Investigating congestion mitigation scenarios to reduce truck turn
time at Port of Montreal using Discrete Event Simulation

Vignesh Alagesan

A Thesis

in
The Department
of

Mechanical and Industrial Engineering

Presented in Partial fulfilment of the Requirements for the Degree of
Master of Applied Science (Industrial Engineering) at
Concordia University
Montreal, Quebec, Canada

November 2017

©Vignesh Algesan, 2017



CONCORDIA UNIVERSITY

School of Graduate Studies

This is to certify that the thesis prepared
By: Vignesh Alagesan

Entitled: Investigating congestion mitigation scenarios to reduce truck turn time at
Port of Montreal using Discrete Event Simulation

and submitted in partial fulfilment of the requirements for the degree of

Master of Applied Science (Industrial Engineering)
complies with the regulations of the University and meets the accepted standards with respect to

originality and quality.
Signed by the final examining committee:

Chair

Dr. Ivan Contreras, MIE

Internal Examiner

Dr. Mingyuan Chen, MIE

Examiner External

Dr. Chun Wang, CIISE

Supervisor

Dr. Anjali Awasthi, CIISE

Approved by

Chair of Department or Graduate Program Director

2017

Dean of Faculty



Abstract

Investigating congestion mitigation scenarios to reduce truck turn time at Port of

Montreal using Discrete Event Simulation

Vignesh Alagesan

Container ports are facing the growing problem of congestion due to the high volume of
container trucks entering the terminal. Globalization, growth of trade and increasing consumer
demand have further added to this complexity which has resulted in increased greenhouse gas
emissions at the ports. Several measures are being undertaken by the ports to reduce this
problem and improve port sustainability. Examples of these measures are implementing
advanced technology equipment, implementing extended gate hours, changing the arrival

patterns of trucks, and implementing variable gate lane policies.

The objective of the thesis is to develop a discrete event simulation (DES) model to investigate
the congestion mitigation scenarios to improve terminal productivity and reduce truck turn
times at the Port of Montreal. A case study with the Montreal Port Authority is conducted. The
results of our simulation study yield upgrade of technology at the terminals as the best solution
followed by managing the arrival patterns, changing gate lanes and extended gating hours. The
proposed work is novel and one of the very few to be conducted in the context of Port of
Montreal. The generated results can be used by decision makers at Port of Montreal in

developing strategies to mitigate congestion and reduce truck turn times at terminals.

Keywords: Discrete event simulation, Scenario analysis, Technology, Greenhouse gas

emissions, Green harbor trucking, Congestion mitigation.
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Chapter 1

Introduction

Ports are important gateways for global trade and major accelerators of economic development.
The increasing growth of the global trade has put high stress on the container terminals (CT)
to manage their operations efficiently. A terminal’s competitiveness is measured by the way it
handles and solves the routing problems in the terminal. As the number of container trucks is
increasing, the responsibility of CT operators to reduce congestion and manage operational
efficiency of the ports has also gone up. This creates a greater demand in container logistics
and management as well as on technology (Steenken et al. 2004). Therefore, the capacity of
the terminals should be increased to manage the high inputs and sustain the productivity
(Stahlbock and VoB 2008). Due to inadequate intermodal transportation infrastructure in the
container port, the freight community has experienced significant delays (Rooney, 2006). The
impact of increasing number of containers can be seen on congestion of trucks inside the
terminal. The increase in congestion level reduces the travel time and increases the idle time of
the trucks inside the port which results in increased level of unproductive greenhouse
emissions, and increase in freight costs from trucking operations. This could also lead to

increase in the price of the goods to the end customers (FHWA, 2004).



Figure 1 Port of Montreal Container terminal

1.1 Thesis Objective

The primary objective of the thesis is to investigate congestion mitigation scenarios to reduce
the turn time of trucks at the Port of Montreal container terminals (figure 1) using discrete event
simulation (DES). Several short-term measures have been proposed and tested using the
simulation model developed in ARENA. The measures evaluated include implementing
advanced technology equipment’s, implementing extended gate hours, changing the arrival

patterns and the flow of goods movements by changing different policies.

1.2 Thesis contribution

The proposed thesis contributes a discrete event simulation model that could help the Montreal
Port authority to test various scenarios that could assist in reducing the turn time of the
incoming container trucks. The simulation model is designed in such a way that critical inputs
to the model can be controlled with excel data sheet. The staging lane logic and the inter-

arrivals data can be changed directly from excel. This helps in avoiding the change directly in



the simulation model. The simulation model presents the results of waiting time, queue length,
the number of trucks according to the type, work in progress, utilization of resources at any
time, the idle time of resources and entities, cycle time or turn time of each truck type. The
model also helps in deciding the number of resources required in a particular scenario and
avoids excess resources which assist in reducing the cost of operations. It contributes to study
of how arrival patterns affect the system in terms of congestion and turn times. Hence, the
proposed DES model can be used by Port Authorities as a decision tool to improve the turn

time of trucks while at the same time minimizing the greenhouse gas emissions.

1.3 Organization of the thesis

Chapter 2 presents the literature review.

Chapter 3 states the problem definition.

Chapter 4 explains the DES-based solution approach.

Chapter 5 presents a case study on Montreal Port authority for the proposed model.
Chapter 6 presents the simulation model development in Arena.

Chapter 7 provides the conclusions and future works.



Chapter 2

Literature Review

In this chapter, we present the literature review on measures to reduce congestion inside port
terminal which leads to the reduction of greenhouse emissions. The most common techniques
used to reduce the congestion inside the terminal includes implementation of appointment
systems, implementation of advanced technology, changing arrival patterns, DES simulation

for ports.
2.1 Causes of congestion in ports

There are several reasons for congestion at the ports, some of the main causes for congestion
at the terminals are due to breaks in work at the terminal gates, trouble in the system or due to
weather condition. Sometimes there are trucks with confusing documents which increases the
service time to a considerable extent. It can be observed from certain port studies that trouble
in the transaction in the port is an important reason for the congestion inside the terminal.
Implementation of appointment system along with the latest gate technology could reduce the

service time at the gates and reduce the delay in the service (Huynh et al. 2011).

2.2 Managing congestion in ports

2.2.1 Appointment Systems

Several ports around the world are testing appointment systems for the incoming trucks by
creating a web portal where the truckers can book their time of arrival as preferred. There are
different types of appointment systems such as appointment windows, reservation system etc.
several ports in China have tested appointment systems which have proven to have an efficient

truck turn times. There are also scenarios where having appointments have made the situation



worse. Several studies have been conducted on the appointment systems. (Huynh and Hutson,
2005) and (Huynh and Walton, 2008) discussed truck appointment systems. If an efficient truck
appointment system is implemented in a container terminal, the result would be reduced queue
lengths, shorter turn times, and certain entry times of truck. A multi-server queueing model
was developed to analyze gate congestion at the terminal and evaluated terminal appointment
system. Sample data for the truck arrivals and processing time at gates are collected at the
container terminal in New York. They concluded that the appointment systems are an effective
tool for controlling the idle time inside the terminal (Guan and Liu (2009)). A better distribution
of trucks would reduce congestion inside the terminals. Appointment systems can be defined
as the maximum number of trucks that can approach a terminal in a given time window. Port
of Vancouver, Port of Los Angeles/Long beach introduced the truck appointment systems
(Morais and Lord 2006). Several authors proposed different strategies for controlling trucks to
reduce the congestion inside the terminal. Huynh and Walton (2011) developed a DES model
to simulate various appointment rules. The benefits of truck appointment systems were written
by Zehendner and Feillet (2013). Chen et al. (2013) introduced a non-stationary queueing
model and proposed two types of appointment systems namely static and dynamic. The
appointment systems are one kind of managerial solution for handling the increased truck turn
times and congestion inside the terminal. DES models were used for evaluating truck
appointment systems for finding the effect of congestion and improving the flow of trucks
Kiani et al., 2010; Sharif et al., 2011; and Karafa, 2012. A traffic DES model was developed
to estimate the emission levels at the terminal Karafa (2012). A mathematical model was
developed to determine arrival time window of trucks at a terminal. They used a simulation
model to test the performance parameters (Do et al., 2014). The vessel dependent time window

system was introduced to control the arrival of trucks by Chen et al. (2013).



2.2.2 Extended Gate hours

Extended gate hours are one of the best solutions for reducing congestion. Extending the
regular gate hours can help in managing the arrival patterns of trucks and reduce the peak hour
congestion. Both the appointment systems and extended gate hours could be implemented
together for an efficient system. There are several ports which have implemented this system
and benefitted. Many studies focus on the implementation of extended gate hours. In this thesis,
we will be discussing extending the gate hours for Cast and Racine in the early hours of the
day and also extend the hours for all the terminals at the end of the day. The issues for
implementing the strategy was studied by (Giuliano and O’Brien 2007) which includes
providing incentives for the drayage operators, pay rise to the workers to the workers at the
port. They showed an improvement of 20% shift of drayage from the peak to off-peak hours.
Spasovic, Dimitrijevic, & Rowinski, (2009) experimented with the extended gate hours at the
port of Newark/Elizabeth which resulted in no peak hour shifts and had still the same level of
congestion. A majority of the studies proved extended gate hours to be effective to a

considerable extent.

2.2.3 Gate Technology

Several technologies are in use in port terminals around the world to improve the overall
efficiency. The key performance indicator that is concentrated by several ports is the turn time.
Port of Montreal is one of the most technologically advanced ports in the world. It uses
technologies such as License plate readers, Barcode scanners, Biometrics etc. Recently Port of
Montreal developed a web portal to update the live congestion inside the terminal and the
estimated waiting time in each terminal. The portal has an updated image of each terminal
which refreshes every five minutes. Use of advanced automation technologies helps in

increasing the port efficiency and improve the average truck turn times inside the terminal.



Several technologies are available which include optical character recognition (OCR), global
positioning systems (GPS), License plate readers (LPR), real-time location systems (RTLS)
and radio frequency identification device (RFID). There are also many other technologies apart
from this. The proper use of technology is critical which was revealed by several studies. (Hu
et al. 2011) studied the use of RFID technology in which the vehicle and the driver information
can be collected from the RFID tag. To automate the identification of the trucks and containers,
trucking companies are using intelligent technologies to locate and identify freight (Wolfe and
Troup; 2005; Morais and Lord; 2006; Tsilingris et al.; 2007). Currently, Montreal port authority
uses RFID, License plate readers and some gate processing technologies. There are several
problems faced in collecting data where only 70% of the data could be recorded without any
error. Port of Vancouver employs the global positioning system (GPS) to track the drayage
trucks at any point in time. They also employ advanced gate technologies for efficient terminal

operations.

2.2.4 Arrival Patterns

Arrival patterns differ from time to time and it is challenging to control the arrival patterns.
Several ports around the world are trying to understand the arrival patterns. There are very few
studies in this field that are published. It is very important to note that Port of Montreal deals
with thousands of container trucks and is one of the busiest ports in the North American
continent. The Port of Montreal is trying to control the congestion to reduce the greenhouse
gas emissions. The arrival pattern of trucks plays an important role in the congestion of trucks
inside the terminal. Several truck arrival patterns and their effects on turn time and congestion
were studied by Azab and Eltawil (2016). A discrete event simulation model was developed to
examine the effects of different arrival patterns on turn time of trucks. Five different scenarios
were tested which includes different patterns such as default, increasing trend, decreasing trend,

uniform and distributed peak arrival. The results showed that arrival patterns have a great



impact on the truck turn time. Without reducing the throughput, by only changing the pattern
of arrivals, the turn time efficiency can be significantly improved. There are several ports which
are trying to cap the number of trucks entering every hour and distribute them in different
patterns to reduce the truck numbers within the maximum capacity. Capping is one of the best
practices followed by several ports as it involves lower risk compared to other strategies in a

terminal.

2.3 Modeling congestion in ports

2.3.1 DES for ports

Simulation models help to understand the system better and test different scenarios before
actual implementation and avoid risks. A simulation model mimics the real system which
means it will behave identically to the existing port operations with the truck as entities and all
the gates as resources. DES helps in testing the system without any interference with the real
system. It is recommended to design a customizable model which could be customized anytime
if there are any future improvements in the actual system. The model can be used to test any
scenario without even thinking about the consequence. This flexibility is not possible in the
real system which involves high-risk such as loss of revenue, increased congestion, loss of
customer satisfaction, worker satisfaction, increased greenhouse gas emission etc. Discrete
event simulation has the ability to study complex systems and their dynamics more effectively,
model stochastic systems. Shabayek and Yeung (2002) developed a DES model for the port of
Kwai Chung container terminals in Hong Kong. The model focused on the efficient operations
of the terminal. There are several other studies on the use of discrete event simulation to model
the port operations. Congestion inside ports may lead to several problems such as delays in the
cargo delivery delay, loss of product value, and so on. There is a broad range of solutions to

this problem which varies from port to port (Chen, Zhou, et al., 2011; Van Asperen, Borgman,



et al., 2011). Most of these issues are evaluated via queueing theory (Van Woensel and
Vandaele, 2007). To define the truck traffic flows, a microscopic model based on the queueing
theory is proposed. Queueing theory is the mathematical study of waiting queues developed by
Agner Kraup Erlang for analyzing telephone networks (Erlang, 1909). Subsequently, queueing
theory has been applied for many other applications such as telecommunications, business,
medicine, transportation, and industries (Denning and Buzen, 1978; Edmond and Maggs, 1978;

Floyd and Jacobson, 1993; Daganzo, 1994).

Discrete event systems (DES) have been recognized as an efficient tool for the study of
complex systems. Decision support systems can be developed with DES models (Thiers and
Janssens, 1998; Mastrolilli, Fornara, et al., 1998; Gambardella and Rizzoli, 2000; Saanen, 2000
and 2002; Murty, Liu, et al., 2005). It has many applications in the field of terminal
containerization. It mainly helps in making strategic decisions such as allocating the resources
and terminal planning (Gambardella, Rizzoli, et al., 1998). The design process of the entire
port operations is difficult, most of the studies were simplified from stochastic to deterministic
for the sake of simplicity (Steenken, Vo83 et al., 2004 and 2008). Most of the authors focused
on the essential activities of the port terminal, such as terminal yard management (Hayuth,
Pollatschek et al., 1994; Kim, Wang et al., 2002; Koh, Goh, et al., 1994; Mosca, Giribone et
al., 1994), transportation within terminal (Duinkerken, Ottjes et al., 1996) and on the berth,
crane operations inside terminal, shipyards and their layouts (Bruzzone and Signorile, 1998;

Moon, 2000; Soriguera, Robusté et al. 2006).

Various authors have demonstrated discrete event simulation as an effective tool for developing
operations of a port. For the port system in Italy, a simulation model was designed by Parola
and Sciomachen (2005). Likewise, a DES model for military operations was developed by
Leathrum et al. (2004). Port simulation models were also proposed by several other authors

such as Bruzzone et al. (2000), Koh et al. (1994) and Legato and Mazza (2001). A DES model
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was developed in ARENA to analyze the issues in a raw material inland terminal. With the
help of the DES model, they could improve the terminal operations by testing their optimization
measures (Yuan, Zhang and Yang (2010)). Jie et al (2010) developed an ARENA model of a
container terminal to find the optimal allocation of terminal resources, reduce operation time
and improve the utilization of the resources. Arango et al. (2011) solved allocation of berth
issues by developing a simulation model in ARENA. The results improved the efficiency of

the port of Seville.

2.3.2 Other modeling approaches

There are several other software’s used to model and simulate ports. Some of the complete
models include the port of LA/Long Beach modeled with the Quick trip. This was a high-level
model which did not include entrance gates, terminal yard, exit gates, and road network. It
included very little detail (Fischer et al. (2006)). Lee et al (2011) modeled the port of Singapore
with terminal yard and road network. There were no entrance gates and exit gates modeled.
Dougherty (2010) modeled the port of Newark/Elizabeth using VISSIM but the model only
included road network inside the port. This model was simulated to study the traffic inside the
port territory. Karafa and Golias (2012) modeled the Port of Newark/ Elizabeth in detail and
included the entrance gates, terminal yard, exit gates and the road networks. Port simulations
can be built in C and C++, Fortran, Java, Matlab, Awesim, Portsim, Modsim, Slam, Gpss/H,
Viscot, Monte Carlo, Visual Basic, Em-Plant, Pascal, Siman, Portmodel, Ithink and Micro

World (Mw), Simport, Anylogic and NetLogo respectively.
2.4 Research Gaps

Based on the review of literature, following research gaps were identified,

e Most of the research papers study the congestion mitigation approaches individually

such as implementing gate technology, logistics, overall operations, operational
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policies, and storage to improve the efficiency and reduce congestion inside the
terminal. But, none of them have tested two or more strategies together.

e Majority of the papers concentrate mainly on the modeling of yard process, berthing
area rather than the movement of trucks in DES.

e Highly customizable and upgradeable simulation models are not developed.

