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Management Summary 

This report presents the results of the study on efficient assignments of drivers to orders in Dynamic 

Pickup and Delivery Problems. As a case study, the effect on the processes of Deliveroo Amsterdam 

have been studied. The following subsections describe the problem statement, analyses, and 

conclusions.  

Problem statement 

Deliveroo is expanding rapidly. Since its introduction in Amsterdam in September 2015, Deliveroo 

spread out to Den Haag, Haarlem, Rotterdam, Amstelveen, Utrecht and Eindhoven. The number of 

orders has steadily been growing over a 1-year period. This rapid growth allows the company to 

scale up operations and to work more efficiently. It looks for ways to reduce the operational costs 

without compromises to the delivery performance. It believes that changes the driver-order 

assignment algorithm could lead to significant reductions in the time spent per order by drivers. A 

more efficient order delivery process could result in possibilities to lower the number of driver hours, 

while still meeting the delivery performance targets. 

The research goal is to: 

Reduce the time spent on transportation per order by drivers, under the condition 

that of all deliveries, at least 95% of the deliveries should be on time or at most 

10 minutes late 

Following the problem description and research goal described above, six research 

questions have been formulated, which are the following: 

1) How can the performance of the assignment algorithm be measured? 

2) What is the performance of the current assignment algorithm in the model? 

3) What performance is considered to be the lower bound to the problem’s solution sets? 

4) Can new algorithms be developed with a better performance than the current algorithm? 

5) What algorithms’ performance is closest to the lower bound?  

6) How do changes in the number of drivers affect the solution? 

Analysis AS-IS situation 

First, an analysis of the current situation is performed: The performance indicators, the way of 

working, and the durations of (sub)-processes have been investigated. It was found that the key 

performance indicators (KPIs) utilization and throughput results are very volatile. This is a direct 

consequence of the variability in demand. The company growth increases the complexity of demand 

forecasting and planning. The other KPI, which is used to measure the delivery performance, is 

lateness: The percentage of orders per day that were more than 10 minutes later than targeted. 

There are four potential causes for lateness: 

1. Assignment delay: The order-driver assignment is executed later than targeted; 

2. Transit delay to restaurant: The assigned driver takes longer than expected to reach the 

restaurant;  

3. Preparation delay: The preparation time at the restaurant is longer than estimated; 
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4. Delivery delay: The driver needs more time to arrive at the customer and hand over the 

order than estimated. 

Assignment delays and delivery delays are the largest causes for lateness. Improvements in the 

assignment algorithm should lead to reductions in the assignment delay, as well as in transit delays 

to restaurants.  

The current assignment algorithm dispatches drivers to orders when the dispatch trigger is activated. 

This activation could be performed by restaurants, indicating that an order is almost ready to be 

picked up, but also by customer service or the system itself, based on certain time criteria.  

Methodology 

After the analyses of the current processes and performance, a conceptual model was created. This 

conceptualization process led to insights into the required input, assumptions, and output 

parameters, defined as KPIs.  

Afterwards, this model has been translated into a simulation model. By discrete event simulation, 

the actual situation has been modelled. For the simulation, timestamps for all sub-processes in the 

order delivery process were required. Unfortunately, not all order data was available. A fraction of 

the orders (7.9%) did not have a known dispatch trigger time, and a large number of orders (77.3%) 

missed Order Ready timestamps, indicating that the order is waiting to be picked up. These 

timestamps have been estimated with a linear regression formula. 

A validity check of the model showed that utilization and throughput of the model are very close to 

the actual throughput and utilization values. Discrepancies in lateness were slightly higher.  These 

are likely the result of the preparation time estimations, as well as omitting the driver borrowing 

feature. After this validation, new algorithms were composed and tested in the simulation model.  

Results 

Four strategies have been tested. Two buffering strategies have been composed, which basically 

delay assignment of orders. The first strategy triggers the assignment algorithm each X minutes. The 

other strategy waits either until X orders are waiting to be assigned, or when the maximum waiting 

time of Y minutes has been reached. Both strategies resulted in small improvements in utilization, 

but increases in lateness as well. The efficiencies gained in transportation times were lost due to an 

increase in assignment delay and a minimal increase in waiting times.  

The diversion strategy showed improvements in both utilization and lateness compared to the 

current assignment algorithm. Even with a workforce that is 5% smaller than the original, it performs 

better than the current assignment algorithm under normal conditions (i.e. the original workforce). 

