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In the last decades container transport increased a lot and so it did in Rotterdam. The pressure at the ECT Delta Terminal became higher and this lead to problems. Together with the fact that truckers arrive mostly in peak hours at the terminal, this leads to congestion at the gate. Due to this congestion, there are quite long waiting times at these peak hours. A truck appointment system is a solution to solve these problems. With a truck appointment system a trucker has to call before he can get service for an appointment. Each time slot has a certain capacity, when the capacity is reached, a trucker will get another time slot. The result of this truck appointment system is that the arrivals of the truckers will be more spread out along the day and that the peaks will be flattened. 
There are different designs possible for a truck appointment system. In this research two designs will be discussed. We will discuss the advantages and disadvantages of both of them. We will investigate which truck appointment system will give the best situation. For example we will vary the number of appointments per server and investigating the situation when a trucker has multiple appointments per day. Comparing the results of the simulation we will advise the ECT Delta Terminal which truck appointment system has our preference in which setting.
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[bookmark: _Toc328469659]1. Introduction
[bookmark: _Toc323031787][bookmark: _Toc328469660]1.1. Problem 
The invention of the container by Malcom McLean in 1956 has influenced the global transport a lot. Before this invention for example pallets went piece by piece in a ship and with the container the pallets could be taken together. This increased the cargo handling speed in the harbors. It became a lot easier to transport cargo around the world and this became one of the reasons for a massive increase in transport. Container transport is still increasing and will be expected to increase in the future, due to more intensive trade and globalization. 
Because of the more growing market for container transport, container lines will buy larger vessels. Coherent is that there is more pressure on the capacity of the Marine Container Terminals (MCT) and they have to be enlarged for this larger vessels and increasing trade. The containers that arrive at the MCT have to be transported to a unload destination. Some of the containers will be transported by feeder vessel to a smaller port or they will be transported by rail to an inland rail terminal. But the most containers have to be transported to the hinterland by truck. Therefore a large MCT need good hinterland road connections. For Rotterdam about 57% of the hinterland transport is by truck.
In 1963 the first container arrived in Rotterdam. 47 year later, in 2010 the throughput of the Port of Rotterdam was slightly more than 11 million TEU (www.portofrotterdam.com). For 2010 65.6% of the containers is transported to the hinterland and as said before 57.0% of them are transported by truck. So around 4.1 million TEU are transported by truck to or from the Port of Rotterdam. Or as we will say it in containers 2.5 million containers are transported by truck. This causes a lot of congestion, for example on the A15 motorway along the Port of Rotterdam. But this is not the only place, where it creates congestion, also at the terminal. 
In this report the congestion at the gate of the ECT Delta terminal is investigated. The ECT Delta Terminal is the largest container terminal of Rotterdam and is situated at the Maasvlakte. The arrivals at the gate of the ECT Delta terminal are not constant over time and there are two peaks along the day. These peaks lead to a lot of congestion at the gate of the terminal. The truckers have to wait for security checks and for a available straddle carrier
First, there is a economical loss of the congestion. The truckers have to wait at the gate and in this time they could have driven. Their total working time is set by the government, so every moment they have to wait is a loss of productivity. The truck company has to pay the drivers the same loans, no matter if they are driving or waiting. 
Second, the congestion causes planning problems for trucking companies. A lot of containers are hauled along short distances and the truckers have to do more than one job per day. But if he has to wait for his first job, it could give problems for the next jobs, because he will be too late or it is not possible with his working hours. Another related problem is that trucking companies in the most situations have to make appointments to (un)load their cargo at for example a distribution center. Because of the waiting times at the gate of the terminal there is a lot more uncertainty of the arrival time at the destination. 
Third, there is a also an environmental issue. When truckers are waiting at the gate they will keep their motor running. Because they are in a queue and when the queue moves forward they have to drive forward. Therefore there is extra emission caused by waiting. And the more there is waited by the truckers, the more emission there will be emitted. Therefore the ECT, truckers and trucking companies want to avoid the congestion by deleting the arrival peaks at the gate. But this extra emission is not that much compared with the total emission of the port. 
[bookmark: _Toc328469661]1.2. Solutions
The most actual solution in the port of Rotterdam is making use of other modalities for transporting containers to the hinterland. Making more use of barges and rail to connect the hinterland should delete congestion with trucks. There are a lot of container barge terminals in all parts of the Netherlands. In a previous report (van Heyningen and Hendrikse, 2012) for the Alpherium barge terminal in Alphen aan de Rijn we saw that using barges will give in the most situations CO2 emission benefits. But the costs of creating a barge terminal are high and the creation takes a lot of time. Owner of the ECT Delta terminal, ECT has her own terminal the Moerdijk Container Terminals, which is situated between Rotterdam and Antwerpen.
Another solution is to make more use of the rail connection. In this development the ECT has opened a container terminal in Venlo a few years ago. This terminal is supplied by 3 trains per workday from the ECT Delta terminal. There is also one train each workday arriving from the Euromax terminal at the Maasvlakte. 
Another solution is a chassis park near the terminal. Dekker et al., 2012 have investigated a possible chassis park for the ECT Delta terminal. At the current moment the chassis park is not realized at the ECT Delta terminal. At a chassis park the trailers of the trucks are parked. If the truckers arrive at a peak moment at the terminal they can switch their trailer at the chassis park. This trailer has a new destination, his old trailer has to wait until there is a straddle carrier available. In the most cases at nights the containers of the trailers of the chassis park are changed. So the truckers do not have to wait. For truckers which haul short distances it is a good solution. Big disadvantage is that a chassis park costs a lot of space.
The last solution is the solution that will be discussed in this paper. It is a truck appointment system. In a truck appointment system the trucking companies have to make a appointment for putting or collecting a container at the terminal. In each slot of a certain length there is a maximum number of trucks that could collect a container. If the maximum capacity is reached the trucking company has to pick up the container in another time slot. This system the peaks in the arrival rate could flattened. 
[bookmark: _Toc328469662]1.3. The research
In this report the truck appointment systems will be investigated. The goal is to reduce the waiting time for truckers at the gate of the ECT Delta terminal. Vlugt(2009) has also investigated the influence of a truck appointment system on the performance of the ECT Delta terminal. Vlugt(2009) planned the appointments for the trucks as follows. All preferences for appointments are known and they are classified so that the difference between the appointment and the preference is minimized.
In this research the appointments will also be generated in a different way. The trucking companies will call for appointments, they will coming in like a Poisson process. The trucking companies will have preferences that are related to the current arrival process. After that the appointment will be realized in the most favorable time slot. This model is compared with a model that holds the same idea as the model of Vlugt, 2009. In this model all preferences are known on forehand and 
The main research question is defined as follows. "Which Truck Appointment System will give the best situation for truckers on the ECT Delta terminal?" To answer this question we have formulated a number of subquestions. 
· What are the causes of the problems of the current situation?
For this question the situation at the ECT Delta Terminal is investigated. The complete handling process and especially the situation at the gate is analyzed. It's important to see where in the process the problems raise. 

· What are the preferences of the trucking companies?
To built a truck appointment system, it is necessary to analyze the situation of the truckers. In general the preferences of truckers will change when they have a longer haulage. Also the truckers that visit the terminal more than once per day are interesting. 

· Which data is needed?
 We have to make choices regarding the data we use. Will the situation be every year the same? It is also important that the data is trustful. Service times are different for trips with a different number of containers, how do we consider that?

· How to design the Truck Appointment Systems?
We investigate two different methods to design a truck appointment system. The first is our new method with the preferences arriving as a Poisson process. When a trucking company asks an appointment with a preference it gets directly a time. In the second situation, the trucking companies first all have to give their preferences and when all appointments are known, they get an appointment. We have to make choices according to the special situations, when a trucker is late, early or does not come for his appointment. How do we care about the deviation between preference and appointment? 

· How to simulate the situation at the ECT Delta terminal?
There have to be made choices what has to be included in the simulation. It's important to generate service and inter-arrival times from the right distribution. How much of the capacity has to be used for appointments is also a point of discussion. 

· Which improvement will the truck appointment systems give in the simulation results.
After simulation it is interesting to analyze the differences between the current situation and the situation with a truck appointment system. What is the maximal queue length of what is the mean waiting time?

· Which influence will the TAS have on the trucking companies?
When a truck appointment system is set it will influence the trucking companies. How will the trucking companies react on the development? What is for them the most useful manner to make appointments? When will they be not seen for an appointment and how will they take care of multiple appointments per day?
[bookmark: _Toc328469663]1.4. Methodology
For answering the questions in this thesis a literature review is needed. At first the situation at the ECT Delta terminal in Rotterdam has to be analyzed. According to the literature to truck appointment system we create two different truck appointment systems. The first truck appointment system will be in continuous time. This will give the situation that a trucking company calls for a appointment with a preference and directly gets a appointment time. This way of creating appointments could be simulated in Matlab. The second way to generate the appointments is in discrete time. We have all preferences on forehand and will generate the appointments in the way that a function of the deviation between preference time and appointment time is minimized. This will be done in mathematical programming software like AIMMS.  When the appointments are generated, these could be used in the simulation. The simulation is built in Matlab and will be run several times to get reliable results. We can compare the situation with and without truck appointment system with each other. We will the optimize the design of the truck appointment systems. Afterwards we will have a look on the situation when there are multiple appointments of a trucker and when there are different appointment lengths for different services. 
[bookmark: _Toc328469664]1.5. Report Outline
In this first chapter of the report we discussed the problems that concerning the ECT Delta terminal. Also we discussed how we could solve these problems. In the second chapter a literature review is done. Of course truck appointment systems are investigated, but also appointment systems in other sectors. And we have also done some research on container transport in general. In the third chapter of this report we will analyze the ECT Delta terminal and the handling process on the ECT Delta terminal. This is done to check where the bottleneck is located. In the fourth chapter we will analyze the data that we will use in simulation. On basis of this data we will make some assumptions. In the fifth chapter we will discuss the design of the truck appointment systems. In the sixth chapter the truck appointment system models are used in a simulation of the handling process at the ECT Delta Terminal. This is done to check whether the truck appointment systems will improve the situation at the terminal. In the last chapter we will discuss the research and conclude with a conclusion. 


[bookmark: _Toc328469665]2. Literature
[bookmark: _Toc328469666]2.1. Literature on container transport
To get a good overview of the developments in container transport we have searched for literature on container transport. About container transport in Rotterdam the websites of ECT, Maasvlakte 2 and the port authority Port of Rotterdam gave us a lot of information. Also articles and presentations from the minor Port Management and Maritime Logistics were interesting to use. McLellan (2006) described in his article the development of container liner shipping. This article is interesting to read to see the immense development the container industry 
Choi et al (2003) described the implementation of a Enterprise Resource Planning for a container terminal. The PhD thesis of Hennessey gave some insight on container handling on container terminals. In this thesis there was also made use of simulation models and this was also useful to understand how you can simulate the situation at the ECT Delta. Zhao and Goodchild(2009) discussed the impact of truck arrival information on container terminal rehandling. From this report we get extra information on container handling and especially which circumstances involving the container handling. 
[bookmark: _Toc328469667]2.2. Literature on truck appointment systems
There is more and more literature available about truck appointment systems. Because making appointments is an emerging principle in container handling world. At first the focus was on theses from students. The most interesting thesis was the one of Dennis Vlugt (2009). This student studied truck appointment systems and simulated the gate process. A lot of information is useful for this thesis. He only studied a truck appointment system where the preferences are all available and from this position he optimized the distribution of the appointments. The absence of the usage of real data is the big disadvantage of the thesis of Vlugt. Real data was used by Smits (2010) in his bachelor thesis. He also investigated truck appointment systems, but he concentrated on the data use for such a system. The data he used will also be used in this thesis. 
In the article of Guan and Liu (2009) a truck appointment system is discussed. But they have built the system in another way than we want to do. They have optimized the costs of the terminal by distributing the capacity. There is also a lot of recent literature about the consequences of implementing a truck appointment system. Van Asperen et al (2011) evaluated the impact of a truck appointment system on container stacking efficiency.
Dekker et al (2012) discussed the alternative of a chassis exchange terminal. This solution is discussed earlier in this report. A chassis exchange terminal is a solution for solving the congestion at a container terminal. But this solution does not spread out the arrivals of truckers along the day. It differs the truckers to another location.
There are also some articles about implementing the TAS in ports. Guiliano and O'Brien (2007 and 2008) investigated the situation at the port of Los Angeles and Long Beach in California. These ports have implemented the so-called Terminal Gate Appointment System. This system was implemented for spreading the arrivals for truckers at the terminal. This was done for reducing the emissions and highway congestion. They concluded that this system did not reduce the waiting times. 
Murty et a.(2005) described the implementation of a truck appointment system at the port of Hong Kong. In Hong Kong the truckers could call for an appointment and truckers without an appointment has to make an appointment at the gate of the terminal. So all truckers has to make an appointment before entering the terminal, this reduced the turnaround time there dramatically. The Vehicle Booking System (VBS) of the port of Felixtowe is investigated by Vlugt(2009). 
Lord and Morais(2006) described the implementation of a truck appointment system in the port of Vancouver. This system failed because it did not result in any decrease of waiting time. In Felixtowe every trucker has to make an appointment. The time slots are in night less tight than along the day. This system introduced a fine when the truckers do not arrive at their appointment to avoid that truckers do not arrive at their appointment. Due to emission savings also the port of Oakland (Port of Oakland, 2003) has implemented a truck appointment system. This port has implemented on all of their terminals.
[bookmark: _Toc328469668]2.3. Literature on appointment systems in other sectors
For the process of making appointments it is also interesting to have look on literature of making appointments in other businesses. In the health care sector there is also made use of appointment systems. There is a lot of information about such appointment systems. The sectors that are interesting are the care where you enter service, get service and you will leave, like a consulting hour. For example Katz (1969) described a simulation of the outpatient appointment systems. Cayirli et al (2005) designed for the ambulatory care services an appointment scheduling system. In this system there are made some choice about the how to register the appointments. There is a lot of information we could use for building our truck appointment system.
[bookmark: _Toc328469669]2.4. Literature use
In our opinion in the literature about the truck appointment systems there is something missing. There is literature available on the evaluation of truck appointment systems and also on the way how the truck appointment systems should be implemented. Previous theses analyzed data and also the way to implement. But there is less literature about the design of the truck appointment system. In this research we will also investigate the choices in the design and their possible consequences. This will be argued with simulation results. We will use data from the analysis of Smits (2010). Further we will use the explanation of Vlugt (2009) of his truck appointment system. Furthermore we will use the articles mentioned in the previous sections for the general image.


[bookmark: _Toc328469670]3. The ECT terminal
[bookmark: _Toc328469671]3.1. Container Handling in Rotterdam
In 1966 created some port companies the company ECT. ECT is responsible for handling containers in the port of Rotterdam. A year later the first real container vessel of ACL moored at the ECT Home terminal at the Waal/Eemhaven. But the worldwide container transport increased a lot and even so the container transport in Rotterdam. Therefore ECT opened in 1985 a new terminal at the Maasvlakte, the ECT Delta terminal. A few years later ECT signed a contract with Sea-Land for using a part of the ECT Delta terminal as dedicated terminal for Sea-Land. Nowadays Sea-Land is taken over by Maersk and this still this terminal operating as the APM terminal Rotterdam. In 2002 ECT is taken over by the large Hong Kong-based terminal operator Hutchinson Port Holdings Group. In 2008 the ECT opened another terminal at the northwest part of the Maasvlakte, the Euromax terminal. This terminal is especially for the shipping companies of the Green Alliance (Cosco, K-Line, Yang Ming, Hanjin). The Euromax terminal will be expanded to the Maasvlakte 2, when the Maasvlakte 2 is ready to operate. Maasvlakte 2 is the new part of the port that is constructed in sea at the moment. Also APM terminals will built a new terminal on the Maasvlakte 2, this terminal will have a capacity of 4.5 million TEU and this will be necessary to guarantee the future of APM terminals in Rotterdam. Another container terminal on the Maasvlakte 2 will be the Rotterdam World Gateway of DP World. DP World will be operating this terminal together with the New World Alliance (MOL, Hyundai and APL) and CMA CGM. The first terminals at the Maasvlakte 2 will open in 2013.
[image: ]
Figure 3.1: Container terminals in Rotterdam, source map: Google Earth
So to get a overview of the container terminals in Rotterdam. The ECT Home terminal is still existing in the Waal/Eemhaven and is currently called the ECT City terminal. In the Waalhaven there is also the Uniport terminal with a capacity of 1.2 million TEU.(www.uniport.nl) At the Maasvlakte there are the APM and ECT Delta terminal. At the connection of the Maasvlakte with the Maasvlakte 2 there is the Euromax terminal and at the Maasvlakte 2 there will be another APM terminal will be created and a DP World terminal called Rotterdam World Gateway. With this new development the container handling capacity of the Port of Rotterdam will be nearly doubled. 