Simulations were built with minimum capabilities.

In this thesis, we will be discussing discrete event simulation of truck movements in detail
in the context of Port of Montreal. We will be testing few such as implementing advanced
technology equipment’s, implementing extended gate hours, changing the arrival patterns
and changing the logic of goods movements by changing different policies using data from
the Port of Montreal. The proposed model is highly customizable and upgradable. We

recommend policies based on testing of various operation scenarios to the Port of Montreal.
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Chapter 3

Problem Statement

The objective of the thesis is to develop a DES model to investigate the following four scenarios

to reduce truck turn time in the Port of Montreal.

1.

Extension of gate hours: Implementing extended gate hours reduces the peak truck
arrival numbers and spreads them across the day. This helps in reducing the congestion
inside the terminal. Hence idling can be avoided which generates unproductive
greenhouse gases.

Modeling the truck arrival patterns: Changing the arrival patterns and capping the
number of incoming trucks to a specific level helps to increase the smoothness of the
truck flow in the terminal.

Dedicated gate lanes: The second stage gating at the port entry has 26 lanes in which
Maisonneuve trucks and the Viau trucks have dedicated lanes, but the Cast and the
Racine trucks have shared lanes. Hence different gate policies are tested for Cast and
Racine to find the best policy which reduces the turn time.

Use of advanced technology: Implementing advanced technology can rapidly reduce
the turn time. Turn time here refers to the time a drayage truck spends at the marine
terminal. The time a truck spends in the terminal is known as the terminal time and the
time a truck spends at the staging area is referred as the staging time. Both the time

together represents the turn time.

A case study with the Montreal Port Authority is conducted.
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Chapter 4

Solution Approach

In this chapter, we firstly provide a brief introduction to DES and describe the various steps

involved. Then, we present their application to our specific problem context.

1.

Problem formulation: The first step in any simulation study is the problem
formulation. The problem formulation has five critical phases. These are defining the
problem, defining the system, establishing performance metrics, developing the
conceptual model, and documenting the assumptions. The problem should be precisely
defined so that the analysts can have a clear understanding. Once the problem definition
phase is completed, the system should be defined with all the boundaries.

Objectives and Introduction: The primary objective of our simulation model is to
evaluate the impact of various scenarios that affect the turn time of incoming container
trucks. Then the overall project plan was developed based on the simulation results.
Model Conceptualization: The conceptual model is the actual representation of a
system or a simulation model which helps understand the operations and the workflow
in the form of process chart, flowchart or activity diagram. In this phase, we define the
process flow which helps in building the discrete event simulation model.

Data collection: All the input data for a simulation model are collected in this phase.
Historical data related to turn times, terminal and gate information, arrival times are
collected from the Montreal port authority for our simulation model, and the data are

analyzed using input analyzer.
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5. Model translation: The conceptual model is converted into a complex discrete event
simulation model with the help of high-level flowchart and algorithm using M-VISIO
software. It is then converted into actual simulation model using ARENA software.

6. Verification: This step makes sure that the conceptual model is translated into
computerized model properly and truthfully. Few ways to do verification include
carefully examining the output, the Interactive run controller (IRC) or use of debugger,
an essential component of successful simulation model building to check if the behavior
is at least reasonable.

7. Validation: Validation involves a comparison process to test the results of the DES
model outputs with the real system outputs. Different input data sets are created to test
the model output changes. This is the most important step to decide if the simulation
model works appropriately. There are various types of validation techniques such as
event validity, face validity, internal validity, Parameter- variability sensitivity analysis,
and so on (Sargent,2007). In our case, we make use of face validity where expert
opinion is sought for the judging the results, and sensitivity analysis where modeling

parameters are changed, and the changes are observed in the output.

The flow chart below represents the various steps used in a simulation study. Figure 2 depicts

the flowchart.
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4.1 Introduction

The primary objective of our simulation model is to evaluate the impact of various scenarios
that affect the turn time of incoming container trucks. Reducing the truck turn times has a direct
impact on the reduction in greenhouse gas emissions. To analyze the congestion issues, a
simulation model was developed to represent the existing situation of truck movement at Port
of Montreal container terminals. Arena simulation software was selected to design the
simulation due to its ability to do detailed modeling and flexibility. The modules used in the
software to build the model have specific actions that relate to the flow, and the timing, the
precise representation of the real system is subject to the modeler. Complex programming can
also be done. External Software such as Microsoft Excel, Access etc. can be linked for building

more complex models. All of this can be done on one platform which is ARENA.
4.2 Input modeling

Input modeling is an important part of any simulation because the result of the entire simulation
model depends on the input. This is referred to as “garbage in garbage out”. There are three

steps involved in this stage:

1. Collection of data from the real system: This phase is a challenging step which
involves a lot of work, sometimes expensive and always error-prone. In some cases, the
data is not easily available. Hence, a perfect knowledge of the process is necessary to
make an educated guess.

2. Identifying the probability distribution: Approximating the given data by a
distribution function is very important. All the data are not approximated. Few data’s
are deterministic and few are probabilistic. Once the distribution is found for a given

set of data it can be given as an input to the model.
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3. Goodness of fit: The goodness of fit test is done to find the best fit for the data. This is
done with the arena input analyzer which provides the results based on the Chi-square

test and Kolmogorov-Smirnov test.
4.2.1 Data collection

In this section, we will discuss the data obtained from the Montreal Port Authority and on-site

analysis which includes the following:

1. The arrival time of trucks.

2. Type of trucks.

3. To, TI1, T2, T3 Gate service delay.
4. T2 gate paperwork service delay.
5. Yard service time.

6. Average truck speed.

All the data was collected for April 3™ and April 4™ 2017. The reason for selecting this date
was because April 3™ represented the average daily trucks pattern and April 4" had the
maximum number of trucks of the month. This is explained in detail in the case study. Most of
the data used in the model are deterministic, and the port authorities helped with the data. There
are very few stochastic data used mainly for the yard delay, gate service times, and paper work
delay. The gate time delays were provided with maximum, minimum and mean values. Hence
a triangular distribution was selected which best represents the given data. Only few yard
service times were recorded. Most of the time only 20 to 30 percent of the service time data
are recorded due to some issues with the system recording it. As the data were limited when
compared to the total number of trucks, the best distribution of the available limited data was
found using input analyzer in Arena. This provides the result for best fit based on the Chi-

square test and K-S test results.



18
4.2.2 Identifying the probability distribution

The probability distribution was found using the Arena input analyzer software. The inter-
arrival time of the entities used in the model is taken from the real scenario. Hence, an excel
sheet is used as input for the inter-arrival times. For the yard process, a set of data for a few
trucks were given, and the probability distribution was found using the software. A different

set of data was given for April 3™ and April 4™ different yard delay distributions were found.

Figure 3 Input analyzer graph

The above histogram shows the best fit for the Maisonneuve yard process data on April 4.
The distribution was found to be 5.5 + LOGN (15.2, 11.7). The distribution was selected based

on the two tests as mentioned before by the input analyzer.

Figure 4 Input analyzer graph
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The above histogram shows the best fit for the Racine terminal data on the same day. The
expression was found to be 4.5 + 21 * BETA (1.76, 1.64). But the Cast terminal yard process
was not recorded properly. Hence an approximate data were provided regarding maximum,
minimum and mean values. Therefore, it was decided to have a triangular distribution for the
data, and it is TRIA (10, 11.5, 15). Similarly, for Viau terminal, the distribution is TRIA (3.5,
7, 40.5). Correspondingly, the yard distribution was found for April 3™ data where three
terminal yard data were not recorded hence the data was suggested for Cast as TRIA (10, 11.5,
15). The Racine yard delay distribution with the expression as TRIA (10, 11.5, 15). The
Maisonneuve delay is TRIA (5.5, 15.9, 38.5). The yard delay for the Viau was found to be 4.5

+ EXPO (16). The use of excel will be explained in the later sections.

4.3 Model Conceptualization

We have developed a conceptual model for developing the DES model using the process map.
The process map explains how a truck enters the port territory and moves inside the terminals.
First, the trucks arrive at the port which has a TO gate delay, then T1 delay and staging before
their respective terminals and delayed at T2 gates and then enters yard process and then into
T3 gate and then moves finds the way to the exit. Figure 5 shows the typical truck transaction
at the Cast terminal starting from TO to T4. The complete high-level process map for Figure 5
movements is shown in Figure 6 below. The number of lanes at each terminal staging is not
mentioned in the process map. But they are referred to in the process chart of the DES

algorithm.
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4.4 Model Translation

In this step, we translate the conceptual process map into a DES model. Before developing an

actual DES model, an algorithm is developed, and then the DES model is developed in Arena.

Microsoft Visio was utilized for developing this algorithm.

4.4.1 DES algorithm

DES algorithm is designed based on the process map of the system. It defines the movement

of entities and decision in DES model. The flow of the algorithm is explained as follows:

1.

2.

The truck entities are generated all together at once.

Then the truck entities are assigned their type and their inter-arrival time from the table
which is provided as an input to the DES model.

Then the Truck entities enter the first gate TO to get served. They select the TO queue
based on the shortest queue.

Then these truck entities choose the second gate queue based on the specific queue
assigned. The cast and the Racine truck entities are assigned lanes 1 to 14; the
Maisonneuve entities are assigned to lanes from 19 to 26, the Viau entities from 15 to
18 and within the assigned lanes they select the lane based on the lane with a minimum
number of entities. The second gate has 26 resources. They are called T1 gate resources.
Then the entities are moved to their respective terminals and enter the third gate
resource T2 through separate staging before each terminal. The staging lane number
varies for different terminals. The number of T2 resources differs from each terminal
which can be seen in the flow diagram of figure 6.

The entity selects the staging lane with a minimum number in the lane.

The entities select the T2 resource which is empty as the capacity of the resource is 1.
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8. Once the entities are served at T2 in all terminals, they move into the yard process
where they are delayed for the yard operations (drop off or pick up container).

9. Upon the completion of the yard operations, the entities go through the fourth gating
operation T3 to the exit which is the T4 gate.

10. They select the T3 resource base on the maximum remaining capacity. The number of
T3 resources differs from terminal to terminal. This can be seen from the chart in figure
6 below.

11. Then the entity before going to the dispose module to exit they move through the record

module where the entity statistics are recorded such as turn time, count.

The algorithm explained above is represented in figure 7(a) and 7(b) below:
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4.4.2 Elements of DES model

Various elements used in the DES model are explained in this section. These elements can be

categorized as follows:

Type

Definition

Model elements

System

A system is a group of
structures or parts that
together  perform  vital
functions to accomplish a
goal.

In our case, the Montreal port trucking
operations are modeled as a system
composed of various modules such as truck
entity ~ creation,  resource  creation,
assignments and so on, that work together.

Entity

An entity can be defined as
an object or part. They move
inside the system, and their
action causes some changes
in the system.

The entities in our research model are the
container trucks to the port. There is only
one entity which is created and assigned
four attributes to differentiate between the
different types of incoming trucks to the
Port of Montreal.

Attribute

An attribute can be defined
as the property of an entity
which is always attached to
the entity.

There are several attributes used in our
model. Some of them are, to differentiate
between different incoming trucks type
attributes are assigned, truck lane number
attribute, route attribute, cycle time attribute
and so on. These attributes are explained in
detail in the model development section.

Variables

Variables like attributes are
not tied to an entity rather
tied to the system. They are
accessible by any entity in
the system, and their value
can be changed anytime.

In our model, there are several variables
used in the system some of them are
v_I InterarrivalTimes, v_I TruckType,
v_TruckArrivalRow,

v_I TruckLanesMatrix,

v_1 MaxTrucksInLane,

v_I MaxTrucksincastlane and so on. These
variables are explained in detail in the model
development section of the model.

Sets

The set module allows us to
define a set of resources,
counters, entity types, and
sometimes entity pictures.

In our model, we use sets to define
resources, queues, entity pictures and set of
stations.

Events

Events are actions that
change the state of the
system at an instance of time.
All the elements explained
are elements of the basic
process tab in Arena. There
are also elements used from
the advanced process and
advanced transfer tab as
follows.

Various events occur in our DES model
such as the creation of truck entities, holding
the entities, delaying the entities, assigning
the entities, and finally recording the entity
statistics and so on.
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Seize

The seize module used to
seize the resources according
to a specific rule. The
resources and queues can be
defined in the seize module.
The seize module used in our
model is used to seize the set
of resources and set of
queues.

The seize module used in our model is used
to seize the set of resources and set of
queues.

Delay

The delay module is used to
delay an entity for a specified
duration of time. Several
delay modules are used in
our model to delay the truck
entities for a specified
duration of time at the gate
resources.

Several delay modules are used in our model
to delay the truck entities for a specified
duration of time at the gate resources.

Release

The release module is used to
release the seized entity from
the resource. The units to be
released can be defined in the
release module. The release
rule can be specified if there
are many resources.

The release modules in our model are used
to release the truck entities from the
resources.

Search

The search module can be
used to search a specific
entity or resources. The
search module can be used to
search either a queue or a
batch. An expression can
also be defined to search.

Search module with an expression is used in
our model to search the shortest queue.

Route

The route module is used to
route the entity by delaying it
by specifying the duration of
delay and route the entity to
the destination station. The
delay and destination can
also be an expression. A
route always accompanies a
station module as a
destination for the entities
from the route module.

The route module in our model is used for
delaying the truck’s route to the terminals.

Station

The station module is used as
a destination for the route
module. A station module
consists of a single station or
a set of stations defined as a
set.

There are several station modules used in
our DES model as a destination for the truck
entities.
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4.5 Verification

Verification is done to ensure that the DES model is producing the right results. The logical
structure of the model is verified, and their inputs are also checked. The model was verified by
running it without any simulation errors, and run to completion without any errors. The results
at the end of the simulation were checked if the expected and observed values match for the
modeling parameters. Table 1 shows the sensitivity of certain parameters at different parts of
the terminal. Debugger tool and run controller were used to track entities, queues, and
resources. With the help of debugger one entity type was selected and followed from the
creation till they exit the model. It showed that the model was working as it needed to be. Hence
most of the parameters such as the creation of entities from the excel data, entities choosing
the right lane and resource, work in progress, current number in resource and queue, current
number seized, current simulation time, can be verified from the DES model at any instant of

time. A screenshot of the debug bar used to track an entity can be seen in figure 8 below.
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Figure 8 Debug bar
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Table 1 Verification test and results

Terminal Gate Test Expected Model Verified
Results Results
Common TO Increase Increase in Increase in 4|
Entry Arrivals length of the | length of the
queue queue
Common T1 Increase Increase in Increase in |
Entry Arrivals congestion congestion
for prolonged for a
period prolonged
period
Cast T2 Increased Increased Increased 4|
service waiting time | waiting time
time at T1 at T1
Maisonneuve T2 Increased Number Number |
Service Increase in Increase in
time staging queue | staging queue
Racine T2 Increased Increased Increased 4|
service waiting time | waiting time
time at T1 and at T1 and
dedicated dedicated
staging lane | staging lane
4.6 Validation

Validation is performed to ensure if our model results meet the operational needs of the user.

There are several validation techniques such as face validity, Historical data validation,

predictive validation, internal validation and so on (Sargent, 2007). Face validity and historical

data validation are used in our DES study. Face validity is done by the experts checking the

model. Historical data validation is comparing our simulation results with the historical data.

Figure 9 shows the interactive run controller used in our DES model to check the resources,

queues, entity statistics, and process.
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Figure 9 Debug Bar 2

4.6.1 Historical data validation

For historical data validation, data was collected from the Montreal port authority. The
parameter being validated is the average truck turn time. The average turn times were
calculated from the historical data, and then compared with the simulation output data as shown

in Table 2 below.

Table 2 Average cycle times

Avg Cycle Time

April 37
(real)

April 37
(Sim)

April 4t
(real)

April 4t
(Sim)

Cast

51.64

76.01

69.83

93.97

Maisonneuve 102.71 123.82 53.55 82.32
Racine 56.4 76.29 76.366 116.7
Viau 70.62 34.62 69.34 34.68
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The above table shows the turn times from the historical data and simulation output. The
simulation results are higher than the existing system historical data. Some model constraints
cause the results of the average turn time to be higher which will be discussed in output

analysis.
4.6.2 Face validity

In this technique, an expert’s opinion is sought to determine if the model adequately represents
the real system of truck operations and verify if the output parameters of the simulation model
are correct. For our simulation model, the outputs were verified with the Montreal port
authorities to check if the outputs were satisfactory. The authorities approved the model after

checking all the results of the DES model.