This strategy considers dispatched drivers that are going to restaurants in the assignment as well. If 

a new driver comes available in closer vicinity of the order’s restaurant, this driver will be assigned 

to the order.  

The best strategy tested was the scheduling strategy. This strategy assigns orders directly at 

submission, instead of waiting at a dispatch trigger. All drivers that are on duty are considered for 

assignment, and have a queue (of 1 order). Orders can now be assigned to the current slot of a 

driver if the driver is idle, or to the next order slot, if the driver is working on an order at the moment 

of assignment. The selection for a driver is based on his estimated arrival time at the restaurant. This 



VII 

 

strategy outperforms all other strategies, with lateness rates that are 30 to 40% lower than the 

average rates. Even a reduction of driver hours with 10% resulted in a lateness which was smaller 

than the lateness of the current algorithm with normal workforce. From these results, it is clear that 

implementing this strategy could result in high efficiency gains, while improving the delivery 

performance to customers. 

Recommendations 

The following recommendations have been done to the company: 

Improve the completeness of data 

A general recommendation is to improve the quality and completeness of data. Some orders missed 

timestamps for important process steps, e.g. the dispatch trigger times or end preparation times. 

For this project, estimations had to be made which reduced the accuracy of the created model. With 

more complete preparation data, it is possible to investigate the waiting times of orders and drivers 

and consequently take actions to reduce both. Reductions in waiting times would ultimately result 

in lower throughput times (and thus lower lateness times).  

Investigate the Dispatch Trigger timings 

It is highly recommended to further investigate the causes of dispatch triggers that are placed too 

early. It was found that when dispatch was triggered in less than 1 minute, the average waiting time 

of a driver is larger compared to situations in which the dispatch was triggered a longer time after 

acknowledgment. If this problem is tackled, large reductions in throughput times could be obtained.  

Further investigate the effects of the algorithms on situations with different characteristics 

The model assumed that driver borrowing was not possible, whereas in real life a fair part of the 

orders is being delivered by drivers from other zones. It might be interesting to see what the effect 

on the performance indicators will be of adding a driver borrowing-feature. 

Moreover, the case study has been conducted on one of the many cities that Deliveroo services. It 

is possible that the dynamics of deliveries in Amsterdam are different than those in London, or other 

large cities. It is highly recommended to test the effects of the algorithms for other cities as well. 

Results might vary, for instance when other transportation methods are used concurrently, e.g. 

motorized vehicles and bikes. 

It might also be interesting to add batch deliveries to the scheduled assignment algorithm. Since 

orders are dispatched to drivers at the time of submission, more time is available to merge the 

delivery of several orders into one routing. This could further increase throughput.  
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1 Introduction 

This report presents the results of the study of assignment algorithms, carried out at food delivery 

company Deliveroo. This chapter starts with a description of the company, followed by a problem 

statement. For the given problem, a research goal and research questions have been composed. 

These can be found in Section 1.3. The sections thereafter describe the methodology (1.4) and the 

project scope (1.5). Section 0 provides an outline for the rest of this thesis.  

1.1 Company Description 

Deliveroo is a startup company that was founded in 2012 in the UK. The company sells and delivers 

food from premium local restaurants to customers. Restaurants that would likely not offer delivery 

services otherwise. The mission of Deliveroo is “to bring the world’s local restaurants into everyone’s 

home or office – fast”. Deliveroo provides an ordering platform to customers and executes all 

deliveries with its own drivers. The delivery is typically carried out by small vehicles that are able to 

move rapidly through cities: bicycles, scooters, and motor vehicles. Deliveroo’s headquarters are 

located in London, UK, where it first started operations at the start of 2013. It currently has operations 

in the United Kingdom, the Netherlands, France, Germany, Belgium, Ireland, Spain, Italy, Dubai, 

Australia, Singapore, and Hong Kong. In the Netherlands, all deliveries are carried out by bicycles. 

Other cities that are serviced in the Netherlands are Haarlem (since December 2015), Den Haag and 

Utrecht (Since February 2016), and Eindhoven, Rotterdam and Amstelveen (since June 2016). 

On average, orders are delivered 30 minutes after being submitted.  To allow for fast deliveries, cities 

are divided into zones. The five zones that are used in Amsterdam are shown in Figure 1. The dots 

represent the restaurants that are collaborating with Deliveroo. It is possible for customers to place 

orders at certain restaurants only, depending on the location of the customer. Restaurants typically 

deliver orders to customers up to X km away if the customer is in the same zone. If the customer is 

from another zone, the maximum distance is Y km. These values may however differ per restaurant.  

