I. INTRODUCTION 

The economics crises and job insecurity affected the marriages 

and fertility dynamics in Korea over the past decades. It is very 

clear that delaying marriages influences population growth 

directly. In 1970, 88% of women aged 25-29 in South Korea 

were married; in 2005 only 40 percent of women in that age 

group had [1]. Before tying the knot with their ideal partners, 

they want to achieve career goals, economic stability and more 

education [2]. Mean age at first marriage for women rose from 

24.1 years in 1985 to 28.1 years in 2007. According to the 

Korea institute for health and social affairs (KiHASA), the rate 

of unmarried women aged between 25 and 29, which is 

generally known here as “optimum marriage age” jumped to 

59.1 percent in 2005 from 11.8 percent in 1975 as shown in 

figure.1 [2]. Similarly The TFR (total fertility rate) continued 

to decline, reaching the lowest level of 1.076 in 2005, but has 

rebounded to 1.297 in 2012 [3]. According to KOSIS-2014, 

Fertility in Korea did not decline until the early 1960s, and 

during that period the total fertility rate (TFR) remained at 

around 6.0 or above a shown in figure.2. The decision about the 

timing of marriage and childbirth has been studied from various 

perspectives. Psychologists and economists have focused on 

studying and modeling the process of partner search; micro–

level assumptions have usually been at the heart of this approach 

[4]. Recently, MAS based modeling has been considered as 

convenient approach to develop models for macro-level 

marriage and childbirth patterns while generating from micro-

level assumptions.   

 
MAS is a collection of heterogeneous and diverse intelligent 
agents that interact with each other and their environment. The 
interaction can be co-operative where agents try to accomplish 
a goal as a team, or competitive where each individual agent 
tries to maximize their own benefit at the expense of others [5]. 
We present a BDI based multi-agent model to simulate the 
evolution of match making and childbirth decision based on 
agent’s age and socio-economic status. The issue of the age and 
income level is put into perspective in the context of women 
decisions about marriage and childbirth to study the mechanism 
that create inter-dependencies among various social 
characteristics.  

Our model based on hypothesis that economic crises and labor 
market insecurity are the two main factors that effecting the 
decisions about marriages and childbirth. MAS modeling offers 
an alternative where we can observe the aggregate effects of 
decentralized decision making. Our model is trying to 
investigate those features that may affect the relationship among 
women’s age, and income level. 

The MAS based modeling identify the causes of how individual 
decision making effected the macro-level population. Using 
MAS based modeling in population dynamics, it is possible to 
design women agent to be both autonomous and heterogeneous 
in their decision making about when and how to take decision 
about their family formation and childbirth. Individual micro 
behavior results in a macro outcome that could feedback to the 
individual decisions. Likewise, micro-macro inter-dependency 
could be obtained, that can’t be modeled in a traditional micro-
simulation [6]. 
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Figure 1. The rate of unmarried women aged between 25 & 29 

Source: Korea institute for health and social affairs, 2010 

II. BACKGROUND 

The literature addressed the impacts of socio-economic status on 

match making decisions in various aspects. Individual 

preferences of different characteristics in spouse may also 

contribute to the probability of marriage [7]. Women’s 

economic participation increases opportunity cost, because 

working women have more things to lose upon marriage and 

bearing childbirth than non-working women do. When a woman 

leaves the labor market for marriage or childbirth, she is faced 

with human capital degradation, earnings reduction, and other 

job-related losses [8]. Women with higher educational 

achievement, higher occupational positions or higher wages 

may face higher opportunity costs. These women’s closer 

attachment to the labor market reduces their propensity to get 

married.  

Since 1990s, marriage and childbirth are no longer women’s 

universal duties [9].  However, majority of previous research are 

using traditional analytical and statistical techniques. Traditional 

microsimulation models building on estimated micro relations 

have pretty much come to a point where severe problems have 

risen concerning their ability to actually improve our 

understanding of behavioral mechanisms and their 

repercussions on the economy at large [6], [10]. The problem of 

addressing the late marriages is not simply a matter of predicting 

that it leads to low fertility, but addressing ‘why’, which 

inherently rests on individual choices that cause macro-level 

consequences. In our model, we are assuming that in today life 

the economic crises and labor market insecurity have great 

impact on marriages and childbirth decisions. MAS based 

modeling offers an alternative way where we can observe the 

aggregate effects of decentralized decision making. 

 

III. MULTI-AGENT BASED SIMULATION 

A multi-agent system composed of multiple interacting 

intelligent agents within an environment. Multi-agent systems 

can be used to solve problems that are difficult or impossible for 

an individual agent or a monolithic system to solve. Intelligence 

may include some method, functional, procedural or algorithmic 

search, find and processing approach. Multi-agent systems 

consist of agents and their environment. The agents in a multi-

agent system could equally well be robots, humans or human 

teams. A multi-agent system may contain combined human-

agent teams. Environment also can be divided into virtual 

environment, discrete environment, and continuous 

environment [11].  