4.7 Output Analysis

The outputs of the simulation model are shown in Table 2. It clearly shows the variation in
simulation output and the real system output for the selected two days. Then a detailed study
was made comparing the original system with the simulation model and conclusions were made
for the factors that affect the simulation time of the model.

— » SEPARATE

LANES TO
TERMINAL

20 FT. AND 40
FT.
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ONLY
LANES

PREMIUM<———
TRUCK

Figure 10 Causes of simulation delay
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Figure 10 shows the factors responsible for the delay in the turn times of truck entity. Firstly,
the model constraint which affects all the terminal results is that the real system has trucks of
varying lengths with 20ft and 40ft containers. But in the model, it is very difficult or impossible
to model trucks of varying lengths. Hence, only trucks of one size which is 40ft were considered
and based on this length the wait spaces were created at all staging lanes inside the port
territory. Due to longer trucks, there is less space in the terminal staging. Hence the average
turn time is increased in the DES output. Apart from this, there are other factors which affect
the turn times in the terminals. The Opt-quest results comparison is presented in the scenario

analysis in chapter 5.
4.7.1 Factors influencing Cast terminal

The cast terminal in our model has only six lanes for staging compared to the real systems
seven. This increases the turn time considerably and the T3 gate resource defined is only of
capacity two when compared to the real systems three. The third resource was not considered
because it serves only the truck entering from the 7 lane which is absent in our simulation
model. The 7" lane in the staging is for the premium trucks for which we don’t have historical
data and also makes the design complex. Hence all the trucks were considered to be normal

trucks.
4.7.2 Factors affecting Racine terminal

The Racine terminal has ten lanes along with another six lanes parallel to it for staging in the
existing system in which the six lanes are dedicated for the trucks with empty chassis. In our
model, we have designed only one type of truck staging which is the first ten lanes and due to
the complexity of designing the other six lanes the empty chassis trucks entering the Racine

terminal were neglected. As a result, all the trucks entering this terminal went through only one
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staging of ten lanes and therefore the Racine terminal truck average turn times are higher in the

simulation model.

4.7.3 Factors affecting Viau terminal

As the Viau terminal of the real system is under construction, the DES for the Viau terminal
was designed entirely with assumptions and guidance from the port authority. The DES model
of the Viau terminal has a separate route to the yard terminal from the second stage T1 gating.
They were designed in such a way that there is no interference by the truck entities which are
moving towards other terminals. But this is not the case in the existing scenario where there

are interference by the Racine trucks to some extent.

Similarly, the Maisonneuve trucks are affected by trucks of varying length which could lead to
shorter turn times than considering as all the trucks longer. As the terminal staging can handle
only less number of longer trucks the trucks even after completing the service at T1 gate are

not going to be released which increases the turn time and also the truck output of the terminal.

The assumption of same length of trucks can also affect all other terminal trucks turn time. The
alternative configurations of models are tested in the case study which reveals the mean turn

time of trucks for different types of terminals.
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Chapter 5

Case Study for Port of Montreal

In this chapter, we will discuss the application of the proposed DES model-based solution
approach through a case study for Montreal port authority. There are various scenarios of truck
arrivals tested in the Port of Montreal using our simulation model. The scenarios tested are the
factors that affect the turn time either positively or negatively. Based on the results from these
scenarios recommendations were made to MPA which helps them to decide to deploy any of

the scenarios. The scenario analysis represents the output analysis based on different scenarios.
5.1 About Port of Montreal

Port of Montreal is a port and transshipment point located on the Lawrence River in Quebec,
Canada. It is an international container port which serves Toronto, central Canada, U.S, Europe
and parts of Asia. It has a shoreline of 26kms between the Victoria Bridge and Point-aux-
Trembles. More than $37.5 billion in goods move through the Port of Montreal every year, and
its activities generate economic benefits valued at $1.5 billion. The volume of containerized
cargo handled in 2013 was 11.9 million tons. This represents 1.4 million 20-foot equivalent

unit containers (TEUs).

Non-containerized general cargo traffic rose 22.7 percent to reach 159, 677 tonnes primarily
due to metal products, whose volumes increased from 19,372 to 58, 664 tonnes. The amount
of liquid bulk handled is 9.5 million tonnes annually. 2013 ranks among the best in the cargo
category. Dry bulk traffic increased to 6.6 million tonnes, mainly due to increased shipments

of iron ore, fertilizer and scrap metal. The Port of Montreal also has a Cruise terminal which
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has one berth welcome approximately 70,000 visitors annually. At present, the Port of Montreal
has joined the sustainability race with the ports around the globe to protect the environment. It
has four container terminals namely Cast, Maisonneuve, Racine, and Viau. The trucks destined
to these terminals have to pass through a common entry and then divert to their respective
terminals. The port on average has 1600 incoming coming trucks every day. This includes
trucks with containers, empty chassis, and premium trucks. The geographical location of the

port can be seen from the figure 11.

Figure 11 Port of Montreal Location

5.1.1 Common Entry for Terminals

The container trucks to all the terminals enter a common entry where there are two lanes, and
there are no rules for the trucks to select the two lanes. However, the truckers select lanes only
based on the minimum number of trucks in the queue. There is a gate -TO (figure 12) at the end
of these lanes where the truck driver’s identification card is scanned, and license plate reader
used to scan the truck registration number, along with barcode scanners and OCR to scan the

container numbers.



Figure 12 TO gate entry lanes

Once they get past the first gate, there are 26 lanes designated for the trucks according to the
terminal for the second gate -T1 (figure 13). The trucks have to select the gates according to
the destination terminal and again the biometrics and OCR is done in this gate. The common
entry portal was a recent development in the Port of Montreal. At present, the Cast and the
Racine trucks share the first 14 lanes, and the Viau has dedicated lanes from 15 to 18, and
similarly, the Maisonneuve has seven dedicated lanes from 19 to 26. The service time varies
for the different terminal trucks where the Cast and Racine trucks take around 20 seconds, and
for the Maisonneuve/Viau, it takes a minute on an average due to the container pick up and

drop details processed. As they have different terminal operators, the service time varies.

Figure 13 Common entry for terminals
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5.1.2 Cast Terminal

Figure 14 Cast Staging and T2, T3 gates

Termont Montreal manages the Cast and the Racine terminals. Similarly, the Maisonneuve and
the Viau terminals are operated by the MGT. Through the gate -T1 the Cast trucks move
towards their terminal where they have seven lanes for staging, out of which one lane is for the
premium paying customers. A maximum of forty-two trucks can be staged. Once staged, the
truck driver leaves the truck for doing the paperwork and his container assignment takes usually
between 2 to 5 minutes. Once the paperwork is complete, the driver gets back to the truck and
moves to the next gate which is T2 where they scan the identification card for the second time
and move into the yarding process. The gate -T2 has three entries for the trucks and there is
gate T3 with 2 entries for their exit from the yard process. The identification card of the driver
is scanned again on their exit. Both T2 and T3 gates can be seen from the figure 14. The number

of T2 and T3 gates are often reconfigured between inlet and exit depending on the truck traffic.

5.1.3 Maisonneuve Terminal

Figure 15 Staging Maisonneuve Terminal

Similarly, the Maisonneuve trucks move through the respective T1 lanes and then enter the
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staging area which is in a different design compared to the Cast terminals. It can accommodate
between 35 to 40 trucks based on the length of the trucks. There are three entries at the gate -
T2 of the Maisonneuve. It takes approximately a minute to scan the Identification card and get
the ticket. Once the T2 gate scanning is done, then the trucks enter the Maisonneuve terminal.
On their exit, they have four entries at gate —T3 to leave the yard and then move to the exit of

the port. The gate —T2 and T3 can be seen from figure 16 and staging from the figure 15.

. Terrnom Venteeal,

r Y
(L]
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Figure 16 T2 and T3 gates Maisonneuve

5.1.4 Racine Terminal

The Racine terminal is located at about 2 km from the common entry gating T1. It has a
dedicated staging lane before T2 which is divided into 2 sections. First, they enter a single lane
which can accommodate approximately 65 trucks and then there is another staging with 16
lanes with a capacity of one each. Out of 16 lanes, 10 lanes are for the incoming trucks with
the containers, and the remaining 6 lanes are for the empty chassis. The trucks then enter the
T2 Racine gates which have four entries and three T3 gates for exits. Once the truck is in

staging paperwork process which is similar to the Cast terminal that usually takes the same
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time. The identification in T2 and T3 are also pretty much similar. The gates can be seen in

figure 17.

Figure 17 Racine Staging and T2, T3 Racine

5.1.5 Viau Terminal

The Viau trucks once passing the T1 gate, then they travel approximately 4 km to reach their
terminal staging. As the terminal staging is not yet built and is under construction, our model
focuses on the data collected on the Viau capacity and gates from MPA. The data collected
shows that the Viau staging can hold a maximum of 20 trucks approximately and they have
two entries for the gates at T2. The Viau terminal has a dedicated lane after the Maisonneuve
terminal. Until Maisonneuve terminal, the Racine trucks and Viau trucks share the same lane.
The Viau terminal is under construction (figure 18) and the terminal is designed with a staging
capacity of 20 and two entries for T2 and T3 gates. The port has different exits and it is let to
the truckers to select the choice of exit for the departure. There are no dedicated exits for any

terminal. Our model focuses only on one exit per terminal. No two terminal trucks can share
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the same exit.

Figure 18 Viau Terminal under construction

5.2 Challenges faced by the Port of Montreal

Port of Montreal is facing few challenges which are listed below,
e Controlling the level of greenhouse emissions.
e Maintaining a smooth flow of trucks inside the port
e Increased average turn time due to the idling of trucks.
e Congestion in Maisonneuve terminal staging.

¢ Difficulty in managing increased truck arrivals.

5.3 Proposed Solutions
The following solutions or alternative scenarios were proposed based on the review of the

literature and the understanding of the operations at the Port of Montreal.

e Extended gate hours.
e Suggested arrival patterns.
e TI gate structure policy.
e Improved Technology
Hence all these solutions or the scenarios are tested separately, and the results are interpreted.

The results are then analyzed using process analyzer, and the graphs are plotted.
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5.3.1 Simulating Extended Gate Hours

5.3.1.1 Input Data

As it is complicated to develop a model for verifying all the data only two days data were taken
into consideration for testing. April 3™ and 4™ truck data were selected because April 3™ closely
represents other days of the month in terms of truck numbers and they also had a distinct arrival
pattern from the rest of the month. April 4™ had the maximum number of truck arrivals of the
month and as on this day there was a high congestion in the terminal there was a long queue

developed outside TO which could be verified to check the model.

Table 3 shows the total number of container truck arrivals to each terminal within one-hour
intervals from 6.00 am to 5.00 pm. At the very beginning of the port opening at 6.00 am to 7.00

am as the Cast and Racine terminals are closed there are usually no trucks to these terminals.

Table 3 Truck arrival data

APRIL 3 2017 pd Hacine [ Maisonn g Yiau
£.00-7.00 am 2 0 35 B 43
7.00-5.00 am 1 51 55 3 176
8.00-3.00 am 45 B4 70 15 194
3,00 - 10,00 am 55 5 T 15 186
10.00 - 11.00 am Jati] ES [} 20 221
1.00-12.00 am 7 Nl 6 13 243
12.00-1.00 pm g5 T2 ES 1 240
1.00-2.00 pm a3 53 B0 1z 197
2.00-3.00pm 42 a7 ES 13 157
3.00-4.00pm a a 51 1 68
4.00-5.00pm 4 1 13 1 25
1]
| Total 513 467 641 129 1750

In Table 3, it is clear that there are two trucks which came into the port between 6.00 and 7.00
am to Cast and Racine. These two trucks entered at 6.59 am. So, they were included in the first-

hour bracket. The total number of trucks that entered is 1750. Arrival pattern in figure 19.



42

Truck Arrivals
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Figure 19 Arrival pattern April 3"

In order to test for extended gate hours, the existing truck data was modified after discussing
with the port authorities. The data was modified for Cast and Racine trucks in the early first
hour. In the new table the total number of trucks were balanced to 1750 as the original data
assuming the peak hour shift in the arrivals. This is done by replacing another high peak two
hour intervals from 11am to 1pm. The replaced data was taken from another days truck arrivals
and their inter arrivals were replaced with the original data to have an original representation
of the real world arrivals. The modified data table is shown below, and their corresponding
graph is plotted to visualize the inter-arrival pattern. The modified data (table 4) and their

pattern (figure 20).

Table 4 Truck arrival data

£.00 - 7.00 am o6 4z a1 i 157
T.00 - 5.00 am g1 a1 o5 3 176
.00 -3.00 am 45 G4 Jit! 12 134
3.00 - 10.00 am 55 33 T 13 186
10.00 - 11.00 am £ £5 £5 20 221
11.00 - 12.00 am 3 41 B3 13 188
12.00-1.00 pm a7 5 a7 2z 181
1.00-2.00pm E6 53 =11 12 197
2.00 - 3.00 pm 4z 37 £5 13 157
3.00 - 4.00 pm & g 51 1 68
4.00 - 5.00 pm 4 1 13 1 25

0
Total 531 472 616 131 1750
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Truck Arrivals

250
» 200
¥4
S 150
=
S 100
I+
0 all, w0 L
o Mol Tk B I ..
S, = Sy 2 B Y X T S S %
00\ 00\ 00\ 00\ 0.00 \’.00 <.’00 00\ 00\ 00\ 00\
> N N N
‘%D d~>00 ‘900 ‘70.0 LSS R O ‘?00 "?00 ?00 ‘?00
S O o, O QG QG O T o 0, L
'72’79'72%)@@%)%’?7%4)
2
I Cast B Racine Maisonneuve Viau e Sum

Figure 20 Arrival pattern April 3

In the new modified table, there are 56 Cast trucks, 42 Racine trucks and rest are Maisonneuve
and Viau trucks. Three rows are marked in yellow to show the changes made from the original
data. These data are taken from a different day to balance the overall number of trucks as the

original data.

5.3.1.2 Model Execution

As we mentioned earlier, among the four terminals the Cast and Racine terminals operate from
7.00 am unlike the other terminals which open at 6.00 am. Hence extending the gate hours for
the Cast and Racine may reduce the congestion at the entry gates and in turn reduces the turn
time. New data for the extended gate hours was discussed with the port authorities and used as
inputs to the same model. Two models were developed to test and compare the results. The
first model was tested with historical data as input with original April 3™ inter-arrivals and the
second model with a modified April 3™ inter-arrival with trucks entering all the terminals from
6.00 am. The model was executed using the excel inputs for both the original scenario and the

extended scenario. Similarly, all the other inputs were also modified from excel sheet.
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5.3.1.3 Results

Both these input data are tested in the Arena, and the results can be seen below in the form of

bar graph.

Turn Time Comparison
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Figure 21 Results Turn time

The above graph (figure 21) shows the simulation results with ten replications for turn times
of Cast, Maisonneuve, Racine and Viau terminals. It can be clearly seen that the turn time for
the Cast and Racine terminals are decreased from 76.019 to 67.802 and 76.297 to 59.079
respectively. This shows an 11.85% decrease in turn time for the Cast and 22.57% Racine
respectively. This will not have a great impact on the turn time of trucks to the other two
terminals. Hence it is evident from the results that extended gate hours is an important factor
which has a great impact on the turn times of the Cast and Racine terminals. It can also help in
shifting the peak hour congestion of trucks to off-peak hours. There is also another data tested

within next part without assuming any shift in the peak hour to check the impact of EG.

5.3.2 Simulating Arrival patterns of trucks:

To test if the arrival pattern per hour of truck affects the turn time. Two models were tested as

below:
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1. Steady-state arrivals vs. April 4" with extended gate hours vs. April 4" original

2. April 4" original vs. Reverse arrivals of April 4™ original

5.3.2.1 Steady State Arrivals vs. April 4" with extended gate hours
Input data

With the guidance of the port authorities, data was created with a maximum of 171 trucks
arriving every hour adding to a total of 1881 trucks from 6.00 am to 5.00 pm (table 7). This
171 was taken from another day data of just 1hr interval and the same data was used for arrivals
every hour. The particular one hour interval was selected due to the fact that this data when
added represented the average total number of trucks entering the respective terminals. For
example, 52, 53, 43 23 are the data selected which added for intervals from 6am to S5pm gives
a total of 572 cast, 583 racine, 473 maisonneuve and 253 viau trucks. These totals are close to
the average number of trucks entering the port on a usual day. Hence this particular data was
selected. This is compared to April 4th with extended gate hours with peak hour shift turn time
results as they have a high number of arrivals every hour which is higher than 171. Here in this
extended gate hour data peak hour shift is not assumed and hence the total truck arrivals are
higher than original. The original input data on April 4™ was also tested for comparisons of the

output. This data is seen from table 6 and their arrivals can be seen from the graph (figure 22).