 

Figure 1 – The division of Amsterdam in zones  

1.2 Problem Description 

Home delivery services in general have difficulties to cover operational costs. In the past, many 

organizations have failed to provide home delivery services efficient enough to cover the costs of 

operations while reaching customer’s expectations (Campbell & Savelsbergh, 2005).  
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Deliveroo is looking for ways to reduce the operational costs without compromises to the delivery 

performance. Improvements should lead to a better delivery performance, with the same number 

of driver hours, or a reduction in driver hours used with a similar performance. The delivery 

performance is expressed in the measure Order Lateness. When looking into the causes for lateness, 

four different delays can be distinguished: 

1. Assignment delay: The order-driver assignment is executed later than targeted; 

2. Transit delay to restaurant: The assigned driver takes longer than expected to reach the 

restaurant;  

3. Preparation delay: The preparation time at the restaurant is longer than estimated; 

4. Delivery delay: The driver needs more time to arrive at the customer and hand over the 

order than estimated. 

The four delays are shown in grey in the simplified process chart below (Figure 2). Preparation delays 

cannot be addressed directly by Deliveroo, whereas assignment delays, transit delays, and order 

delivery delays could be improved directly. Assignment delays occur when there is a shortage in the 

number of available drivers at the dispatch trigger time. Potential causes for this shortage are: 

 Delays in the ‘busy’ time of drivers, i.e. the time that drivers are dispatched, reducing the idle 

time of drivers and thus directly affecting the availability of drivers. Note that this delay is a 

consequence of all previously mentioned delays (i.e. recursive).  

 Understaffing; 

Transit and delivery delays on the other hand could either be caused by a driver searching for the 

restaurant’s or customer’s location, or occurs due to waiting at the destination location.   

Customer 
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makes order
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to restaurant

Delivery time 
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finishes 
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Figure 2: Flowchart of order process (simplified) with potential delays marked grey 
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It has been found that assignment delays and transit delays to restaurants occur the most (see Figure 

3 below). This graph shows the average tardiness in minutes when a given delay occurs. This data 

has been derived from all orders that had all required data available (22.69%).  

 

Figure 3: Average tardiness per category (Preparation, assignment, transit, and delivery delays) and the volume of orders in 

which the delays occur. Numbers left out for confidentiality 

What can be seen is that the average tardiness is highest for preparation delays. This delay is not 

directly influenceable by Deliveroo. The other three delay types are. Of these three, assignment 

delays occur most and have the highest impact (i.e. average tardiness in minutes). It is followed by 

transit delays, with an occurrence rate that is similar, but with a slightly lower average tardiness. 

Delivery delays do occur very little and have the smallest effect of the four delay types.  

This project will focus on the driver-order assignment algorithm. The aim is to find a new algorithm 

that dispatches drivers in such a way, that driver hours will be reduced without mitigating the delivery 

performance to customers. It is presumed that changes to the algorithm will result in lower 

assignment delays and transit delays.  

1.3 Research Goal and Research Questions 

The research goal is to: 

Reduce the time spent on transportation per order by drivers, under the condition 

that of all deliveries, at least 95% of the deliveries should be on time or at most 

10 minutes late. 

Following the problem description and research goal described above, six research questions have 

been formulated. The following questions will be addressed: 

1) How can the performance of the assignment algorithm be measured? 

Performance indicators for the algorithms need to be composed. Indicators that are valid measures 

for the operational efficiency and delivery performance.  

2) What is the performance of the current assignment algorithm in the model? 
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To determine whether new algorithms will be an improvement, the base performance has to be set. 

The performance of the current algorithm is computed with the performance indicators from the 

previous research question. 

3) What performance is considered to be the lower bound to the problem’s solution sets? 

An estimation of the lower bound can be used as an extra performance measure to determine the 

quality of algorithms. This value is lower than any achievable solution for the problem, but should 

give an indication on the proximity of the current solution to the optimal solution. 

4) Can new algorithms be developed with a better performance than the current algorithm? 

The algorithms that will be designed during this thesis will be tested with the performance measures 

set before.  

5) What algorithms’ performance is closest to the lower bound?  

By comparing the results of every algorithm with respect to the current algorithm and the lower 

bound, it is possible to determine what algorithm scores best.   

6) How do changes in the number of drivers affect the solution? 

What are the effects of less driver hours on the performance of the algorithms?  