 
Figure 2. Total fertility rates and the number of births in South Korea,   

1970–2010 
Source. Statistics Korea (2014) 

 

 

Each agent has set of rules through which it interacts with the 

others agents and the simulated environment. Agents can access 

information (sometimes in light of past experiences) and make 

new decisions (signifies link to artificial intelligence). An agent 

is social, interacting with other agents. Agents have protocols 

or mechanisms that describe how they interact with other agents, 

just as an agent has behaviors. Common agent interaction 

protocols include contention for space and collision avoidance; 

agent recognition; communication and information exchange; 

influence; and other domain-or application-specific 

mechanisms as shown in figure.3 [12]. Another point of 

clarification concerns the term “simulation” Agent-based 

simulation refers to a model in which the dynamic processes of 

agent interaction are simulated repeatedly over time, as in 

systems dynamics, time-stepped, discrete-event, and other 

types of simulation [12].  

 
Figure 3. A typical agent behavior 

Source. Agent-based modeling and simulation (M.C.Macal, M.J.North)  

 

 

 

 

 

 

437ISBN 978-89-968650-4-9 July 1-3, 2015  ICACT2015

http://en.wikipedia.org/wiki/Intelligent_agent
http://en.wikipedia.org/wiki/Monolithic_system
http://en.wikipedia.org/wiki/Scientific_method
http://en.wikipedia.org/wiki/Function_(computer_science)
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Search_algorithm
http://en.wikipedia.org/wiki/Finding
http://en.wikipedia.org/wiki/Computer_data_processing


A. Multi-Agent system with BDI Architecture 

Multi-agent systems consist of agents and their environment. 

The agents in a multi-agent system could equally be robots, 

humans or human teams. A multi-agent system may contain 

combined human-agent or teams. Environment also can be 

divided into virtual environment, discrete environment, and 

continuous environment [13]. In BDI architectures, decision-

making reflects the practical reasoning that we each carry out 

every day in furtherance of our goals. The basic components of 

BDI architecture are data structures representing the beliefs, 

desires, and intentions of the agent [14] shown in figure 3. The 

Beliefs refer to a set of information that agent has about itself 

and the environment which may be true/false. This forms 

informational state of the agent. Desires represent a set of high 

level objectives and goals that the agent is trying to achieve. 

Desires must be realistic and not conflict with each other. The 

intentions refer to the agent’s deliberative state in which the 

detailed sequences of actions, or plans, made to the 

environment and other cooperating agents through actuators 

[14], [15]. 

 

 
Figure 4. Intelligent Agent interacting with its environment (Naji, et al. 2004) 

 

IV. BDI BASED CONCEPTUAL MODEL 

Our conceptual models are designed using BDI architecture. 

One of the best-known approaches to the development of 

cognitive agents is the BDI (beliefs-desires-intentions) 

architecture [16]. Before the simulation begins, a starting 

population of N agents needs to be created using any BDI 

development tools like JASON Agent speak, JACK, JADE etc. 

In order to lessen the complexity of marriage, our model 

considering only women agents while taking decision for match 

making and childbirth. All agents have globally accepted age 

of marriage and childbirth that starting between 16 and 45 that 

can be assigned randomly or based on some initial census data. 

Additionally, in order to reduce the complexity of model, we 

are assuming that during model simulation agents live in a 

world where no agent dies before the age of 45, each agent is 

unmarried, considering her first marriage i.e. no divorced 

woman, partner will not be in her kinship and considering her 

first childbirth. As soon as the agent reaches the maximum age 

of 45 years, it is discarded from the simulation, since her age is 

over for marriage and childbirth. Income level are randomly 

assigned based on her education level in order to take decision 

for marriage and childbirth. The difference in both partners age 

would not be more than five years. Once the woman give birth 

to a child, her fertile period disable for next year. The woman 

can also set her desired number of children, which may be 

achieved or not. The agent’s various characteristics indicating 

their behaviours are shown in table 1. 

During simulation, agents would be wander around the 

bounded space, representing a small geographic area, and 

search for a potential partner based on age and income level. 

While taking decision for marriage, the potential partners 

calculate their disposable income after deducting living 

expenditure and taxes in order to determine if there is enough 

left over to financially support a household life.  Using a yearly 

time scale, each agents grow one year older within one 

simulation step. The simulation automatically stops if the 

population reaches to zero or if 100 years passed. Based on 

agent’s age and combined income, the agents determine 

whether or not to go for marriage.   