[bookmark: _Toc328469672]3.2. The ECT Delta terminal
The ECT Delta terminal will still be the largest terminal of Rotterdam with a capacity of 8 million TEU. (
Figure 
3.
2
: ECT Delta Terminal, source: www.ect.nl
)[image: http://www.ect.nl/SiteCollectionImages/delta_terminal.jpg] As said before in 1985 the ECT Delta terminal opened at the Maasvlakte. The big advantage of this new terminal was that the vessels have to sail only a small distance inwards the Port of Rotterdam. The ECT Delta terminal has the possibility to handle the largest container vessels in the world. In figure 2 you can see that the terminal has a peninsula design. The big advantage is that it will have in proportion more quay length. The terminal is divided in 4 parts, the Delta Dedicated North Terminal, the Delta Dedicated East terminal, Delta Dedicated West Terminal and the Delta Barge Feeder terminal. 
[bookmark: _Toc328469673]3.3. The handling process
Another advantage of the ECT Delta is that a big part of the handling process is automated. For the transfer of containers from vessel to truck the stocking process is automated. A man-controlled quay crane (QC) gets the container from the vessel and then the container is placed automatically on a Automated Guided Vehicle (AGV), this vehicle drives to the right stack. A Automated Storage Crane (ASC) places the container in the stack. If a container is wanted from a stack a ASC gets the container from the stack to a man driven Straddle Carrier (SC) and this puts the container on a truck. 
[image: http://www.ect.nl/SiteCollectionImages/automatisering1.jpg]
Figure 3.3: The handling process on ECT Delta, source: www.ect.nl

Before a container can enter the terminal, it has to be logged in and controlled at the gate. Incoming trucks have to be first checked in. There for example the identification of the truck driver is checked. If a trucker brings a container to the terminal he has to be inspected. Sometimes the truck has to go to the customs. When this is passed the truck can go to the stacks. This control area has a certain capacity according to the capacity of the handling process. 
[bookmark: _Toc328469674]3.4. The problem specified
With the realization of the Maasvlakte 2, the ECT gets more competition as container handler in Rotterdam, especially from Rotterdam World Gateway. ECT wants to stay the best and most inventive container handler. As mentioned before, one of the largest problems of the ECT Delta Terminal is the congestion at the gate. The gate has to worry about the number of trucks on the terminal. The gate has to pass as many trucks as the terminal can handle. Therefore the problem is not completely caused by ECT, but more by the truckers that arrive mostly all together at the terminal. Therefore there are peaks in the arrival rate of truckers along the day and it is not possible to follow this same pattern in the container handling capacity. So in the peak hours there is too less handling capacity available. 
As Nicolai, Nieuwsblad Transport (2007) said the best way to solve the congestion is spreading of the pressure on the terminal. But this is a complex situation where government, shippers truckers and also the companies on destination have to collaborate. 
In the further research we will investigate how a truck appointment system could decrease the peaks in the truck arrival rate along the day. And decreasing these peaks will lead to less congestion and so lower waiting times for the truckers. 
[bookmark: _Toc328469675]3.5. Determination of scope
Now we know the causes of the waiting time. Now we have to make choices for the research. In the simulation we choose to take the container change lanes as servers. Reason for this is that we think that the gate process could be expanded, but for the container handling capacity this is difficult. Therefore the real bottleneck is the cargo handling. That the truckers now have to wait at the gate, is to avoid congestion on the terminal. We will assume all different parts of the terminal to one big terminal. 
In the current situation the truckers are waiting in one queue and the truckers will be served following a first in first out system. When there is made use of two queues, one for truckers with and one for truckers without an appointment. The server capacity will be divided between these two servers. 


[bookmark: _Toc328469676]4. Data analysis
[bookmark: _Toc328469677]4.1. Arrival data
4.1.1. The arrival process
In previous research of students of the Erasmus University there is done data analysis for the ECT Delta Terminal. For this research we made use of this data of week 11 of the year 2010, this data is also used in previous research for the ECT Delta terminal. From this dataset we estimated the arrival pattern in the graph below.
Figure 4.1:Arrival pattern of a weekday from Smits, 2010
The arrival rate between 0.00 and 1.00 hour is assigned with 0, 1.00 to 2.00 is assigned with 1, etcetera. The pattern is based on a pattern described by Smits (2010), he has found a similar pattern. The first peak is in early in the morning and has his peak around 6.00 am. The first peak has a steep increase and decrease to a minimum at 8.00 am. After 8.00 am the arrival rate will increase slow to peak at 5.00 pm. After this peak there is a steep decrease until 3.00 am the next day. This are the peaks that are the cause of the congestion at the gate and also on the roads to the terminal.
4.1.2. Multiple appointments per day
But there is some more about the arrivals. There is more information known about the arrivals at the terminal. Not every arrival is an unique trucker, some of the arrivals are made by the same truckers. So some of the truckers will arrive more than once at the terminal in a day. Therefore some of the truckers will make also more than one appointment at a day. 
 (
Figure 4.2:
 D
estination and origin of ECT containers from gate survey (source: NEA, 2009)
)[image: ]According to the NEA study seen in figure 4.2. above the distances driven with containers are not very large. As we see in figure 4.2, the 38% of the containers that are transported from the ECT Delta are loaded in Zuid-Holland. And 30% of the incoming containers is unloaded in province Zuid-Holland. Especially for Zuid-Holland the distances are very small and therefore truckers have multiple trips per day. But not all trips of these truckers have to start of end at the ECT Delta, they can also make use of other terminals. In figure 4.2 you can see that most truckers arriving at the ECT Delta only arrive once a day at this particular terminal, but there is still a big amount of truckers that arrives multiple times a day. 
From the dataset we estimated how many of the arriving truckers will make more than one appointment per day. The stats are in the table below. 
	# visits
	1
	2
	3
	4
	5
	6
	7
	Total

	# truckers
	5638
	1362
	351
	96
	34
	4
	1
	7486

	Percentage
	75.3%
	18.2%
	4.7%
	1.3%
	0.5%
	0.1%
	0.0%
	


 (
Ta
ble
 4
.1
:
 
Percentages of multiple trips per day (Smits, 2010)
)Considering this percentages for example 18.2% of the incoming requests for appointments wants to make 2 appointments on a day. This gives an average of 1.34 visits per trucker. 
[bookmark: _Toc328469678]4.2. Handling data
4.2.1. Handling times with different container combinations
Certainly not all truckers are hauling the same amount of containers. Some trucks are designed to transport one, two or three TEU. Normally a truck is designed for hauling 2 containers. Trucks of 3 TEU are only allowed for inland transport in the Netherlands. They are called LZV's and in the near future also international transport is perhaps possible. But a 3 TEU truck can also haul only one container or two, for example with one 20 ft. container and a 40 ft. container. The number of containers that the truck will change at the ECT Delta terminal has a lot of impact on the handling times.
	
	# Number
	Percentages
	Handling time
	Estimated Handling time*

	0 in, 1 out
	5651
	45.2
	27:04
	24:05

	0 in, 2 out
	744
	6.0
	33:44
	31:00

	0 in, 3 out
	14
	0.1
	39:43
	37:55

	1 in, 0 out
	2654
	21.3
	17:05
	20:21

	1 in, 1 out
	2853
	22.8
	32:14
	27:15

	1 in, 2 out
	199
	1.6
	38:38
	34:10

	1 in, 3 out
	5
	0.0
	34:33
	41:05

	2 in, 0 out
	195
	1.6
	17:54
	23:31

	2 in, 1 out
	89
	0.7
	35:30
	30:26

	2 in, 2 out
	82
	0.7
	40:03
	37:21

	2 in, 3 out
	0
	0
	44:16*
	44:16

	3 in, 0 out
	0
	0
	26:42*
	26:42

	3 in, 1 out
	0
	0
	33:37*
	33:37

	3 in, 2 out
	3
	0.0
	55:14
	40:32

	3 in, 3 out
	0
	0
	47:27*
	47:27


 (
Table
 4.2:
 
Handling time and percentages for different container combinations (Smits, 2010)
)Some of the trucks don't arrive at the gate and we want to estimate a handling time for them with a linear regression. 

Where i is the number of containers to unload and j is the number of containers to load. 
We get the following values for the parameters.

This formula we used to calculate the values with *. We see that a linear relation in i and j does not give the values that accurate. 
We use the percentages to assign types to arriving truckers. For example 45.2 of the arriving truckers will only come to get 1 container.
4.2.2. Capacity of the terminal
The waiting times could be decreased by increasing the capacity of the terminal. But increasing the capacity will be limited, because there will come other bottlenecks. For simulating the current situation we need a capacity for the terminal. In our vision the handling capacity depends on the number of active straddle carriers. We have analyzed the pattern of active straddle carriers at the terminal. 

Figure 4.3:Active Straddle Carriers at ECT Delta, estimated from Smits,2010
In figure 4.3 above the number of active straddle carriers is presented. We see that we start the day with 15 straddle carriers and from 4 hours o'clock there will be more active straddle carriers. This is to cover the morning peak. Then around noon there will be a fall in the number of active straddle carriers, probably because of lunch time for the straddle carrier drivers. The complete afternoon there are 25 active straddle carriers and after the afternoon peak the number of straddle carriers decreases to 15. We assume that straddle carriers could serve 3 changing lanes at the same time. That is because then the straddle carrier do not have to wait until a automated stocking crane has get a container from the stocks. 
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To interpret the results of the simulation, we have to assign some costs to some problems. For example when a trucker has to wait it costs the trucking company money, because the loan of the trucker has to be paid. Following the tariffs of P&O Ferrymasters, one of the largest full truck load carriers of West-Europe, the costs of one hour waiting are 45 Euros. We will take this value for the costs of one hour waiting. 
A large cost effect of the introduction of a truck appointment system are the costs as a trucking company cannot make an appointment at the time that had their preference. When the trucker get an appointment time that is one hour different from their preference time, we  will call this one hour deviation time. We have to assign costs to an hour deviation time. We assume that deviation will cost less than an hour waiting. Because deviation will result in planning problems, but the trucker could do something else and therefore he does not have to wait for sure. We will set the costs at 22.50 Euros per hour deviation. We will expect that there is a linear relation between the costs and the number of hours deviation. 
We have to make a consideration between the deviation between preferences and appointments and the congestion. Because when there are less appointments possible per time slot, then there is less congestion, but there is more deviation. There are different 
We have also to introduce some other costs. The truckers that do not come to their appointment should be penalized. The penalty for not coming to an appointment do we note on 90 Euros, equal to the costs of 2 hours waiting. So when a trucker is too late for his appointment he will also be penalized.    
	
	Costs

	Costs for waiting an hour
	45 Euro per hour

	Penalty for missing an appointment
	90 Euros per appointment

	Costs for each hour deviation between preference time and appointment time
	22.5 Euros per hour


Table 4.3:Cost structure for truckers
[bookmark: _Toc328469680]4.4. Assumptions
Given the data we discussed earlier we have to make some assumptions for our further model. On the basis of these assumptions we will design the truck appointment systems and will we built the simulation model. These assumptions are stated below. 
· All container are changed on the same part of the terminal. So there isn't a different the DDN, DDE or DDW. There isn't a difference between service on the 3 different parts of the terminal.
· When the capacity of the terminal is decreased. The truckers that are in service at that moment get service before de capacity is decreased. 
· A Straddle Carrier handles 3 lanes at the same time
· If there are n appointments made in a timeslot. This n arrivals are uniform distributed along this time interval. 
· All trucking companies are identical, they've the same cost structure and they all do the same haulages. 
· 80% random chosen truckers will make an appointment.
· We will start with a situation where an appointment takes 20 minutes and 80% of the capacity will be used for the truckers with an appointment
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[bookmark: _Toc328469682]5.1. Appointment system with Poisson arriving calls for appointments
5.1.1. General idea
At first we will discuss in this section the first truck appointment system. The second model will be discussed in section 5.2. We want to design a truck appointment system where the preferences arrive as a Poisson process. We will call this appointment system in the further research the Poisson appointment system. In this sort of truck appointment system, the trucking companies have to call with the terminal. The trucking companies give a preference time and the terminal gives an appointment as close as possible to the preference time. When a time slot has reached the capacity, first a time slot after the preference is tried, when that also has reached his capacity an hour earlier is tried. We try first an hour later and then an hour earlier, because it is easier for a trucking company to come an hour later than earlier. Because later, he has to slow down, but earlier than the planning before has to be adjusted. So will the system continue until an appointment could be made for this trucking company. 
5.1.2. Every type same appointment time
For generating the appointments which can be assigned in continuous time. The trucking company can call at every moment to make an appointment. In this first situation every truck company makes one appointment per call. And each appointment has the same length. 
 (
The number of arrivals is expected as n. (The arrival rate for a day.)
For n incoming appointments. 
Find preference time by using uniform distribution. Generate a random uniform 
number and look in which interval it lays. The first hour interval is 
, ... until 
.
While the preference doesn't has a appointment time and there are available 
slots.
If the time slot exists and there is a slot available 
Place the appointment in the time slot
else
Try it with a close neighbor time slot.
end
end
end
)The Matlab code is in appendix 1, but in the most extensive form. The pseudo code of this algorithm is defined as follows:
5.1.3. Multiple appointments per day
 (
Case: 
Truck driver John is l
iving in Barendrecht near to Rotterdam. His day is starting early, at 6 am. This day he is allowed to work 10 hours. He is driving to the warehouse at Bergen op Zoom where he has an appointment to unload at 7 am. At 10 am he is at the ECT Delta terminal to change his empty container for a loaded one. He takes his break of 45 minutes with a lunch at the truck drivers restaurant. He has to hurry because he has an appointment at 1:30 pm at a plant in Breda. He is unloaded at 2 pm and he has to load at Zwijndrecht his container. This time he do not need an appointment. He is loaded over here at 3:15 pm. Now he needs to change his container at the ECT Delta for a container to unload the next day. It is very congested at the A15 motorway and at 6 pm he is back home and he has worked one hour to much today. Hopefully it will not lead to a fine of the government.
)We have seen in the data that a lot of truckers are visiting the terminal more than once a day. Therefore we've adjusted the algorithm therefore. There are now a certain number of truckers generated and these will visit the terminal once or more that day. Why is this special and why should we handle these appointments special. The truckers that have multiple visits have often a tight planning. For this situation a small casus is discussed.







In the case of John we see that the planning is very tight. How more appointments there are one a day how more complex the situation. If we implement a truck appointment system it is necessary that John has his preference times as appointment times. If the second arrival time is placed one hour to the front, the first appointment has also be placed an hour to the front, otherwise he has not the possibility to unload in Breda and load in Zwijndrecht in the time between. So it is important that the truckers will hold their  'inter-appointment time'. 'Inter-appointment time' we define as the time between two multiple appointments. If that is not possible, we will change the 'inter-appointment times' to give the truckers their appointments. We will place the appointments to the beginning of the day or when that is not possible to the end of the day. 
 (
For the number of different truckers is expected as m. (The number of arrivals divided by average number of visits per trucker.) 
Generate a random number and find how many appointments this trucker is going to 
make. The random number has to lay in a interval 
, where 
 is the 
number of truckers that visits the terminal i times.
Find the i different preference times by using uniform distribution. Generate a random 
uniform number and look in which interval it lays. The first hour interval is 
, ... 
until 
.
Check if none of the preferences has the same time, otherwise generate another.
While the preference doesn't has a appointment time and there are available 
slots.
If the time slot exists and there is a slot available 
Place the appointment in the time slot
else
Try appointments with all times an hour earlier or later.
end
end
While the preference still hasn't an appointment time. 
Move the first appointment time to the beginning of the day
Check with the previous algorithm if it's possible to find appointment times
If we haven't times do it with the following appointments.
If we still haven't appointment times move the appointments to the end of the 
day starting with the latest preference.
end
end
) 5.1.4. Different appointment length 
Until now we assumed that all appointments will have the same length. We assumed that the appointment length is 20 minutes. But it is reasonable that the system would work better when a trucker gets a longer appointment time, when he will need more time for the service. So the appointment time will depend on the number of containers he has to change. 
	