1.4 Methodology 

The approach used for the thesis project is the regulative cycle, composed by Van Strien (1997). This 

cycle is typically used for business improvement projects, and consists of five phases which are shown 

in Figure 4.  

 

Figure 4: Regulative Cycle developed by Van Strien (Van Strien, 1997) 

In this research, the first three phases have been completed. First, the problem has been defined.  

This phase consisted of general analyses on the process and the current performance. The second 

step, the diagnosis step, builds on these analyses and results in an overview of the current situation: 

the AS-IS situation. Following, is the ‘Plan or (re)design step’, in which solutions to the problems are 

proposed.  

Problem 

definition

Diagnosis

Plan or 

(re)design
Intervention

Evaluation
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The intervention and evaluation steps have not been executed. When the company decides to 

implement one of the proposed algorithms, the intervention phase takes place, followed by an 

evaluation phase. 

For the modelling approach, a different framework is used, namely Mitroff et al’s Research Model 

(Mitroff, Betz, Pondy, & Sagasti, 1974). It consists of four phases (Figure 5):  

1. Conceptualizing; 

2. Modeling; 

3. Model solving; 

4. Implementation. 

First, a conceptualization of the actual situation took place. In this phase, decisions have been made 

regarding the models’ input variables, the models’ assumptions, and the desired output variables. 

This conceptual model has been translated into a scientific model. In the third phase, execution of 

the model takes place, and this phase is directly followed by an implementation. After 

implementation, this cycle can be run again.  

 

 

Figure 5: Model Development Cycle developed by Mitroff et al. (Mitroff et al., 1974) 

1.5 Project Scope 

The project goal is to increase operational efficiency at Deliveroo. This research will focus on the 

driver-order-assignment algorithm. Since this algorithm only assigns orders that have been 

accepted, order rejections are out of scope. The results of this project however are likely to affect 

the number of order rejections, since order rejections are related to assignment delays. If a certain 

assignment delay has been reached, a zone is being closed.  

Each serviced city consists of several delivery zones. Changes to the polygon structure of these zones 

will not be considered during this project. Forecasting methods will also be out of scope.  
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1.6 Thesis Outline 

This report is structured as follows. Chapter 2 starts with a brief introduction on the process from 

submission to delivery. It elaborates briefly on the current performance indicators and the realized 

performance over a period of 5 months. Moreover, it describes the assignment algorithm that is 

currently used. The availability of data is also discussed in this chapter with suggestions on how to 

deal with missing data. The third chapter describes the conceptual model with its input, assumptions, 

and output. This conceptual model has been translated into a discrete event simulation. The 

definition of a discrete event simulation is also given in this chapter. This chapter finishes with the 

setup of the simulation.  

Several algorithms have been tested in the course of this project. Chapter 4 presents the general 

purpose of each strategy, and shows how these strategies have been applied. In chapter 5, the 

simulation results are discussed. The first part contains a comparison between the actual 

performance and the performance according to the simulation model. The subsections thereafter 

give the results of each tested algorithm. The chapter ends with a comparison of all algorithms. 

Lastly, chapter 6 provides the answer to the main research question, as well as recommendations to 

the company.  
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2  AS-IS Situation 

This chapter describes the AS-IS situation at Deliveroo Amsterdam. Amsterdam is the case study 

subject, since Amsterdam is the largest city in terms of daily orders. It was the first Dutch city in which 

Deliveroo started its operations. The following sections elaborate on the performance of Deliveroo 

in Amsterdam. The subsection thereafter describes the current assignment algorithm. The last 

subsection discusses the availability of data, followed by analyses of the time periods between 

events. When not all data is available, estimation methods for the missing data are provided.  

2.1 Order Process Description 

This subsection gives a general description of the order process. The process that starts when a new 

order is placed and ends at delivery is presented slightly simplified in the flowchart below (Figure 6). 

Communication between the different parties mostly occurs online. The restaurant receives the order 

through a tablet in the kitchen and the driver will receive the delivery request on his smartphone. 

The customer is able to track the progress of the order throughout the whole process.  

 

Customer 
places order

Restaurant 
makes order

Driver drives 
to restaurant

Delivery time 
is determined

Restaurant 
finishes 

preparation 
order

Driver is 
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Driver arrives 
at restaurant 
and fetches 
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Lead Time
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Transportation time

 

Figure 6: Flowchart of order process (simplified) 

The order process is as follows: 

When an order has been placed, a message will be sent to the restaurant directly with all order 

information required to prepare the order: Order number, time of ordering, customer information, 

value of order and items ordered. The restaurant is able to accept or reject an order: When a 

restaurant is not able to fulfill an order, for instance in case of high order volumes or unavailability 
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of required ingredients, a restaurant may reject an order that has already been placed. The customer 

is then notified through a text message or call.  