Table 1. Agent characteristics for model designing 
Agent’s 

variables 

Values Descriptions 

Age 16 – 45 years Indicates the agent’s age, 

considering only eligible 

agents 

Marital-

status 

Single Both male and female agents 

would be single 

Childbirth First Considering the first 

childbirth of the marriage 

Desired 

number of 

children 

4 Any agent can set her desired 

children up to four 

Gender female Shows agent’s sex 

Age lower 

bound 

16 years Agent’s minimum age to be 

eligible for marriage 

Age upper 

bound 

45 years Agent’s maximum age to be 

eligible for marriage 

Education 

level 

 School 

 College 

 University 

Indicates agent’s education 

levels 

 
Using BDI architecture, the agent’s behavior is represented in 
the form of beliefs. The agents first make desires for a potential 
life partner and childbirth. First, in order to fulfill her goals and 
objectives regarding life partner, the agent making plan and 
searching for suitable partner based on age and income. After 
get married, the woman updated her belief and making plan for 
childbirth. Fixed sizes with various static and dynamics 
attributes are generated. Our model’s beliefs, desires and 
intensions sample set are shown in figure 3. 
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Figure 5. BDI architecture of matchmaking model and childbirth 

 

Based on those beliefs the agents generate their desires for a 
potential life partner and childbirth decision. The agents make 
intensions and plans based on set desires. The beliefs, desires 
and intensions are continuously keep updating based on 
interactions with other agents and environment as in figure 4 and 
5.  Unlike real environment, during simulation each agent would 
marry the very first partner encountered who is acceptable with 
respect to agent already set desires in terms of age and income 
level. During simulation the probability for agents to marry 
increases with time. Because of this increase most agents who 
find an appropriate mate don’t remain single for more than one 
year. Every agent who finds an acceptable mate gets married 
with probability 𝑝m shown in equation (1) [17]. 

Before taking decision for marriage, every agent calculate her 
disposable income for household life using equation (2) and (3). 
As long as the income level has not achieved, the agent delaying 
their marriage for indefinite time. The agent’s household 
income, expenditure and tax are taken from KOSIS (2014) 
statistics (KOSIS 2014). The equation (1) calculating the 
probability based on agent's age.  The probability is based on 
agent’s current age, minimum acceptable and maximum 
acceptable age for marriage equation (2) calculates the 
household disposable income of the agent before taking decision 
for marriage.  

The disposable income would be the remaining income after 
deducting all kind of expenditures and tax from the regular 
income. The disposable income must be greater or equal to the 
median income of the overall population using equation (3). 
Poor economic conditions at marriageable age with respect to 
income make potential partners postpone the agent’s desire for 
marriage with the hope to attain better economic condition in 
future. The better economic condition might be achieved after 
obtaining high education level that would enabled them to meet 

with already set desires. On the other hand to achieve high level 
education and job search takes valuable time that eventually 
delaying their marriages.  

 

 
Figure 6. BDI based model flow chart for searching partner 

 

In childbirth model, the fertile period of an agent is from 16 to 
45 years. We assume that only married women can give birth to 
child mean there is no cohabiting state in the context of Korea, 
every married woman is fertile, all mothers are real, the time 
spent between the childbirth and actual conception is ignored, 
the minimum childbirth space is one year, childbirth could be 
either single or twin and each woman agent has an expecting 
number desired children, but may not have as many children as 
expected due to the family economic outcome or other social 
factors. Before taking decision for childbirth, every agent 
calculate their combined household income using equation (4) 
and (5).  As long as the income level has not been achieved, the 
agent delaying their childbirth for indefinite time. The income 
level is calculated by subtracting household expenditure, new 
child expenses and regular tax from the household income. The 
household income must be greater than the median level income 
of the overall population. The agent’s household income, 
household expenditure, child expenses and tax are taken from 
KOSIS (2014) statistics (KOSIS 2014). Table 2 below describe 
all parameters that are using in equation (1), (2), (3), (4) and (5).  
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Figure 7. BDI based flow chart for childbirth 

 

Table 2. Numerical parameters and their descriptions 
Numerical 
Parameters 

Descriptions 

N Initial population size, N= 3000. N agents 

described by randomly chosen 

characteristics are created. On the basis 

of starting population, the evolution of 

the population is simulated. 

a Agent’s current age 

l Agent’s lower age limit.  

u Agent’s upper age limit.  

pm Probability that an individual who has 

found an acceptable partner 

Pm0  Probability of marriage in the first year, 

in our simulation it will be 20% (0.20) 

Ii,t Agent’s disposable income during 

match-making 

Hi,t Agent’s disposable income during 

childbirth decision 

Ci,t Household income  

Pi,t Household expenditure 

Di,t Child expenditure 

Ti,t Regular tax to be paid 

Mi,t  Median income, this is considered as 

minimum income for affording married 

household expenses. 