	Appointment time
	Handling time (msti)

	0 in, 1 out
	25
	27:04

	0 in, 2 out
	30
	33:44

	0 in, 3 out
	35
	39:43

	1 in, 0 out
	15
	17:05

	1 in, 1 out
	30
	32:14

	1 in, 2 out
	35
	38:38

	1 in, 3 out
	30
	34:33

	2 in, 0 out
	15
	17:54

	2 in, 1 out
	35
	35:30

	2 in, 2 out
	40
	40:03

	2 in, 3 out
	50
	44:16

	3 in, 0 out
	30
	26:42

	3 in, 1 out
	35
	33:37

	3 in, 2 out
	50
	55:14

	3 in, 3 out
	50
	47:27


Table 5.1: Appointment times and mean service times (Smits, 2010)
The algorithm is adjusted for the different appointment lengths. We now have to count the number of truckers of each type in each interval. 
 (
For the number of different truckers is expected as m. (The number of arrivals divided by average number of visits per trucker.) 
Generate a random number and find how many appointments this trucker is going to 
make. The random number has to lay in a interval 
, where 
 is the 
number of trucker that visits the terminal i times.
Find the i different preference times by using uniform distribution. Generate a random 
uniform number and look in which interval it lays. The first hour interval is 
, ... 
until 
.
Check if none of the preferences has the same time, otherwise generate another.
Generate for each appointment the type the trucker will be.
Generate a number U from the standard uniform distribution.
The vector C is a vector which has count the number of truckers of each of the 
n different types. 
Check for which i the following holds:
While the preference doesn't has a appointment time and there are available 
slots.
If the time slot exists and there is a space available 
Place the appointment in the time slot
Count the number of truckers of each type in the hour intervals.
else
Try appointments with all times an hour earlier or later.
end
end
While the preference still hasn't an appointment time. 
Move the first appointment time to the beginning of the day
Check with the previous algorithm if it's possible to find appointment times
If we haven't times do it with the following appointments.
If we still haven't appointment times move the appointments to the end of the 
day starting with the latest preference.
end
end
)
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5.2.1. General idea
A complete another sort of truck appointment system are we going to discuss in this paragraph. We will call this system the MIP appointment system. In this truck appointment system are first all preferences. Given these preferences the appointments are made in such a way that a function of the deviation between the preferences 
5.2.2. Methods
There are two sets in this problem.
Collection I, gives the preference times and the index of I is i.
Collection J, gives the timeslots for appointments, the index is j. 
Variable:

Parameters:


The objective function is a function of the deviation between the appointment times and preferences. The function f(i,j) is an function of i and j and you could for example thinking of the absolute value of the difference. 

The restrictions are:
At first all preferences must have get an appointment time along J.

But, the all the appointments at moment j don't has to exceed the capacity at moment j. 

All  and integer.
5.2.3. Different appointment length 
This formulation could be adjusted for the different appointment lengths. We have therefore created the new collection T with all different types of truckers t. The decision variable x gets this new index t.
Variable:

Parameters:


And a new parameter is defined for this problem.

The big difference is in the capacity restriction, where the new parameter  is added.

It now depends on the type of trucker, or in other words the number of containers that have to be changed, how much time the trucker has to take from the capacity. The other restriction that each preference has to have an appointment time still holds. But the scope of this restriction is now over each i element of I and each t element of T. 

Of course all the   have to be larger of equal to 0 and integer. In the objective function is not changed a lot. The only big difference is that there has to be summed up now also along t element of T. The  variables are now divided along all different types and so in the objective function there has to be summed along all types.


5.2.4. Multiple appointments per day
Now we have also to implement in the mathematical formulation a restriction for the multiple appointments. As said before in the best situation all appointments of a trucker have the same appointment time as the preference time. But when that is not possible, it is always better to have the same time between their appointments. So that we have to try all possible appointment combinations with the same 'inter-appointment time'. As we define the 'inter-appointment time' as the time between two appointments. But when this is not possible we have to change the 'inter-appointment times'. It is possible to make a restriction for the situation that all 'inter-appointment times' will hold in the original situation with equal appointment lengths. Therefore we define the following parameter.

This parameter is used in the following restriction. 

The  variable still gives the number of appointments on moment j that had preference time on i. This could be appointments of truckers with one or multiple appointments at a day. The restriction above checks whether the number of appointments with 'inter-appointment time' i-k is larger of equal than the number of preferences with 'inter-appointment time' i-k.
But when this isn't an optimal solution, the inter-arrival time could be changed. It is very difficult to make a restriction therefore. Furthermore the restriction above is not solvable in a mixed integer programming solver. 
The best way to implement the multiple appointments in the truck appointment system is to solve the problem from section 5.2.3 and after that the preference and the appointments have to be assigned to the truckers. We have the changes from preference to appointment time of section 5.2.3. At first the multiple appointments of each preference has to be assigned, they will have less deviations and we try to have no 'inter-appointment time' changes. When all multiple appointment truckers are assigned, we will assign the single appointment truckers. This same algorithm could be used for the appointments with different lengths. The Matlab code for the appointments with different appointment lengths is in appendix 2. The pseudocode of this algorithm is given below:
 (
Order truckers on number of a
ppointments from high to low.
For each trucker 
Try to find for each of his preferences 
 so that k is equal for all his 
appointments and is minimized. First try k=0, than 1, -1, 2, -2 etc
When this is found
=
When not found
Find for each preference a independently a time 
 where k is 
minimized.
i+k shouldn't be equal for any of this truckers appointments.
Calculate 'inter-appointment time'
end
end
)







[bookmark: _Toc328469684]5.3. Comparison of the two different models
There are now 2 completely different models defined. Both models have advantages and disadvantages. We will compare the two models. The big advantage of the so-called Poisson system is that the terminal in a short time could answer to the trucking company. It directly fits the preference of the trucking company to a appointment. They do not have to wait until all preferences for these days are passed by the trucking companies. So it is possible to make appointments a short time before the time slot is started. It is always possible. The system is also fair, because the trucker that makes earlier an appointment will have less deviation than a trucker that makes late an appointment.  Another big advantage is that when an appointment deviation isn't easy to handle for the trucking company they could consult for another appointment. This sort of truck appointment system is also easier to change for special situations as multiple appointments. Later on in this report more about that. 
The disadvantage of this system is that it doesn't give the optimal solution in terms of deviation between the preference time and the appointment time. The appointments should be set otherwise that should decrease the total deviation. That is because at moment of the generation of the appointments, there is no information about the appointments in the future. 
The big advantage of the MIP appointment system is that the appointments are divided in such a way that it is optimal. The deviation is minimized and this is a good situation for the truckers. But there are also some disadvantages. For example the truckers have to give their preference time before a certain moment in time. At that moment the appointments are made and the truckers get their appointment time. Another disadvantage is that they have to wait for certainty about their appointment time until this moment. After the dividing moment it is not possible to make appointments anymore and truckers have to go to the terminal and wait in the normal queue. When the problem is solved the appointments have to be assigned to the truckers. Therefore we had to write an additional algorithm.
But this can be done when the problem is solved. In the standard MIP appointment system with the for each type of trucker the same appointment time we have only 144 different variables. This problem could be solved easily, also because when the integer restriction is deleted we still hold an integer solution. So it gives the same situation as with a MIP with an unimodulair matrix. Nevertheless the integer could be deleted and a relatively easy linear programming problem arises. There will be no problems with solving this, but when we add different types of truckers with different lengths of appointment times the situation will be different. The values in the constraints are not integer anymore and therefore this will be a difficult mixed integer programming problem. When we will add the 8 most popular types of truckers we will have 1152 variables. In such a situation it is for the solver very difficult to find an optimal solution. In the most cases the solutions has to be found by heuristics. This is a very large disadvantage for this model.



[bookmark: _Toc328469685]6. Simulation of the Gate process
[bookmark: _Toc328469686]6.1. Simulating the current situation
For simulating the gate process we have made a function in Matlab. This function is to read in appendix 3. This function is the most extensive form of the simulation with service times that depend on the type of trucker. The function has as input the arrival rate of the truckers that come without appointment. This arrival rate is used to generate the arrival times of these truckers as defined in 6.1.1.. Another input is the number of appointments per time slot, these are used to create the arrival times of the truckers with an appointment as in 6.1.2.. The other two important inputs are the number of available changing lanes per time slot for the truckers with and without appointment. 
6.1.1. Generating inter-arrival times for truckers without an appointment
We assume that arrivals are from a non-homogeneous Poisson process. We do not have the possibility to make use of a dataset, wherefrom we could estimate a distribution. But it's reasonable to assume a non-homogeneous Poisson process. According to a Poisson process there is a counting process N(t) for t larger than 0. The process has stationary and independent increments. The change that there are n arrivals between moment t+s and moment t is defined below.



 (
The number 
I gives th
e number of arrivals.
The vector S is a vector with arrival times. 
t=0, I=0
Take 
λ
=max(
λ
(t
)) or in other words, so that 
λ
≥
λ
(t
) for all t
Generate random number from standard u
niform distribution U
t=t - 1/
λ
 * log(U)
while t < T
Generate random number from standard u
niform distribution U
if U 
≤ λ(t)/λ
I = I +1
S(I) = t
end
Generate random number from standard u
niform distribution U
t=t - 1/
λ
 * log(U)
end
)The arrival times have to be generated before the simulation is started. We are using a algorithm for generating the arrival times from Ross (2006). This algorithm is defined as follows.
6.1.2. Generating inter-arrival times for truckers with an appointment
The arrival times for the truckers that will arrive with an appointment will also be generated before starting the simulation. The truckers will arrive uniform along the interval in which they made an appointment.  The arrival times will be generated by the following algorithm:
 (
For each hour of t
he day
For each appointment in this hour
Generate a random number from the uniform distribution
Arrival time = Lower bound timeslot + random number + random 
number from N(0,0.1)
If the trucker is too late for his appointment
Arrival time to these without appointment
If the trucker is too early for his appointment
Arrival time is lower bound of timeslot
Store waiting time = Arrival time - lower bound timeslot
Else
Store waiting time
end
end
end
Sort the arrival times.
)









The truckers will arrive uniform along the interval where they made an appointment. This holds for all the truckers. But there will also be a error term in this arrival. Above the time I mentioned a random number from the normal distribution with µ = 0 and σ= 0.1 is taken. This is a term for possible time delay. With the congestion on the A15 motorway to the terminal it's possible truckers will have delay. Or when they expect delay and it is not there, they will be too early. Therefore we will use a random number from the normal distribution. 
Because this situation it is possible that truckers will come too early or too late for the time slot of their appointment. When they are too late they have to pay a fine of 90 Euros and they have to wait in the queue with the truckers without appointment. When truckers are too early they have to wait at the gate and when their time slot starts they could wait in the queue of the truckers with an appointment.  
In a simulation of 100 runs the number of truckers are given that are too late or early for their appointment. Also the average time is given of the truckers that are too late. 
	
	Mean
	Std

	Total number of truckers with an appointment
	2228
	

	Number of truckers to late
	88.2600
	9.2505

	Number of truckers to early
	89.2200
	9.8281

	Average time too early (hrs)
	0.06213
	0.005964


Table 6.1: Arrival statistics of the appointments (100 runs)
6.1.3. Generating a service time
We have to determine the distribution of the service time. Smits (2010) reported that the lognormal distribution fitted the best the service times. But for the lognormal distribution you need to estimate parameters and this is impossible, because we don't have this dataset. Therefore we make use of the exponential distribution. In this distribution is only one parameter µ and this parameter is equal to the mean of the service times. The exponential distribution is defined as follows:

 (
Generate a number U from the standard uniform distribution.
The vector C is a vector which has count the number of truckers of each of the n different types. 
Check for which i the following holds:
Take the mean service time of type i.
Generate a new number U from the standard uniform distribution.
The service time from the exponential distribution is as follows:
t= -mst
i
 * Log(1-U)
)The process of generating a service time also needs some special attention. Before a service time is generated the type of truck has to be generated. There are 15 different services possible and these will be generated by using the percentages of the data. Each of them will have a different mean service time and the right parameter msti will be used for each type i. 

6.1.4. Results
First it is important to measure the problems in the original situation. We have first ran the simulation without appointments 100 times. In this simulation we have calculated the following stats. At first the mean of the number of truckers that gets service per day. More interesting is the average waiting time. Coherent with this is the average queue length. The maximal queue length is interesting to say something about the peak hours. Also we have calculated the proportion of truckers that waits longer than one hour. We have chosen therefore, because waiting longer than one hour will result for time problems for the truckers. It is also important to check the proportion of time the server is busy. When this proportion is low than the capacity is not divided well over time. Coherent with this is the fraction of truckers that entered the queue. When the servers are often busy, the truckers will have to enter the queue. 
	
	Mean
	Std

	# Incoming truckers
	2772.1300
	48.0397

	Avg waiting time (hrs)
	0.7436
	0.1615

	Avg queue length (nr)
	86.2247
	19.6969

	Max Queue length (nr)
	303.4100
	48.6714

	Percentage W>1 hour 
	0.3200
	0.0773

	Fraction servers busy
	0.8057
	0.0183

	Fraction entered queue
	0.8429
	0.0480

	Costs (Euros)
	92761.01
	


Table 6.2: Statistics of the original situation (100 runs) 
In the table above we see that the average waiting time is approximately 45 minutes. This is quite long, because some of the truckers don't have to wait, so others have to wait quite long. That is also seen in the proportion of truckers that has to wait longer than one hour is quite high with 32%. Therefore we want to check whether this situation will be better with the introduction of a truck appointment system
[bookmark: _Toc328469687]6.2. Simulating of the situation with appointments
6.2.1 Capacity choice
At first we want to check the simulation with the appointments. At first we have to check how many appointments we want to make per server per hour. We've run the simulation with 2, 2.5 and 3 appointments per server per hour. At first we will have a look how much deviation there is between the appointments and the preferences of the truckers. We have chosen to start with 80% of the capacity for truckers with an appointment and 20% for truckers without an appointment. 
	Total
	2 app p/s
	2.5 app p/s
	3 app p/s

	Total number of appointments
	2228
	2228
	2228

	# 1 hour deviation
	125,4800
	123,3700
	47,2200

	# 2 hours deviation
	67,9500
	44,3900
	1,1800

	# 3 hours deviation
	62,3100
	28,6300
	0

	# 4 hours deviation
	62,7100
	21,3200
	0

	# 5 hours deviation
	62,5300
	15,8700
	0

	# 6 hours deviation
	55,1100
	3,2100
	0

	# 7 hours deviation
	51,3300
	0,1200
	0

	# 8 hours deviation
	47,1800
	0,01000
	0

	# 9 hours deviation
	31,7600
	0
	0

	# 10 hours deviation
	19,3900
	0
	0

	# 11 hours deviation
	3,9600
	0
	0

	# 12 hours deviation
	2,1800
	0
	0

	# 13 hours deviation
	2,3500
	0
	0

	# 14 hours deviation
	3,2700
	0
	0

	# 15 hours deviation
	3,0500
	0
	0

	# 16 hours deviation
	2,6000
	0
	0

	# 17 hours deviation
	2,2600
	0
	0

	# 18 hours deviation
	1,4400
	0
	0

	# 19 hours deviation
	1,0700
	0
	0

	# 20 hours deviation
	0,8900
	0
	0

	# 21 hours deviation
	0,4600
	0
	0

	# 22 hours deviation
	0,1500
	0
	0

	Total deviation
	2907,7800
	477,8200
	49,5800

	Costs
	65425,0500
	10750,9500
	1115,5500


Table 6.3: Deviation for different hours 100 runs
In table 6.3. is to see that the deviation is the most with 2 appointments per server per hour. This is reasonable because the number of possible appointments per time slot is the lowest. In the table is given the number of truckers that have a certain number of hours deviation between their appointment time and their preference time. For example the average of the 100 runs is 0.15 for 22 hours deviation. So there are on average 0.15 truckers per day that will have 22 hours deviation between their appointment and preference time. This is very extreme and not very well. We have to find a consideration between the hours deviation and the simulation results. Therefore we have simulated the situation with maximal 2, 2.5 and 3 appointments per hour per server. 
	Total
	2 app p/s
	2.5 app p/s
	3 app p/s

	# Incoming truckers
	2645,7300
	2688,2400
	2685,7400

	Avg waiting time (hrs)
	0,3695
	0,6202
	0,7426

	Avg queue length (nr)
	50,1124
	81,0947
	94,5115

	Max Queue length (nr)
	130,2900
	228,3000
	302,1900

	Percentage W>1 hour 
	0,1295
	0,1526
	0,2566

	Fraction servers busy
	0,7948
	0,7791
	0,7775

	Fraction entered queue
	0,3115
	0,8475
	0,8337

	
	
	
	

	Without appointment
	
	
	

	# Incoming truckers
	572,9300
	566,4400
	566,9400

	Avg waiting time (hrs)
	1,6874
	1,8225
	1,7936

	Avg queue length (nr)
	49,6959
	54,6460
	53,8183

	Percentage W>1 hour
	0,5998
	0,6298
	0,6262

	
	
	
	

	With appointment
	
	
	

	# Incoming truckers
	2072,8000
	2121,8000
	2118,8000

	Avg waiting time (hrs)
	0,007454
	0,3017
	0,4635

	Avg queue length (nr)
	0,4165
	26,4486
	40,6932

	Percentage W>1 hour
	0
	0,02563
	0,1581

	
	