The assignment of an order to a driver does not take place at the moment of ordering. Instead, the 

assignment typically takes place some time after the customer order time, during the preparation of 

the order. A dispatch trigger needs to be send to trigger the assignment algorithm. The trigger can 

be activated in four ways: 

 The restaurant changes the status manually; 

 Customer service changes the status manually. They do this when an order has not been 

assigned to a driver yet while it has reached a certain threshold time; 

 The status is changed automatically by the system based on predetermined values for 

preparation times and driver travel times (time to travel to restaurant); 

 The system detects that the time since last dispatch trigger surpasses a certain threshold. 

These rules have been set up to make sure that drivers do not waste much of their time waiting at 

restaurants.  

Following an assignment, the driver receives the details of the transportation request: The 

restaurant’s name and location. At the restaurant, the driver confirms the collected items. Then, 

instructions are provided to deliver the order to the customer. The customer’s name and address 

are displayed. Furthermore, the driver is able to call the customer. When the driver hands over the 

order to the customer, the order has been processed completely. 

2.1.1 Rejection of orders 

Deliveroo is able to reject orders too. The rejection module at Deliveroo has an indirect nature. 

Instead of actively accepting or rejecting orders, it disallows placing new orders when drivers are not 

able to handle the amount of new order arrivals. When the ‘estimated driver delay’ is more than X 

minutes in a zone, Deliveroo closes its service in that zone. The driver delay is the time between the 

order dispatch trigger (indicating that the order is almost ready) and the actual assignment of a 

driver.  

No new instant delivery orders can be placed when the zone is closed. During a zone closure, 

customers are able to browse the restaurants menus, but will not be able to place orders for ASAP 

delivery. They are however able to place orders at that restaurant for delivery, provided that delivery 

is scheduled at least one hour away from the time of ordering. When the estimated driver delay has 

diminished to Y minutes, the zone will be reopened for all orders again. The flowchart in Figure 6 

thus only applies when the zone is open for all orders.  

2.2 Performance indicators 

The operational performance is measured with two sets of KPIs. The first set concerns the driver 

efficiency: Driver throughput and driver utilization. The other set concerns the performance towards 

the customer: Order lateness and zone closures. Lateness is not only an indicator for the delivery 

performance itself, but also for the freshness of the delivered product. The formulation of each of 

these KPIs is given in the next subsections, followed by a brief analysis of the results.  
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2.2.1 Operational Efficiency 

The operational (driver) efficiency is measured by the driver utilization and driver throughput. Driver 

utilization is the ratio of time that drivers are on orders compared to the total time. It is defined as 

the time between order assignment confirmation and order delivery for all orders, divided by the 

total driver hours spent, which is the driver end duty time minus driver start duty time: 

 

With 𝑡𝑑,𝑖 being the delivery time at the customer, 𝑡𝑎𝑠,𝑖 being the time of assignment confirmation 

for order 𝑖. The end duty time and start duty time are represented by 𝑡𝑑𝑒𝑑,𝑘 and 𝑡𝑑𝑠𝑑,𝑘 for driver 𝑘 

respectively.  

 

Figure 7: Driver utilization in Amsterdam, from 10-1-2016 to 1-6-2016 

The driver utilizations for a period of 5 months have been plotted in Figure 7. The graph shows an 

increase of utilization over this 5-month period of 3.6% per month. Moreover, it shows that the 

utilization per day over this period was very volatile. This volatility in utilization is a consequence of 

the planning complexity. The number of orders is very variable. Figure 8 illustrates the variability: On 

two consecutive Mondays, an increase of 18% was noted. Two weeks later, the number of orders 

was 23% lower. This variability increases the complexity of driver planning, with fluctuating driver 

utilization as a consequence. 

 

Figure 8: Number of orders in the Netherlands per weekday for the weeks 23-26 
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Another difficulty in planning is that orders are not placed equally throughout the day. Instead, most 

orders are placed between 19:00 and 20:00, as can be seen in Figure 9. This figure shows the number 

of orders and the number of driver hours planned for one full week. Planning forecasters need to 

consider the variability in the number of orders and the peak in order placements in the evening.  

