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Abstract—Artificial Transportation Systems (ATS) can
support a variety of computational experiments for different
purposes, and have become important tools for transportation
research. However, when the road network modeled in ATS is
large or there are a lot of vehicles, ATS will run very slow or
even cannot be started due to the memory limit of a standalone
computer. With the acceleration of urbanization process and
rapid increase of car ownership, it is necessary to find a
high-performance computing method for running large-scale
ATS. Therefore, the paper presents an Erlang-based approach
to realize concurrent and distributed computing of ATS. To
verify the feasibility, a prototype is built, and a performance test
is conducted. The results show the method can achieve the
efficiency utilization of computing resources.

I. INTRODUCTION
The urban transportation system is a kind of "natural"
multi-disciplinary complex giant system [1]. With the
acceleration of urbanization process and rapid increase of car
ownership, such as in China, the size of urban transportation
system grows larger, and the complexity of its interaction with
population, nature and society increases quickly. These bring
stern challenges to traditional transportation simulation
systems, so Wang et al. put forward the concept of Artificial
Transportation Systems (ATS) [2][3].
ATS adopt a new strategy for transportation simulation.
Typically, it uses object-oriented program method to model
each participator in the real transportation system as an agent
with a certain autonomy, sociality, proactivity and mobility.
The method is good at describing the intuition, experience
knowledge, behaviors of peoples as well as interaction among
them. However, it also means that ATS require more
computation. Especially, when the road network modeled in
ATS is large or there are a lot of vehicles, ATS run very slow
or even cannot be started due to the memory limit of a
standalone computer.
The similar thing happened on traditional microscope
transportation simulation. It has motivated some researchers to
study distributed transportation simulation [4][5]. The basic
thought is native: divide a big road network into small ones,
and then distribute them across multiple low-cost computers
to simulate coordinately. The method is more economical than
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using high performance computer systems like mainframe
computers or parallel computers by far. Following the idea, we
raised and implemented a P2P framework to achieve
distributed simulation of ATS in [6]. The performance test of
this framework shows that it can offer more computing ability
than standalone simulation and can support large-scale
simulation. In this way, different areas of the road network can
be simulated concurrently, but transportation simulation in
each area is still sequential, and the synchronization
mechanism among areas also limits the performance.
Therefore, we started to search an improved way, and Erlang
attracted our attention.
The remaining of this paper is organized as follows:
Section II presents an introduction of Erlang; Section III
addresses a typical mechanism of ATS and its implementation
with Erlang; Section IV describes and tests a prototype
developed with the proposed method; Section V concludes the
paper.
II. INTRODUCTION OF ERLANG
Erlang is a programming language used to build massively
scalable soft real-time systems with requirements on high
availability. It was originally a proprietary language within
Ericsson in 1986 [7], but was released as open source in 1998
and widely used in telecom, banking, e-commerce, computer
telephony and instant messaging. In most languages threads
require external library support, while Erlang has a small but
powerful set of primitives to create processes and
communicate among them. They are neither operating system
processes nor operating system threads, but lightweight
processes that are scheduled by Erlang Virtual Machine
(Erlang VM). The only way for processes to interact is through
message passing [8]. This makes concurrent and distribution
computing easier, and also makes Erlang more appropriate to
current computing environment with multicore and cloud
architecture.
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Figure 1. Erlang processes running on uniprocessor and multiprocessor
hardware respectively. Erlang VM automatically distributes the workload
over the available CPU resources.