Table 5 April 4th with extended gate hours

6.00-7.00 am g3 30 T2 12 183
7.00-8.00 am 33 35 75 13 282
5.00-3.00 am I 41 7 30 223
|S.DEI -10.00 am 57 65 37 22 181
10.00 - 11.00 am 65 56 47 il 173
11.00-12.00 am 62 v E1 33 239
12.00-1.00pm T I 52 27 224
1.00-2.00 pm 36 66 53 26 247
2.00-3.00 pm 19 65 40 1a 142
3.00-4.00pm 56 28 2 0 86
4.00-5.00 pm 3 G ] 0 9
Tatal 1)
671 604 522 198 1995
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Truck Arrivals
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Figure 22 Arrival Pattern per hour April 4™ (EX)

Table 6 April 4™ without extended gate hours

APRIL 4 2018 Cast B Maisonneuvfid Yiau

6.00-7.00 am 0 0 55 15 76
7.00-8.00 am 93 95 75 13 282
5.00-9.00 am 75 41 T 30 223
3.00 - 10.00 am 57 65 37 22 181
10.00 - 11.00 am B5 56 47 1 173
11.00-12.00 am 62 T g1 33 239
12.00-1.00 pm 70 75 52 27 224
1.00-2.00 pm a6 BE 53 26 247
2.00-3.00pm 13 65 40 15 142
3.00-4.00pm 56 25 Z 0 86
4.00-5.00pm 3 E 0 0 9

602 574 508 204 1888
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Figure 23 Arrival Pattern per hour April 4" (Original)
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The above graph (figure 23) shows the arrival pattern of trucks every hour, and this helps to
visualize the shape of the arrival pattern. The data for April 4th without extended gate hours is
given in table 6 above. The graph of the steady state (figure 24) is a straight line which means
every hour has a constant number of arrivals. Here it can also mean that the arrivals are capped
at a certain number. The cap here for total number every hour is 171 and the similarly for Cast,

Racine, Maisonneuve, and Viau would be 52, 53, 43 23.

Steady State Arrivals
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Figure 24 Arrival pattern steady state
Model Execution

The model inputs were modified in the excel data input where new inter arrivals are calculated
for the new inputs of April 4" with extended gate hours and the newly developed steady state
arrivals. The main objective of this model is to find the effect of constant arrivals on the
average turn time and find the effect of a decreased level of Maisonneuve trucks on the average
turn time of Maisonneuve terminal. We will also compare an extended gate hour scenario with

no peak arrival shift for the purpose of finding the arrival patterns effect on the turn times.



48

Results
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Figure 25 Results Turn time

The above graph (figure 25) shows the results of the average turn time comparison of steady-
state arrivals and the April 4" data with extended hours with peak hour shift from the
simulation. The results show the Cast, Maisonneuve, Racine and Viau truck average turn times.
The Cast and Racine turn times are pretty much the same, but the Maisonneuve turn time is
reduced to a greater extent. On April 4" the Maisonneuve turn time is 99.606 and in the
conceptual constant arrival model, the average turn time is 44.926. Hence a 54.9% decrease in
the turn time is seen in the Maisonneuve terminal. This is evident that Maisonneuve terminal

cannot process high levels of truck numbers with reduced turn times.



49

Turntime Comparison
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Figure 26 Results Turn time

In the case of constant arrivals when Maisonneuve trucks are capped at 43 an hour they have a
greater impact in the turn times. Hence it can be concluded from this model that type of arrivals
does affect the average turn times. The number of trucks per hour should also be capped at a
certain number at the Maisonneuve terminal. However, it is not necessary to cap the Cast trucks
and the Racine trucks as it does not have a high impact on their turn time. This proves that
reducing the number of trucks in the Maisonneuve terminal will solve the ports existing issue
of congestion faced in the staging area of the Maisonneuve terminal. The results from the figure
26 show that extended gate hours with no peak hour shift arrival data also impact the turn times
to a greater extent. Even with the added truck arrivals the turn time are significantly lower than

the original. We are concentrating only on the Cast and Racine trucks.
5.3.2.2 April 4" original vs. Reverse arrivals of April 4™
Input Data

Reversed arrivals mean the arrivals of the truck data are reversed for the purpose of simulation.
So, the order of the truck arrivals is in such a way that the trucks at the end of the day enters

the port during the opening hours of the day and so on. The April 4™ data are reversed which
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can be seen from the table 8 below and the corresponding arrival pattern can be seen from the

figure 27.
Table 7 Truck arrivals
APRIL 4 2017 il Bacine i Maisonnfd Viau
Taotal 1]
4.00-5.00 pm 3 3 ] ] 9
£.00- 7.00 2m ] ] T 17 76
3.00-4.00 pm 56 25 2 ] 86
2.00-3.00 pm 19 [ 40 T 142
10.00 - 1.00 am 65 56 a7 1 179
[2.00-10.00 am 57 B x| 22| 181
8.00-9.00 am 75 H 77 30 223
12.00-1.00 pm T0 75 52 27 224
11.00-12.00 am £2 77 1 39 239
1.00 - 2.00 prm 36 [ 53 26 247
7.00- 8.00 am 93 a5 75 13 282
503 479 433 191 1888
Truck arrivals
300
P 250
o 200
=}
= 150
G 100
" Il et e
0 Il II IIII III. IIII [ I II I II III n
Total 4.00 -6.00 -3.00 -2.00 - 10.009.00 -8.00 -12.00 11.00 1.00 - 7.00 -
5.00 7.00 4.00 3.00 - 10.009.00-1.00 - 2.00 8.00
pm am pm pm 11.00 am am pm 12.00 pm am
am am
Time
N Caost W Racine W Maisonneuve B \igu e Sum
Figure 27 Arrival pattern April 4th reversed data
Model Execution

The model inputs have to be modified with the new interarrivals and the excel inter arrivals
input are updated and a new file is updated inside the ARENA file module. The matrix values
are changed accordingly. This is done for all the tests where the input data are changed. This
helps us in finding if an increasing trend in the arrival pattern affects the truck turn time. Then

the model is simulated and the graphs are plotted with the opt quest of Arena.



51
Results

Once this model is simulated, the turn times are reduced for all three terminals excluding the
Viau terminal when compared to the original April 4™ data. It is evident from the turn time
graph (figure 28) that an increasing trend in arrival patterns affect the turn times. The original
data of April 4" without extended gate hours was simulated as the same data is reversed and
compared. Increasing arrivals have a significant impact on turn times. The April 4" data which
has a more of decreasing trend affect the turn time as there is more congestion at the entry gates
during the early hours of the day. Hence it can be concluded sustaining the level of incoming
container truck arrivals into the port is very important. Even though this is not an accurate

comparison, it helps in understanding the impact of arrival pattern on turn time of trucks.
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Figure 28 Turn times results in comparison
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Figure 29 Truck output comparison

As the reversed arrival data had a lot of trucks entering at the end of the day the number of
output truck data was studied which showed fewer output trucks than the original April 4™
which can be seen from the graph (figure 29). But the goal of this model is to understand how

an upward trend affects the turn times.

It can be concluded from the above scenarios, that the following arrival patterns have a positive
impact on the average turn time. However, the arrivals can never be in a completely decreasing
trend which is going to affect the turn times. The different forms of arrival patterns which has
positive impact on the turn times can be seen in the figure below. There were several other data
simulated and we came to a conclusion of the following graphs (figure 30). This graph is

approximate representation of the shape of arrivals.
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Figure 30 Recommended arrival patterns

5.3.3 Simulating different T1 Gate Structure Policies

Input Data

As mentioned earlier, the 26 lanes in the second stage gating T1 has some policy for the
incoming trucks to select the gate numbers according to their destination terminal. The
Maisonneuve terminal and Viau terminals have a fixed gating lane policy at T1. However, it is
not the case for Cast and Racine trucks where they share the 14 lanes irrespective of any
specific policy separately for each type. Hence, Cast and Racine terminal truck lane policy
analysis is done to find the best policy, which means to analyze by assigning different lane
numbers as inputs in the arena excel input data for Cast and Racine trucks. To analyze this a
matrix (table 9) was developed in excel for the inputs. The table below shows a sample policy
(4, 10). Arena takes 1 as true and O as false. Truck type 1 can move between lanes 19 to 26
which is denoted with 1 and rest 0, Truck type 2 can move between lanes 15 to 18, Truck type
3 can move between lanes 1 and 4, Truck type 4 can move between lanes 5 and 14. The policies
are changed by changing the 0’s and 1’s in the respective columns. The results of the different

policies tested are given below in the form of bar chart (figure 31).
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Table 8 Truck Lane Matrix
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Model Execution

The model is updated in Arena using the file module and the matrix is updated once again and
we are going to change the input inter arrivals of all the data tested before for April 3™ and
April 4™, The model is run for 10 replications and outputs are verified with the previous results.
These models are again run using Opt quest in Arena which again runs 10 replications and
gives the same results of all the data which is then plotted and compared. The results of the

comparison are discussed in the results.

Results

The bar graph (figure 31) shows the average cast truck turn time results of different policies on
two separate days that were tested with the original data. The term normal in the graph

represents the present scenario in which the Cast and Racine share the 14 lanes.
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Figure 31 Turn times of Cast with different gate policies

It is evident from the resultant graph that the best policy to get a reduced turn time would be 4,
10, i.e., assigning the first four lanes for the cast and ten lanes for the Racine. This is evident
from turn times on both the days which was tested. The results for the Racine turn times can
be seen from the bar chart below (figure 32). The lane policy 7s, 7 represents seven shared

lanes and the remaining seven lanes dedicated to Racine.
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Figure 32 Turn times of Racine with different gate policies
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It can be concluded that the 4, 10 lane policy is the best policy to reduce the turn times of the
trucks at any arrival pattern which is evident from two different data. We are not taking into
account of the queue waiting time and queue length before the entry gate TO as we are
considering only one type of truck where all are considered to be of the same length 40ft. This
result may seem pretty high than usual mainly for the maximum waiting time. But our focus
here is only on the average turn time. There are several factors that affect the entities in real
time were acceleration, deceleration, braking and driver concentration plays a major role.

Because the turn times are calculated after TO till T4 this is not much concentrated.

5.3.4 Simulating Advanced technology in Cast and Racine

As mentioned earlier, Cast and Racine terminals are the ones which employ humans at their
T2 gates to do the paperwork. However, this is done with an automatically at T1 gates for the
Maisonneuve and Viau Terminals. Hence, the Maisonneuve and Viau trucks have an increased

service time at T1 gates compared to Cast and Racine.

Input Data

To simulate this scenario the T2 paperwork resources in the simulation model of Racine and
Cast are set to Zero and the T1 gate service time is replaced by the time of Maisonneuve and
Viau. So, the model has all truck types with the same T1 gate service times which is
deterministic. As excel input modeling was employed, it was easier to change the time of the
Cast and Racine gate resource service time. The new service times were updated in excel input

data.

Model Execution
Before executing the model, the matrix for the new inputs from the advanced process were
checked for the update in Arena. Then the capacity of the resource set for the Cast and Racine

is changed to zero and also the delay at the paperwork resource is changed to zero. In this way,
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both of these terminals work as the Maisonneuve and the Viau terminal. Then the model is run

with the same number of replications as before.

Results
The outcomes of the simulation are shown in below graphs. It was tested only for the April 3™
data due to the complexity of the model changes to be established where both data of April 3

with and without extended gating of the increased number of trucks are tested.
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Figure 33 Turn time results for upgraded terminals
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Table 9 Average turn time

Cast Racine Maisonneuve Viau
April 3rd
Original 76.019 76.297 123.822 34.627
April 3rd
Original
improved T1 23.207 23.699 127.586 33.821

From the results of the simulation model, it is evident from the graph (figure 33 and figure 34)
that with the improved technology in Cast and Racine terminals the turn times of their trucks
can be significantly reduced. For this, the original simulation results of April 3rd is compared
to the improved technology model. The average turn time of Cast truck is reduced by 69.48%,
and the Racine trucks are reduced by 68.94% when compared. But it is not certainly going to
have such an impact if implemented as we have only 6 lanes designed in the Cast staging and
deterministic values are used at the T1 resources, we can conclude that a 30% - 40% change
may occur in the real-time which results in an average of at least 25% decrease in the average
turn times. In order to verify this, the Maisonneuve terminals were altered in their model similar
to the Cast by degrading with an assumption of manual work before T2 and with different
service times before T1 which should us a significant increase in the service times by

approximately 30%. This is interpreted in table 11 below.

Table 10 Average turn time

Cast Racine Maisonneuve Viau
April 3rd
Original 76.019 76.297 123.822 34.627
April 3rd
Degraded T1 23.207 23.699 175.623 33.821

Hence it can be concluded that improving technology has a significant impact on the average
turn time of the trucks in the port. This, in turn, helps in reducing the greenhouse emissions to

a greater extent.
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Output comparison

The model was run for 10 replications to find the grand mean of the key output parameter. The
number of replications were stopped at 10 beyond which the variation in the output was least.

Below are the simulation results before implementation of any strategies,

Table 11 Simulation results without any test scenarios

Data Truck type Average turn time
(Minutes)
April 3¢ Cast 76.019
Racine 76.297
April 4™ Cast 96.979
Racine 116.752
Conceptual model Maisonneuve 99.606
data

Below are the simulation results after implementation of any strategies,

Table 12 Simulation results with test scenarios

S.No Test scenarios Truck type Average turn Percentage
time reduction
(Minutes)

1. Extended Gating Cast 67.802 11.85%
April 3" (stabilized)

Racine 59.079 22.57%

Extended Gating Cast 89.407 4.86%

April 4" (Non- stabilized)

Racine 103.522 11.33%

2. Steady state arrivals Maisonneuve 42.926 56.90%
(Conceptual model)

3. Upgrading technology Cast 23.207 69.48%

Racine 24.699 68.94%

4. Gate lane (4,10) policy Cast 63.975 15.84%

Racine 65.317 14.39%
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Table 13 Simulation outputs of Average turn time for different gate policies

Policy Replicat | Cast | Maisonn | Racine Viau Percentage
ions euve Reduction
April 3rd 10 Existing
normal (NE) 76.019 | 123.822 | 76.297 | 34.627 scenario
April 3rd 10 C-15.84%
4,10(NE) 63.975 | 117.767 | 65317 | 35337 | R—14.39%
April 3rd 10 C-13.1%
5,9 (NE) 66.06 | 117.98 | 67.147 | 34.939 R—11.9%
April 3rd 10 C-6.03%
7,7(NE) 71.433 | 120.289 | 71.301 | 35.269 R—6.54%
April 3rd 10 C-5.68%
7s,7(NE) 71.7 | 122.102 | 70.417 | 34.104 R—7.70%
April 4th 10 Existing
normal(NE) 93.979 | 8232 | 116.752 | 34.69 scenario
April 4th 10 C-20.81%
4,10(NE) 76.79 | 70.78 | 98.979 | 35874 | R—15.22%
April 4th 10 C—17.12%
5,9(NE) 80.376 | 71.792 | 101.584 | 35.546 R—12.9%
April 4th 10 C-8.30%
7,7(NE) 88.921 | 80.235 | 112.529 | 34.167 R—3.61%
April 4th 10 C-8.57%
7s,7(NE) 88.659 | 78.791 | 112.506 | 34.157 R—3.63%

Note: NE in the above table 14 represents no extended gate hours have been applied.

5.4 Recommendations

Based on the simulation results, following recommendations are made to MPA.

e Firstly, extending the gate hours by opening all the four terminals at 6 am could reduce
the peak hour congestion inside the terminal and hence has a significant impact on the
turn time of the trucks inside the terminal. There is a high probability that the peak hour
arrivals could shift to off-peak hours.

e Secondly, the Maisonneuve terminal is admitting trucks beyond its capacity and hence

there is much congestion inside the port territory. This leads to an increase in the turn
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time of the Maisonneuve trucks. Hence, it is recommended that the number of
Maisonneuve trucks entering the terminal every hour should be capped at 45(threshold).
This could have a significant impact on congestion inside the port territory and also
improve the turn times of the Maisonneuve trucks.

e Thirdly, we observe from the analysis that the arrival patterns have a great impact on
the turn times of the trucks. Hence it should be ensured that the truck arrivals are
random, and it is based on the recommended arrival patterns. If the arrival pattern is not
controlled, then it is suggested that the number of truck arrivals during the early
morning peak hours should be capped. At least the first three hours should be controlled
with no more than 180 trucks including all truck types. An Appointment system should
be developed where there should be one-hour intervals where the total for one hour is
fixed. So, the truckers can choose a slot for arriving during the first three hours.

e Fourthly, having the best lane policy at the T1 gates are very important to reduce the
average turn time of the Cast and the Racine trucks. This is not going to have any impact
on the Maisonneuve and the Viau trucks key parameters. The main objective is to
reduce congestion before T1 and have a smooth flow of trucks inside the port territory.
This, in turn, reduces the idling time of trucks before T1 and reduced the non-value
added greenhouse emissions.

e Finally, if the existing technology is improved in the Cast and Racine terminals like the
Maisonneuve and Viau terminal the turn times and congestion can be reduced to a
greater extent. From the analysis results, it can be seen at least 25% of the average turn
time of the Cast and Racine trucks can be reduced, and it is expected that the congestion

1s also reduced.

