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KEY WORD: DISTRIBUTED PROCESSING/ MICROSCOPIC TRAFFIC SIMULATION /

WORKSTATION CLUSTERS
RATTANA SAENGPONGPAEW : DISTRIBUTED MICROSCOPIC TRAFFIC SIMULATION
WITH VISUALIZATION USING WORKSTATION CLUSTERS. THESIS ADVISOR : SUEBSKUL
PIPOBMONGKOL, Ph.D. THESIS CO-ADVISOR : ASSIST. PROF. SORAWIT NARUPITI,
Ph.D., 87 pp. ISBN 974-03-0427-3.

Microscopic simulation is @ method for analysis and design of a traffic system. However, an
existing model has the limitation of a real-time visualization, capability to change the traffic
environment of the traffic system, and speeding up performance when the model processes
a large amount of vehicles. This research proposes a traffic simulation prototype that uses loosely
coupled distributed workstation clusters with real-time visualization. In this research experiment,
a road network resides in three workstations connected by a LAN of 100 Mbps data transfer rate.
The large network is divided into smaller subnetworks by means of the spatial characteristic of the
network to minimize communication overhead for vehicles transferring among the clusters of
workstations. The traffic network is represented at the lane level, and the movements of individual
vehicles are represented by a car following, lane changing and traffic signal controlling model.
The time synchronization of the whole network employs the barrier concept that disallows the
progress of time, until the barrier is executed by all systems involved. Before the execution, one of
the subnetworks is assigned as the master machine, which handles not only the subnetwork
simulation, but also the responsibility for providing the outgoing synchronized information to other
slave machines. The result of the 'simulation demonstrated that one workstation can process up to
a finite number of vehicles according to the limitation of system resource. The process on
clustered workstations  gives better \performance ‘as the number of vehicles in the simulated
system increases. The performance of the system achieves the best when each workstation,

which has an equal performance, is allocated with an approximately the same number of vehicles.
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Microscopic Traffic Simulation using Workstation Clusters
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Abstract

For many years analytical models have been used in
the field of microscopic traffic modeling because it can
reproduce a high degree of accuracy of the simulated road
network and conditions constraining traffic flows.
However, the simulation time of microscopic simulation
tends to increase almost exponentially with respect to
model size. Therefore to achieve a reasonable speed in
simulation, this paper proposes loosely coupled
distributed workstation clusters to speed-up processing
time. The entire traffic network s divided into
subnetworks by considering the characteristic of the
network and each subnetwork is simulated over a network
of workstations. The management of time synchronization
uses the barrier concept which blocks all subnetworks
until all participating subnetworks in the simulation
execute the barrier.

1. Introduction

Computer simulation has been accepted as popular
approach in conducting traffic studies. Existing traffic
modeling can be classified into two approaches:
Macroscopic and Microscopic depending on the detail
level of the simulation process. In macroscopic approach,
the flow behaviors are analogous to a hydrodynamic
behavior. Traffic flow is regarded as a particular fluid
process whose state is characterized by aggregate
variables such as traffic density, traffic volume, and mean
speed [1]. However, this ‘model does not ‘properly
represent real traffic behavior in a congested situation and
does not reproduce-the- inherently- fluctuation nature. of
real world situations [2]. Microscopic approaches are
characterized by the description of individual vehicles and
relations between them, producing a high degree of detail.
It contains a lot of components of the infrastructure
(lanes, intersections, traffic lights, etc.), decision rules,
and dynamic entities like vehicles.

For many years analytical models have been used in
the field of microscopic traffic modeling [3]. Nonetheless,
traffic simulations subject to certain difficulties yet to be

S. Narupiti
Department of Civil Engineering,
Faculty of Engineering,Chulalongkorn
University,Bangkok,10330, Thailand.
Phone (66-0)22186473

resolved, since the potential quantity of vehicles and
parallel events lead to large amount of CPU processing
time. The intuitive solution is to speed-up the processing
time by allocating more processing power for the
simulation. More processing power can be deployed
through a massively parallel processor system (MPPs) or
the distributing simulation over workstation clusters.
Parallel machines are designed to have very low
communication overhead and very high bandwidth among
their processors. They are suitable for applications that
require high bandwidth and need relatively large amount
of message passing. The disadvantages are their high
price and relatively slower processor speed compared
with workstations. On the other hand, workstations are
widely available and have faster processors. So usage of
workstation clusters in distributed traffic simulation is
more reasonable for increasing executing speed.

This paper proposes a prototype of a traffic simulator
designed for a parallel processing implemented by
distributing simulation over workstation clusters. The
model can reduce the computation time by dividing a
large scale model into smaller submodels. This method is
a traditional approach for distributed traffic simulation.
Each submodel is divided by means of spatial partitioning
method. In spatial partitioning, a road network is parted
into sections and each section is allocated to a processor,
which simulates vehicle movements in that section.

