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Abstract

Due to the rapid urbanization of the world, the issue of daily movement has
become an important topic. It examines the daily movements of people and
analyzes the behavior of individuals. This system is closely related to the
urban area, especially traffic. This work will provide a mixed model of daily
mobility and a person’s shifting condition. Bottom-up techniques, such as
Markov Chain and Multi-agent Systems, allow the creation of individual or
group displacements. Bayesian Belief Network combined with Markov Chain
allow for designing and managing individual behavior displacements.

Keywords: Markov Chain Model, Bayesian Belief Networks, Gama Plat-
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1 Introduction

Daily mobility is defined as a collection of population displacement activities
in their natural setting, where these displacements are carried out by individ-
uals over some time and are also characterized by (motives, a moment of the
day, origin, destination, duration, speed, means of transport used, etc). As a
result, these movements have implications for various topics and analyses,
including geography, sociology, economics, urbanism, and transportation.
The topic’s importance arises mainly from the difficulties of understanding
human behavior in cities, predicting and forecasting mobility’s repercussions,
and satisfying societal transportation and equipment infrastructure expecta-
tions. The population explosion might be seen as a driving force behind daily
mobility. These mobility trends are growing in popularity and may pose a
significant problem for sustainable cities. These issues can be dealt with using
computer models. With their simulation and prediction capabilities, these
models might be able to foresee these consequences and aid planners and
decision-makers in evaluating whether urban policies have been successful
based upon scenarios that models previously predicted. To study the displace-
ment of people in the Rabat area, we used this model’s mathematics, which
included: Markov Chain and Multi-Agent System. This paper’s remainder is
as follows: Section 2 will present the model and its implementation in daily
mobility. We will discuss the three methods we used, which are Markov Chain
(MC), Multi-Agent System (MAS), and Bayesian Belief Network (BBN).
Section 4 will describe our experiments and conclude.

2 Related Works

Daily mobility is a social phenomenon that allows for changes in the urban
environment and the lifestyles of diverse groups. Some academics have
employed multi-agent systems and mathematical models to forecast future
situations to model this phenomenon and predict future scenarios. We found
MC and BBN among these models. Furthermore, in MAS, we find that the
Gama-Platform can simulate the movement of people in an area studied. Such
as, they used the Gama MAS to simulate daily travel in the Rabat region using
2014 census data [1]. BBN was used to develop a spatial model that replicates
land-use change as a result of human decisions [2]. They utilized Cellular
Automata Markov to forecast urban growth in 2059 and evaluated the urban
area from 1984 to 2020. They discovered that Eskişehir, which is undergoing
fast urbanization, will continue to increase in the future [3]. They devised a
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novel technique for predicting the next place based on this mobility model
called n-MMC and expanded a mobility model called Mobility MC that
permits adding the n previously visited sites [4]. Furthermore, we discovered
that mobile data traces may be used to investigate a mobility prediction
approach for movement in a wireless network, like [7]. They created a multi-
agent system paradigm by simulating urban transportation systems with a
layer of roadways, lights, parking, and forms of transportation. Based on
INSEE statistics, this paradigm was implemented in the city of La Rochelle
(the French National Institute of Statistics and Economic Studies) [11]. They
worked on the use of MC model in the travel time to work between 7 am and
9 am of people in the region of Rabat, and this model is developed by the
Gaml language [5].

3 Methods

The global system is considered a set of models that represent houses, urban
spaces, roads, green spaces, and activities of people between their place
of work and their place of residence. These models are called multi-agent
systems. In addition, the agent concept has been studied for several decades in
different disciplines. It is used in knowledge-based systems, robotics, natural
language, chemistry, and other areas of artificial intelligence and humanities
and social sciences disciplines such as geography, economics, etc. With the
evolution of new technologies and the expansion of the Internet, this concept
is more associated with several new applications among these models, we
find the MC mathematical model; The entire system was modeled using BBN
algorithms based on the system’s components and the Gama-Platform model
to simulate the movement of people.

3.1 Markov Chain

The MC is a mathematical model for predicting future land use patterns.
Informally, a Markov Chain is a set of random variables (Xn, n=0; 1; 2; 3;
. . . ) having values in the MC state space [12], which is a finite set of values.
(Xn; n � 0) is referred to be a Markov Chain if:

∀i0, i1, . . . , in−1, i, j ∈ S, ∀n ≥ 0,

P (Xn+1 = j/X0 = i0, . . . , Xn = in = P (Xn+1 = in+1/Xn = in) (1)
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Variables appear at random. The symbol Xn represents the state of the
system at step n. The MC process begins in one state and progresses to the
others. The process then advances from i to j with a probability given by Pij

in the following step. At step n, the system might be computed using syntaxes
from state Xn.

Xn+1 = PXn (2)

Transition probabilities make up Pij , the transition probability matrix
constructed using the formula. At step n, Xn is the state vector.