Following any of the above recommendations would reduce the turn times of trucks which

would, in turn, reduce the non- value added greenhouse gas emissions.
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Chapter 6

Model Development in Arena

In this chapter, we discuss the development of the proposed Discrete Event Simulation model
in Arena™ Simulation Software, various flowchart modules, and Spreadsheets, the attributes,
and variables along with the working of the simulation model. Before going into the model, we

will discuss the assumptions that were considered in building the Simulation Model.
6.1 Assumptions

Several assumptions were considered while developing the simulation model as listed below:

1. The waiting spaces in every lane inside the port are designed as resources.

2. The service times are mostly stochastic with a few exceptions of deterministic inputs.

3. All the incoming container trucks are considered to be of the same length, unlike the
real scenario.

4. All the terminals yards are provided with a separate lane for their truck movements after
T1.

5. To simplify the model, all the trucks were considered to be standard ones of the same
length and no premium trucks, empty chassis trucks were designed.

6. It is assumed that the cast staging has only six lanes instead of 7 in the case of the real
scenario. Premium trucks use 7™ staging lane in the port.

7. The Racine terminal staging was also simplified from 6 lanes for empty chassis and ten

lanes for the regular trucks with containers, by neglecting the empty chassis lanes.
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8. The speed of trucks was given regarding time, which was calculated based on the

distance traveled.
6.2 Model explanation

The model consists of various flowchart modules, excel data and they can be divided into

mainly four parts as follows:

1.Creation of Incoming Trucks Using the Excel Data.

2. Designing the TO Gates.

3. Designing the T1 Gates.

4. Designing of individual terminals which includes Cast, Maisonneuve, Racine, and

Viau.
6.2.1 Creation of Incoming Trucks Using Excel Data

The entire model is designed based on the concept of overlapping resources. As there are only
limited wait spaces available before all the resources inside the terminals, a buffer resource is
defined. In this case, the entity retains control of the first resource until there is a space in the
buffer. The entity then retains its control of buffer resource until it can seize the resource at the
following operation. Controlling the seizing and releasing of resources in this way a controlled

blocking effect for the entity flow through the system is created.

Incoming trucks are not created at random instead historical real-time data was given as input
for the truck entity generation. This was made possible by entering the inter-arrival time data
in the form of an Excel data sheet, and figure shows creating a separate variable for this data
in the variable spreadsheet module. All the Excel inputs are given in advanced process file
module which is apparent from figure 6.1. In the case of inter-arrival times separate recordsets

were created, and then variables are generated based on this record sets. Corresponding rows
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and columns are specified depending on the number of trucks. Then the corresponding truck

type is mentioned in a separate column and variable is created as before (figure 6.2).

Name Access Type Operating System File Name End of File Action | Initialize Option | Recordsets
1 File_Inputs Microsoft Excel (* xlsx) §C:\Usersw_alageleesldupMThesis EDispuse Hold
» : files\conceptual modehData For Tesing With |7 rows |
Nahlalink. hars niadd : Arena use this (20th apriljconceptual.xlsx
Figure 6.1 File module

Recoraset
v_|_InterarrivalTimes 1 al File_Inputs
[ :File_Inputs

w_|_TruckType HT0

:Real :Recordset_| TruckType

‘BeginSimulation 0 rows

Figure 6.2 Variables for truck type and inter-arrival

", of truck inputs

Ny
N
e y y N\ B 0 fraee
Create Truck Entitys——s ASSign wait spac Assign increment 0
capacities truck arrival row || L/ DE1Y untl truck Separate truck
0 | § arrival ongina
3Dl

—
|
|,/ Dispose truck
W agent
|
—

Figure 6.3 Creation of input entities

The above Figure 6.3 shows that the complete truck creation which consists of a create module
which creates one truck entity randomly once at 0.0 minutes. Figure 6.4 shows the Create block.

This entity would go to the assign module where several assignments are given to this entity.
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Create I. ? &J
Marme: Entity T ype:
Create Truck Entity » Trick -
Time Between Arrivals
Type: W alue: Unitz:
Aandon B1_) 1
Entitiez per Arrival: bl an Arrivalz Firzt Creation;
1 0n
[ QK. ] [ Cancel ] [ Help

Figure 6.4 Create module

Figure 6.5 shows the dialog box of assign module where a variable is created as
v_TruckArrivalRow for the incoming truck, and they are incremented by one each time the
entity enters the assign module, and it becomes v_TruckArrivalRow + 1. An Attribute is
assigned to the same entity as a TruckType which is given the value as v_I TruckType
(v_TruckArrivalRow). This takes the attribute truck type from the variable v_1 TruckType of
the stored excel data corresponding to the variable v. TruckArrivalRow value, as there are four
types of incoming truck entities a TruckType is used. Finally, entity picture is assigned

depending on the attribute a_Truck Type.

Assign [ D |l
Mame:
A,33ign increment tuck amival row -
Agsignments:
Yarisble, v TruckémivalFow, v TuckénivalRow+ Add...
Attribute, a_TruckType, v_|_TruckTypelv_TuckdrivalRow]
Other, Entity. Picture, Set_PictureTruck(a_TuckType] "
<End of listy
[ QK ] [ Cancel ] [ Help ]

Figure 6.5 Assign module

The dialog box below (figure 6.6) shows the delay module where the delay time is given as
v_I InterarrivalTimes (v_TruckArrivalRow). v_I InterarrivalTimes represents the Inter-

arrival variable which reads the inter-arrival time from the recordset corresponding to the
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variable v_ TruckArrivalRow value. The unit of inter-arrival is in seconds. Therefore, each time
the entity comes into the delay module it is given delay time depending on the

v_TruckArrivalRow variable value.

Delay T
MHame: Allacation:
Drelay until truck. arrival - ’Dther V]
Delay Time: Units:
y_|_InteramivalTimes(y_TruckdmrivalR o ISBCDndS ']
[ Ok ] [ Cancel ] [ Help ]
Figure 6.6 Delay module

Once the entity is assigned the inter-arrival delay in the delay module, it enters the separate
module (figure 6.7) where the entity is duplicated again and enters the assign increment truck
arrival row module where all the assignments are done as the previous entity and the next inter-
arrival delay is given in the delay module and again duplicated. This is continued until all the

trucks from the excel input data arrive.

Separate l Pl X
Type:
- Duplicate Original V]
Percent Cost to Duplicates [0-100]: # of Duplicates:
50 1
[ ak. ] [ Cancel ] [ Help

Figure 6.7 Separate module

To stop the creation of trucks, exactly at the end point of data, a decide module (figure 6.8) is
used with an expression as v_TruckArrivalRow < UBOUNDROW ("v_I InterarrivalTimes").

This expression shows if the variable value v_TruckArrivalRow is lower than the number of
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rows in the variable v_I InterarrivalTimes then send the entity into the system or else dispose

of the entity which ultimately stops the creation of trucks with zero entities to duplicate.

Decide =
Type:

* || 2way by Condition -

E xpreszion -

Walue:

w_TuckdrrivalRow < UBOUNDROW " v_|_InterarrivalTimes")

[ ak, ][ Cancel ][ Help

Figure 6.8 Decide module

If the entities are still available, the creation of truck entities continues by duplicating, then
assigning and delaying and so on. All the tests were conducted based on the same technique

for reading and assigning the values.

6.2.2 Designing the TO Gates

, Release
Selze Release Seize Waits 1 Delay | Assign lane
WaitSpace_1_T “4 highway queue ' " Resource_1_T0 T _IE’DEEE- — Resource_1 TO MNumber_1
filove to the shortdmy, =

—=a| Seize Highway [

0 Fruee
Seize Release Seize W;tesle::g \ Delay | Assign Lane
WaitSpace_2_T0 Highway Resource_2_T0| 'IPO = Resource_2 TO MNumber_2

Figure 6.9 TO gate modules

The above figure 6.9 shows the complete TO gate design with its components such as the queue
and resources. Before the truck entity enters the port territory, it comes on a single lane through
the highway. Hence a seize module (figure 6.10) with a buffer resource was used to design the

highway queue. Seize Highway. Queue represents the trucks that wait in this queue.
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Seize [ !E‘)_I—Jﬂh
Mame: Allocation: Pricrity:
Seize Highway - Medium(2) -
Fesources:
Resource, Resource Highway, 1, Add...
s
Queue Type: Queue Mame:
Queve v] Seize Highway. Queus -
[ ak. ] [ Cancel ] [ Help

Figure 6.10 Seize module

Once the truck entity enters the port territory, it has two queues before the TO gates. The queue
is selected based on the minimum number in either resource. The condition
NR(R WaitSpace 1 T0) < NR(R WaitSpace 2 TO) is given in the decide module (figure
6.11). If the number in the resource wait space 1 is lower than the resource wait space two then

move to seize waitspace 1 or else move to seize waitspace 2.

[ [ s’
Mame: Type:
v to the sharter lane | 2-way by Condiion
IE:
W alue:

MR[FR_waitSpace_1_T0] < NR[R_waitSpace_Z2_T0]

[ ak ] [ Cancel ] [ Help

Figure 6.11 Decide module

The two queues before the gates TO are designed with a fixed capacity of 10 Trucks. Here each
of the ten waitspace for the trucks is designed as a separate resource which is the buffer without
delay and acts as a queue. The seize module dialog box can be seen in figure 6.13. Figure 6.12

shows the waitspace capacity of these resources which are fixed at 10.
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| Name & | Type Capacity
|55 |R_Wa'rt5pace_1_TEl ‘Fixed Capacity 0
|?2 |R_Wa'rt5pac&_2_TD ‘Fixed Capacity 10
Figure 6.12 Define capacity
[ Seize M‘ rseize M1
Mame: Allocation: Priority: Mame: Allocation: Priarity:
= ace 1 TR Medium(2) - Space 2 TS Medium(2) -
Resources: Resources:
Fe: Resouce, B_Wa
<End of list> Add. Endoi s>
Gueue Type: Gueue Name: Gueue Type: Gueue Name:
I Hueue | Seize'WaitSpace_1_T0.0L I Queue | SeizeWaiSpace_2 TO.0L =
. [ Ok J [ Cancel ] [ Help ] [ Ok J [ Cancel ] [ Help

Figure 6.13 Seize modules for wait spaces

Once the entity finds an empty waitspace resource, then it seizes that waitspace and only if the

entity seizes the resource the entity in the highway queue is released. Release modules (figure

6.14) are used separately for different queues.

Releasze m

Add...

Edit...

Delete

[ Ok, ][ Cancel ][ Help

Fiqure 6.14 Release module for highway

If any of the resource TO is empty, then the truck entities seize the resource from their

corresponding queues. Until the Resource TO is seized, the truck entity is not released from the

waitspace buffer resource. Seize modules (figure 6.15) are used to seize the truck entities. The

TO resource capacity is given as one as it can process one resource at a time.
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r B r
Seize M Seize M
Mame: Allocation: Pricrity: Mame: Allocation: Priarity:

Resources:

Add... Resouce, Resource 2 T0, 1, Add.
<End of list»
Gueue Type: Gueue Mame: Queve Type: Gueue Mame:
Husue v | Seize Resource_1_T00ue ~ Gueue + | Seize Resource_2_TO.Gue +
[ ok J[ cancel [ He [ ok [ cencel |[ Heb

Figure 6.15 Seize modules for resources

Similarly, two release modules release the waitspace buffer resources once the entities seize
the resource at Gate TO. The entities are delayed using delay modules at the resource TO with
a triangular distribution of value TRIA (14, 18, 20). The unit is in seconds. The entities coming
out of the Resource TO are assigned lane numbers using assign modules (figure 6.16) to identify
later the queue through which the truck entities came through. Then a time stamp module
(figure 6.16) is used to calculate the cycle time of the entity which passes through it. Later at
the end of the model before the dispose module a record module is used to record this cycle

time and report the time.

= =) — =)
Assignments: Assignments:
[ ok [ cawed || Hep | [ ok [ ceneel |[ Hep |
L )
Timestamp M
Altribute: M ame:

Cycle Time -

QK J[ Cancel ][ Help ]

Figure 6.16 Assign modules, Timestamp module
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6.2.3 Designing the T1 Gates

Figure 6.17 T1 gate modules

The figure 6.17, shows the complete T1 gate design and its components. The entity after exiting
the timestamp module enters the hold module (figure 6.18) which has the condition as below:

(NR(R_WaitSpace T1 01)<MR(R_WaitSpace T1 01) &&
v_I TruckLanesMatrix(1,a_TruckType))

I (NR(R_WaitSpace T1 02)<MR(R_WaitSpace T1 02) &&
v_I TruckLanesMatrix(2,a_TruckType))

I (NR(R_WaitSpace T1 03)<MR(R_WaitSpace T1 03) &&
v_1 TruckLanesMatrix(3,a_TruckType))

I (NR(R_WaitSpace T1 04)<MR(R_WaitSpace T1 04) &&
v_I TruckLanesMatrix(4,a_TruckType))

I (NR(R_WaitSpace T1 05)<MR(R_WaitSpace T1 05) &&
v_I TruckLanesMatrix(5,a_TruckType))

I (NR(R_WaitSpace T1 06)<MR(R_WaitSpace T1 06) &&
v_I TruckLanesMatrix(6,a_TruckType))

I (NR(R_WaitSpace T1 07)<MR(R_WaitSpace T1 07) &&
v_I TruckLanesMatrix(7,a TruckType))
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(NR(R_WaitSpace T1 08)<MR(R_ WaitSpace T1 08)

v_I TruckLanesMatrix(8,a TruckType))

(NR(R_WaitSpace T1 09)<MR(R_ WaitSpace T1 09)

v_I TruckLanesMatrix(9,a_TruckType))

(NR(R_WaitSpace T1 10)<MR(R_WaitSpace T1 10)

v_I TruckLanesMatrix(10,a_TruckType))

(NR(R_WaitSpace T1 11)<MR(R_WaitSpace T1 11)

v_I TruckLanesMatrix(11,a_TruckType))

(NR(R_WaitSpace T1 12)<MR(R_WaitSpace T1 12)

v_I TruckLanesMatrix(12,a_TruckType))

(NR(R_WaitSpace T1 13)<MR(R_WaitSpace T1 13)

v_I TruckLanesMatrix(13,a_TruckType))

(NR(R_WaitSpace T1 14)<MR(R_WaitSpace T1 14)

v_I TruckLanesMatrix(14,a_TruckType))

(NR(R_WaitSpace T1 15)<MR(R_WaitSpace T1 15)

v_I TruckLanesMatrix(15,a_TruckType))

(NR(R_WaitSpace T1 16)<MR(R_WaitSpace T1 16)

v_I TruckLanesMatrix(16,a_TruckType))

(NR(R_WaitSpace T1 17)<MR(R_WaitSpace T1 17)

v_I TruckLanesMatrix(17,a_TruckType))

(NR(R_WaitSpace T1 18)<MR(R_WaitSpace T1 18)

v_I TruckLanesMatrix(18,a_TruckType))

(NR(R_WaitSpace T1 19)<MR(R_WaitSpace T1 19)

v_I TruckLanesMatrix(19,a TruckType))

(NR(R_WaitSpace T1 20)<MR(R_WaitSpace T1 20)

v_I TruckLanesMatrix(20,a_ TruckType))

&&

&&

&&

&&

&&

&&

&&

&&

&&

&&

&&

&&

&&
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[ (NR(R_WaitSpace T1 21)<MR(R_WaitSpace T1 21) &&
v_I TruckLanesMatrix(21,a TruckType))

[ (NR(R_WaitSpace T1 22)<MR(R WaitSpace T1 22) &&
v_I TruckLanesMatrix(22,a_TruckType))

I (NR(R_WaitSpace T1 23)<MR(R_WaitSpace T1 23) &&
v_I TruckLanesMatrix(23,a_ TruckType))

I (NR(R_WaitSpace T1 24)<MR(R_WaitSpace T1 24) &&
v_I TruckLanesMatrix(24,a TruckType))

I (NR(R_WaitSpace T1 25)<MR(R_WaitSpace T1 25) &&
v_I TruckLanesMatrix(25,a_TruckType))

I (NR(R_WaitSpace T1 26)<MR(R_WaitSpace T1 26) &&
v_I TruckLanesMatrix(26,a_TruckType))

The entities exit the hold module only if any of the above conditions are satisfied. This
condition represents the 26 lanes before 26 resources at T1 Gate. The figure 30 below shows

Hold module.

