Available online at www.sciencedirect.com

ScienceDirect

Journal of Bionic Engineering 13 (2016) 669—678

Swarm Intelligence Algorithm Inspired by Route Choice Behavior

e me 123
Daxin Tian

, Junjie Hu', Zhengguo Sheng’, Yunpeng Wang'?, Jianming Ma’, Jian Wang®

1. Beijing Advanced Innovation Center for Big Data and Brain Computing, Beihang University, Beijing 100191, China

2. School of Transportation Science and Engineering, Beijing Key Laboratory for Cooperative Vehicle Infrastructure

Systems and Safety Control, Beihang University, Beijing 100191, China

3. Jiangsu Province Collaborative Innovation Center of Modern Urban Traffic Technologies, Nanjing 210096, China
4. Department of Engineering and Design, University of Sussex, Brighton BN1 9RH, UK
5. The Texas Department of Transportation, Austin TX 78750, USA
6. College of Computer Science and Technology, Jilin University, Changchun 130012, China

Abstract

Travelers’ route choice behavior, a dynamical learning process based on their own experience, traffic information, and
influence of others, is a type of cooperation optimization and a constant day-to-day evolutionary process. Travelers adjust their
route choices to choose the best route, minimizing travel time and distance, or maximizing expressway use. Because route
choice behavior is based on human beings, the most intelligent animals in the world, this swarm behavior is expected to in-
corporate more intelligence. Unlike existing research in route choice behavior, the influence of other travelers is considered for

updating route choices on account of the reality, which makes the route choice behavior from individual to swarm. A new swarm

intelligence algorithm inspired by travelers’ route choice behavior for solving mathematical optimization problems is introduced
in this paper. A comparison of the results of experiments with those of the classical global Particle Swarm Optimization (PSO)
algorithm demonstrates the efficacy of the Route Choice Behavior Algorithm (RCBA). The novel algorithm provides a new

approach to solving complex problems and new avenues for the study of route choice behavior.
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1 Introduction

Swarm intelligence algorithms originate from
swarm intelligence behavior. Scholars have studied
some swarm intelligence phenomena in nature to pro-
pose new methods for solving complex optimization
problems that are difficult to solve using classical opti-
mization algorithms. Holland!! proposed Genetic Algo-
rithms (GAs) in 1975 as a simulation of natural selection
and the genetic mechanism of Darwin’s theory of bio-
logical evolution. Other examples include the Ant Col-
ony Optimization (ACO)*, the Particle Swarm Opti-
mization (PSO)[‘FS], the Artificial Fish Swarm Algo-
rithm (AFSA)"), the Quantum Multi-Agent Evolution-
ary Algorithm (QMAEA)!'?, the Firefly Algorithm
(FA)', and the Bacteria Foraging Optimization
(BFO)'?. Tao et al."*' proposed the idea of Config-
urable Intelligent Optimization Algorithms (CIOA), and
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a framework for CIOA has been studied and a series of
algorithms have been developed based on the idea and
framework, which are employed for addressing green
material selection!"”), dynamic migration of virtual ma-

[1e]

. . (17
chines" ™, energy-aware cloud service scheduhng[ ]

multi-objective
[18-2

service composition and optimal-
selection!® 2%, and so on. All these swarm intelligence
algorithms were inspired by swarm behaviors and for-
mulated by simulating those behaviors and learning the
evolutionary mechanisms. However, nearly all those
swarm behaviors are those of microorganisms or ani-
mals. Very few researchers have utilized human swarm
behavior as the basis of a swarm intelligence algo-

[21]. Kaur et al.[zz]

rithm proposed a new optimization
algorithm for complex optimization problems based on
human opinion formation models. Route choice behav-
ior is one of the most important aspects of transportation

systems for traffic prediction and management. As easily
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observed in recent research, route choice behavior is a
constant day-to-day evolutionary process'*>*.

Route choice behavior can be divided into two
types: single choice situations and repeated choice pat-

(5] Several theories have been applied for single

terns
choice situations, such as the Expected Utility Theory
(EUT)™, the Random Utility Theory (RUT)™"), and the
Prospect Theory (PT)"**l. A route is chosen in EUT by
maximizing the expected utility of potential route
choices, and in RUT, a random utility term is added
based on EUT to express the uncertainty of travelers.
Predictions based on EUT and RUT often disagree with
experimental results in real life, but PT, proposed in
economics, is applied in route choice decision for its
accurate description of decision making in uncertain
circumstances. Route choice behavior has been de-
scribed as a utility maximization or minimization for
travelers in single choice behavior. In fact, route choice
behavior is not only a utility maximization or minimi-
zation, but also an evolutionary process for achieving

(%] Many other theoretical models

better route choices
have been introduced for describing the repeated choice
patterns, such as the Cumulative Prospect Theory
(CPT)[3 % In these models, route choice behavior is de-
scribed as an iterative process based on travelers’ per-
ceptions of road networks and traffic information from
transportation systems.

Travelers continually adjust route choice based on
their own experience and traffic information regarding
better routes. The evolutionary mechanism of route
choice behavior can inspire its use for optimization. In
fact, a traveler’s route choice behavior is not only de-
termined by traffic information and his/her perceptions
of road networks, but also impacted by other travelers’
route choices. What’s more, traffic information is based
on the aggregated behaviors of travelers. The other
travelers’ influence and traffic information make the
route choice behavior from individual to swarm. In a
word, an alternative route set is dependent on travelers'
perception of a transportation network, traffic informa-
tion regarding transportation systems, other travelers’
influence, and historical travel information. Travelers
cooperate with each other constantly to explore trans-
portation networks and pursue more suitable route
choices. Analogous with current swarm intelligence
algorithms, such as PSO, these characteristics of route
choice behavior encouraged us to propose the RCBA, an

evolutionary algorithm for real optimization problems.
2 Route choice behavior algorithm

Routes can be categorized for travelers as guidance,
historical, and others. For travelers not familiar with a
transportation network, the first need to consider is
whether to select guidance routes. From current research,
the probability of selecting guidance routes is dependent
on market penetration of guidance information systems,
guidance information accuracy, and traveler character-
istics. When travelers do not choose guidance routes,
historical routes are likely to be selected, with a prob-
ability based on the gains or losses of selecting the best
historical route compared with a reference point. Trav-
elers tend to choose a historical route, when gains or
losses are small; otherwise, they select another more
satisfying route. When neither guidance nor historical
routes are chosen, travelers will consider other routes
based on exploration of the transportation network,
travelers’ preference for unfamiliar routes, or perhaps
the influence of other travelers. RCBA is organized into
three parts, the solution space, alternative solutions, and
update of probabilities for choosing guidance, historical,
and new solutions.

The solution space is the constraint condition for
solutions. In route choice behavior models, the solution
space consists of the routes from an origin to a destina-
tion in a transportation network, with each route separate
from others. The evolutionary mechanism of route
choice behavior is actually a discrete optimization,
hence RCBA requires discretization of a continuous
solution space when used for continuous optimization
problems, and binary coding is applied for this purpose
in this paper.

Alternative solutions are the solution sets that par-
ticles can choose at each step. Analogous to alternative
routes in route choice behavior, alternative solutions are
classified into three kinds: guidance, historical, and new.
The global best solution at previous time ¢ is used as the
guidance solution at time ¢ + 1, and the best of the his-
torical solutions at previous times represents the his-
torical solution for each particle. New solutions are those
in the solution space that have not been visited, but this
cannot express the theory of choosing other routes in
route choice behavior. In this paper, other routes in the
alternative routes are assumed to come from the influ-
ence of other travelers, route alteration based on explo-
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