P =


P11 . . . P1m

. . . . .

. . . . .
Pm1 . . . Pmm

 (3)

Pij is the probability of changing from type i to type j, and m denotes the
number of different soil occupations. We can calculate the transition proba-
bility from state i to state j in exactly n steps using the Chapman-Kolmogorov,
based on the Markov stochastic process theory.

Pn
ij =

∑
k∈S

PikP
(n−1)
kj (4)

The initial transition probability matrix, where S is the MC state space,
might build the n transition probability matrix.

In our work, we have implemented this model (MC) by the Gaml lan-
guage under the Gama platform. We have based on the time variable, i.e., the
duration of movement of people to the place of work between 7 am, and 9
am, and the period of exit between 4 pm and 6 pm.

3.2 Gama-Platform Multi-Agent System

The MAS consists of a collection of agents that act and interact in a shared
environment, and agent-based modelling relies on simulating the actions and
interactions of autonomous agents to assess their effects on the system. An
autonomous agent is sociable, reactive and proactive. Such as, we illustrate
in the following Figure 1.
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Figure 1 Modeling of the Multi-Agent System.

The MAS method’s objective is to design the population dynamics of
the city at the size of each actor [8]. In our approach, a cognitive agent
represents each individual. Agents are, nevertheless, given information based
on qualities (such as age, educational level, professional position, and kind
of activity section). We determined each agent’s residence and job location
using HCP data 2004 [6]. Such as, we illustrate in the class diagram in the
following Figure 2, represent information of every individual.

Figure 2 The HCP database class diagram.
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To implement the MAS simulation, we can find several platforms in this
context that makes it possible to propose a software framework facilitating
the implementation and the execution of simulators. In this paper, we used the
Gama platform to simulate the movement of people in the Rabat region; it is
a simulation platform with a complete integrated modelling and simulation
development environment to create spatially explicit agent-based models
[10]. It also excels in simulating individuals in urban networks, such as [5].

3.3 Bayesian Belief Network

The BBN is a probabilistic graphical model that describes a set of random
variables and their conditional interactions using a directed acyclic graph [9].
We used BBN to create the displacement process in our model, which is based
on explicit variables that let people to select whether or not they want to go
to work. These variables presented in the class diagram which is represented
in the figure above Figure 3.

Figure 3 Workplace estimation using Bayesian Belief Network BBN model.

The following equation is used to determine a person’s displacement
propensity. For each Xj that is Xi’s parent.

P (X1..Xn) =
∏n

i=1 P (Xi = xi/Xj = xj)

The workplace variable is based on the following variables from the BBN
model, which we used as an example: Type of activity of the individual,
professional status of each individual.
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4 Experimental Evaluation

This paper used Gama plate-form MAS to simulate a person’s movement
in the Rabat region, using an integrated Bayesian Belief Network model to
choose a workplace and a MC to build a displacement scenario. Furthermore,
this implementation includes a variety of residential and industrial structures
and a highway network, all of which are incorporated in our simulation
model. All of these elements represent the research field. The simulation of
people’s daily mobility in the Rabat region was carried out using the Gama
MAS, which is based on the Dijkstra algorithm, which is a method for finding
the shortest path in a network, in this case, the network of streets in Rabat, is
shown in the following Figure 4. Using data from HCP’s nationwide survey
from 2014 [6] we simulated people’s journeys between their home and their
place of employment.

Figure 4 Simulation of displacement of persons in the Rabat region using Gama-Platform
Multi-Agent System and Bayesian Belief Network.
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The dwelling is represented by the black point, while the blue represents
the workplace. We employed the MC model in our simulation, with the
starting state being the place of residence and the next state being the place of
employment, with a time factor of between 7 and 9 a.m. as the time to enter.

Figure 5 The graph depicts the distribution of persons who have joined and those who have
not yet joined their workplaces.

In the Figure 5 shows a graph depicting the distribution of the number of
persons who have joined their workplace and the number of people who have
yet to be reached owing to transportation concerns like traffic congestion.

5 Conclusion

In this article, we developed a model that enables the construction of a picture
of the dynamics of everyday transportation in the urban area in the Rabat
region. Our modelling is unique because we used the Gama platform, stochas-
tic models, the MC model, and BBN to predict variable workplace for our
instance. We simulated individual displacements based on each individual’s
attributes, such as ”location of residence, place of employment, professional
standing...”, as supplied by HCP [6]. Using the model we have created, we
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can test and simulate various scenarios for a specific region. For illustration,
we might simulate people’s movement based on indicators such as ’time,’
allowing us to observe who has arrived at work and who is not causing
traffic or other issues. Decision-makers and urban planners can use this data
to determine if the city’s architecture fits mobility demands. The model’s
validation will be delivered in future research, which will be evaluated by
comparing daily mobility in the Rabat region using validation approaches.
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