
The SILAS-model: Simulating demographic behavior in an
agent-based model

Stefan Scholz1, Manuel Batram2, and Wolfgang Greiner1

1Dept. of Public Health, Bielefeld University
2Dept. of Business Administration & Economics, Bielefeld University

Introduction

Agent-based models (ABM) simulate decision-making and
interacting entities as autonomous software agents. Hence,
ABM is a method of interest to answer a variety of re-
search questions in the field of health economics, ranging
from classical modeling for health technology assessment
to assessment of policy impact on social security systems.
Independent of the research question at hand, a realistic de-
piction of all relevant population characteristics in the agent
population is the basis for retrieving valid answers. In many
cases, this involves demographic characteristics, i.e. age
and sex, which can be drawn from offical data sources. But
parameters of demographic behavior of a society, such as
fertility and mortality, are not always at hand on a macro-
level (e.g. contraception).

The present paper decribes methods and results of the
implementation of a self-reproducing agent population in
which fertility is governed by sexual contacts and contra-
ception. The results are validated against total and age-
specific fertility rates in the German population.

Demographic related behavior

The SILAS-model is implemented in the FLAME-
framework (Software Engineering Group, 2014), which is
using the X-machine framework to operationalize agent
behavior and interaction (Coakley/Smallwood/Holcombe,
2006). Each agent has a set of 21 memory variables (e.g.
age, sex, sexual orientation and relationship status) with
its individual value sets. Agents in the starting population
are intialised with their memory variables being representa-
tive for the general German population. In addition, age-,
sex- and sexual orientation-specific relationship rates and
according age differences between the partners are applied.
Within each model iteration (one day) agents run through
the model according to the model flow depicted in figure 1.

In the first period of the iteration, agents update their
memory variables independent of interactions with other
agents if they are alive. For example, the day of pregnancy
is increased, the age is incremented if the iteration matches
the agent’s birthday or methods of contraception are cho-
sen. Also, at this point in time, agents determine wether
they die on the next day, in which case they get removed
from the agent population.

The second period of time serves for intention-building
and communication of these intentions. Thereby, the inten-
tion for a new relationship is communicated to a helping
"stat-agent" and break-up intentions are directly communi-
cated to the partner. The "stat-agent" collects all agents with
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Figure 1: General, daily model-flow of the SILAS model: Cir-
cles denote the different states of the agents, squares
denote functions, green lines denote messages sent and
black lines denote the flow of agents through the model.
The flow on the left depicts the statistical agent, the right
side the person agents.

the intention for a new partner, matches these agents accord-
ing to age and sexual orientation and communicates the re-
sult back to the agents in the next period. This approach was
chosen for computational reasons to avoid redundand read-
ings of the messageboard by all agents. All relationship-
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related memory variables are updated in the relationship-
function and sexual intentions are realized in relationships
or communicated by singles. Unfaithful behavior is possi-
ble, whereas a non-single agent behaves like a single agent.

In the final period single or unfaithful agents are noti-
fied, whether a sexual contact was realized and if it lead to
pregnancy considering individual fertility periods of female
agents. Again, all related memory variables will be updated.
The actual birth (i.e. the creation of a new agent) is realized
in the first period under the consideration of age-specific
rates of induced and spontaneuous abortions. (Nybo An-
dersen et al., 2000; Federal Statistical Office, 2014)

The agent behavior (interaction and memory updating) is
modeled stochastically and is estimated using data of the
German federal statistics office, the Robert Koch-Institute
(Robert Koch Institute, 2014), the PAIRFAM panel dataset
(Nauck et al., 2014; Huinink et al., 2011), and published
literature. Thereby, all distribution-parameters of agent-
functions or behavior rules (e.g. mean and variance of a
normal distribution) have been estimated in dependence on
the agent-memory variables using generalized additive and
linear models. For example, all four parameters of the zero-
one-inflated-beta distribution, which is used to model all
probabilities in the model (e.g. probability of a sexual con-
tact), have been estimated conditional on age, sexual ori-
entation, pregnancy, length of relationship, etc. Agents use
the resulting coefficients to calculate their individual, con-
ditional probability distributions and sample their daily be-
havior from those distributions. A multinomial logit-model
was estimated for contraception-use of the agents. Contra-
ception options include no contraception, condoms, birth
control pill or both of the latter. All parameters of the
according distributions are estimated using the GAMLSS-
package (Rigby/Stasinopoulos, 2005) or mlogit-package
(Henningsen/Toomet, 2011) for R (R Core Team, 2014).

The possibility of computational parallelization in the
FLAME-framework as well as in the software tool pro-
grammed for the creation of the starting population allows
for acceptable run-times for large populations of 1 million
agents (∼ 8 minutes on a standard-workstation).

Concluding Remarks
The demographic model described above produces valid re-
sults if the number of children per women is compared to
the total fertility rate in Germany. Hereby, the bottom-up
implementation of the demographic behavior rules leads to
valid results on the macro-level without any feedback-loop
between macro- and micro-level. Infertility, induced and
spontaneous abortion show to have a relevant effect on the
birth rates.

Hence, the model seems to provide a valid foundation
for analyses in the context of health technology or health
policy assessment. Nevertheless, it should be stated that the
agent-behavior leads to a more fateful childbirth rather than
a planned pregnancy with underlying sociological theories
or economic utility functions. On the other hand, if such
functions are used to model consecutive research questions
built upon this demographic module, a lean basis may be
preferable.
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