Hold T |-
Type:

gi=ed | Scan for Condition =

Condition:

Queve Type:

(ueue -

Queus Mame:

Hold until one of the lanes for -

[ QK. ][ Cancel ” Help

Figure 6.18 Hold module

(NR(R_WaitSpace T1 01)<MR(R_WaitSpace T1 01) &&

v_I TruckLanesMatrix(1,a_TruckType))
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The above equation shows that if the number of waitspace in the first lane is less than the
maximum number scheduled and also checks the truck lane matrix according to the attribute
truck type. It checks if the particular entity which enters the module belongs to that specific
gate lane and if not then it goes through the next condition and checks until 26" lane. Only
when a condition is satisfied the truck entity leaves the hold module and enters the search
module (figure 6.19) which has a condition which helps in finding the lane with a maximum
number of empty spaces from the truck lane matrix. That starting value is from 01 to 26 as the

truck entity has to search between 26 lanes.

The search module condition is given below:

MAX( MR(Set R_WaitSpace T1(J))-NR(Set R_WaitSpace T1(J)) -
999999*(v_I TruckLanesMatrix(J,a TruckType)==0) )

This is a maximizing condition, when the current number in the set waitspace T1(J) is
subtracted from the number scheduled of the same set and a high value such as 999999 was
selected randomly and  multiplied with the value of the condition
(v_I TruckLanesMatrix(J,a TruckType)==0) ) which is either 1 or 0. If the value is 1 and the
condition becomes false which will be zero multiplied with a constant 999999 is again zero,
and the rest of the condition remains. This is continued for all the lanes of the specific type,
and the MAX in the condition chooses the lane with a maximum waitspace available. But if
the value is O then the statement becomes true, and one will be multiplied by the constant
number which becomes a very high value. The final value will be negative. Hence this will be

neglected.



If in any case the condition is not satisfied then that entity passes through the not found exit
and is assigned an error variable and disposed of immediately. The entities from the found
output of the search module enter the T1 Gate for the 2" stage processing. Before the entity
seizes the resource, they are assigned the lane number with an attribute as a Lanenumber and

with a value, J using an assign module (figure 6.20). J Represents the index with a temporary

value.

Once the value J is assigned, then they enter the decide module depending on the attribute lane
number 1 and 2 through which they enter the release module where the truck entities at Gate

TO is released. This releases the particular resources Resource 1 TO0 and Resource 2 TO using

a release module.
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Search @ﬂ’
-
Type:
’Search an Expression v]
Starting W alue: Ending “alue:
o

Search Condition:

M MR[Set B_wWaitSpace_T1U]-MR[Set B_WaitSpace T1|;

WAOTE: If search condition is true, J iz set to first index value faund

[ Ok, ” Cancel ][ Help

Figure 6.19 Search module

r;\?\ssign M1
-
Assignments:
..|__ Lanef'-l umber T1..
[ gk J [ Cancel ] [ Help ]

Figure 6.20 Assign module
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The truck entity which is released from TO enters the seize module where it seizes the waitspace
resource. A set of 26 resources is created using SET from the basic process tab. The waitpace
resources are selected based on specific member rule with the index as a LaneNumber T1.
The queue for this seize is a set of 26 queues. Once it seizes a particular resource then travels
for 20 seconds through route module and enters station module (figure 6.21). The station

module has a set of 26 members for all the lanes with different resources.

Station |7 |
MHarnne: Station Type:
et Station LanesStart Set - ]
Set Mame: Save Attribute:
zet_Station_LanesStarl »  Aftribute 1 -
Station Set Members:
Station LanesStart 01, . Add...

Station_LanesStart_02, |
Station_LanesStart_03, .,
Station_LanesStart_04, 7
Station_LanesStart_05, , .Y
Station_LanesStart_08, , Y

Y

W

Station_LanesStart_07, .,
CStabnm | anseShark M7

QK. ” Cancel H Help ]

Figure 6.21 Station module

The truck entity then seizes the resource at T1 gate. Only when the resource is seized the entity
is released from the waitspace resource using a release module (figure 6.22)). The release rule

here is a specific member with the index as a LaneNumber T1 which can be seen from the

figure 6.22.
r ] v bl
Release &Iéj Resources l @_I—Jih
M ame: Type:
T Set -
Resources: Set Name: Uit to Releass:
-:- -.-'-.-'a|t!:- vace 11,1, Specific Mem Set B Waitspace. T1 . 1
Releasze Rule: Set Index:
Specific Member v] a_LaneMumber_T1 v
ak ] ’ Cancel ] ’ Help ] ok ] [ Cancel ] [ Help

Figure 6.22 Release module, Resources
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The entity then enters another route and station modules with a travel time delay(figure 6.23)
of 15 seconds in the route and then it reaches the resource at T1 gates and a delay expression
as Delay T1(a LaneNumber T1) are entered. An expression is created as Delay T1, and a

recordset is created from the Excel input data. The delay time is applied depending on the

attribute (a_LaneNumber T1).

Delay [P |3
RENH &llocation:
Delay Rezources T1 - ’ Other v]
Delay Time: Units:

Delay T1{a_LaneNumber_T1) ~ [Geconds -

[ Ok ” Cancel ” Help l

Figure 6.23 Delay module

The entity then enters into a decide module (figure 6.24) which separates them according to
the truck type based on a specific attribute and directs them into their respective terminals. N-

way by the condition is used to specify the conditions.

r =
Decide [ [z
Type:
* || M-way by Conditior =

Conditions:
Altribute, & TruckType, ==, 1 Add...
Attribute, a_TruckTppe, ==, 2
Attribute, a_TruckType, ==, 3 -
End i

QK ] [ Cancel ] [ Help

[

Figure 6.24 Decide module
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6.2.4 Designing the Cast Terminal

. Sewze Release Route start to sei_Station_LanesSfart
Woattspace_cast Resources_T1 cast queues Cast
L Dec-de if Cas!
waitspace 1 full or

mgre than half Route to
Waitspace mid

2 Cast

Roule o
MWattspace Cast]
_set_Station_Lane: Re\ease Release Cast Yard Delay Release
Cast T2 | Watshace_Resource_cfst T2 [jesource_cast esource_cast_T] Process E— ResourcecastTF — Hesource_cast T

Station | N | |
; Seze Release ize
1 WE“EDP:;EW Waw[spal‘eiﬂesnuwteﬁ*@ﬁ\kﬂ[spate cast” Watspce_| Resn rce_chst T2 Resou m cast T e

it J| Record Cast
\; | W et —— —{ Exit of Trucks
Route fo Exit gate s |> |

Figure 6.25 Cast terminal modules

The Cast terminal (figure 6.25) is designed with six staging lanes having a capacity of 7
waitspaces each and the paperwork authorities are designed as resources with a delay. T2 Gates
have two resources as mentioned earlier. Yard process has 15 resources to load and unload the

containers.

From the decide module the cast entity enters the seize module(figure 6.26) where it seizes the
waitspace resources and once the entity seizes the waitspace resource they are released from
the resource set T1 (Set R_T1) using a release module (figure 6.27). They are released based
on a specific member rule according to the index a_LaneNumber T1. A set of resources (Set
R WaitSpace cast T2) and queues are created for the waispaces. The waitspaces are seized
according to the largest remaining capacity in the available lanes, and they are saved with an
attribute a_cast lane number. Then they travel for 20 seconds (route module delay) to reach the
staging using a route and station module. A set of stations is created at the beginning of the

staging with an expression set Station LanesStart Cast (a_cast lane number). This expression
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helps to select the station according to the attribute. The Station module can be seen in the

figure 6.28 below.
F ™ F ™
Seize lilg Resources M
Marne: Allacation; Priarity: Type:
e Set V]
Resources Set Mame: Units ta Seize:
-:- -.-N.-' space cast T2 1. Largest Remaining Capa SetF_WaitSpace_cast_ T2 = 1
Selection Rule: Save Attribute:
Largest Remaining Capacity v] a_cast lane number -
Gueue Type: Set Mame: Set Index: Ricsaues S
Set | Selq WaitSpace_cast_T: » 1 - -
ok [Lconeel ] [_tiew [ ok ][ cancel |[ Hep
L u h
Figure 6.26 Seize module, Resources
2 ~ - Bl
Release m Resources m
MHame: Tupe:
Release Resources T1 - Set -
Resources: Set Name: Units to Release:
Set SetB _T1. 1. Specific Member, & L aneh
<Erd of list> SetR_TI ML
Relzaze Fule: Set Index:
S pecific Member - ] a_LaneMumber_T1 b4
kK ] [ Cancel ] [ Help ] 0k ] ’ Cancel ] ’ Help
s a4 s 4

Figure 6.27 Release module, Resource define module

r-Staticm m1

M ame: Station Type:
b Station Lak Set "’]
Set Mame: Save Attribute:
zet_Station_LanesStarl »  Atftribute 1 -
Station Set Members:
Station_LanesStartcast 01, % Add
Station_LanesStartcast_[l2, L
Staton-L nesStaeant 04,
oL amesStanas 08, 3
<End of ist:

[ ak. J [ Cancel ] l Help ]

Figure 6.28 Station module
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The truck entity then passes through a decide module which decides if the number in set

waitspace resources is less than or equal to 3 and then routes them with a 6-second delay using

a route module or else routes them with a O-second delay. The condition NR (Set

R_WaitSpace cast T2 (a_cast lane number)) <=3 is used in the decide module (figure 6.29)

(2 o

Type:

[ M-way by Conditior +

[ Ok ][ Cancel ][

Help

Figure 6.29 Decide module

Two route modules are used to satisfy this condition. An expression is used in the route module

for the entity destination station based on the waitpace attribute. The expression is Station

Waitspace Cast (a_cast lane number). The same set of station members is created for the

destination as created before the decide module. This can be seen in the figure 6.30 below:

L l - il
Route |2 [t Route 2 S
Mame: Mame;
Fioute to Waitspace mid 2 Cast - {oute to Waitspace Cast -
Route Time; L rits: Route Time: nits:
B hd [Secunds hd 0 hd lSeconds hd
Destination Type: Expreszion: Desgtination Type: E=pression;
Expression - ] Station 'waitzpace Cast{a_caz Expression
[ ok || cancel || Hep | [ o

4 L

Figure 6.30 Route modules
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" Station |2 e

Marme: Station Type:

tation “waitzpace end Caz/|lES v]
Set Marne: Save Attribute:

Station Waitzpace Caz »  a_cast lane number -

Station Set Members:

Station Waitspace Cast 01, .Y Add..

Station "Waitspace Cast_02, , |
Station "W aitzpace Cast_03, .,
Station "W aitzpace Cast_04, |,
Station “waitzpace Cast 06, .,
Station waitspace Cast_0E, , .
<End of list>

e s D

K ][ Cancel H Help ]

Figure 6.31 Station module

Once the entity passes through the station (figure 6.31), then it passes through another seize
module to seize the paperwork resource. A set of resources Set
R_WaitSpace Resource cast T2 and queues are created. The resources are seized based on
the largest remaining capacity using the seize module. When an entity seizes the resource, they
are released from the waitspace buffer resource (Waitspace cast T2). The release rule used
here is to release the first member seized using a release module. Then they are delayed using

a delay module with a TRIA (2, 3, 4) minutes.

After the delay module, the entity seizes the resource at T2 Gate using the seize module. A set
of 2 resources (Set R _cast T2) and queues are created. The seize rule used here is preferred
order. Then they are passed through a route and station module (figure 6.32) for 15 seconds
according to the attribute a_cast lane T2. Again a set of stations are created as before, and the

entity chooses the station based on the attribute a_cast lane T2.
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Station |2 [l

Marmne: Station Type:

st Station Lanes Cast T2]RES) "]
Set Name: Save Aftribute:
zet_Station_Lanes Caz »  a_castlane T2 -

Station Set Members:

ation_Lanes
zet_Station_Lanes Cast T2 02,
zet_Station_Lanes Cast TZ_03, Edit

<End of list>

Add...

Delete

[ Ok l[ Cancel l[ Help l

Figure 6.32 Station module

The entity then goes through a release module where the entity is released from the previous
resource, and then they are delayed at the T2 gate resources with TRIA (50, 75, 90) seconds
using a delay module. After the delay, they are released using a release module with the release
rule as the first member seized. They move into the process module (figure 6.33) which
represents the Cast yard process. This seizes, delays and releases the entity in the same module

as the action selected is “Size Delay Release” and the resources are added.

Process @I&J
Type:
* | Standard -
Logic
Action: Priarity:
Seize Delay Releaze v] Medium(2] -

Resources:

Feso

cs0 Add...

<End of list>

Delay Type: Units: Allocation:
[Expression v] [Minutes v] [Value Added V]
Expression:

TRIAM0,11.5,15) -
Report Statistics

[ u] ] [ Cancel ] [ Help

Figure 6.33 Process module
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The entity in the process module is delayed according to a triangular distribution of TRIA (10,
11.5, and 15). Once the entity is released from the process module, they then seize the resource
at T3 gate using a seize module. They have a set of resources(Set R _cast T3), and queues and
the resources are selected in preferred order rule where the entity always selects the first
available member. After the entity is seized, they are delayed using a delay module (figure
6.34) for TRIA (50, 75, 90) seconds. Immediately after the delay, they are released using a
release module (figure 6.34). The release rule would be to release the first member seized at
resource T3 (Set R cast T3). They travel through a route module to exit the terminal using a

dispose module. As the time after T3 is not taken into account, it is given as 0 minutes.

Release [ 2 ﬁ_J
| Delay T - |
Resources:
Mame: Allocation: Set Set B cast T3, 1, First Member Seized -Add...
Oth <End of list> _
Edit...
Delay Time: Units: _
oKk | [ Cancel |[ Hep | [ ok [ Concel || Hem |

Figure 6.34 Delay module, Release module

A record module is used to measure the entity statistics and the cycle time of the entity in the
system. The number of the entity entering the record module can also be counted using a count

function in the record module. Finally, they enter the dispose module to exit the system.

6.2.5 Designing the Maisonneuve Terminal

The Maisonneuve terminal has different staging levels with varying capacities. Again
overlapping resources are being used to design the resources and queues. The truck entity after
exiting the decide module depending on the attribute type enters the Maisonneuve terminal

(figure 6.35) where it enters a seize module which represents the buffer waitspace resour ces
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to be seized. These buffer waitspaces here are 14 hence the resource capacity is defined as 14.

These 14 spots are seized based on first come first serve basis.
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- Release
Setze Route from lane Route 1o
- Resources_T1 ! Etation Wai . Btation Wai ide if waitspace
: 1) | e [——[end 1o Witspece o h—— | Waitspace 1 n Wailspaos or more than half
when ful P 0 Maisonneuve Uerm Maisonneuve s Seze Release
siben ful
e Waitqsos_2_Msisonneuye T2 Waitspaos_1_Maisonneufe_
. T —
e i P i
Maisonneuve mid 2
Station
Waitspace 2
) . Seiz= L |Routstoentrance
. Waitefjsce_3_Maisonneufs 12 waitspace 3
set_Station_Mi . Witspaoe Release e if onty one or thg, Route to
E " WaittHace_2 | is lane o waitspace 3 exit
. ... Seis Route to resource ] Relesse Delay Release
set_Station 1 Rasqurce_Mai T [ pea et _Statn Resources Maidenteiusre o e 3 Maizonneule Fashurce Maizannzuve irce Mzizonneude
Route to
waitspace 3 exit
0 time
Maisonneuvs Seiz= Detsy Relesse
L. — e
“Yard Frocess Resurce_Maisonneuvg T3 Reshurce_Maisonneuvd T2 urce__ Maisonneude_
0
Routs to : - =] _/; Trucks exit
IMsisonneuve Exit : Bar=Twars
Cyck tims ,

Figure 6.35 Maisonneuve Terminal modules
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The buffer resource here is R Waitspace 1 Maisonneuve T2. As mentioned earlier the
staging in Maisonneuve is split into three levels. Now the truck entity enters into the next
staging level with a different set of resources with different capacities. But before seizing the
next staging queue, the entity passes through a release module which releases the truck entity
from the T1 Maisonneuve gate resource (Set R T1). They are released based on a specific
member rule with set lane index as a LaneNumber T1. As the 1 staging has only one queue

a single resource with a capacity of 14 is defined in the seize module.

Once any of the waitpace one is seized the truck entity checks the current number of buffer
resources seized and before seizing the 2" staging waitspace buffer resource the truck entity
enters two route modules for a duration of 20 and 10 seconds respectively. Instead of one route
module, two are used for animation. Once they exit the station waitspace 1 module they enter

the decide module (figure 6.36) to check the following two conditions:

1. NR(R Waitspace 1 Maisonneuve T2) >= MR(R_ Waitspace 1 Maisonneuve T2)
The above condition says that if the current number of resources in
R_Waitspace 1 Maisonneuve T2 is greater than or equal to the current number
scheduled, then the next entity simply seizes the available buffer waitspace resource.