	
	

	Costs of simulation (Euros)
	43945,9047
	74979,5908
	89691,4839

	Total Costs (Euros)
	109370,9547
	85843,7158
	90807,0339


Table 6.4: Statistics of the simulation with different number of appointments per hour (100 runs) 
We see a lot of differences in the simulation results. We see at first sight that in all 3 situation the total situation becomes better than the current situation. The mean waiting time is decreased and the percentage of truckers that waits longer than one hour also. But we see that the situation for the truckers becomes worse and the average waiting time is increased a lot. But coherent the situation for the truckers with an appointment is become a lot better. If we have a look at the costs we see that the situation with 2.5 appointments per hour per server is the best. We have here calculated the costs with 22.5 Euros per hour deviation, 45 Euros per hour that is waited and 90 Euros penalty for truckers that are too late for their appointment. Therefore we conclude that we take 2.5 appointments per hour per server. But now we want to know we could better the situation by a better distribution of the serving lanes between the truckers with and without appointment. We've checked this for 6 different percentages, the percentages are the proportion of the lanes that is serving truckers with an appointment. 
	Total
	70%
	75%
	75.5%
	76%
	77.5%
	80%

	# appointments
	2228
	2228
	2228
	2228
	2228
	2228

	# 1 hour deviation
	133,92
	129,88
	129,38
	130,36
	126,62
	123,37

	# 2 hours deviation
	65,54
	57,74
	54,18
	52,89
	51,67
	44,39

	# 3 hours deviation
	50,09
	43,36
	38,90
	38,91
	36,92
	28,63

	# 4 hours deviation
	48,45
	36,50
	35,35
	33,69
	28,64
	21,32

	# 5 hours deviation
	47,61
	35,40
	30,80
	29,50
	23,36
	15,87

	# 6 hours deviation
	37,59
	20,89
	16,31
	14,25
	9,11
	3,21

	# 7 hours deviation
	29,67
	10,88
	7,08
	6,05
	2,01
	0,12

	# 8 hours deviation
	24,32
	8,06
	3,92
	3,03
	0,74
	0,01

	# 9 hours deviation
	12,22
	0,47
	0
	0
	0
	0

	# 10 hours deviation
	0,71
	0
	0
	0
	0
	0

	Total deviation
	1591,99
	968,65
	828,62
	787,22
	646,73
	477,82

	Costs
	35819,78
	21794,63
	18643,95
	17712,45
	14551,43
	10750,95


Table 6.5: Deviation for different capacity distributions (100 runs)
If we check table 6.5 we see that the most deviation is at the lowest percentage and this is argumentative, because then there is the lowest capacity per time slot for the appointments. 
	Total
	70%
	75%
	75.5%
	76%
	77.5%
	80%

	# Incoming truckers
	2731,86
	2760,47
	2759,88
	2757,31
	2739,10
	2688,24

	Avg waiting time (hrs)
	0,4238
	0,4949
	0,5311
	0,5547
	0,6014
	0,6202

	Avg queue length (nr)
	49,9789
	56,9867
	61,2594
	64,4510
	70,8561
	81,0947

	Max Queue length (nr)
	130,53
	161,72
	178,06
	182,32
	196,66
	228,30

	Percentage W>1 hour 
	0,1078
	0,1344
	0,1522
	0,1639
	0,1754
	0,1526

	Fraction servers busy
	0,8029
	0,8072
	0,8059
	0,8058
	0,7959
	0,7791

	Fraction entered queue
	0,7803
	0,8477
	0,8563
	0,8602
	0,8657
	0,8475

	
	
	
	
	
	
	

	Without appointment
	
	
	
	
	
	

	# Incoming truckers
	638,48
	639,49
	637,74
	634,16
	617,73
	566,44

	Avg waiting time (hrs)
	0,09666
	0,4720
	0,7479
	0,8597
	1,1957
	1,8225

	Avg queue length (nr)
	2,6183
	12,7996
	20,3259
	23,6560
	33,1855
	54,6460

	Percentage W>1 hour
	0,002301
	0,1597
	0,3000
	0,3569
	0,4942
	0,6298

	
	
	
	
	
	
	

	With appointment
	
	
	
	
	
	

	# Incoming truckers
	2093,38
	2120,98
	2122,14
	2123,15
	2121,37
	2121,80

	Avg waiting time (hrs)
	0,5240
	0,5006
	0,4651
	0,4629
	0,4285
	0,3017

	Avg queue length (nr)
	47,3606
	44,1871
	40,9335
	40,7950
	37,6707
	26,4486

	Percentage W>1 hour
	0,1406
	0,1260
	0,1074
	0,1057
	0,08229
	0,02563

	
	
	
	
	
	
	

	Costs Simulation (Euros)
	51895,56
	61463,45
	65966,00
	68818,88
	74119,69
	74979,59

	Total Costs (Euros)
	87715,34
	83258,07
	84609,95
	86531,35
	88671,12
	85843,72


Table 6.6: Statistics of the simulation with different capacity distributions(100 runs) 
The results of the simulation in table 6.6. above give less differences in costs. How lower the dividing percentage how lower the average waiting time, but there is more deviation. Qua costs 75 % seems reasonable, but we see that the situation for the truckers without appointment is better than for the truckers without appointment. This not a healthy situation, because it will result in a situation that nobody will make an appointment. In the case of 75.5% the average waiting time and the proportion of truckers waiting longer than one hour is decreased. We see that for the truckers without an appointment the situation is nearly equal to the current situation and for the truckers with an appointment the situation became a lot better. So for none of the truckers it becomes worse, but if you make an appointment it becomes better. 
6.2.2. Queuing choices
In the simulation in the previous paragraph we simulated with 2 queues. One queue with truckers with an appointment gets service in their own group of service lanes and the other queue gets service in their own service lanes. This situation is not optimal, because we could get a situation where servers of one group are idle and there is a queue at the other group. As a solution on this we have changed the simulation. In the new situation when a trucker leaves a server, the next trucker will come from the queue which belongs to this server. But when the queue is empty, the server will get a trucker from the other server. 
We will check if this will give better simulation results. In the results below we have used 2.5 appointment per server per hour and 75.5 % of the capacity is serving for the truckers with an appointment. 
	Total
	Mean Normal
	Std
	Mean new
	Std
	T-value

	# Incoming truckers
	2759,88
	22,0238
	2760,1000
	21,9338
	-0,07042

	Avg waiting time (hrs)
	0,5311
	0,1696
	0,4665
	0,1802
	2,5974

	Avg queue length (nr)
	61,2594
	20,0156
	53,7472
	21,1779
	2,5651

	Max Queue length (nr)
	178,06
	47,3104
	166,6000
	50,8215
	1,6422

	Percentage W>1 hour 
	0,1522
	0,1086
	0,1305
	0,09577
	1,4911

	Fraction servers busy
	0,8059
	0,01670
	0,8057
	0,01820
	0,08056

	Fraction entered queue
	0,8563
	0,03784
	0,8404
	0,05462
	2,3809

	
	
	
	
	
	

	Without appointment
	
	
	
	
	

	# Incoming truckers
	637,74
	19,9237
	651,9300
	18,7170
	-5,1649

	Avg waiting time (hrs)
	0,7479
	0,3623
	0,7063
	0,3214
	0,8546

	Avg queue length (nr)
	20,3259
	10,6279
	19,4348
	9,2723
	0,6286

	Percentage W>1 hour
	0,3000
	0,1957
	0,2990
	0,1864
	0,03682

	
	
	
	
	
	

	With appointment
	
	
	
	
	

	# Incoming truckers
	2122,14
	9,9096
	2108,1700
	18,4608
	6,6341

	Avg waiting time (hrs)
	0,4651
	0,2005
	0,3930
	0,1902
	2,5958

	Avg queue length (nr)
	40,9335
	17,8222
	34,3124
	16,7362
	2,6946

	Percentage W>1 hour
	0,1074
	0,1383
	0,07877
	0,1059
	1,6354

	
	
	
	
	
	

	Costs Simulation (Euros)
	65966,00
	21072,84
	65860,62
	22341,36
	0,03414


Table 6.7: Simulation difference between the normal and new queuing system (100 runs)
In the results in table 6.7 above we see that there are some differences between the two methods of queuing. In the right column we have calculated the test value of the t-test following Wackerly et al, 2008. 

Where 
The critical values for  are -1.9720 and 1.9720. So when T>1.9720 or T<-1.9720 we could say that the two means significant differ. This values are underlined. As we look in the table we see that the average waiting time and the average queue length is decreased significantly, so we could conclude that this new queuing system gives better results. 
6.2.3. Comparison with other truck appointment system
Now it is interesting to see whether there are large differences between the appointments made in our first simulation or with the integer programming problem. The MIP problem is solved with the program AIMMS with the CPLEX 12.4 solver. The problem was solved in 0.16 seconds. The costs are calculated as a linear function with 22.5 Euros per hour deviation. 75.5 % of the capacity is serving for the truckers with an appointment and there could be made 2.5 appointment per hour per server. 
	Total
	Poisson
	MIP

	# appointments
	2228
	2228

	# 1 hour deviation
	129,38
	142

	# 2 hours deviation
	54,18
	16

	# 3 hours deviation
	38,90
	3

	# 4 hours deviation
	35,35
	119

	# 5 hours deviation
	30,80
	0

	# 6 hours deviation
	16,31
	7

	# 7 hours deviation
	7,08
	0

	# 8 hours deviation
	3,92
	0

	# 9 hours deviation
	0
	0

	# 10 hours deviation
	0
	0

	Total deviation
	828,62
	701

	Costs
	18643,95
	15772.50


Table 6.8: Differences in deviation between the two different truck appointment systems  (100 runs)
	Total
	Mean Poisson
	Std
	Mean MIP
	Std
	T-value

	# Incoming truckers
	2760,1000
	21,9338
	2762,5200
	21,8643
	-0,7775

	Avg waiting time (hrs)
	0,4665
	0,1802
	0,4421
	0,1826
	0,9463

	Avg queue length (nr)
	53,7472
	21,1779
	51,0271
	21,5175
	0,8964

	Max Queue length (nr)
	166,6000
	50,8215
	155,8500
	50,4025
	1,4944

	Percentage W>1 hour 
	0,1305
	0,09577
	0,1139
	0,1061
	1,1556

	Fraction servers busy
	0,8057
	0,01820
	0,8071
	0,01787
	-0,5461

	Fraction entered queue
	0,8404
	0,05462
	0,8367
	0,05994
	0,4540

	
	
	
	
	
	

	Without appointment
	
	
	
	
	

	# Incoming truckers
	651,9300
	18,7170
	651,8300
	23,5121
	0,03311

	Avg waiting time (hrs)
	0,7063
	0,3214
	0,6562
	0,2880
	1,1551

	Avg queue length (nr)
	19,4348
	9,2723
	18,1064
	8,4157
	1,0555

	Percentage W>1 hour
	0,2990
	0,1864
	0,2527
	0,1622
	1,8644

	
	
	
	
	
	

	With appointment
	
	
	
	
	

	# Incoming truckers
	2108,1700
	18,4608
	2110,6900
	19,9673
	-0,9220

	Avg waiting time (hrs)
	0,3930
	0,1902
	0,3765
	0,19190
	0,6076

	Avg queue length (nr)
	34,3124
	16,7362
	32,9207
	16,9993
	0,5805

	Percentage W>1 hour
	0,07877
	0,1059
	0,07129
	0,1194
	0,46631

	
	
	
	
	
	

	Costs Simulation (Euros)
	65860,62
	22341,36
	63017,04
	22757,57
	0,8872

	Total Costs (Euros)
	84504,57
	
	78789.54
	
	


Table 6.9: Differences in simulation results between the two different truck appointment systems  (100 runs)
If we check the simulation results of both appointment systems. We see that the results of the MIP appointment system are slightly better, but they are not significantly different. The largest difference is that there is less deviation with the MIP appointment system. 
6.2.4. Different functions deviation
Now we will examine which influence the objective function has on the outcomes of the MIP appointment system. We have investigated 5 different functions which seems interesting to us. At first a normal linear function which we use for the previous research. 

In the second linear function the slope declines after 4 hours, so after for hours the marginal costs of an hour extra deviation is less than after one hour. 

Also a logarithmic function evaluation is tested. With a logarithmic function the marginal costs decline each hour. So deviation for one hour has the largest marginal costs. A second hour gives less marginal costs, etcetera.  

The opposite is tested with this first quadratic function. In this quadratic function the marginal costs become more when the deviation increases. 

With the last function there something special. The least costs gave this function with no deviation, but when there is deviation, a deviation of 4 gives the minimal costs. For other values it will have higher costs. 

If we have a look on the number of appointments per time slots we see that for the first four functions holds that they have the same number of appointments in each hour. That's because in these cases an hour extra deviation costs more. But in the case of Quadratic2 it's cheaper to have 4 hours deviation instead of 2 hours. So it is profitably to have more deviation and therefore there is another amount of appointments per time slot. 
	Total
	Linear1
	Linear2
	Log
	Quadratic1
	Quadratic2

	# appointments
	2228
	2228
	2228
	2228
	2228

	# 1 hour deviation
	142
	169
	31
	701
	0

	# 2 hours deviation
	16
	22
	27
	0
	0

	# 3 hours deviation
	3
	8
	40
	0
	10

	# 4 hours deviation
	119
	8
	16
	0
	176

	# 5 hours deviation
	0
	48
	54
	0
	20

	# 6 hours deviation
	7
	32
	20
	0
	0

	# 7 hours deviation
	0
	0
	6
	0
	0

	Total deviation
	701
	701
	701
	701
	834


Table 6.10: Differences between different objective functions in the MIP
In table 6.10. below we see that there are a lot of differences between the different objective function. Quadratic1 has the highest slope in the marginal cost function, so there are only deviation of 1 hour.
6.2.5. Comparison
It is time to compare the different systems. In figure 6.1. the waiting times are compared and in figure 6.2. the costs are compared. In the left there are the average waiting times and costs of the original situation. Compare that with a Poisson appointment system with 2.5 appointment per hour per server, 80% of the truckers makes an appointment, 75.5% of the capacity serves appointment truckers. We see that the waiting times for truckers without appointment is slightly higher than in the original situation. But because of low waiting times for truckers with appointment the average waiting time is about 12 minutes decreased. If we change the queuing system to the situation described in 6.2.2., we see that the waiting times all decrease. The waiting time for the truckers without appointment is now also lower than in the original situation. But in the MIP appointment system all waiting times are still somewhat lower. 
 
Figure 6.1: Average waiting times for different systems
If we compare the costs of the 4 systems we see a same pattern. The costs of the simulation depend for a large part on the average waiting times. Only the penalties for truckers that miss their appointment are included. We see that the costs of the MIP appointment system is the lowest, because the deviation is optimized and therefore has the lowest costs. 