Especially, Erlang can deal with the physical execution of
tasks automatically. As illustrated in Fig. 1, if extra CPUs are
available, Erlang uses them to run more of concurrent tasks in
parallel. If not, Erlang uses what CPU power there is to do
them all a bit at a time. Users do not need to think about such
details, and the Erlang programs automatically adapt to
different hardware. They just run more efficiently if there are
more CPUs, as long as the software engineers have tasks lined
up that can be done concurrently [9]. Erlang’s application can
be executed either on single-core, multicore and distributed
computing architectures. Moreover, benefit from Erlang VM,
the application owns the feature of “write once run
everywhere” like Java.
Until now, to our knowledge, there is still not much work
on using Erlang in simulation. Luo et al. applied Erlang in the
simulation of electric vehicle charging infrastructure to deal
with the real-time power sum generated during the charging
and ensure the sum have less distortion at the same time [10].
Toscano et al. describe a concurrent simulation middleware
implemented in Erlang to improve the efficiency of discrete
event simulation [11].
III. ERLANG-BASED SIMULATION OF ATS
A. The Mechanism of ATS
ATS can be treated as an extension of traditional
microscopic transportation simulation (TMTS) from the
perspective of complex systems [12]. The traffic flow they
display may be similar, but the principles behind are very
different. TMTS is usually based on initial static or dynamic
Origin-Destination matrix, while ATS is typically based on
the theory of traffic demand generation based on activity
(TDGA) [13]. Concretely, every traffic participant is modeled
as an agent with certain autonomy, and a bottom-up
mechanism is designed to generate travel behaviors as shown
in Fig.2.
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Besides the road network which is mainly composed of
intersections, roads and places, the circumstance in ATS also
includes abstract natural or social process, which is composed
of different events, such as weather, road work, traffic
accident, and large-scale activity. By rules, the circumstance
takes effect on behaviors of agents [12]. For example, if it is
rainy or foggy, some types of travel demand will be weakened,
and agents on roads will decrease driving speed with a certain
probability for safety.
B. Process Infrastructure
Erlang adapts for such bottom-up idea well. In Erlang,
each agent can be coded as a process and act concurrently as in
the real world. Without loss of generality, a minimal
implementation of such ATS can be abstracted as the
following five software modules.
(1) Road Network Module: hold the geometric data of road
network and display dynamic traffic scenes, including the
movement of vehicles, bicycles, and pedestrian.
(2) Population Module: responsible for generating all agents
in ATS and schedule them to make behaviors.
(3) Behavior Module: responsible for deciding all people’s
behaviors, including activity behavior and travel behavior.
(4) Statistics Module: gather statistics on data generated
during the running of ATS.
(5) Time Module: control the start time, step size, and end
time of ATS simulation.
Following the programming paradigm of Erlang, we
divided these five modules into three kinds of processes,
which together constitute a process tree of 1: N : M as shown
in Fig. 3.
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road network according to the solution. Finally, after arriving
at the destination, agents will invoke the Activity Duration
Model (ADM) to decide how long it should stay in the
destination to finish travel demand.
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Figure 3. The process infrastucture of Erlang-based ATS.

Figure 2. Generate person’s travel activity from bottom up.

(1) Operation Process: control the whole simulation of ATS,
including initialization, start, pause, and termination. The
process replaces the role of time module. Before simulation, an
operation process must be started firstly.

Firstly, agents are enabled to check the system clock
actively. If it is not the end time of the present activity, it has to
stay in the current place. Otherwise, it will use the Travel
Demand Model (TDM) to select demand and destination of
next travel. Then, through the Travel Solution Model (TSM), a
travel solution comprised of one or multiple pairs of route and

(2) Area Process: correspond to an area of the road network
modeled in ATS. Its responsibility is to generate individual

processes and gather regional transportation statistics. The
process contains the role of statistics module.
(3) Individual Process: correspond to each individual in
population module. Models like TDM, TSM and ADM can be
integrated in this process. The process integrates the role of
behavior module.
Meanwhile, a Mnesia-based distributed database is built to
hold the data in road network module and population module.
Mnesia is a distributed, soft real-time database management
system written in Erlang [14]. It can provide data service for
three kinds of processes either on a standalone computer or
distributed computing architectures.
C. Information Infrastructure
Generally speaking, communication and synchronization
between different subtasks are the greatest obstacles to getting
good performance in distributed computing. Therefore, it is
quite important to design interactions among the three kinds of
processes. Erlang processes only can interact by messages, so
we design an information infrastructure as shown in Fig. 4.
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(4) Termination Message: The message is used to notify
area processes to exit and then terminate the whole ATS
halfway.
It must be noted that an area process will create a public
ETS table, which is an efficient in-memory key-value
database included with the Erlang VM, to store the initial
status of all individuals after started. When an individual
process receives a step message, it will look up the ETS table
to get requisite information firstly, and then decide and make
behaviors, and finally reply messages and update the ETS
table. Individuals with different status need different
information. For example, when an individual drives on a road,
it will need the information about vehicles around and traffic
lights forward; when an individual will drive out of the current
area, it will need the process information of the adjacent area;
when an individual do an activity at a place, it will need the
information of simulation time to trigger the next activity.
Traffic-related statistics are also gathered based on this ETS
table and stored into the distributed database. Since an area
process and individual processes which it creates are on the
same machine, their communication is very fast.
IV. A PROTOTYPE
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next one. On the other hand, when an area process receives a
step message, it transmits the message to all created
individual processes, and does not relay to the operation
process until all individual processes reply. By the step
message, the operation process controls the progress of ATS
simulation.
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Figure 4. The information infrastucture of Erlang-based ATS.