  

Figure 9: Delivery target and driver planning for orders in Amsterdam in one arbitrary week  

Driver throughput is the second measure for operational efficiency. It is defined as the number of 

orders that a driver on average processes in one hour of active duty: 

 

 

 

The throughput for this period is shown in Figure 10. The figure shows an increase in throughput of 

10.2% per month. Note that this chart and the utilization chart look very similar; the KPIs are closely 

related. Both have the same denominator. In fact, the correlation between both measures is 0.97. 

  

Figure 10: Driver throughput in Amsterdam, from 10-1-2016 to 1-6-2016 

The aim of this project is to reduce the driver hours spent on a set of orders, and thus to increase 

the utilization and throughput, without concessions to the delivery performance.   
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2.2.2 Delivery performance 

Delivery performance is measured with the KPI order lateness. Orders are considered late, when the 

actual delivery time is more than 10 minutes (600 seconds) later than targeted: 

 

 

 

The binary variable 𝑙𝑖 has the value 1 when an order is more than 10 minutes late.  

The lateness of orders for one month is not shown due to confidentiality. The target set in the 

organization is that at least 95% of the orders is at most 10 minutes late.  

When looking into the causes for lateness, four different delays can be distinguished: 

1. Transit delay (to restaurant): Driver takes longer than expected to reach restaurant; 

2. Preparation delay: The preparation time at the restaurant is longer than estimated; 

3. Assignment delay: No driver is available when the dispatch trigger is activated:  orders need 

to wait for new drivers to become available; 

4. Delivery delay: The driver needs more time to arrive at the customer and hand over the 

order than estimated. 

For more information on the occurrence of these delays, and the impact of these delays, please refer 

to 1.2.  

2.3 Current assignment algorithm 

Orders are not directly assigned to drivers at the time of placement, but rather at dispatch-trigger. 

65% of all orders are dispatched due to triggers from the restaurants. In 24% of the cases, it is 

dispatched by the system, and in 3% of the cases, customer service dispatch them. Finally, for 

approximately 7% of the orders, the dispatch trigger times are not available.  

The assignment algorithm may be triggered in four ways: 

● An order is triggered for dispatch in Zone 𝑧; 

● A driver starts duty and thus becomes available in Zone 𝑧; 

● A driver ends order delivery and becomes available in Zone 𝑧; 

● The assignment algorithm has not run recently enough in Zone 𝑧. 

 

The rules of the algorithm are written below: 

Step 1 Assignment algorithm for Zone 𝑧 is triggered by any of the events above 

Step 2 Make a list of all orders eligible for assignment for Zone 𝑧 

a. if list of eligible orders is empty, return 

b. if list of eligible orders is not empty, go to Step 3 

Step 3 Sort orders based on priority 

Step 4 Add all drivers that are allowed to deliver this order to the list of eligible drivers 

Step 5 if list of eligible drivers is empty, return 

if list of eligible drivers is not empty, go to Step 6. 

Lateness L = 
∑ 𝑙𝑖

𝑁

𝑖

 
where, 𝑙𝑖 ∈ {0,1} 

𝑁 
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Step 6 while list of eligible drivers and orders are non-empty 

a. Determine locations of the drivers in list of eligible drivers 

b. Calculate travel times to restaurant of first order in list of eligible orders, for all 

drivers in list of eligible drivers 

c. Order the list of drivers on travel times from low to high 

d. Select the driver on top of this list for the order 

e. Process order and driver data 

f. Notify the driver about assignment 

g. Remove the first order in list of eligible orders 

h. Remove the first driver in list of eligible drivers 

Step 7 break 

Note that the following situations might occur: 

● Orders remain unassigned, because there is no driver available; 

● Drivers remain idle, because there is no order to be assigned; 

● Drivers being borrowed from other zones than the order’s zone. 

 

Orders that are triggered for dispatch but could not be assigned to a driver, will be considered for 

assignment when a new assignment trigger for Zone 𝑧 occurs.  

2.4 Available Data 

The required data for the project is given in Figure 11 below. Most of this data is available and 

complete. Order data however does have some missing data, as can be seen in Table 1 (next page). 

This table shows the completeness of data of all orders in the period 01-01-2016 to 01-06-2016.  