Figure 6.2: Costs for 4 different systems
[bookmark: _Toc328469688]6.3. Multiple appointments
Now we’re interested how the results will change if we add the extra restriction about the multiple appointments. We still hold 2.5 appointments per hour per server and a capacity distribution of 24.5 % for truckers without appointment and 75.5 % for truckers with appointment. In the simulation we tried to minimize the changes in 'inter-appointment time'. We defined 'inter-appointment time', the time between two multiple appointments. In the right column of the table we see the average number of trucker that has a certain deviation in 'inter-appointment time'. In the middle column we see the deviation how we defined it earlier in this report as difference for an appointment between preference time and appointment time.
	Total
	Changes between appointment time and preference time
	Hour changes between appointments

	Total number of appointments
	2219,7600
	

	# 1 hour deviation
	133,9300
	4,8100

	# 2 hours deviation
	55,0700
	1,9700

	# 3 hours deviation
	38,7600
	1,4500

	# 4 hours deviation
	33,2700
	1,3400

	# 5 hours deviation
	27,9100
	0,9800

	# 6 hours deviation
	16,1700
	1,0800

	# 7 hours deviation
	12,6800
	0,6700

	# 8 hours deviation
	8,6500
	0,5500

	# 9 hours deviation
	7,2600
	0,2900

	# 10 hours deviation
	5,5600
	0,2800

	# 11 hours deviation
	5,3400
	0,1400

	# 12 hours deviation
	4,5000
	0,0900

	# 13 hours deviation
	3,6300
	0,0300

	# 14 hours deviation
	2,2900
	0,0400

	# 15 hours deviation
	1,3900
	0,0200

	# 16 hours deviation
	0,6100
	0

	# 17 hours deviation
	0,3200
	0,0100

	# 18 hours deviation
	0,1900
	0

	# 19 hours deviation
	0,0300
	0,0100

	# 20 hours deviation
	0
	0

	# 21 hours deviation
	0
	0,0100

	# 22 hours deviation
	0
	0

	# 23 hours deviation
	0
	0,0100

	# 24 hours deviation
	0
	0

	# 25 hours deviation
	0
	0,0100

	Total deviation
	1240,9300
	49,2600

	Costs
	27920.9250
	


Table 6.11:Deviation in Poisson appointment system with multiple appointments (100 runs)
We see that there is a lot more deviation in this algorithm than without the multiple appointments. The restriction of the multiple appointments causes a lot more deviation we could conclude. We simulated with this result and the results are in the table below. 
	Total
	Mean
	Std

	Number of incoming truckers
	2753,75
	21,5520

	Avg waiting time (hrs)
	0,4456
	0,1566

	Avg queue length (nr)
	51,2461
	18,4600

	Max Queue length (nr)
	165,3100
	46,3499

	Percentage W>1 hour 
	0,1076
	0,07591

	Fraction servers busy
	0,8079
	0,01771

	Fraction entered queue
	0,8213
	0,05660

	
	
	

	Without appointment
	
	

	Number of incoming truckers
	649,25
	20,5102

	Avg waiting time (hrs)
	0,7627
	0,3375

	Avg queue length (nr)
	20,9575
	9,7162

	Percentage W>1 hour
	0,3059
	0,1866

	
	
	

	With appointment
	
	

	Number of incoming truckers
	2104,50
	18,8762

	Avg waiting time (hrs)
	0,3483
	0,1526

	Avg queue length (nr)
	30,2886
	13,3440

	Percentage W>1 hour
	0,04666
	0,07281

	
	
	

	Costs (Euros)
	63178,27
	19449,06


Table 6.12:Simulation results in Poisson appointment system with multiple appointments (100 runs)
We see that the results of this simulation are better than the simulation without the multiple appointments. This is caused by the fact that there is more deviation and therefore the appointments are more spread out along the day. Because of the more deviation the arrivals are more spread out along the day and therefore there will be less congestion at the terminal. 
The distribution of the appointments along the truckers in the MIP appointment system is done in 10.12 seconds. The appointments could be divided in such a way along the truckers that there was not a change in 'inter-appointment time along the truckers. We did this simulation 100 times with different multiple appointments and in none of the cases there was a change in 'inter-appointment time'. 
[bookmark: _Toc328469689]6.4. Different appointment lengths
In the previous sections the appointment of each trucker are of the same length. But it is not reasonable that a trucker that has to change 1 container needs an appointment of the same length as an trucker that has to change 6 containers. The mean of their service times are also different. In section 5.1.5. we set different appointment times for the different types of truckers. Each server has a capacity of 60 minutes and an appointment is only made if the necessary capacity is available. 
	Total
	Changes between appointment time and preference time
	Hour changes between appointments

	Total number of appointments
	2230
	

	# 1 hour deviation
	132,9200
	0,0400

	# 2 hours deviation
	62,7800
	0,3100

	# 3 hours deviation
	44,5100
	0,9800

	# 4 hours deviation
	39,0500
	1,0800

	# 5 hours deviation
	36,5200
	1,3600

	# 6 hours deviation
	21,6100
	2,2400

	# 7 hours deviation
	15,1000
	3,2300

	# 8 hours deviation
	11,1600
	3,0600

	# 9 hours deviation
	8,1400
	2,0200

	# 10 hours deviation
	6,3300
	1,6000

	# 11 hours deviation
	6,0800
	0,8600

	# 12 hours deviation
	5,9500
	0,5500

	# 13 hours deviation
	6,0900
	0,3900

	# 14 hours deviation
	5,3500
	0,2300

	# 15 hours deviation
	3,7500
	0,07000

	# 16 hours deviation
	2,7100
	0,06000

	# 17 hours deviation
	1,7400
	0,04000

	# 18 hours deviation
	1,3000
	0,03000

	# 19 hours deviation
	0,7700
	0,01000

	# 20 hours deviation
	0,4600
	0,03000

	# 21 hours deviation
	0,1000
	0,03000

	# 22 hours deviation
	0
	0,05000

	# 23 hours deviation
	0
	0,03000

	# 24 hours deviation
	0
	0,02000

	# 25 hours deviation
	0
	0,01000

	# 26 hours deviation
	0
	0,02000

	# 27 hours deviation
	0
	0,02000

	# 28 hours deviation
	0
	0,02000

	Total deviation
	1662,8800
	142,5700

	Costs
	
	


Table 6.13:Deviation in Poisson appointment system with different weights for different types (100 runs)
We see that there is a lot of deviation in this situation and therefore the simulation results are become better. The results of the simulation in table 6.14 give very good results. The waiting time for truckers with an appointment is less than 6 minutes. We could perhaps lower the deviation and decrease the results by lowering the appointment durations for the different types. 
	Total
	Mean
	Std

	Number of incoming truckers
	2669,02
	22,2297

	Avg waiting time (hrs)
	0,1717
	0,09374

	Avg queue length (nr)
	18,9059
	10,4761

	Max Queue length (nr)
	81,4700
	30,4993

	Percentage W>1 hour 
	0,03346
	0,03373

	Fraction servers busy
	0,7786
	0,01870

	Fraction entered queue
	0,6464
	0,1059

	
	
	

	Without appointment
	
	

	Number of incoming truckers
	616,36
	20,4942

	Avg waiting time (hrs)
	0,41234
	0,2519

	Avg queue length (nr)
	10,6410
	6,5800

	Percentage W>1 hour
	0,1448
	0,1453

	
	
	

	With appointment
	
	

	Number of incoming truckers
	2052,66
	19,2547

	Avg waiting time (hrs)
	0,09940
	0,06292

	Avg queue length (nr)
	8,2649
	5,3398

	Percentage W>1 hour
	0
	0

	
	
	

	Costs (Euros)
	28286,89
	11408,94


Table 6.14:Simulation results in Poisson appointment system with different weights for different types (100 runs)
Because of the extra variables and the more difficult capacity restriction, solving the problem was not easy. After solving 4 hours we had a gap between the lower bound and best found solution of 1.30%. The optimal solution is between 647 and 655 hours deviation. 655 is the best found solution and 647 is the lower bound. Therefore we use the solution of 655 hours deviation. In the table below we see the deviation per different types. We can conclude that there is much deviation for the truckers which need a longer appointment time. This is because the deviation of each type is equal qua costs. But for deviate a type 10 trucker we make capacity for 2 truckers of type 8.  
	Total
	Deviation time per type
	Number of appointments

	Type 1 (hrs)
	21
	1008

	Type 2 (hrs)
	128
	130

	Type 4 (hrs)
	0
	476

	Type 5 (hrs)
	276
	507

	Type 6 (hrs)
	101
	33

	Type 8 (hrs)
	1
	33

	Type 9 (hrs)
	56
	16

	Type 10 (hrs)
	72
	17

	Total (hrs)
	655
	2220

	Costs (Euros)
	14737.500
	


Table 6.15:Deviation in MIP appointment system with different weights for different types (100 runs)
In figure 6.3. below the number of appointments with a certain number of hours deviation are given. The appointments are divided per different type. There are a lot of appointments of type 5 with one, three and four hours deviation, but less with 2 hours deviation. 

Figure 6.3. Deviation per type per number of hours of deviation
	Total
	Mean
	Std

	# Incoming truckers
	2758,61
	23,8901

	Avg waiting time (hrs)
	0,7109
	0,1492

	Avg queue length (nr)
	81,8715
	17,5337

	Max Queue length (nr)
	292,5000
	42,0087

	Percentage W>1 hour 
	0,3051
	0,07265

	Fraction servers busy
	0,8003
	0,01758

	Fraction entered queue
	0,8185
	0,05042

	
	
	

	Without appointment
	
	

	# Incoming truckers
	649,71
	21,6251

	Avg waiting time (hrs)
	0,7693
	0,3144

	Avg queue length (nr)
	21,1419
	8,9690

	Percentage W>1 hour
	0,3211
	0,1740

	
	
	

	With appointment
	
	

	# Incoming truckers
	2108,90
	19,3652

	Avg waiting time (hrs)
	0,6937
	0,1609

	Avg queue length (nr)
	60,7296
	14,1186

	Percentage W>1 hour
	0,3005
	0,07276

	
	
	

	Costs (Euros)
	96261,29
	18721,65


Table 6.16:Simulation results in MIP appointment system with different weights for different types (100 runs)
In table 6.16 the results of the simulation with the MIP appointment system with different appointment lengths are given. We see that the overall level is slightly better than the original situation. The situation for the truckers with an appointment is better than the situation for the truckers without appointment. The relative bad results are probably caused by the MIP problem. By solving this problem the capacity is full used and the truckers are less deviated as in the Poisson appointment system. 
	Total
	Number of truckers with hours change in 'inter appointment time'

	# 1 hours
	7,40

	# 2 hours
	7,70

	# 3 hours
	18,70

	# 4 hours
	6,40

	# 5 hours
	2,60

	# 6 hours
	6,30

	# 7 hours
	1

	# 8 hours
	2,30

	# 9 hours
	0,10

	# 10 hours
	0,70

	# 11 hours
	0

	# 12 hours
	1

	# 13 hours
	0

	# 14 hours
	0,10

	# 15 hours
	0

	# 16 hours
	0,50

	Total
	210


Table 6.17:Inter-appointment time changes MIP appointment system
Above in table 6.17 there is to see that there is in total more change in 'inter-appointment time' as in the Poisson appointment system. This division simulation was run 10 times and it took 4.61 seconds. The changes are per trucker on average less hours than in the Poisson appointment system. In the situation with different appointment lengths and multiple appointments each system has his disadvantages and advantages. 
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[bookmark: _Toc328469691]7.1. Discussion
The first point of discussion is of course the proportion of truckers that wants to make an appointment. Every choice with regard to capacity inside a truck appointment systems depends on the number of truckers that want to make an appointment. We assumed that 80% of the truckers wants to make an appointment. This should be a very successful situation, but not unthinkable. It is impossible to know on forehand how many truckers will have to make an appointment and the choice for 80% is justifiable. 
Another point of discussion is the simulation. We have chosen that the serving capacity depends on the cargo handling capacity. That is because the other parts, such as security check, could be get a higher capacity, but the cargo handling capacity on the terminal is not easy to increase. 
In the original situation each simulation run the number of arrivals were variable. But in the situation with the appointments each run we have the same number of appointments. So we have the same number of truckers that will arrive with an appointment. This results in less uncertainty. In the original model situation there could be an extreme amount of arrivals and this could increase the average waiting time exponential. 
We assumed for the arrival process a non-homogeneous Poisson process and for the handling time we assumed an exponential distribution. For our research there was not a possibility to fit a distribution on the data, because we did not have a direct usage of the dataset. In further research this should be a good addition. For the arrival rate we assumed a non homogeneous Poisson process and this seems reasonably. It is as well as the exponential distribution for the handling times an often used distribution, but it is questionable. 
[bookmark: _Toc328469692]7.2. Conclusion
We have seen two different methods to built an appointment system. The appointment system on basis of a integer programming problem gave better results. For the situation with all the same single appointments the MIP appointment system gave slightly better results. With our calculated costs the MIP system had 6.7% less costs. But this appointment system has some disadvantages. For the MIP appointment system there has to be a time limit time and after this time, it is not possible to make an appointment. Also the truckers have to wait until that moment to get an appointment time. In the contrast with the Poisson appointment system, appointments can made always. This system is not optimal qua deviation, but it is more honest. It is honest in the way that the trucker that calls earlier will have in general less deviation. 
The new queuing system that we have investigated in section 6.2.2. resulted in a decrease of the waiting times. Therefore I would advise to use this queuing system. Also I would recommend the special attendance for the truckers with multiple appointments. It could lead to costs when a trucker gets two or more appointments where he has not the 'inter-appointment time' he wants. The extra restriction leads in the MIP appointment system to the same results, you only need an extra division algorithm. In the Poisson appointment system it leads to somewhat more deviation and slightly worse simulation results. If we introduce different appointment lengths for the different types of truckers. The different types of truckers are coming for different number of operations. This results in the Poisson system for a lot of deviation and good simulation results. In the MIP system there is less deviation but poor simulation results and therefore I would not use it in this way. Another problem is that the truckers have to know on forehand how many containers they want to change. 
To conclude I would advise a Poisson appointment system with an extra restriction for the multiple appointments. The choice for the new queuing system is of course made. The Poisson appointment system gives only slightly worse results and it has big advantages. The truckers can always make an appointment and get directly an appointment time. Another advantage is that changes are easy to make when something changes. 
But overall we have also to conclude that it is very important to estimate how many truckers will have to make an appointment. Or in another situation all truckers have to make an appointment for their service. When they do not have an appointment on forehand, they have to make an appointment at the gate. But in such a situation it is possible that the trucker have to wait a long time. So dividing the capacity along the truckers with and without an appointment seems the best option. When we know how many truckers are willing to make an appointment, we could divide the capacity. For example we saw when 80% of the truckers is willing to make an appointment the capacity could be best divided in 75.5% for the truckers with appointment and 24.5% for the truckers without appointment. The introduction of the truck appointment system will result in less waiting by the truckers. But it will happen that it is not possible to make an appointment at the moment which has the preference of the trucking company. This will cause some planning problems, but with the multiple appointment restriction it will avoid a lot problems. 
[bookmark: _Toc328469693]7.3. Contribution to the literature
In this research we had a new approach to the truck appointment system. We compared two different kinds of truck appointment systems and checked by simulation which of them gave the best results. Also we tried to optimize the truck appointment system given the capacity of the terminal per hour. We compared two different kinds of truck appointment systems and this is not done in earlier research. Also we discussed some critical choices in the truck appointment systems. All together we could give advice to a terminal and in this case the ECT Delta terminal. 
[bookmark: _Toc328469694]7.4. Further Research
Of course there are some points of further research. At first it is interesting to investigate different forms of time slots. In this research there is chosen for time slots of one hour, because the service time is mostly between a half hour and an hour. Also the trucker needs some slack for his arrival and with an hour time slot, we think he has enough. Nevertheless it is interesting to see what happens when the length of the time slot is changed in half an hour or two hours. It is also possible to have overlapping time slots of an hour. For example you could have a time slot from 9:30 to 10:30 and from 10:00 to 11:00. Or you can give a trucker an appointment time and he has to arrive for example an hour before or after that time.
Optimizing the capacity is also a coherent problem. Using a truck appointment system you could optimize the capacity of the terminal. In this research the capacity is fixed, but it is possible that there are changes possible. The capacity depends also on the moves inside the terminal and perhaps these could be done more at night and so the capacity could be distributed different along the time. With the knowledge of the arrivals from the truck appointment systems we could use more of the handling capacity for serving truckers in the peak hours. In the downturn hours more capacity could be used for intern terminal transport.
In this research the data is taken from previous research, but in a further research probably a new dataset could be used. Also it is perhaps better to include all steps of the cargo handling process in the simulation. Now we used one server, but in reality there are servers for checks and for handling. Perhaps should such a simulation give more reliable results. 
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Below is the Matlab code of the Poisson Appointment system. The multiple appointments and the different appointment lengths are included.
% This function generates preferences for truckers, they could have
% multiple appointments with different types.
% Made by Niels Hendrikse
% AfsprakenTot gives a matrix with the on position i,j the number of
% appointments of type j on moment i
% Resultaten(i) gives the number of appointments with i deviation
% Resultaten2(i) gives the number of truckers with i hours
% inter-appointment time change
% Voorkeuren are the arrival rates of appointment truckers
% Lanes2 are the available servers for appointments
% MultipleApp gives the number of truckers with MultipleApp
% Types gives the number of truckers with different Types
% Gewichten gives the capacity needed for each type of trucker.
function [AfsprakenTot Resultaten Resultaten2]=afsprakenmakenMultipleTypes(Voorkeuren,Lanes2,MultipleApp,Types,Gewichten)
%100 runs
s=100;
Capaciteit=Lanes2;
n=size(Voorkeuren,1);
AfsprakenTot=zeros(n,15);
%On average m truckers will arrive.
m=ceil(sum(Voorkeuren)/1.3356);
Chances=MultipleApp./sum(MultipleApp);
Resultaten=zeros(25,s);
Resultaten2=zeros(100,s);
Resultaten3=zeros(7,s);
% For s different simulations
for k=1:s
    Afspraken=zeros(n,15);
    i=1;
    while i<m
        %For m truckers preferences has to be generated.
        Getal=rand;
        Bepaald=0;
        j=1;
        %Get the number of appointments of this trucker
        while Bepaald==0
            if Getal<=sum(Chances(1:j))
                AantalApp=j;
                Bepaald=1;
            else
                j=j+1;
            end
        end
        Tijden=zeros(AantalApp,2);
        j=1;
        % While any of the times is still zero, so don't has a preference.
        while any(Tijden(:,1)==0)
            Waarde=rand*sum(Voorkeuren);
            Voorkeurstijd=Tijd(Voorkeuren,Waarde);
            %Generate a time
            if any(Tijden(:,1)==Voorkeurstijd)
            else
                Tijden(j,1)=Voorkeurstijd;
                Waarde=rand*sum(Types);
                Bepaald=0;
                q=1;
                %Generate a type for the trucker.
                while Bepaald==0
                    if sum(Types(1:q),1)>=Waarde
                        %If the random value is smaller than the sum, it's
                        %this value
                        Bepaald=1;
                        Tijden(j,2)=q;
                    else
                        q=q+1;
                    end
                end
                j=j+1;
            end
        end
        [Test Indx]=sort(Tijden(:,1));
        Tijden=Tijden(Indx,:);
        %Sort on times, Every type should be with the time.
        Ingevuld=0;
        Iteratie=0;
        while (Ingevuld==0 && (sum(sum(Afspraken*Gewichten))+sum(Gewichten(Tijden(:,2))))<=sum(Capaciteit)) && Iteratie <=50
            %Try to put the appointments in TijdenIteratie.
            %TijdenIteratie is first the preference otherwise the hours
            %will change, +1,-1,+2,-2 etc
            TijdenIteratie=Tijden(:,1)+((mod(Iteratie,2)*2)-1)*ceil(Iteratie/2);
            if all(TijdenIteratie>0) && all(TijdenIteratie<=n) && all(((Afspraken+AfsprakenIteratie(TijdenIteratie,Tijden(:,2)))*Gewichten)<=Capaciteit)
                Afspraken=Afspraken+AfsprakenIteratie(TijdenIteratie,Tijden(:,2));
                Ingevuld=1;
                %Calculate the deviation
                Deviatie=abs(TijdenIteratie-Tijden(:,1));
                for t=1:max(Deviatie)
                    Aantal=sum(Deviatie==t);
                    Resultaten(t,k)=Resultaten(t,k)+Aantal;
                end
                Resultaten(25,k)=Resultaten(25,k)+sum(Deviatie);
            end
            Iteratie=Iteratie+1;
        end
        TijdenNieuw=Tijden(:,1);
        Volgende=1;
        NaarVoren=1;
        %If the trucker has not got an appointment
        while Ingevuld==0
            Iteratie=0;
            %Move first appointment to the front
            if  Volgende==1 && NaarVoren==1
                if TijdenNieuw(1)>1
                    TijdenNieuw(1)=TijdenNieuw(1)-1;
                end
                Volgende=2;
                %If second exists also
            elseif Volgende==2 && NaarVoren==1
                if length(TijdenNieuw)>=2
                    if TijdenNieuw(2)>2
                        TijdenNieuw(2)=TijdenNieuw(2)-1;
                    end
                    Volgende=3;
                else
                    Volgende=1;
                end
                %If third exists, also
            elseif Volgende==3 && NaarVoren==1
                if length(TijdenNieuw)>=3
                    if TijdenNieuw(3)>3
                        TijdenNieuw(3)=TijdenNieuw(3)-1;
                    end
                    Volgende=4;
                else
                    Volgende=1;
                end
                %If fourth exists, also
            elseif Volgende==4 && NaarVoren==1
                if length(TijdenNieuw)>=4
                    if TijdenNieuw(4)>4
                        TijdenNieuw(4)=TijdenNieuw(4)-1;
                    end
                    Volgende=5;
                else
                    Volgende=1;
                end
                %If fifthe exists also moving to the front
            elseif Volgende==5 && NaarVoren==1
                if length(TijdenNieuw)>=5
                    if TijdenNieuw(5)>5
                        TijdenNieuw(5)=TijdenNieuw(5)-1;
                    end
                    Volgende=6;
                else
                    Volgende=1;
                end
                %If sixth exist also
            elseif Volgende==6 && NaarVoren==1
                if length(TijdenNieuw)>=6
                    if TijdenNieuw(6)>6
                        TijdenNieuw(6)=TijdenNieuw(6)-1;
                    end
                    Volgende=7;
                else
                    Volgende=1;
                end
                %If seventh exists also moving to the front
            elseif Volgende==7 && NaarVoren==1
                if length(TijdenNieuw)>=7
                    if TijdenNieuw(7)>7
                        TijdenNieuw(7)=TijdenNieuw(7)-1;
                    end
                    Volgende=1;
                else
                    Volgende=1;
                end
            end
            %After each move of each appointment we try all possibilities.
            if TijdenNieuw(length(TijdenNieuw))==length(TijdenNieuw)
                %If to the front didn't help we put them to the back of the
                %day
                NaarVoren=0;
            end
            if NaarVoren==0
                % Move the appointments to the back starting with the last
                % appoitnment
                if TijdenNieuw(length(TijdenNieuw))<24
                    TijdenNieuw(length(TijdenNieuw))=TijdenNieuw(length(TijdenNieuw))+1;
                elseif length(TijdenNieuw)>=2
                    if TijdenNieuw(length(TijdenNieuw)-1)<23
                        TijdenNieuw(length(TijdenNieuw)-1)=TijdenNieuw(length(TijdenNieuw)-1)+1;          
                    elseif length(TijdenNieuw)>=3
                        if TijdenNieuw(length(TijdenNieuw)-2)<22
                            TijdenNieuw(length(TijdenNieuw)-2)=TijdenNieuw(length(TijdenNieuw)-2)+1;
                            