The rest of this paper is organized as follows: Section
2 discusses the literature on the distributed traffic
simulation-model. Sections 3 and 4 illustrate the designed
model and the prototype implementation. Finally, Section
5 concludes the paper with suggestions.

2. 'Related Work

Several models have been designed and developed in
distributed processing techniques to improve efficiency
and accuracy of large scale traffic simulations. SIM-ENG
[4] is a simulation engine that is proper for discrete-event
simulation of traffic. Their distribution of network load is
an event oriented which handles the various event



processes in the whole traffic simulation. Consequently,
each subsystem is responsible for executing different
event processes. In POETS [5], independent objects are
communicated and distributed for processing to
autonomous host processors through a synchronous
message passing. HLA [6] is another approach of
distributed traffic simulation model. A set of interoperable
federates cooperate and communicate via the HLA Run
Time Infrastructure. Each federate, an object model,
describes a different functional subsystem of the entire
traffic system. Those researches mostly address traffic
simulation system by dividing many events or object
models into each submodel and distributing among the
network of workstations. The communication overhead
occurs so frequently. This model aims to use the benefit
of distributed processing by means of distributing the
group of related object/event that occur in the same area
to process on the workstation clusters. Each group of
those object/events is separated and executed completely
on different workstations. The communication cost of this
approach, which arises only when the vehicle moves pass
the road on the different workstation, is less than
distributing each object/event to the workstation clusters.
PADSIM [7] introduces an approach for parallel
simulation base on the processing of probabilistic
information associates with events and measurements in
traffic systems. However, PADSIM does not focus on the
experimental benefit of distributed model.

3. Simulation Modeling Design

A model developed in the study consists of two main
components. One is roadway submodel describes the
geometric of the network and the other is the vehicle
movement which replicates vehicle and traffic behaviors.
Each is described in following.

3.1 Roadway Sub Model

The physical network is modeled using three basic
building blocks: nodes, links, and traffic lights.

- Nodes: A node is either an intersection of several
roadways or the boundary ~points of the simulated
network. A node, which delimits the boundary of the
simulated network, is labeled as a boundary node. The
boundary node may have one or both of the following
features: a random traffic generator represents the
incoming traffic flow from outside the simulated traffic
network, and a sink represents the leaving traffic of the
simulated network

An example of nodes is shown in figure 1. The picture
(a) is the actual road network which is represented by
nodes and links in (b). Node 1, 2, 3, 6, 8, 9, and 10 are the
boundary node of the system and node 4, 5 ,and 7 are the
intersection nodes.
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- Links:  Links are unidirectional roadways that
connect nodes. They can be one or two directions and
each direction is composed of one or more lanes. The
description of the road section contains all of the general
road attributes. The simulation acquires the description
from the road attributed for accomplishing the traffic
behavior. A user manually predefines road attributes such
as the number of lanes, lane length, lane width, maximum
speed of the vehicles in that road, the feasible turns from
road, etc.

- Traffic light: Traffic light is a control device of
turning movement. Every traffic light is associated with
one or more lanes in a particular direction. The traffic
lights control the vehicle movement in straight and right
turn except the left turn. In left turn the vehicle can move
as soon as it can find the available gap in the target lane.

WA

Figure 1: Schematic picture of the road

00

3.2 VVehicle Movement

Interaction with vehicles ahead, which response to
traffic controls, desired speed, and lane, uses to determine
the movements of wvehicles. These interactions are
manifested in lane changes decisions and acceleration and
deceleration rate applied at the given time. The simulator
maintains a linked list of vehicles in each lane and move
individual vehicle according to the car following, lane
changing described in this section.

3.2.1 The Car Following Model

The car following model calculates a vehicle’s
acceleration.rate, taking-into consideration its relationship
with the leading vehicle. The model is based on the gap
distance and relative speed of the leading and the
following -vehicles. A vehicle is classified into one of
three regimes: free flowing, emergency decelerating and
car following.

- Free flowing regime: if the gap distance is larger
than the longest distance (d “***"), which a following
vehicle moves with its maximum speed, then the vehicle
does not interact with the leading vehicle. In this case, if
the vehicle’s current speed is lower than its target speed,
it accelerates at the maximum acceleration rate to achieve
its target speed as quickly as possible. If the current speed



is higher than the target speed, the vehicle decelerates
with the normal deceleration rate to slow down.

- Emergency deceleration: if a vehicle has a gap
distance smaller than a pre-determined threshold
(d """, which is calculated by the sum of stopping
distance and the constant speed moving distance, then the
vehicle is in the emergency regime. In this case the
vehicle uses an appropriate deceleration rate to avoid
collision.