V. CONCLUSION AND SUMMARY 

The MAS based models regarding population dynamics are 

important topics in the contemporary world society especially 

when many countries are facing problems like delay marriages 

and low fertility. There are a number of challenges faced by 

scientists in study and analyzing these trends, changes, 

transitions. The study proposed a conceptual MAS based model 

to represent the match making and childbirth module of 

population dynamics in Korea. Nowadays, young generations 

are intending toward late marriages and couples delaying their 

childbirth, because of mainly financial position and job 

insecurity. Our model assuming that socio-economic status of 

the people contributing toward late marriages and delay 

childbirth. The purpose of our model is to find: how the choices 

of each individual effect the overall population dynamics of 

Korea and how these choices contributing toward the late 

marriages and delay childbirth trends. Our model addressing 

‘why’, which inherently rests on individual choices that causes 

macro-level consequences. The model will continue to be 

explored in order to reach the tipping point where some 

combination of policies could be enacted to turn the match 

making and childbirth decision making. Additionally, in future 

we are in the processes to implement our conceptual model and 

analyse the results. Based on analysis of our result, we are 

intending to design our model for large scale system, so that we 

may expect more authentic results from our model. 

Additionally, social networks and migration factors would add 

significantly to the applicability of this model to Korean’s 

policy makers struggle towards delay marriages and decline in 

fertility. 

 

ACKNOWLEDGEMENT 

The work is supported by the Korea ICT R&D program of 

MSIP/IITP (10047117, Development of Distributed/Parallel 

Multi-Dimensional Demographic Micro Simulation 

Technologies for Population Dynamics and Socio-Economic 

Experimentation). The authors also extend their thanks to the 

whole social simulation team for their constant advice during the 

development of the work. 

 

REFERENCES 

[1] Westley, Sidney B.,K.C.Minja, and R.D.Retherford, “Very low fertility 

in Asia: Is there a problem? Can it be solved?” .2010 
[2] M.Y.Kwon, “More women in late 20s avoid marriage”, Korea Times, 

2010 

[3] KOSIS (Korea statistical Information services), 2012 
[4] F.C.Billari, et al.,” The “Wedding-Ring”: An agent-based marriage 

model based on social interaction”, Demographic Research, Volume 17: 

59, 2008 
[5] Siebers, Peer-Olaf, and Uwe Aickelin. "Introduction to multi-agent 

simulation." arXiv preprint arXiv: 0803.3905, 2008. 

440ISBN 978-89-968650-4-9 July 1-3, 2015  ICACT2015



[6] J.Žamac, H.Daniel, and L.Thomas, “Low fertility and long-run growth 

in an economy with a large public sector”, European Journal of 

Population/Revue européenne de Démographie, 183-205, 2010. 

[7] M.Kalmijn, “Status homogamy in the United States”, American journal 
of Sociology, 496-523, 1991. 

[8] S.G.Becker, “An economic analysis of fertility. Demographic and 

economic change in developed countries”, Columbia University Press, 
209-240, 1960. 

[9] S.S.Lee, “Low fertility and policy responses in Korea”, The Japanese 

Journal of Population 7.1: 57-70, 2009. 
[10] N.A.Klevmarken, “Statistical inference in micro-simulation models: 

incorporating external information”, Mathematics and computers in 

simulation 59.1: 255-265, 2002.  
[11] F.C.Billari, Alexia Prskawets, “Agent-based computational 

Demography”, Using Simulation to Improve Our Understanding of 

Demographic Behaviour, Website. http://www.springer.com/gp/book/ 
9783790815504, 2003. 

[12] C.M.Macal, & M.J.North, “Agent-based modeling and simulation”, in 

winter simulation conference (pp. 86-98). Winter Simulation 
Conference, 2009. 

[13] F.C.Billari, A.Prskawetz, “Agent–Based Computational Demography: 

Using Simulation to Improve our Understanding of Demographic 

Behavior”. Heidelberg: Physica Verlag, 2003. 

[14] H.R.Naji, B.R.Wells,E.Letha, “Creating an adaptive embedded system 
by applying multi-agent techniques to reconfigurable hardware", Future 

Generation Computer Systems 20.6:1055-1081, 2004. 

[15] G.Weiss, “Multiagent systems: a modern approach to distributed 
artificial intelligence”, MIT press, 1999. 

[16] R.H.Bordini, & Bordini, H.Rafael, and F.H.Jomi, “A Java-based 

interpreter for an extended version of AgentSpeak”, University of 
Durham, Universidade Regional de Blumenau, 2007. 

[17] Diaz, A.Belinda, F.Thomas, “An agent-based simulation model of age-

at-marriage norms. Agent-Based Computational Modelling”, Physica-
Verlag HD. 85-116, 2006. 

441ISBN 978-89-968650-4-9 July 1-3, 2015  ICACT2015

http://www.springer.com/gp/book/