                        elseif length(TijdenNieuw)>=4
                            if TijdenNieuw(length(TijdenNieuw)-3)<21
                                TijdenNieuw(length(TijdenNieuw)-3)=TijdenNieuw(length(TijdenNieuw)-3)+1;
                                
                            elseif length(TijdenNieuw)>=5
                                if TijdenNieuw(length(TijdenNieuw)-4)<20
                                    TijdenNieuw(length(TijdenNieuw)-4)=TijdenNieuw(length(TijdenNieuw)-4)+1;
                                    
                                elseif length(TijdenNieuw)>=6
                                    if TijdenNieuw(length(TijdenNieuw)-5)<19
                                        TijdenNieuw(length(TijdenNieuw)-5)=TijdenNieuw(length(TijdenNieuw)-5)+1;
                                        
                                    elseif length(TijdenNieuw)>=7
                                        if TijdenNieuw(length(TijdenNieuw)-6)<18
                                            TijdenNieuw(length(TijdenNieuw)-6)=TijdenNieuw(length(TijdenNieuw)-6)+1;
                                        end
                                    end
                                end
                            end
                        end
                    end
                end
                %Try with the adjusted times if we can find an appointment
                while (Ingevuld==0 && (sum(sum(Afspraken*Gewichten))+sum(Gewichten(Tijden(:,2))))<=sum(Capaciteit)) && Iteratie <=24
                    TijdenIteratie=TijdenNieuw(:,1)+((mod(Iteratie,2)*2)-1)*ceil(Iteratie/2);
                    if all(TijdenIteratie>0) && all(TijdenIteratie<=n) && all(((Afspraken+AfsprakenIteratie(TijdenIteratie,Tijden(:,2)))*Gewichten)<=Capaciteit)
                        Afspraken=Afspraken+AfsprakenIteratie(TijdenIteratie,Tijden(:,2));
                        Ingevuld=1;
                        Deviatie=abs(TijdenIteratie-Tijden(:,1));
                        for t=1:max(Deviatie)
                            Aantal=sum(Deviatie==t);
                            Resultaten(t,k)=Resultaten(t,k)+Aantal;
                        end
                        Resultaten(25,k)=Resultaten(25,k)+sum(Deviatie);
                        %Calclulate the difference in inter-appointment
                        %time between preference and appointments
                        TussenIt=zeros(length(TijdenIteratie)-1,1);
                        TussenTijd=zeros(length(TijdenIteratie)-1,1);
                        for r=1:length(TijdenIteratie)-1
                            TussenIt(r)=TijdenIteratie(r+1)-							TijdenIteratie(r);
                            TussenTijd(r)=Tijden(r+1)-Tijden(r);
                        end
                        Tussenruimte=sum(abs(TussenIt-TussenTijd));
                        if Tussenruimte>0
                            Resultaten2(Tussenruimte,k)=Resultaten2(Tussenruimte,k)+1;
                            Resultaten2(100,k)=Resultaten2(100,k)+Tussenruimte;
                        end
                    end
                    Iteratie=Iteratie+1;
                end
            end
        end
        i=i+1;
    end
    %Put this run to the total Afspraken.
    AfsprakenTot=AfsprakenTot+Afspraken;
end
%Take the means.
Resultaten=mean(Resultaten,2);
Resultaten2=mean(Resultaten2,2);
AfsprakenTot=AfsprakenTot/s;
end
 
function [Voorkeurstijd]=Tijd(Voorkeuren,Waarde)
%The function Tijd generates a time given the non-homogeneous Poisson
%process arrival rates Voorkeuren and Waarde a standard uniform random
%number x the sum of arrival rates.
Bepaald=0;
i=1;
while Bepaald==0
    if sum(Voorkeuren(1:i),1)>=Waarde
        Bepaald=1;
        %If the sum is larger than the random value this is the time we
        %take.
        Voorkeurstijd=i;
    else
        i=i+1;
    end
end
end
 
function [Waar]=AfsprakenIteratie(Tijden,Types)
%If times and types are know make a matrix with one on place Tijden(i),
%Types(i)
Waar=zeros(24,15);
for y=1:length(Tijden)
    Waar(Tijden(y),Types(y))=Waar(Tijden(y),Types(y))+1;
end
end
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When we have the outcomes the MIP appointment system, the truckers have to be assigned to the preferences. This algorithm does for the situation with multiple appointments and different appointment lengths.
%The function InterAppBerek3 calculates the InterAppChanges, where X is the
%matrix with deviations from the MIP app system.
%Voorkeuren gives the vector with arrival rates of non-homogeneous Poisson
%process with appointment, which is used in the MIP problem as P vector.
%MultipleApp gives propoprtion each trucker has multiple app.
%InterAppChange gives the number of truckers with i time change.
%DezelfdeTijd gives number of truckers with two equal appointment times,
%this are none.
%Made by Niels Hendrikse
function [InterAppChange DezelfdeTijd]=InterAppBerek3(X,Voorkeuren,MultipleApp)
tic;
Chances=MultipleApp./sum(MultipleApp);
s=100;
InterAppChange=zeros(100,s);
DezelfdeTijd=zeros(1,s);
%Do s different runs.
for k=1:s
    TijdenMatrix=[];
    VoorkeurenNieuw=Voorkeuren;
    n=sum(Voorkeuren);
    som=0;
    gedaan=0;
    %While we haven't all appointments, there are prefrences left.
    while gedaan==0
        while sum(VoorkeurenNieuw)>0 && som<n
            Getal=rand;
            Bepaald=0;
            j=1;
            while Bepaald==0
                %Generate number of appointments of this trucker.
                if Getal<=sum(Chances(1:j))
                    AantalApp=j;
                    Bepaald=1;
                else
                    j=j+1;
                end
            end
            if AantalApp>sum(VoorkeurenNieuw)
                %If there are not enough preferences left, AantalApp is
                %adjusted.
                AantalApp=sum(VoorkeurenNieuw);
            end
            Tijden=zeros(1,8);
            Tijden(7+1)=AantalApp;
            j=1;
            VoorkeurenNieuw2=VoorkeurenNieuw;
            a=0;
            while j<=AantalApp && a<50 && sum(VoorkeurenNieuw)>0
                Waarde=rand*sum(VoorkeurenNieuw2);
                Voorkeurstijd=Tijd(VoorkeurenNieuw2,Waarde);
                %Generate Appointment time.
                if any(Tijden(1:7))~=0
                    Check=Tijden(1:7)-(ceil(Tijden(1:7)/24)-1)*24;
                else
                    Check=0;
                end
                EchteTijd=Voorkeurstijd-(ceil(Voorkeurstijd/24)-1)*24;
                %If this time doesn't exist in the times of this trucker
                %also different types!
                if any(Check==EchteTijd)
                else
                    Tijden(j)=Voorkeurstijd;
                    j=j+1;
                    VoorkeurenNieuw(Voorkeurstijd)=VoorkeurenNieuw(Voorkeurstijd)-1;
                    if EchteTijd>0
                        %Make it impossible to get the same time.
                        b=(linspace(0,7,8)*24+EchteTijd)';
                        VoorkeurenNieuw2(b)=0;
                    end
                end
                a=a+1;
            end
            if j-1<AantalApp
                Tijden(8)=j-1;
                AantalApp=j-1;
                %If we couldn't generate all times the total times is
                %adjusted.
            end
            TN=Tijden(1:AantalApp)-(ceil(Tijden(1:AantalApp)/24)-1)*24;
            [Test Indx]=sort(TN(1:AantalApp));
            TijdenNieuw=Tijden(Indx);
            Tijden=[TijdenNieuw,zeros(1,7-AantalApp),Tijden(8)];
            TijdenMatrix=[TijdenMatrix;Tijden];
            %Add the times of this trucker to the times matrix. The times
            %are in order from low to high adjusted on type.
            som=sum(TijdenMatrix(:,8));
        end
        % If there is a fault in the VoorkeurenNieuw vector adjust for it.
        if any(VoorkeurenNieuw)~=0
            Gevonden1=0;
            Gevonden2=0;
            t=1;
            while (Gevonden1==0 || Gevonden2==0) && t<=192
                if VoorkeurenNieuw(t)<0
                    Gevonden1=t;
                end
                if VoorkeurenNieuw(t)>0
                    Gevonden2=t;
                end
                t=t+1;
            end
            l=size(TijdenMatrix,1);
            gelukt=0;
            while l>0 && gelukt==0;
                if TijdenMatrix(l,1)==Gevonden1
                    Voorkeuren(Gevonden1)=Voorkeuren(Gevonden1)+1;
                    Voorkeuren(Gevonden2)=Voorkeuren(Gevonden2)-1;
                    TijdenMatrix(l,1)=Gevonden2;
                    gelukt=1;
                end
                l=l-1;
            end
        end
        %If all Voorkeuren are divided give gedaan 1.
        if all(VoorkeurenNieuw==0)
            gedaan=1;
        else
            gedaan=0;
            TijdenMatrix=[];
            VoorkeurenNieuw=Voorkeuren;
        end
    end
    [Test Indx]=sort(TijdenMatrix(:,8),1,'descend');
    TijdenMatrix=TijdenMatrix(Indx,:);
    %Order the times on number of appointments.
    XNieuw=X;
    for z=1:size(TijdenMatrix,1)
        Tijden=TijdenMatrix(z,1:TijdenMatrix(z,8));
        TijdenVoorIt=Tijden-(ceil(Tijden/24)-1)*24;
        %Iterate the times, if preference is not possible try to change
        %every pref with +1,-1,+2,-2 etc.
        Ingevuld=0;
        Iteratie=0;
        while (Ingevuld==0 && sum(sum(XNieuw))>=0 && Iteratie<50)
            TijdenIteratie=TijdenVoorIt+((mod(Iteratie,2)*2)-1)*ceil(Iteratie/2);
            if (all(TijdenIteratie>0) && all(TijdenIteratie<=24))
                %If times exists.
                AantalIngevuld=0;
                XNieuwIt=XNieuw;
                for y=1:length(Tijden)
                    %Check for every app if app is possible
                    if XNieuwIt(Tijden(y),TijdenIteratie(y))>0
                        XNieuwIt(Tijden(y),TijdenIteratie(y))=XNieuwIt(Tijden(y),TijdenIteratie(y))-1;
                        AantalIngevuld=AantalIngevuld+1;
                    end
                end
                %If all times could be placed, place them.
                if AantalIngevuld==length(Tijden)
                    Ingevuld=1;
                    XNieuw=XNieuwIt;
                    %Calculate the change in interapp time between
                    %preference and appointment time.
                    TussenIt=zeros(length(TijdenIteratie)-1,1);
                    TussenTijd=zeros(length(TijdenIteratie)-1,1);
                    for r=1:length(TijdenIteratie)-1
                        TussenIt(r)=TijdenIteratie(r+1)-TijdenIteratie(r);
                        TussenTijd(r)=TijdenVoorIt(r+1)-TijdenVoorIt(r);
                    end
                    Tussenruimte=sum(abs(TussenIt-TussenTijd));
                    if Tussenruimte>0
                        InterAppChange(Tussenruimte,k)=Resultaten2(Tussenruimte,k)+1;
                        InterAppChange(100,k)=Resultaten2(100,k)+Tussenruimte;
                    end
                end
            end
            Iteratie=Iteratie+1;
        end
        TijdenNieuw=TijdenVoorIt;
        %If it's not possible to place the preferences, try something else.
        while Ingevuld==0
            for m=1:length(Tijden)
                IngevuldTijd=0;
                Tijdje=TijdenVoorIt(m);
                XDeze=XNieuw;
                Iteratie=0;
                %Find for every preference time the nearest possible
                %appointment time, without having the same times.
                while (IngevuldTijd==0)&&Iteratie<50
                    TijdjeIteratie=Tijdje+((mod(Iteratie,2)*2)-1)*ceil(Iteratie/2);
                    if Tijdje>0 && Tijdje<24 && TijdjeIteratie>0 && TijdjeIteratie<24
                        if XDeze(Tijden(m),TijdjeIteratie)>0
                            TijdenNieuw(m)=TijdjeIteratie;
                            b=(linspace(0,7,8)*24+TijdjeIteratie)';
                            XDeze(:,b)=0;
                            IngevuldTijd=1;
                        end
                    end
                    Iteratie=Iteratie+1;
                end
                %If that is not possible, perhaps with same appointment times. 
                Iteratie=0;
                while (IngevuldTijd==0 && Iteratie<50)
                    TijdjeIteratie=TijdenVoorIt+((mod(Iteratie,2)*2)-1)*ceil(Iteratie/2);
                    if Tijdje>0 && Tijdje<24 && TijdjeIteratie>0 && TijdjeIteratie<24
                        if XNieuw(Tijden(m),TijdjeIteratie)>0
                            TijdenNieuw(m)=TijdjeIteratie;
                            IngevuldTijd=1;
                            DezelfdeTijd(k)=DezelfdeTijd(k)+1;
                        end
                    end
                    Iteratie=Iteratie+1;
                end
            end
            Iteratie=0;
            while (Ingevuld==0 && sum(sum(XNieuw))>=0 && Iteratie<50)
                TijdenIteratie=TijdenVoorIt+((mod(Iteratie,2)*2)-1)*ceil(Iteratie/2);
                if (all(TijdenIteratie>0) && all(TijdenIteratie<=24))
                    %If times exists.
                    AantalIngevuld=0;
                    XNieuwIt=XNieuw;
                    for y=1:length(Tijden)
                        %Check for every app if app is possible
                        if XNieuwIt(Tijden(y),TijdenIteratie(y))>0
                            XNieuwIt(Tijden(y),TijdenIteratie(y))=XNieuwIt(Tijden(y),TijdenIteratie(y))-1;
                            AantalIngevuld=AantalIngevuld+1;
                        end
                    end
                    %If all times could be placed, place them.
                    if AantalIngevuld==length(Tijden)
                        Ingevuld=1;
                        XNieuw=XNieuwIt;
                        %Calculate the change in interapp time between
                        %preference and appointment time.
                        TussenIt=zeros(length(TijdenIteratie)-1,1);
                        TussenTijd=zeros(length(TijdenIteratie)-1,1);
                        for r=1:length(TijdenIteratie)-1
                            TussenIt(r)=TijdenIteratie(r+1)-TijdenIteratie(r);
                            TussenTijd(r)=TijdenVoorIt(r+1)-TijdenVoorIt(r);
                        end
                        Tussenruimte=sum(abs(TussenIt-TussenTijd));
                        if Tussenruimte>0
                            InterAppChange(Tussenruimte,k)=Resultaten2(Tussenruimte,k)+1;
                            InterAppChange(100,k)=Resultaten2(100,k)+Tussenruimte;
                        end
                    end
                end
                Iteratie=Iteratie+1;
            end
        end
    end
end
%Take the mean of all runs.
InterAppChange=mean(InterAppChange,2);
toc;
end
 