There are four kinds of messages between an operation
process and an area process.
(1) Registration Message: After an area process is started, it
will send a registration request to the operation process by
this message. The message includes information about local
computing resources, so that the operation process could
allocate simulation tasks according to computing ability.
(2) Initialization Message: The message is used to allocate
simulation tasks among area processes. When an area process
receives the instruction, it will acquire related data from the
distributed database by the area ID in the message. Then,
according to the population data within, the area process will
create individual processes.
(3) Step Message: Every simulation step, the operation
process sends the message to all registered areas processes,
and only when it receives all of their replies, it can send the

To verify the feasibility of the proposed method, we built a
prototype, which makes some simplifications but covers all
message interactions, and test its performance.
A. Experiment Setting
First of all, an experimental ATS must be constructed. We
choose a 3×4 grid road network as transportation simulation
area, and the number of artificial population is set to 240,000,
and the simulation period is set from 6:00 to 22:00 which
covers the morning and evening rush hour of traffic. Each
simulation step size represents 1 second in actual. Table I
shows the hardware configuration of machines used in
experiments. The machines are connected by local area
network, the maximal data transfer rate of which reaches
100.0Mbps.
TABLE I: HARDWARE CONFIGURATION OF NODES
Node No.

CPU Count

#1
#2
#3
#4
#5

1
2
4
4
4

Operation
System
Windows 7 32bit
Windows 7 32bit
Windows 7 32bit
Windows 7 64bit
Windows 7 64bit

Main
Memory
1.00G
4.00G
4.00G
4.00G
4.00G

B. Preformation Testing
To measure and compare performance, we define speedup
S ( p) and efficiency E ( p) for Erlang-based ATS simulation
as following:

S ( p) 
E ( p) 

T (n,1)
T (n, p)

（1）

T (n,1)
S ( p)

pT (n, p)
p

（2）

where T (n, p) is the run-time of simulation executed on p
processors. Speedup is the improvement in speed of execution
of a task on two systems. Linear speedup or ideal speedup is
obtained when S ( p)  p . Efficiency is a metric of the
utilization of the resources of the improved system, and its
value is typically between 0 and 1. Programs with linear
speedup or running on a single processor have an efficiency of
1 [15].
We design and conduct five groups of experiments with
different nodes as noted in Table II. The Exp.1, 2, and 3 are
designed to test the performance of Erlang-based ATS
simulation in multicore computing architectures, and the
Exp.4 and 5 are carried out to test the performance in
distributed computing architectures. Each experiment is
repeated five times to get an average run-time. The changes of
speedup and efficiency with CPU counts are shown in Fig.5.
TABLE II: RESULTS OF PREFORMATION TESTING
Exp.
No.
1
2
3
4
5

Selected
Nodes
#1
#2
#3
#3、#4
#3、#4、#5

Average Run-time

Speedup

Efficiency

38.09h
25.00h
18.18h
9.88h
6.37h

1
1.52
2.09
3.86
5.98

1
0.76
0.52
0.48
0.50

In Exp.4 and 5, the simulation is deployed in distributed
computing architectures. Respectively, the 3×4 grid road
network is divided into two 3×2 areas and three 1×4 areas,
the size of which is about the same. Since the generated traffic
flow is distributed uniformly over the whole road network,
such division can ensure load balance to a certain extent.
Comparing Exp.4 and 5with Exp.3, we can find that the
speedup S ( p) increases with node count quickly, and the
efficiency E ( p) has no obvious changes. This indicates that
the distributed computing architecture of Experiment 4 and 5
still can support more large-scale simulation, and meanwhile
more nodes can speed up the simulation further.
Given that the machines used in experiments are common
personal computers, it can be expected that the performance
test will be more accurate when deployed in a cloud or cluster
platform having good consistency.
V. CONCLUSION
The paper proposes a novel Erlang-based approach to
build ATS. Every participant in the actual transportation
system is represented as a kind of lightweight process which
only can interact with others by messages. In this way, the
concurrent and distributed computing of ATS becomes an
easy and native thing. A prototype is implemented to verify
the method, and the performance test shows that the new ATS
can achieve efficiency utilization of computing resources.
Future research should focus on further replenishing the
prototype. How to ensure load balances during distributed
simulation must be studied. This problem is essentially equal
to how to divide a road network into areas according to given
computing resources.
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