DriverHours

ID

Zone

ID

Center location (lat,long)
Model Velocity

Order

Order acknowledge time

Ready time

Target delivery time

Customer Zone

Order submit time

Start service time
End service time

ID

Zone

Name

Delivery time

Estimated preparation time
Estimated travel time

Estimated loading time

Dispatch trigger time

Driver Zone

Target Ready at
Target Send Driver

Driver location (lat, long) at time of 
assignment

Order value

Send driver method

Driver arrival time at restaurant
Order pickup time
Driver arrival time at customer

Assignment creation time
Assignment acknowledgment time

Restaurant location (lat, long)
Customer location (lat, long)

 

Figure 11: Required data for research 
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For most order status changes, the data is (almost) complete, except for the status changes related 

to the preparation times. 92.1% of the orders have a dispatch-trigger marking, indicating that a 

driver should be send and only 22.7% of the orders have a ready-marking, indicating that the order 

is ready to be picked up immediately. Only very little data is missing concerning the acknowledgment 

of the orders by restaurants and the order pickup times.  

Table 1: Uncomplete data records of order data from 01-01-2016 to 01-06-2016 

Timestamp Completeness 

Order acknowledged by restaurant time 99,9% 

Order dispatch trigger time 92,1% 

Order marked ready time 22,7% 

Order pickup time 99,6% 

 

A simulation of the delivery process requires all timestamps of orders to calculate the duration of 

sub-processes. It requires order acknowledge-times, dispatch trigger times, ready times, pickup 

times, target delivery times, and actual delivery times. Moreover, all timestamps concerning the 

driver’s arrival times, and assignment times are needed as well. Figure 12 illustrates the relevant data 

points and targets for an order delivery process. For the preparation time (time between order 

acknowledged and order ready), the loading time (time between driver arrival and order pick up), 

and the transit time (time between pickup and order delivery at the customer), targets are 

automatically generated, which are used to determine the timing of assignment, and the expected 

delivery time. The timestamps of the actual events could either take place before or after this target. 

This is illustrated in the figure with a grey line in between two grey circles.  

 

Ready

Assigned Arrival at 
restaurant

Delivery

Delivery

Orders

Drivers

 

Figure 12: Visualization of the time periods between sub-processes of the order delivery process 
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The following subsections contain a brief analysis on the durations of these time periods and show 

how missing values could be estimated.  

2.4.1 Time until dispatch trigger-marking 

Of all orders, 92.1% receive a Dispatch Trigger-marking. The distribution of the time period between 

Acknowledgment and trigger is shown below for the orders of which the data was available (Figure 

13).  

 

Figure 13: Time between Dispatch Trigger marking and order acknowledgment by restaurant, categorized by triggering party 

Dispatch can be triggered by three parties: 

 The restaurant changes the status manually (70% of all cases); 

 Customer service changes the status manually. Customer service is notified when an order 

has not been assigned to a driver yet while it has reached a certain threshold time and is 

able to dispatch a driver when needed (4% of all cases); 

 The status is changed automatically by the system based on predetermined values for 

preparation times and driver travel times or based on time since last dispatch trigger (26% 

of all cases). 

Figure 14 distinguishes these different triggers. Each colored bar represents a time until dispatch 

trigger period. The first category, the grey bar, represents all orders that had a dispatch trigger in 

less than one minute. The height of the bars indicate the average time spent by drivers in the 

restaurant. It can be seen that the dispatch triggers performed by restaurants resulted in the lowest 

waiting times of drivers at restaurants.  

 

Figure 14: Average time between driver arrival and order pickup, categorized by triggering party and time between order 

acknowledged and dispatch-trigger timestamps 
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When looking deeper into the dispatch triggers created by restaurants and the system, it can be 

seen that orders with an early trigger (less than 1 minute, i.e. grey bars) required drivers to stay 

longer at the restaurant than orders with a dispatch trigger later after acknowledgment (colored 

bars). This difference is highly significant (P<0.0001). This means that for a fair portion of orders, the 

dispatch trigger is activated too early. This leads to unnecessary waiting time of drivers at restaurants. 

This should be addressed in the future to reduce waiting times, since a 1-minute reduction in order 

throughput time would have resulted in an average reduction of lateness of 0.97% in the first 5 

months of 2016. 

Approximately 8% of the dispatch trigger timestamps are missing. For simulation, a value is required 

for all orders. The missing values for the trigger time markings can be estimated based on the 

assignment target, which is known for every order and is a variable stating when an assignment 

should have taken place. Values can be drawn from a normal distribution with a mean value of -

3.079 and a standard deviation of 7.705. Please refer to Appendix A for the Q-Q plot.  