2. (NR(R Waitspace 1 Maisonneuve T2) / MR(R_Waitspace 1 Maisonneuve T2))
>= (.5
If the current number of buffer resource waitspace is greater than 50 percent, then they

should travel for 15 seconds through a route module and station module.

If the entity passes through the false exit of the decide module, then they should travel for 38
seconds through another route module and station module. One station module is linked with

another, so they have a common station module through different routes.
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r Bl
Decide |0
M ame: Tupe:

* | M-way by Conditior

Add...

- ! h J120NNE | W aits
EHpressmn [NH[F! Waltspace 1 Malsonneuve T2] .-'l MF![F! W aitzp
<End of list>

[ QK. ][ Cancel ][ Help

Figure 6.36 Decide module

Once the truck entity exits the station module, it passes through seize module (figure 6.37)
where it seizes the 2nd staging waitspace resources (Set R Waitspace 2 Maisonneuve T2).
The seize rule used is largest remaining capacity. The capacity of each waitspace lane is three
which is defined in the capacity spreadsheet. Once the entity seizes this waitspace resource,
they are released from the previous waitspace resource using a release module. Then the entity
before seizing the 3™ stage waitspace they enter a decide module which checks the current
number in the resources and depending on the current number they are directed to different

route modules to reach a common station module before the next seize module.

Mame: Allocation: Priarity:

GHueue Type: Queue Narne:
Queue v] Seize Wailtspace_2_Maizo -
[ gk, ] [ Cancel ] [ Help

Figure 6.37 Seize module
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The decide module (figure 6.38) has the following condition:

NR(Set R Waitspace 2 Maisonneuve T2(M_W2 lane number))==

If the current number in the set resource waitspace is equal to 1, then they exit and pass through

a route module of duration 15 seconds.

If not they pass through another route module with a duration of zero seconds. The entity travels

through to the station members in the station module based on the attribute (M_W2 lane

number) because the upcoming waitspace also has three lanes. The entities strictly follow the

same path till they reach the T2 gate resource. The entities from both the route modules (figure

6.39) enter a common station module (figure 6.40) with a set of 3 members which represents

the three lanes.

-
Route

Decide (® [
Marmne: Type:
D ecide if only one in thiz lane _waitspace 2 ~ || 2-way by Condition +
If:
Walue:
MR[Set R_waitspace_2_Maisonneuve_T2[M_W?2 lane number))==1
[ ] [ Cancel ] [ Help

Figure 6.38 Decide module

? i

W arne:

Fioute to waitspace 2 exit
Route Time:

15

Destination Type:

Urits:

- [Seconds -

Expression:

E xprezsion

ok

Route I-_‘_J@ et S
1 arve;
Route to waitspace 2 exit 0 time -
Foute Tirne: Ltk
a - [Seconds hd
Destination Type: Expression:
Expression vl

0k ] [ Cancel ] [ Help

Figure 6.39 Route modules
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[ Station Iilér

M ame: Station Type:

sonneuvek «it W aitzpacez|lIEsE v]
Set Name: Save Attribute:
get_Station_Maizonnel « kw2 lane number -

Station Set Members:

Station_ M aizonnewyek «it W ait Add.
Station_MaizonneuweE xit_w ait:
Station_Maizonnewwek sit_w at: -
End ol

(] 4 ] [ Cancel ] [ Help ]

Figure 6.40 Station module

The truck entity exits the station module and then enters a seize module where it seizes a set of
waitspace resources and a set of queues based on the specific member rule. The capacity of
these resources is defined in resource capacity as 4 in each lane. After exiting the seize module
they enter a route module for a duration of 5 seconds with the same attribute and reach a station

with a set of 3 members.

As the entity seizes a waitspace they are released from the previous waitspace resource using
a release module right after the station module. Once seized the entity enters a decide
module(figure 6.41) where it checks for a specific condition and directs then to the two route

modules accordingly. The decide condition is as follows:

NR(Set R Waitspace 3 Maisonneuve T2(M_W2 lane number))<=2

If the current number in the set resource is less than or equal to 2, then the entity moves to the
route with 20 seconds delay, or else they pass through a route with zero delays. They take the
same attribute to travel to the station members. A common station module(figure 6.42) is

defined with three members with the same attribute as before.
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Decide (B
Mame: Type:

Decide if only one or two in thiz lane _waitspace 3 + | 2-way by Condition

I8

Expression -

Walue:

Figure 6.41 Decide module

[ station -2 e

Marme: Station Type:

sonneuyvel sit W aitspace RS ']
Set Mame: Save Attribute:
zet_Station_Maizonnel «  M_W2 lane number -
Station Set Members:

Station M aizonneuvel gt 4 ait add...

Station_Maizonneuy el xit_w ait:

féar:iclfr;?rl\il?;sonneuveE:-:it_W'ait:
[ 0K, H Cancel ” Help ]

Figure 6.42 Station module

Then the entity enters another seize module where it seizes T2 gate resources(Set
R_Maisonneuve T2) with the same rule of a specific member with the same attribute. If they
seize the T2 resource set, then they enter a route module for a duration of 10 seconds with the
same attribute to reach the station module with three members. As the entities seized the
resource, they are released using release module from the previous waitspaces with the release

rule as a specific member with the index M_W2 lane number.

The truck entity is then delayed using delay module at the resource for 1.5 minutes. Then the
truck entity enters the release module which releases the entity from the resource(Set

R _Maisonneuve T2) after the delay based on the release rule of the specific member with the
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same index. The entity enters the process module (figure 6.43) which represents the yard

process with a delay [5.5 + LOGN(15.2, 11.7)]. The time unit is in minutes.

Process l T |

M arne: Type:

M aizonneuyve ard Process| * | Standard -
Logic
Action: Priciity:

Seize Delay Feleass | Medium(2) -
Resources:

Resource, tard Maizonneuyve Resource, 1 Add...

<End of list>

Delay Type: Urits: Allocation:

E xpression '] ’Minutes v] [\-"alue Added -
E xpreszion:

5.5+ LOGN[15.2,11.7) -
Report Statistics

[ ak l [ Cancel ] [ Help

Figure 6.43 Process module

When the entity exits the process module, they enter the seize module(figure 6.44) with a set
of resources(Set R Maisonneuve T3) and a set of queues defined in a set. The selection rule
is based on the largest remaining capacity and saved in an attribute(a_resource Maisonneuve
T3). The entity then passes through a delay module where they are delayed by 1.5 minutes
again and then released by passing into release module based on the rule specific member

seized into the resource set based on the index defined (a_resource Maisonneuve T3).
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r ~ r ~
Seize M Resources M
Mame: Allocation: Priority: Type:
M [Set -
Set Mame: Units to Seize:
Set B_Maizonneuve T3 - 1
Selection Rule: Save Attribute:

Largest Remaining Capacity | a_resource maisonnedve T3«

Resource State:

Queue Type: Set Name: Set Index:

Set | Setq Maizonneuve T3 = 1 -

[ 0K ][ Cancel ][ Help ] 0K ][ Cancel ][ Help

Figure 6.44 Seize module, Define Resources

Then a record module (figure 6.45) is used to record the entity statistics, cycle time and count
the number of trucks. The entity then passes through the dispose module(figure 6.69) which

disposes the entity from the system.

Time Interval, Cy

et
(0] 3 ] [ Cancel ] [ Help

Figure 6.45 Record module

:

Fiecord Entity Statistics

[ QK ][ Cancel ][ Help ]

=
<

Figure 6.46 Dispose module

6.2.6 Designing the Racine Terminal
The Racine terminal (fiure 6.47) had two waitspaces before the T2 gate resources. The entity
exits the decide the module and enters the seize module(figure 6.48) where the entity seizes the

waitspace resource(R_Waitspace 1 Racine T2). Only one resource is defined with a capacity
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of 65. Until a space in the resource is occupied the entity from the T1 gate resource is not
released. They are released using a release module and the resources(Set R T1) are released

based on the release rule of a specific member according to the index a LaneNumber TI.
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There are 65 spaces available for the entities before T2 Racine gate resource. To model the
manner, the entities travel the same route; they have been delayed with varying delay times
depending on the distance they have to travel based on the current number seized. This is made
possible by decide module where there are several conditions and the entity passing through

acts as per the conditions.

5 e 3
iz @&] Release ? i)
Marne: Allocation: Priarity:
- M ame:
wehad -
Release Resources T1 Hacine when full -
Flesouces:
EdiL Set Gt T1,1, Specific Member, & Laneh
<End of list>
Gueue Type: Gueue Mame:
Seize Waitspace_1_Racin +
(oK [ comesl | [ o [ ok || Conced || Hep |
i

Figure 6.48 Seize module, Release module

The entity once released from the release module enters a route module where it is delayed for
15 seconds and again into another route module for 84 seconds. They pass through station
module from which it enters a decide module where it decides the route the entity should take
based on the condition inside the decide module (figure 6.49). The following are the conditions

inside the decide module:

NR(R_ Waitspace 1 Maisonneuve T2) >= MR(R Waitspace 1 Maisonneuve T2)
The condition above tells that if the current number in the waitspace resource is greater or equal
to the number scheduled then the entity enters the next seize module. The conditions below are

connected to different routes.

(NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2)) <=0.1

((NR(R_Waitspace 1 Racine T2) = /MR(R_Waitspace 1 Racine T2)) > 0.1 &&

(NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2)) <=0.2)
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((NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2))>0.2

(NR(R_Waitspace 1 Racine T2) /MR(R_ Waitspace 1 Racine T2))<=0.3)

((NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2))>0.3

(NR(R_Waitspace 1 Racine T2) /MR(R Waitspace 1 Racine T2))<=0.4)

((NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2)) > 0.4

(NR(R_Waitspace 1 Racine T2) /MR(R Waitspace 1 Racine T2))<=0.5)

((NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2)) >0.5

(NR(R_Waitspace 1 Racine T2) /MR(R_ Waitspace 1 Racine T2)) <=0.6)

((NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2)) >0.6

(NR(R_Waitspace 1 Racine T2) /MR(R Waitspace 1 Racine T2)) <=0.7)

((NR(R_Waitspace 1 Racine T2) /MR(R_Waitspace 1 Racine T2)) >0.70

(NR(R_Waitspace 1 Racine T2) /MR(R Waitspace 1 Racine T2))<=0.8)

&&

&&

&&

&&

&&

&&

All the conditions above clearly shows that if the current number in waitspace resource is lesser

than 10%, greater than 10% and less than 20%, greater than 20% and lesser than or equal to

30%, greater than 30% and lesser than or equal to 40%, greater than 40% and lesser than or

equal to 50%, greater than 50% and lesser than or equal to 60%, greater than 60% and lesser
q g q

than or equal to 70%, greater than 70% and lesser than or equal to 80% then they are directed
q g

to the true side of the decide module, and if all the above conditions are not satisfied then they

are directed to the false side of the decide module, and they enter a route module with a different

delay times. All the delay time are based on the distance traveled.
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The above figure 6.50 shows the decide module with the different conditions and the different
route modules with their corresponding station modules. Here all the station modules are
interconnected to one single station module. Once the entity exits the station module, they enter
the seize module (figure 6.51) where they seize a set of 10 resources(Set
R Waitspace 2 Racine T2) based on the selection rule of largest remaining capacity. The

resource capacities were assigned as one. A set of queues is also created.

1 Seize @Ié] l

Mame: Allacation: Fricrity:

v] Mediurm(2] -

Add...

Delete

Queus Type: Set Mame; Set |ndex:

Set v] Set q Waitzpace 2 Racir « 1 -

[ Ok ” Cancel ][ Help

Figure 6.51 Seize module

The entity after seizing one of the resources then enter into the release module where they
release the entity from the buffer waitspace resource. The entity is released from the

resource(R_Waitspace 1 Racine T2). One unit is released from the resource.

The entity is then delayed for a duration of 10 seconds using a route module, and they reach
the next station waitspace using a station module. The entity then passes through the seize
module  (figure 6.52) where it seizes the set resource(Set R _Waitspace
Resource 2 Racine T2) which consists of 10 resources with a capacity one each. The entity
seizes the resource in preferred order. Once the entity seizes the resource, they are released
from the waispace one resource. Once seized they are delayed for TRIA( 180, 200, 240)

seconds. This delay represents the paperwork time.
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Allocation:

Pricrity:

Queue Type:

Set hd

Set Mame:

Set Index:

Set q Waitzpace Resourc = 1

Lo J

Cancel ] [ Help

Figure 6.52 Seize module

However, after the delay, the entity enters the seize module (figure 6.53) where the truck entity
seizes the T2 gate resource(Set R_Racine T2), and once the resource at T2 gates is seized, they
are released from the previous waitspace resource. They are seized based on the cyclical rule,
where the entity cycles through the available members. A queue set has been defined for all
the resources. Once a resource is seized then the entity is released from the previous waitspace
2 using a release module. Once seized they are delayed using a delay module with a delay of
TRIA( 60, 80, 100 ) seconds. Before the entity travels to the resource delay, they go through a

route module for 10 seconds to reach a set of station members which represents the resources

at T2 gates.

Resources:

Allocation:

Priority:
Mediuri(2]

The truck entity after the delay is released into the process module using a release module

which releases the resource(Set R_Racine T2) using the release rule of the first member seized.

Sef, Set B Racine T2, 1, Coclical. a Foute, Add..
<End of lizt> = - _
Queue Type: Set Mame: Set Index:
Set v] Setq_Racine_T2 * 1
[ Ok, ] [ Cancel ] [ Help ]
Figure 6.53 Seize module
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One unit is set to release. The Process module then delays the truck entity for a delay time of
[4.5+21 * BETA(1.76, 1.64)] minutes based on the result from the input analyzer. This process

module (figure 6.54) represents the Racine yard process.

I 5
Process @éj

Mame: Type:

F acine “'ard Procesz| * | | Standard hd
Logic
Action: Friarity:

Seize Delay Release v] M ediurn(2) -
Resources:

Resource, 'vard Bacine B e, Add...

<End of list>

Delay Type: Units: Allocation:

Exprezsion v] [Minutes v] [Value Added -
Expression:

4.5+ 21 *BETA[1.76, 1.64) -
Feport Statistics

[ ak. ] ’ Cancel ] [ Help

Figure 6.54 Process module

The entity which leaves the process module enters the seize module (figure 6.55) where it
seizes the resources(Set R_Racine T3) based on the cyclical rule. They arrive in a single queue
and seize the resource. Before delaying the truck entity at T3 gate resource, they enter the route
module for 20 seconds and then enters a station module with a set of members defined

according to the attribute a T3 Racine.

Seize @I&J
Mame: Allocation: Fricrity:
Seize Racine Aesource « M ediurm(2] -

Resources:

Set, Set B _Racine T3, 1, Coclical, a_T3 racine, Add..
<End of list
Queue Type: Queue Mame:
[ueve v] Seize Racine Resource_T:
[ QK. ] [ Cancel ] [ Help

Figure 6.55 Seize module
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From the station module, the entity enters the process module (figure 6.56) where the action

was set to delay the entity, and they are delayed for a duration of TRIA(90,120,125) seconds.

-

Process [iléj
Type:
* | | Standard -

Logic

Action:

Delay ']

Delay Type: Unrits: Allocation:

Triangular Y] ’Seconds VI [Value Added -
MirirnLrn; Walue:[Most Likely): 14 airnunm;

90 120 125
Report Statistics

[ QK ] ’ Cancel ] ’ Help

Figure 6.56 Process module

Immediately after the delay, the entity is released using a release module from the resource(Set
R Racine T3). The release condition was set as the first member seized. The number of units
released is set to 1. Then the entity enters a route and a station module which delays the entity
by zero minutes and finally enters a record module (figure 6.57) before entering a dispose

module and exits the system.

Record l ? |
I arne:
Fecord B acine Cycle time
Statistic: Definitions:
Count, 1, Mo, Bacine Trucks m
Time Interval, Cycle Time, Mo, Racine _
Entity Statistics -
Erd of 1t

[ ak. ] [ Cancel ] [ Help

Figure 6.57 Record module
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The record module is used here to count the number of Racine truck entities, the cycle time of

Racine truck entity and the entity statistics.