- Car following: if a vehicle has a gap between d "
and d " it is in the car-following regime. If the leading
vehicle’s speed is faster than the following speed, the
following one accelerates at maximum speed as far as the
gap is available. On the other hand if the leading is slower
than the following speed, the following one maintains its
speed (acceleration rate = 0).

3.2.2 The Lane Changing Model

The lane changing model represents the behavior of
lane switching. It occurs when a wvehicle is in the
undesired lane such as a vehicle that is in the through-
only lane but wants to make a turn and must change to an
appropriate lane. Once a vehicle has decided to change
the lane, it examines the lead and lag gaps in the target
lane to determine whether the desired change can be
executed. If both the lead and lag gaps are acceptable, the
lane change will take place.

| Laa | Lead |
—

Figure 2: Lead and lag gaps for lane changing

4. Prototype Implementation

The traffic system representation and behaviors
described in Section 3 is applied to the simulation model.
The model is implemented in-the distributed .processing
environments. Traffic network will be broken into small
subnetworks and each subnetwork  is “allocated to a
workstation. Then each workstation will process
independently with a 'connection (synchronization)
between them. The detail of the implementation is
illustrated in this section.

4.1 Partitioning Traffic Network

According to an affiliation of the partitioning method
and distributed processing, a vast traffic network has been
divided into subnetworks depending on the available
workstations in a system. Each workstation handles the
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processing of each traffic subnetwork. An appropriate
partitioning can reduce the communication overhead
between the subnetworks in the different computing units
and it can be viewed as a loosely couple multiprocessor
system. In the prototype, the entire network of roads and
intersections is segmented into smaller road links and
intersections. In order to group entities into subnetworks,
the following rules ensure that logic of the simulation is
respected:

1. Each subnetwork is composed of the average
number of intersection nodes which can be found from
the ratio of the total intersection nodes per available
workstations in the network. The number of intersection
nodes in each subnetwork is thus equal to the nearest
rounded integer value from the above calculation. Figure
3 shows the traffic network that consists of 5 intersection
nodes (node 4, 5, 6, 9 and 12). If there are 3 available
workstations on this system, the average node in each
subnetwork is 5 intersection nodes / 3 workstations ~ 2
nodes.

©) -G

O—®@ 5 o —
(9

Figure 3: The traffic network

®

2. The road in between two subnetworks is cut
approximately half way of the road distance. This created
a new boundary node that is shared by both neighboring
subnetworks. Because of the amount of communication
subnetwork envelopes are established at this boundary
node, partitioning the network into groups of intersection
nodes must be considered carefully such that the number
of new boundary nodes is kept low.

3. The-adjacent-intersection nodes, which have the
connected road are grouped together in the same
subnetwork. Figure 4 shows the example of the traffic
network partitioning that consists of 5 intersection nodes
for 3 workstations in the system. Each subnetwork may
have 1 or 2 nodes. In figure 4-(a) the intersection node in
the subnetwork 2 does not connect to all the roads around
it while in 4 (b) all roads are connected. The partitioning
method in figure 4 (b) is more appropriate than (a)
because the number of new boundary nodes are less than
in (a).

Figure 5 shows the partitioning model and boundary
nodes. This entire network in figure 3 is divided into three
subnetworks with the partitioning method in figure 4 (b).



The subsystems contain the following: node 1, 2, 3, 4, and
15 in the first subnetwork, node 5, 6, 7, 8, 15, and 16 in
the second subnetwork, and node 9, 10, 11, 12, 13, 14 and
16 in the third subnetwork. Node 15 is a shared boundary
node for the first and the second subnetwork, while node
16 is a shared boundary node between the second and the
third subnetworks.

Figure 4: The partitioning traffic network into 3 workstation
clusters

2) (i
subnetwork 1 subnetwork 3
(13— (e T3
pGn &

Hr—ia)

subnetwork 2. {7}

Figure 5: Distributed traffic simulation using
workstation clusters

An advantage of this partitioning method is the load
balancing among the workstation clusters. Each
subnetwok is responsible to process the maximum
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number of cars equally. The less the boundary nodes, the
less the communication amount clusters. Because these
boundary nodes are the areas where transfer vehicles’
information. If there is a vehicle passing the boundary
node, the vehicle in the source subnetwork will take into
account the information of the last vehicle in the same
lane of the destination subnetwork residing on the another
workstation. With this approach, the communication for
vehicle transferring will occur only within two
subnetworks. But if the partitioning is done at the
intersection node, the movement of vehicles will be
complicated because it needs to communicate with
several subnetworks. Comparing with the proposed
method, this partitioning at the intersection nodes will
have more communication overhead and computation
time.