function [Voorkeurstijd]=Tijd(Voorkeuren,Waarde)
%The function Tijd generates a time given the non-homogeneous Poisson
%process arrival rates Voorkeuren and Waarde a standard uniform random
%number x the sum of arrival rates.
Bepaald=0;
i=1;
while Bepaald==0
    if sum(Voorkeuren(1:i),1)>=Waarde
        Bepaald=1;
        %If the sum is larger than the random value this is the time we
        %take.
        Voorkeurstijd=i;
    else
        i=i+1;
    end
end
end

[bookmark: _Toc328469701]Appendix 3: Simulation
This Matlab code is used for the simulation with different appointment lengths and the new queuing system.
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Main program
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% The function mmcAppointmentNieuwAndersTypes runs a simulation of the
% process at the ECT Delta Terminal with a truck appointment system.
% est gives the means of the results
% standdev, the standarddeviation of the results.
% Tijd is the time how long you run the simulation = 24 hours.
% Labdas= non-homogeneous arrival rates of truckers without appointment
% Tau=registrate truckers which have to wait longer than tau
% Lanes1= Capacity for truckers without app
% Lanes2= Capacity for truckers with app
% Truckers= Different types of truckers, to calculate types.
% Appointments= matrix with appointments, on (i,j) the number of truckers
% of type j that has an appoinment on i.
% Adjusted by Niels Hendrikse
function [est standdev]=mmcAppointmentNieuwAndersTypes(tijd,Labdas,SerPar,tau,Lanes1,Lanes2,Truckers,Appointments)
global s AantalLanes1 AantalLanes2 Types param1 param2 T wachttijdgewenst element AantalLanesGebruikt1 AantalLanesGebruikt2 Afspraken
%set different variables
T=tijd;
wachttijdgewenst=tau;
param1=Labdas;
param2=SerPar;
AantalLanes1=Lanes1;
AantalLanes2=Lanes2;
Types=Truckers;
Afspraken=Appointments;
clc;
%number of times the main function is done
s=100;
%Get the right numbers of capacity
element=1;
AantalLanesGebruikt1=AantalLanes1(element);
AantalLanesGebruikt2=AantalLanes2(element);
rand('state', str2num('12345'));
% Perform simulation
[est standdev] = replicate;
% Print the results
fprintf('Average waiting time without appointment: %.6f', est(1,1));
fprintf('\nAverage queue length without appointment: %.6f', est(1,2));
fprintf('\nMaximal queue length: %.6f', est(1,3));
fprintf('\nFraction server busy: %.6f', est(1,4));
fprintf('\nFraction waited to long without appointment: %.6f', est(1,14));
fprintf('\nFraction entered queue: %.6f', est(1,6));
fprintf('\nAvarage waiting time with appointment: %.6f', est(1,7));
fprintf('\nAvarage queue length with appointment: %.6f', est(1,8));
fprintf('\nFraction with appointment waited too long: %.6f',est(1,15));
fprintf('\nThe total cost is: %.6f',est(1,10));
fprintf('\nAverage waiting time: %.6f',est(1,11));
fprintf('\nAverage queue length %.6f',est(1,12));
fprintf('\nFraction waited to long: %.6f',est(1,16));
fprintf('\n\nThe costs of waiting are: %.6f\n',est(1,13));
end
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Perform one replication
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function runstat = main
global T AantalLanes1 AantalLanes2 AantalLanesGebruikt1 AantalLanesGebruikt2 param1 element
%initialize variables
 
[AantalLanesNu1,AantalLanesNu2,t, tE, statusLanes, Q1, Q2, eventlist, nS, wcum, nQ, Qcum, mB, Fractie, waiting,Queueing,nappS,wappcum,nappQ,Qappcum,waitingapp,kosten,Late,Early]= initialization;
% Initalize counters
countervar = [nS,wcum,nQ,Qcum,mB,Fractie,waiting, Queueing,nappS,wappcum,nappQ,Qappcum,waitingapp,kosten,Late,Early];
 
% Perform one simulation run of time inputted
while t<T    % Stopping criterium
    %take labda of that hour and the number of Lanes
    element=floor(t)+1;
    AantalLanesGebruikt1=AantalLanes1(element);
    AantalLanesGebruikt2=AantalLanes2(element);
    [t,i] = schedule_next_event(eventlist);         % Time (t) and type (i)
    if i==1 % arrival without app
        [AantalLanesNu1,AantalLanesNu2,statusLanes,Q1,Q2,eventlistn,countervarn] = procedure_arrival_no_app(tE,t,i,statusLanes,Q1,Q2,eventlist,countervar);
    elseif i==2 % Arrival trucker with app
        [AantalLanesNu1,AantalLanesNu2,statusLanes,Q1,Q2,eventlistn,countervarn] = procedure_arrival_app(tE,t,i,statusLanes,Q1,Q2,eventlist,countervar);
    elseif i==size(eventlist,2); %shift of Lanes
        [AantalLanesNu1,AantalLanesNu2,statusLanes,Q1,Q2,eventlistn, countervarn] = LanesStoporBegin(AantalLanesNu1,AantalLanesNu2,t,tE,statusLanes,Q1,Q2,eventlist,countervar);
    else           % departure of trucker at service
        [AantalLanesNu1,AantalLanesNu2,statusLanes,Q1,Q2,eventlistn,countervarn] = procedure_departure(tE,t,i,statusLanes,Q1,Q2,eventlist,countervar);
    end;
    tE = t;  % move previous clock time to current time
    eventlist=eventlistn;
    countervar=countervarn;
end;
% Compute output statistics
runstat=zeros(1,19);
runstat(1,1) = countervar(1,2)/sum(countervar(:,1));             % Average waiting time without appointment
runstat(1,2) = countervar(1,4)./T;                               % Average queue length without appointment
runstat(1,3) = countervar(1,5);             % Maximal queue length Total
runstat(1,4) = countervar(1,6)./T;             % Fraction of the time that the server was busy total
for i=1:size(countervar,1)
    if countervar(i,1)<=0
    else
        runstat(1,5) = runstat(1,5) + countervar(i,7)./countervar(i,1); % Fraction of people waited too long without appointment
    end
    if countervar(i,9)<=0
    else
        runstat(1,9) = runstat(1,9) + countervar(i,13)./countervar(i,9);  % Fraction with appointment waited too long
    end
    if countervar(i,1)>0 || countervar(i,9)>0
        runstat(1,13) = runstat(1,13) + (countervar(i,7)+countervar(i,13))/(countervar(i,1)+countervar(i,9)); %Total waited too long
    end
end
 
runstat(1,6) = countervar(1,8)/(sum(countervar(:,1))+sum(countervar(:,9)));   % Fraction persons entered queue
runstat(1,7) = countervar(1,10)/sum(countervar(:,9));  %  Average waiting time with appointment
runstat(1,8) = countervar(1,12)./T;              % Average queue length with appointment
runstat(1,10) = sum(countervar(:,14));               % the cost of the planning
runstat(1,11) = (countervar(1,2)+countervar(1,10))/(sum(countervar(:,1))+sum(countervar(:,9))); %Total average waiting time
runstat(1,12) = (countervar(1,4)+countervar(1,12))./T; % Total avg que length
runstat(1,13) = countervar(1,14)+(countervar(1,2)+countervar(1,10))*45; % Total costs
runstat(1,14) = sum(countervar(:,7))/sum(countervar(:,1)); % Prop waits longer than one hour with app
runstat(1,15) = sum(countervar(:,13))/sum(countervar(:,9)); % without
runstat(1,16) = (sum(countervar(:,7))+sum(countervar(:,13)))/(sum(countervar(:,1))+sum(countervar(:,9))); % Total
runstat(1,17) = sum(countervar(:,1)); % Nr without app
runstat(1,18) = sum(countervar(:,9)); % Nr with app
runstat(1,19) = sum(countervar(:,1))+sum(countervar(:,9)); % Nr total
runstat(1,20) = countervar(1,15); % Nr app to early
runstat(1,21) = countervar(1,16); % Nr app too late
end
 
function [ vectormain vectorstd ] = replicate
global s
% runs the simulation several times
matrix=zeros(s,21);
for i=1:s
    matrix(i,:) = main; %run the simulation one time
end
%calculate mean and standard deviation of the results
vectormain=mean(matrix,1);
vectorstd=std(matrix,1);
end
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Initialization function
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%sets variables at starting level (level at time t=0
function [AantalLanesNu1,AantalLanesNu2,t, tE, statusLanes, Q1 , Q2, eventlist, nS, wcum, nQ, Qcum, mB, Fractie, waiting, Queueing,nappS,wappcum,nappQ,Qappcum,waitingapp, kosten,Late,Early]= initialization
global AantalLanes1 AantalLanes2 Types AantalLanesGebruikt1 AantalLanesGebruikt2 ArrivalTijden ArrivalTijden2 T Afspraken param1 Type1 Type2
t = 0.0;
tE = 0.0;
%Initialize vectors.
statusLanes=[zeros(max(AantalLanes1),1);zeros(max(AantalLanes2),1);];
AantalLanesNu1=AantalLanes1(1);
AantalLanesNu2=AantalLanes2(1);
AantalLanes=max(AantalLanes1)+max(AantalLanes2);
Q1 = []; %Row for without appointment.
Q2 = []; %Row for with appointment.
%Generate the arrivals of all truckers that will come this day.
ArrivalTijden=GenereerArrivalTijd(param1,Types);
[ArrivalTijden ArrivalTijden2 Wachttijd KostTeLaat, teLaat, teVroeg]=GenereerArrivalTijd2(ArrivalTijden,Afspraken);
ArrivalTijden=[ArrivalTijden; T+1 1];
ArrivalTijden2=[ArrivalTijden2; T+1 1];
[tA1 Type1] =  arrival_realisation;  % Generate first arrivals
[tA2 Type2] =  arrival_realisation_app;
tD = inf(1,AantalLanes); %no nurse busy, so no ending time
tN=1;
eventlist = [tA1, tA2, tD, tN];
waiting=zeros(24,1);
nS = zeros(24,1);
wcum = zeros(24,1);
nQ = zeros(24,1);
Qcum = zeros(24,1);
mB = zeros(24,1);
Fractie = zeros(24,1);
Queueing=zeros(24,1);
nappS =zeros(24,1);
wappcum =zeros(24,1);
wappcum(1,1)=Wachttijd; %Waittime of truckers that are too early are included.
nappQ = zeros(24,1);
Qappcum =zeros(24,1);
waitingapp=zeros(24,1);
kosten=zeros(24,1);
kosten(1,1)=KostTeLaat; %Penalties of not seen are included
Late=zeros(24,1);
Late(1,1)=teLaat;
Early=zeros(24,1);
Early(1,1)=teVroeg;
end
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Time routine function
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function [t,i] = schedule_next_event(eventlist)
[t,i] = min(eventlist); % Return time (t) and type (arrival of type, departure at nurse, new shift)
% The simulation clock t has also been updated
end
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Arrival function
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function [AantalLanesNu1,AantalLanesNu2,statusLanes,Q1,Q2,eventlistn,countervarn] = procedure_arrival_no_app(tE,t,i,statusLanes,Q1,Q2,eventlist,countervar)
global T AantalLanesGebruikt1 AantalLanesGebruikt2 param2 AantalLanes1  element Types Type1 Type2
% Local variables
eventlistn = eventlist;
countervarn = countervar;
countervarn(1,12) = countervarn(1,12) + (t-tE)*countervarn(1,11);%Update area under Q4(t)
% Draw interarrival time of next arrival, and determine arrival time
% Update area under Q(t)
countervarn(1,4) = countervarn(1,4) + (t-tE)*countervarn(1,3);
% Update area under B(t)
Productivity=sum(statusLanes)/(AantalLanesGebruikt1+AantalLanesGebruikt2);
if Productivity<1
    countervarn(1,6) = countervarn(1,6) + (t-tE)*(Productivity);
else
    countervarn(1,6) = countervarn(1,6) + (t-tE)*1;
end
geholpen=0;
if ceil(t)<T;
    % first check whether customer is of type 1
    if i==1
        j=1;
        % Check whether all lanes are busy, starting at nurse one, then two, etc
        while geholpen==0 && j<=AantalLanesGebruikt1
            if statusLanes(j)==0 %lane is not busy
                statusLanes(j)=1; % this lane is now busy
                countervarn(element,1)=countervarn(element,1)+1;%new trucker in system
                s = service_realisation(Type1,param2); % draw required service time for this trucker
                eventlistn(1,2+j)=t+s;%next departure for this trucker
                geholpen=1;%trucker is helped
            end
            j=j+1;
        end
        %Check if one of appointment servers is free
        j=1; 
        while geholpen==0 && j<=AantalLanesGebruikt2
            if statusLanes(j+max(AantalLanes1))==0%lane is not busy
                statusLanes(j+max(AantalLanes1))=1; % this lane is now busy
                countervarn(element,9)=countervarn(element,9)+1;
                s = service_realisation(Type1,param2); % draw required service time for this trucker
                eventlistn(1,2+j+max(AantalLanes1))=t+s;%next departure for this trucker
                geholpen=1;%trucker is helped
            end
            j=j+1;
        end
        %if all Lanes able to help type 1 and 2 are busy
        if geholpen == 0    %all Lanes are busy:
            countervarn(1,8)=countervarn(1,8)+1;%trucker has to go in queue
            nQ=countervarn(1,3)+1; % update queue length
            countervarn(1,3) = nQ; %store new queue length
            if countervarn(1,3)+countervarn(1,11)>countervarn(1,5)%when new queue length is larger than maximum
                countervarn(1,5)=countervarn(1,3)+countervarn(1,11);%update maximum queue length
            end
            Q1(nQ,:)=[t Type1];  %store time of arrival in queue of this trucker
            %trucker has to go at the back of the line
        end
    end
end
%update number of Lanes working now
AantalLanesNu1=AantalLanesGebruikt1;
AantalLanesNu2=AantalLanesGebruikt2;
[a Type1] =arrival_realisation;
eventlistn(i) = a;
end
 
function [AantalLanesNu1,AantalLanesNu2,statusLanes,Q1,Q2,eventlistn,countervarn] = procedure_arrival_app(tE,t,i,statusLanes,Q1,Q2,eventlist,countervar)
global T AantalLanesGebruikt1 AantalLanesGebruikt2 param2 AantalLanes1 element Types Type1 Type2
% Local variables
eventlistn = eventlist;
countervarn = countervar;
countervarn(1,12) = countervarn(1,12) + (t-tE)*countervarn(1,11);%Update area under Q2(t)
% Draw interarrival time of next arrival, and determine arrival time
 