6.2.7 Designing the Viau Terminal

The Viau terminal (figure 6.58) was also designed with the concept of overlapping resources.
As the existing Viau terminal was under construction at the port of Montreal there are some
assumptions that were considered to model the terminal resources and staging, it was designed
with three-lane staging before the T2 and T3 with ten waitspaces each. This means it can handle

ten truck entities or ten waitspaces are available for the entities.
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Figure 6.58 Viau terminal modules
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The truck entity with attribute a_TruckType=2 enters the seize module (figure 6.59) of the Viau
terminal where the truck entity seizes the resources(Set R Waitspace 1 Viau T2). The seize
rule is largest remaining capacity, and an attribute is saved as a Waitspace Viau 1. Once the
Truck entity seizes the waitspace resources, then they are released from the T1 resources(Set

R T1) with set index a LaneNumber T1. The release rule is a specific member.

Seize @Iéj
3 Allocation: Fricrity:
T2, 1. Largest Remaining Ca
Queue Type: Set Mame: Set Index:
Set v] Set q Waitspace_1_Viau_ -« 1 -
[ ak. ][ Cancel ][ Help

Figure 6.59 Seize module

The truck entity then enters a route module where a delay of 480 seconds is applied to the
trucks, and a set of two members are created in the corresponding station module. Once the
entity exits the station module the seized truck entity checks for a condition using a decide

module (figure 6.60) as,

NR(Set R Waitspace 1 Viau T2(a_Waitspace Viau 1))<=5

Decide [
Type:

|| Zway by Condition

E=pression -

Walue:

MR[Set B_Waitspace_1_Viau_T2[a_Waitzpace Viau 1]]<=5

[ QK ][ Cancel ][ Help

Figure 6.60 Decide module
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This shows that if the current number in the resource Set R Waitspace 1 Viau T2 according
to the attribute is less than or equal to 5, then the entity is directed towards the true exit or else
to the false exit. As a set is defined, its attribute is taken into account. The entity that exits to
the true side enters a route module where a delay of 30 seconds is added, and the destination
station is specified with the attribute. The false exit enters a route with a zero delay and both
the entities enter the same station module with a set of two members defined. Then the entity
enters the seize module for seizing the T2 gate resources Set R Viau T2 with the same attribute

that was defined before. The seize rule was preferred order. The units to seize was 1.

Once seized the entity then enters a delay module (figure 6.61) where the entity is delayed for
1.5 minutes. Once they are delayed the entity enters the release module (figure 6.62) where Set
R Viau T2 is released and units to be released is set to 1. The release rule here would be a

specific member with the set index as a_Waitspace Viau 1.

[ Detay )
M arne; Allocation:
Delay at T2 Viau Process - [D[her v]
Delay Time: Uit
15 - [Minutes v]
[ Ok ] [ Cancel ] [ Help ]

Figure 6.61 Delay module

[ Release 2 e
Mame:
Riesources: ’
; 5; | -.-"iau T2, 1. Specific Member, & W
[ ok || cancel || Heb |

Figure 6.62 Release module
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If the entity is released, they enter the process module (figure 6.63) in which the action is set

to seize delay release. The resources are defined in add resource and the units to seize/release

is set to 1. The dealy for the entity is given as TRIA(3.5, 7, 40.5) minutes.

F l
Process m

MHame: Type:

igu v'ard Process w | | Standard -
Logic
Action: Pricirity:

Seize Delay Relzagze v] M edium(Z2] -
Resounces:
Add...

Delay Type: Units: Allacation:
[Explession v] ’Minutes v] ’\-"alue Added -

E wpression;

TRIA[3.5. 7. 40.5) -
Report Statistics

[ Ok, ] [ Cancel ] ’ Help

Figure 6.63 Process module

The entity then passes through the seize module where it seizes the T3 gate resources(Set

R _Viau T3). The resources are seized in preferred order. The entity then enters a delay module

where they are delayed for 75 seconds. The entities are then released from the resources(Set

R _Viau T3) using a release module (figure 6.64) with the rule as the first member seized.

-

Release @Iﬂ1
Marne:
Releaze Resource Viau T3 -
Resources:
;Ei -.-"i.au T3, 1. First Mamber Seized
[ 0K ] [ Cancel ] [ Help ]

Figure 6.64 Release module
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Then they enter the record module where the entity statistics, Viau truck entity count and cycle
time of the Viau entity is recorded. Then the entities are then disposed from the system using

a dispose module.
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Chapter 7

Conclusions and future work

7.1 Conclusions

In this thesis, we investigate the problem of reducing turn times of port trucking operations and
proposed a discrete event simulation model to investigate various congestion mitigation
scenarios. Examples of these scenarios are extended gate hours, change in arrival patterns, gate
lane change policy, and use of technology at container terminals. A case study of Green harbor

trucking initiative at the Port of Montreal is done.

The simulation was run for 24 hours, and ten replications were done. All the tested scenario
showed a significant reduction in the turn time. The output shows that decreasing the number
of incoming Maisonneuve trucks per hour to 43 could reduce the average turn time of the
Maisonneuve truck by at least 50%. Improving the technology of the Racine and Cast could
lead to an improvement in turn times by at least 25%. Having a proper gate lane policy for Cast
and Racine is very important and the simulation results show (4, 10) lane policy is the best
policy. Change in arrival patterns could also bring a positive impact to the system in terms of

turn time.

The proposed model can serve as a useful tool for decision makers at Montreal Port Authority
to assess scenarios to reduce turn times which in turn would reduce the truck idleness,

congestion inside the port territory, and reduction of greenhouse gas emissions.
7.2 Future work

Based on the current work, several future research extensions are possible.



109

Cost considerations could be integrated into the current model to assess the cost
associated with the labor, inventory space, and other continuous improvements made
in the port operations.

There are some limitations to the model due to the lack of data availability. Since many
assumptions such as one size truck, limited staging lanes, and container chassis were
considered, the model became more constrained in the level of detail it provides. It
could be improved by integrating the exact number of staging lanes, considering
premium trucks with the cost associated with it, empty chassis, both length of chassis,
and creating perfect routes and trying to include velocity. Few constraints were due to
the software.

The Viau terminal should be updated with respect to the existing system. The route for
Viau trucks to the Viau terminal should be accurately defined. Train inference delays
should be taken into account.

Failures of the automated systems should be considered.

Development of an accurate model could help in precisely developing an appointment
system. A Large set of long-term data should be considered and a questionnaire should

be developed with the trucks drivers about their views on an appointment system.



110

References

Arango, C., Cortes, P., Munuzuri, J. and Onieva, L. (2011). Berth Allocation Planning in
Seville Inland Port by Simulation and Optimization. Advanced Engineering Informatics,

25(3): 452-461.

Asperen E., Borgman B. and Dekker R. (2011). Evaluating impact of truck announcements on

container stacking efficiency, Flexible Services, and Manufacturing Journal, 25:543-556

Azab, Ahmed, and Eltawil, Amr. (2016). A Simulation Based Study of the Effect of Truck

Arrival Patterns on Truck Turn Time in Container Terminals. 10.7148/2016-0080.

Bruzzone A.G., Mosca R., Revetria R., Rapallo S., (2000). Risk analysis in harbor

environments using Simulation, Safety Science, 35, 75-86

Bruzzone, A., andSignorile, R., (1998). Simulation and genetic algorithms for ship planning

and shipyard layout. Simulation 71: 74-83.

Chen G., Govindan K. and Yang Z. (2013). Managing truck arrivals with time windows to
alleviate gate congestion at container terminals. Int. J. Production Economics, 141 (2013) 179—

188

Chen G., Govindan K., Yang Z.and Choi T. and Jiang L. (2013). Terminal appointment system
design by nonstationary M(t)/Ek/c(t) queueing model and genetic algorithm, Int. J. Production

Economics, 146 (2013)694— 703

Chen, Xiaoming; Zhou, Xuesong; Listand George F. (2011). Using time-varying tolls to
optimize truck arrivals at ports. Transportation Research Part E: Logistics and Transportation

Review, 47(6), 965-982.



111

Daganzo, C. F., (1994). The cell transmission model: A dynamic representation of highway
traffic consistent with the hydrodynamic theory. Transportation Research Part B:

Methodological, 28(4), 269-287.

Denning, P.J., and Buzen, J. P. (1978). The operational analysis of queueing network models.

ACM Computing Surveys (CSUR), 10(3), 225-261.

Duinkerken, M. B., Ottjes, J. A., Evers, J. J. M., Kurstjens, S., Dekker, R. and Dellaert, N.
(1996). Simulation studies on inter terminal transport at the Maasvlakte. In: Proceedings 2nd
TRAIL PhD Congress 1996 ‘Defence or attack’, May 1996, Rotterdam [TRAIL],
http://www.ocp.tudelft.nl/tt/users/duinkerk/papers/rot9605a.pdf — last check of address: July

30, 2003.

Edmond, E., and Maggs, R., (1978). How useful are queue models in port investment decisions

for container berths. Journal of the Operational Research Society, 29(8), 741-750.

Floyd, S., and Jacobson, V. (1993). Random Early Detection Gateways for Congestion

Avoidance. [IEEE-ACM Transactions on Networking, 1(4), 397-413.

Gambardella, L. M., Rizzoli, A. E. and Zaffalon, M., (1998). Simulation and planning of an

intermodal container terminal. Simulation, 71(2), 107-116.

Gambardella, L.M., and Rizzoli, A. E. (2000). The role of simulation and optimization in
intermodal container terminals, 12th European Simulation Symposium and Exhibition (ESS

2000), Hamburg, Germany, The Society of Computer Simulation International 2000.

Giuliano, G., and 1. O'Brien. (2007). Reducing Port-Related Truck Emissions: The Terminal
Gate Appointment System at the Ports of Los Angeles and Long Beach. Transportation

Research Part D 12(7), 460-473.



112

Guan C. and Liu R. (2009). Container terminal gate appointment system optimization.

Maritime Economics and Logistics 11, 378-398. doi:10.1057/mel.2009.13

Hayuth, Y., Pollatschek, M., and Roll, Y.(1994). Building a port simulator. Simulation, 63(3),

179-189.

Huynh N. and Walton C. (2011). Improving Efficiency of Drayage Operations at Seaport
Container Terminals Through the Use of an Appointment System. Handbook of Terminal
Planning Volume 49 of the series Operations Research/ Computer Science Interfaces Series

323-344.

Huynh, N., Hutson, N., (2005). Mining the sources of delay for dray trucks at container

terminals. Transportation Research Record No. 2066, 41-49

Huynh, N., Walton, C. M., (2008). Robust scheduling of truck arrivals at marine container

terminals. Journal of Transportation Engineering 134(8), 347-353.

John Liu, Hong Yan, Jie Wu. (2010). DEA models for identifying sensitive performance

measures in container port evaluation, Maritime Economics and Logistics. 12: 215

Kiani Moghadam, Mansoor and Sayareh, Jafar and Noor Amin, Saeed. (2010). A Simulation
Framework for Optimising Truck Congestions in Marine Terminals. Journal of Maritime

Research. Vol. VII. 55-70.

Kozan, E. (1997). Comparison of analytical and simulation planning models of seaport

container terminals. Transportation Planning and Technology, 20(3), 235-248.

Lee, T.-W., Park, N.-K. And Lee, D.-W., (2003). A simulation study for the logistics planning

of a container terminal in view of scm. Maritime Policy and Management, 30(3), 243-254.


https://link.springer.com/journal/41278

113

Legato, P. and Mazza, R. M., (2001). Berth planning and resources optimization at a container
terminal via discrete event simulation. European Journal of Operational Research, 133(3), 537—

547.

Lei Hu (2011). Application of RFID Technology at the Entrance Gate of Container Terminals,

ICCL 2011, LNCS 697.

Liu, C. 1., Jula, H. and Ioannou, P. A., (2002). Design, simulation, and evaluation of automated

container terminals. IEEE Transactions on Intelligent Transportation Systems, 3(1), 12-26.

Mathew, R, and Mastaglio, Thomas and Lewis, A. (2012). A simulation tool for high-fidelity
modeling of complex logistical networks. 24th European Modeling and Simulation

Symposium, EMSS 2012. 6-14.

Monaldo Mastrolilli et al (1998). Resource Allocation and Scheduling of Operations in an
Intermodal Terminal. 10th European Simulation Symposium and Exhibition, Simulation in

Industry.

Moon, K. (2000). A mathematical model and a heuristic algorithm for berth planning. Brain

Korea, Vol. 21.

Morais, P. and Lord, E. (2006). Terminal appointment system study, Prepared for
Transportation Development Centre of Transport Canada,

http://www.tc.gc.ca/media/documents/policy/14570e.pdf, accessed July 2013.

Mosca, R., Giribone, P., and Bruzzone, A. (1994). Simulation and Automatic Parking in a
Training System for Terminal Container Yard Management. Proceedings of ITEC94, The

Hague, April, 26-28

Murty, K.G., Liu, J., Wan, Y., andLinn, R. (2005). A decision support system for operations in

a container terminal. Decision Support Systems, 39(3), 309-332.



114

Ottjes, J. A., (2006). Simulation of a multiterminal system for container handling. OR

Spectrum, 28(4), 447.

Parola, F. and Sciomachen, A. (2005). Intermodal Container Flows in a Port System Network:
Analysis of Possible Growths via Simulation Models. International Journal of Production

Economics. Elsevier, 97, 75-88.

Peng-Hong Koh, Jimmy L.K. Goh, Hak-Soon Ng, Hwei-Chiat Ng. (1994). Using Simulation
to Preview Plans of a Container Port Operations. Proceedings of the 1994 Winter Simulation,

Conference.

Saanen, Y. (2005). Using emulation to improve the performance of your TOS. In: Automation

in Port Operations, September 2627, Antwerp.

Saanen, Y. A. (2000). Examining the potential for adapting simulation software to enable short-
term tactical decision making for operational optimization. Technical Report, TBA

Nederland/Delft University of Technology.

Saanen, Y. A. (2002). The application of advanced simulations for the engineering of logistic
control systems. Building blocks for Effective Telematics Application Development and

Evaluation, 173.

Sgouridis, S. P., Makris, D. and Angelides, D. C., (2003). Simulation analysis for midterm yard
planning in container terminal. Journal of Waterway, Port, Coastal, and Ocean Engineering,

129(4), 178-187.

Shabayek, A. A., and Yeung, W. W., (2002). A simulation model for the Kwai Chung container

terminals in Hong Kong. European Journal of Operational Research, 140(1), 1-11.



115

Sharif, Omor and Huynh, Nathan and M. Vidal, Jose. (2011). Application of El Farol model
for managing marine terminal gate congestion. Research in Transportation Economics. 32. 81-

89.10.1016/j.retrec.2011.06.004.

Soriguera, F., Espinet, D. and Robuste, F., (2006). A simulation model for straddle carrier
operational assesment in a marine container terminal. Journal of Maritime Research, 3(2), 19—

34.

Soriguera, F., Robusté, F., Juanola, R., and Lopez Pita, A. (2006). Handling equipment
optimization in container terminal of Port of Barcelona. Spain. Transportation Research

Record, 1963, TRB, 44-51

Spasovic, L. N., Dimitrijevic, B., and Rowinski, J. (2009). Extended Hours of Operation at the
Port Facilities in New Jersey: A Feasibility Analysis. Newark: New Jersey Institute of

Technology.

Stahlbock, R., and VOB, S. (2008). Operations research at container terminals: a literature

update. Or Spectrum, 30(1), 1-52.

Steenken, D., VOB, S., andStahlbock, R. (2004). Container terminal operation and operations

research-a classification and literature review. OR Spectrum, 26(1), 3-49.

Thiers, G.F., andJanssens, G.K. (1998). A port simulation model as a permanent decision

instrument. Simulation, 71(2), 117-125.

Tsilingris, P. S., Psaraftis, H. N. and Lyridis, D. V. (2007). Radio frequency identification
(RFID) technology in ocean container transport, International Association of Maritime

Economists Conference, July 4-6, Athens, Greece.

Van Woensel, T., and Vandaele, N. (2007). Modeling traffic flows with queueing models: a

review. Asia-Pacific Journal of Operational Research, 24(04), 435-461.



116

Wolfe, M. and Troup, K. (2005). The freight technology story: Intelligent freight technologies
and their benefits, Report FHWA-HOP-05-030 for the US Department of Transportation,
http://ops.thwa.dot.gov/freight/intermodal/freight tech story/freight tech story.htm,

accessed July 2013.

Yang, C., Choi, Y. and Ha, T., (2004). Simulation-based performance evaluation of transport

vehicles at automated container terminals. OR Spectrum, 26, 149-170.

Yun, W. Y. and Choi, Y. S., (1999). A simulation model for container-terminal operation
analysis using an object-oriented approach. International Journal of Production Economics,

59(1-3), 221-230.

Zehendner E. and Feillet D. (2013). Benefits of a truck appointment system on the service
quality of inland transport modes at a multimodal container terminal. European Journal of

Operational Research 235 (2014) 461-469.


http://ops.fhwa.dot.gov/freight/intermodal/freight_tech_story/freight_tech_story.htm