4.2 Time Synchronization

During the distributed processes, if each subnetwork
handles different number of wvehicles, the subnetwork
which controls large amount of vehicles will spend more
processing time than the fewer ones. If the system is not
synchronized, then a vehicle moving across the boundary
nodes will incur a large penalty on the entire system. To
overcome this problem, the barrier methodology is
employed. The barrier is a software block that disallows
the progress of time,until the barrier is executed by all
subnetworks involved in the simulation. Implementation
of barrier uses the following two communication steps.
First, when the barrier is executed, a message is sent to all
subnetworks in the system. In the next step, this barrier
waits until it receives the corresponding message from all
other subnetworks.

Among the simulation, one of subnetworks will be
selected to be the master machine. The master machine
handles not only the subnetwork simulation, but also the
responsibility for providing the outgoing synchronized
information to other slave machines such as time unit,
time period and sending a registration request to each
slave machine. The slave machines sequentially execute
their simulation and send the barrier flag to the master
machine every time step. If the master machine receives
the synchronizing flags from all subnetworks completely,
it will force to start the simulation of all slave machines in
the next time step. If a subnetwork spends computational
time per one time step more than the others, the master
and the other slave machines will wait for that
subnetwork.

5. Results

In this research experiment, testing was performed on a
network of 3 workstations (CPU 866 MHz , RAM 256
Mbyte and Ethernet 100 Mbps) with equal number of



vehicles generated. The tested network as shown in figure
6 consists of 3 intersecting nodes, each subnetwork
processes within the area of one intersection node. The
time step for this simulator update was one second.

Road B Road C Road D

Road A

Figure 6: Tested traffic network

Road A | Road B | Road C | Road D
Maximum Velocity 80 80 80 80
(Km/hour)
Flow rate 2000 2000 2000 2000
(vehicles/hour )
Turn Left (%) 20 15 10 30
Turn Right (%) 20 40 10 30
Through (%) 60 45 80 40

Table 1: Initial condition of each road

Table 1. shows the initial condition of each road in
tested traffic network. In the tested system, there are 3
method to experiment. First, all intersections in the tested
traffic network was processed on only one workstation.
Second, the tested traffic network was parted into 2
subnetworks and allocated to process on 2 workstations as
shown in figure 7. Finally the tested network was parted
into 3 subnetworks and allocated to process on 3
workstations as shown in figure 8.

©),
subnetwork 1

D—O—1
Q workstation. 1

'I9)

® @

@2—~10—1D-—®

workstatiofl 2
® ®

subnetwork 2
Figure 7: Distributed two subnetworks on
two workstations

@ ————100 Mbps TCP/IP

L

Speedup which includes network communication costs
on the number of processors depicted in figure 9.
Speedup, S (n), is defined as the execution time on one
processor over n processors for the given problem size of

84

vehicles. Figure 9 shows that when the number of
vehicles are less than 500, processing with three
workstations increase speed up slightly compared to two
workstations. It is obvious that when the number of
vehicles are 900, the speedup with three workstations was
approximately 2.5, while two workstations was
approximately 1.5. Therefore, speed up performance with
clustered workstation will increase when the number of
vehicles in the simulation system is great. However, the
speedup does not increase linearly as the number of
processors increases. The speedup tends to become
saturated and the speedup curve flattens. This is a
consequence of Amdahl’s law.

The system efficiency, E(n) reflects the relationship
between speedup achieved and degree of processor node
utilization. In figure 10, while the number of vehicles are
less than 500, the system efficiency processing with three
workstations is less than two workstations. As a
consequence of Amdahl’s law, the efficiency drops with
an increasing number of processors. However, when the
number of vehicles are 900, processor node utilization
with three workstations increased slightly.

® @
subnetwork 1 subnetwork 3
D—0O—1) G-
@ workstation 1 tion 3 @

—Lm/mo Mbps TCP/IP—‘— )
I

B
D—1—13
workstation 2
® subnetwork 2

Figure 8: Distributed three subnetworks on
three workstations

6. Conclusion and Future Work

This paper proposes the design and implementation of
microscopic traffic simulation that uses workstation
clusters. In-this ‘model a large network is divided into
several smaller subnetworks: by means of the spatial
characteristic of the network,-and those subnetworks are
simultaneously simulated on the available workstations on
the network. In a microscopic simulation approach the
traffic network is represented at the lane level and the
movements of individual vehicles are simulated on a
given traffic network, using car following, lane changing
and traffic signal control model. The time synchronization
of the whole network uses the help of the barrier concept
that disallows the progress of time, until the barrier is
executed by all system involved in the simulation.



As future work, we will investigate in advanced
features of the simulation such as incident/accident
modeling and dynamic re-routing which allows vehicles
to dynamically choose the routes in which they will
traverse the road network to reach their destinations.
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