% Update area under Q1(t)
countervarn(1,4) = countervarn(1,4) + (t-tE)*countervarn(1,3);
 
% Update area under B(t)
Productivity=sum(statusLanes)/(AantalLanesGebruikt1+AantalLanesGebruikt2);
if Productivity<1
    countervarn(1,6) = countervarn(1,6) + (t-tE)*(Productivity);
else
    countervarn(1,6) = countervarn(1,6) + (t-tE)*1;
end
geholpen=0;
if ceil(t)<T;
    % first check whether customer is of type 2 (with app)
    if i==2
        j=1; %check whether there is a nurse able to help someone with app
        while geholpen==0 && j<=AantalLanesGebruikt2
            if statusLanes(j+max(AantalLanes1))==0%lane is not busy
                statusLanes(j+max(AantalLanes1))=1; % this lane is now busy
                countervarn(element,9)=countervarn(element,9)+1;
                s = service_realisation(Type2,param2); % draw required service time for this trucker
                eventlistn(1,2+j+max(AantalLanes1))=t+s;%next departure for this trucker
                geholpen=1;%trucker is helped
            end
            j=j+1;
        end
        j=1;
        % Check if a lane of the other group is free.
        while geholpen==0 && j<=AantalLanesGebruikt1
            if statusLanes(j)==0 %lane is not busy
                statusLanes(j)=1; % this lane is now busy
                countervarn(element,1)=countervarn(element,1)+1;%new trucker in system
                s = service_realisation(Type2,param2); % draw required service time for this trucker
                eventlistn(1,2+j)=t+s;%next departure for this trucker
                geholpen=1;%trucker is helped
            end
            j=j+1;
        end
        if geholpen == 0    %all Lanes are busy
            countervarn(1,8)=countervarn(1,8)+1;%trucker has to go in queue
            nappQ=countervarn(1,11)+1; % update queue length
            countervarn(1,11) = nappQ; %store new queue length
            if countervarn(1,11)+countervarn(1,3)>countervarn(1,5)%when new queue length is larger than maximum
                countervarn(1,5)=countervarn(1,3)+countervarn(1,11);%update maximum queue length
            end
            Q2(nappQ,:)=[t Type2];  %store time of arrival in queue of this trucker
            %trucker has to go at the back of the line
        end
    end
    
end
%update number of Lanes working now
AantalLanesNu1=AantalLanesGebruikt1;
AantalLanesNu2=AantalLanesGebruikt2;
[a Type2]=arrival_realisation_app; %Generate new arrival time
eventlistn(i) = a;
end
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% New number of Lanes working
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function [AantalLanesNu1,AantalLanesNu2,statusLanes,Q1,Q2,eventlistn, countervarn] = LanesStoporBegin(AantalLanesNu1, AantalLanesNu2,t,tE,statusLanes,Q1,Q2,eventlist,countervar)
global AantalLanesGebruikt1 AantalLanesGebruikt2  param2 wachttijdgewenst AantalLanes1  element Types
 
%local variables
eventlistn=eventlist;
countervarn=countervar;
% Update area under B(t)
Productivity=sum(statusLanes)/(AantalLanesGebruikt1+AantalLanesGebruikt2);
if Productivity<1
    countervarn(1,6) = countervarn(1,6) + (t-tE)*(Productivity);
else
    countervarn(1,6) = countervarn(1,6) + (t-tE)*1;
end
% Update area under Q1(t)
countervarn(1,4) = countervarn(1,4) + (t-tE)*countervarn(1,3);
% Update area under Q2(t)
countervarn(1,12) = countervarn(1,12) + (t-tE)*countervarn(1,11);
if AantalLanesGebruikt1<=AantalLanesNu1
    %Lanes stop but first finish there job for without app
else
    verschil = AantalLanesGebruikt1-AantalLanesNu1;
    for i=1:verschil
        if countervarn(1,3)==0 %no one te be helped
            if countervarn(1,11)==0 %no one te be helped
                statusLanes(AantalLanesNu1+i) = 0;    % make the lane idle
                eventlistn(AantalLanesNu1+i+2) = inf; % no departure event
            else
                countervarn(1,11) = countervarn(1,11)-1; % remove one trucker from the queue
                countervarn(element,9)=countervarn(element,9)+1;
                w = t - Q2(1,1); % compute waiting time of this trucker
                if w>wachttijdgewenst %If he waited too long.
                    countervarn(element,13)=countervarn(element,13)+1; %one more person waited to long
                end
                countervarn(1,10) = countervarn(1,10) + w; % update the cumulative waiting time
                s = service_realisation(Q2(1,2),param2); % required service time of trucker
                eventlistn(max(AantalLanes1)+AantalLanesNu2+i+2) = t + s; % next departure from server
                statusLanes(max(AantalLanes1)+AantalLanesNu2+i)=1;%new lane is busy
                Q2(1,:) = []; % delete trucker from Q
            end
        else %there is a queue so new nurse can immediately help a trucker
            countervarn(1,3) = countervarn(1,3)-1; % remove one trucker from the queue
            countervarn(element,1)=countervarn(element,1)+1;
            w = t - Q1(1,1); % compute waiting time of this trucker
            if w>wachttijdgewenst
                countervarn(element,7)=countervarn(element,7)+1; %one more trucker waited to long
            end
            countervarn(1,2) = countervarn(1,2) + w; % update the cumulative waiting time
            s = service_realisation(Q1(1,2),param2); % required service time of trucker
            eventlistn(AantalLanesNu1+i+2) = t + s; % next departure from server
            statusLanes(AantalLanesNu1+i)=1;%new lane is busy
            Q1(1,:) = []; % delete trucker from Q
        end
    end
end
if AantalLanesGebruikt2<=AantalLanesNu2
    %Lanes stop but first finish there job for with appointment.
else
    verschil = AantalLanesGebruikt2-AantalLanesNu2;
    for i=1:verschil
        if countervarn(1,11)==0 %no one te be helped
            if countervarn(1,3)==0 %no one te be helped
                statusLanes(max(AantalLanes1)+AantalLanesNu2+i) = 0;    % make the lane idle
                eventlistn(max(AantalLanes1)+AantalLanesNu2+i+2) = inf; % no departure event
            else
                countervarn(1,3) = countervarn(1,3)-1; % remove one trucker from the queue
                countervarn(element,1)=countervarn(element,1)+1;
                w = t - Q1(1,1); % compute waiting time of this trucker
                if w>wachttijdgewenst
                    countervarn(element,7)=countervarn(element,7)+1; %one more trucker waited to long
                end
                countervarn(1,2) = countervarn(1,2) + w; % update the cumulative waiting time
                s = service_realisation(Q1(1,2),param2); % required service time of trucker
                eventlistn(AantalLanesNu1+i+2) = t + s; % next departure from server
                statusLanes(AantalLanesNu1+i)=1;%new lane is busy
                Q1(1,:) = []; % delete trucker from Q1
            end
        else %there is a queue so new lane can immediately help a patient
            countervarn(1,11) = countervarn(1,11)-1; % remove one trucker from the queue
            countervarn(element,9)=countervarn(element,9)+1;
            w = t - Q2(1,1); % compute waiting time of this trucker
            if w>wachttijdgewenst
                countervarn(element,13)=countervarn(element,13)+1; %one more trucker waited to long
            end
            countervarn(1,10) = countervarn(1,10) + w; % update the cumulative waiting time
            s = service_realisation(Q2(1,2),param2); % required service time of trucker
            eventlistn(max(AantalLanes1)+AantalLanesNu2+i+2) = t + s; % next departure from server
            statusLanes(max(AantalLanes1)+AantalLanesNu2+i)=1;%new lane is busy
            Q2(1,:) = []; % delete trucker from Q2
        end
    end
end
%new time of shift of Lanes
eventlistn(length(eventlistn))=eventlistn(length(eventlistn))+1;
AantalLanesNu1=AantalLanesGebruikt1;
AantalLanesNu2=AantalLanesGebruikt2;
end
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Departure function
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function [AantalLanesNu1,AantalLanesNu2, statusLanes,Q1,Q2,eventlistn,countervarn] = procedure_departure(tE,t,i,statusLanes,Q1,Q2,eventlist,countervar)
global param2 wachttijdgewenst AantalLanesGebruikt1 AantalLanesGebruikt2  AantalLanes1  element Types
% Local variables
eventlistn = eventlist;
countervarn = countervar;
 
% Update area under Q(t) and Q4(t)
countervarn(1,4) = countervarn(1,4) + (t-tE)*countervarn(1,3);
countervarn(1,12) = countervarn(1,12) + (t-tE)*countervarn(1,11);
 
% Update area under B(t)
Productivity=sum(statusLanes)/(AantalLanesGebruikt1+AantalLanesGebruikt2);
if Productivity<1
    countervarn(1,6) = countervarn(1,6) + (t-tE)*(Productivity);
else
    countervarn(1,6) = countervarn(1,6) + (t-tE)*1;
end
%check whether lane only helping without app still will choose next trucker
if (i-2)<=AantalLanesGebruikt1 %the trucker left a lane for without appointment.
    % Check whether the queue is empty
    if countervarn(1,3)==0 % trucker leaves empty system
        if countervarn(1,3)==0 % trucker leaves empty system
            statusLanes(i-2) = 0;    % make the server idle
            eventlistn(i) = inf; % eliminate departure event
        else
            countervarn(1,11) = countervarn(1,11)-1; % remove one trucker from the queue
            countervarn(element,9)=countervarn(element,9)+1;
            w = t - Q2(1,1); % compute waiting time of this trucker
            if w>wachttijdgewenst
                countervarn(element,13)=countervarn(element,13)+1;%this trucker waited too long
            end
            countervarn(1,10) = countervarn(1,10) + w; % update the cumulative waiting time
            s = service_realisation(Q2(1,2),param2); % required service time of arrival
            eventlistn(i) = t + s; % next departure from server
            Q2(1,:) = []; % deletes customer from Q2
        end
    else
        countervarn(1,3) = countervarn(1,3)-1; % remove one trucker from the queue
        countervarn(element,1)=countervarn(element,1)+1;
        w = t - Q1(1,1); % compute waiting time of this trucker
        if w>wachttijdgewenst
            countervarn(element,7)=countervarn(element,7)+1; %this trucker waited too long
        end
        countervarn(1,2) = countervarn(1,2) + w; % update the cumulative waiting time
        s = service_realisation(Q1(1,2),param2); % required service time of arrival
        eventlistn(i) = t + s; % next departure from server
        Q1(1,:) = []; % deletes customer from Q1
    end
elseif (i-2-max(AantalLanes1))<=AantalLanesGebruikt2 && (i-2)>max(AantalLanes1)
    % the trucker left a server of without appointment.
    if countervarn(1,11)==0 % trucker leaves empty system
        if countervarn(1,11)==0 % trucker leaves empty system
            statusLanes(i-2) = 0;    % make the server idle
            eventlistn(i) = inf; % eliminate departure event
        else
            countervarn(1,3) = countervarn(1,3)-1; % remove one trucker from the queue
            countervarn(element,1)=countervarn(element,1)+1;
            w = t - Q1(1,1); % compute waiting time of this trucker
            if w>wachttijdgewenst
                countervarn(element,7)=countervarn(element,7)+1; %this trucker waited too long
            end
            countervarn(1,2) = countervarn(1,2) + w; % update the cumulative waiting time
            s = service_realisation(Q1(1,2),param2); % required service time of arrival
            eventlistn(i) = t + s; % next departure from server
            Q1(1,:) = []; % deletes trucker from Q1
        end
    else
        countervarn(1,11) = countervarn(1,11)-1; % remove one trucker from the queue
        countervarn(element,9)=countervarn(element,9)+1;
        w = t - Q2(1,1); % compute waiting time of this trucker
        if w>wachttijdgewenst
            countervarn(element,13)=countervarn(element,13)+1;%this patient waited too long
        end
        countervarn(1,10) = countervarn(1,10) + w; % update the cumulative waiting time
        s = service_realisation(Q2(1,2),param2); % required service time of arrival
        eventlistn(i) = t + s; % next departure from server
        Q2(1,:) = []; % deletes customer from Q2
    end
else
    %the trucker left a lane that will stop service
    statusLanes(i-2) = 0;
    eventlistn(i)=inf;
end
AantalLanesNu1=AantalLanesGebruikt1;
AantalLanesNu2=AantalLanesGebruikt2;
end
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Library routines
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Generate interarrival time
function [a soort] = arrival_realisation
global ArrivalTijden
a=ArrivalTijden(1,1);
soort=ArrivalTijden(1,2);
ArrivalTijden(1,:)=[];
%Get the nextarrival and type from the generated arrival times for truckers without appointment. Delete it
%when you get it.
end
 
function [a2 soort] = arrival_realisation_app
global ArrivalTijden2
a2=ArrivalTijden2(1);
soort=ArrivalTijden2(1,2);
ArrivalTijden2(1,:)=[];
%Get the nextarrival and type from the generated arrival times for truckers with appointment. Delete it
%when you get it.
end
 
% Generate service time
function s = service_realisation(Type,param2)
%Generate a service time with the right parameter for this type of trucker.
s = exprnd((param2(Type)));
end
 
function [ArrivalTimes]=GenereerArrivalTijd(Labdas,Types)
%Generate the arrival times for the truckers without appointment,
%following algorithm of Ross.
global T
LabdaMax=max(Labdas);
tijd=0;
I=0;
%While time is left.
while tijd<=T
    Rdm=rand;
    tijd=tijd-(1/LabdaMax)*log(Rdm);
    if tijd<=T
        U=rand;
        if U<=(Labdas(ceil(tijd))/LabdaMax)
            I=I+1;
            %Save the arrival time.
            ArrivalTimes(I,1)=tijd;
            Bepaald=0;
            Waarde=rand*sum(Types);
            g=0;
            while Bepaald==0
                if sum(Types(1:g),1)>=Waarde
                    Bepaald=1;
                    ArrivalTimes(I,2)=g;
                    %Save type by this arrival time
                else
                    g=g+1;
                end
                
            end
        end
    end
end
end
 
function [ArrivalTimes1 ArrivalTimes2 Wachttijd Kosten TeLaat TeVroeg]=GenereerArrivalTijd2(ArrivalTimes1,Afspraken)
%Generate arrival times for the truckers with appointment.
ArrivalTimes2=[];
Wachttijd=0;
TeLaat=0;
TeVroeg=0;
for i=1:size(Afspraken,1)
    for k=1:size(Afspraken,2)
        for j=1:Afspraken(i,k)
            Nieuw=zeros(1,2);
            Nieuw(2)=k;
            %Save the type of trucker.
            Nieuw(1)=(i-1)+rand;
            %Arrival comes uniform along hour timeslot
            Nieuw(1)=Nieuw(1)+(0.10*randn);
            %Get with uncertainty and check if it's too late or early
            if Nieuw(1)>i
                TeLaat=TeLaat+1;
                %Too late go to without appointment times
                ArrivalTimes1=[ArrivalTimes1; Nieuw];
            elseif Nieuw(1)<(i-1)
                Wachttijd=Wachttijd+((i-1)-Nieuw(1));
                Nieuw(1)=(i-1);
                %Save waiting time.
                ArrivalTimes2=[ArrivalTimes2; Nieuw];
                TeVroeg=TeVroeg+1;
            else
                ArrivalTimes2=[ArrivalTimes2; Nieuw];
            end
        end
    end
end
Kosten=TeLaat*90;
[Test Indx]=sort(ArrivalTimes1(:,1));
ArrivalTimes1=ArrivalTimes1(Indx,:);
[Test Indx]=sort(ArrivalTimes2(:,1));
ArrivalTimes2=ArrivalTimes2(Indx,:);
%Order the waiting times from early too late.
end
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