2.4.2 Preparation time 

The preparation time is not known for many orders, since only 22.7% of the orders have a Ready 

marking. The time required for the other orders could be estimated with several methods. First, each 

order already has an estimated preparation time. This estimate combines estimation information 

from a restaurant, which typically accounts for the busyness, with information based on order basket 

details. Although this estimate provides insights into the actual preparation time, it is not accurate 

enough for a simulation model to work with.  

A second method is by finding a multiple regression formula that fits the available data well. Multiple 

regression analyses have been performed with the following independent variables: 

1. Estimated preparation times, described above; 

2. Cuisine types: Each restaurant is categorized in a cuisine type. With dummy variables it has 

been tested whether the cuisine type has an influence on preparation times; 

3. Order values: The value of the orders could correlate with the duration of preparation and 

is thus included as a variable; 

4. Time to target dispatch trigger time: The time between the order acknowledgment and 

dispatch trigger target.  

5. Time of ordering: Orders that are submitted in the peak hours might require a different 

preparation time than orders submitted in the early morning.  

The actual preparation time was set as the dependent variable. The best combination of 

independent variables was the time until dispatch trigger target (4) combined with the estimated 

preparation time (1). The adjusted R²-value found was 0.970, indicating that 97.0% of the variation 

is explained by the linear model. A table with the results is given in Appendix B.  

Other results from these analyses are that the variables for cuisine type, time to target dispatch 

trigger time, and estimated preparation time were found to be significant. Contrarily, the regression 

analyses did not find a relationship between time of ordering or order value and preparation time. 
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2.4.3 Waiting times at restaurant 

For each order, one of the following two situations occur. Either the driver needs to wait at the 

restaurant for the order to be finished and handed over, or the order needs to wait for a driver 

arriving to the restaurant. The average waiting time of a driver at a restaurant can be calculated by 

computing the average time between driver arrival and order pick up under condition that the order 

is marked ready before driver arrival. The average waiting time of orders at restaurants on the other 

hand, can be calculated by computing the difference between the time hat orders have been marked 

ready and picked up, provided that the drivers were not present before the finish preparation time. 

Unfortunately, only 22.7% of the orders have a ready marking, indicating that the order is ready to 

be picked up. 84.66% of these ready-marked orders wait for a driver to arrive at the restaurant. The 

average waiting time for these orders is 6.93 minutes. It is not likely that the quantity of orders 

waiting for drivers is equally high for the whole set of orders. It is on the other hand plausible that 

restaurants do particularly mark orders ready when a driver has not arrived yet, and do not mark 

orders ready when the driver is already present while the order is still being prepared.  

The average time between driver arrival at restaurant and order pick up was 2.57 minutes for orders 

that were ready at the time of driver arrival. For this measure, only orders that had a ready time that 

was smaller than the driver arrival time have been considered (19.21% of all orders).  

 

Figure 15: Overview of available data on waiting times 

2.4.4 Travel times 

Directly after being linked to an order or after picking up an order, a driver starts its journey to the 

restaurant or customer respectively. The duration of this journey is based on several factors: distance, 

crowdedness in area, weather conditions, driver’s speed, etc.  

The data from this study was collected from a simplistic travel time model that Deliveroo has 

subsequently improved. It used the Euclidean distance between two locations, and divided it by a 

constant speed per zone, to estimate the travel time. This model’s speed is shown along with the 

average actual travel velocities to restaurants in Table 2 below. Average velocities have been 

computed by dividing the sum of travel distance by the sum of travel times. The values have been 

normalized to the average model velocity.  

All orders

Marked ready 
(22.7%)

Order waiting 
for driver 
(84.7%)

Driver waiting 
for order 
(15.3%)

Not marked 
ready (77.3%)
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Table 2: Normalized velocities of drivers: Model velocity, actual velocity to restaurant, and actual velocity to customer 

 Model Actual velocity to 
restaurant 

Actual velocity to 
customer 

APR 1,00 1,80 1,79 

ACE 0,93 1,66 1,67 

AOO 1,04 1,49 1,63 

AWE 0,93 1,64 1,61 

AZU 1,10 1,71 1,76 

 

Table 2 shows that the model velocity is much lower than the actual velocities. Moreover, the average 

travel time to restaurant is slightly higher than to customers.  

2.4.5 Unloading time order delivery at customer 

When drivers arrive at the customer, the bicycle needs to be locked, and the order needs to be 

transferred to the customer. On average, this takes 3.11 minutes. One can see in Figure 16 that 80% 

of the orders are handed over in 4 minutes after arrival of the customer location.  

 

Figure 16: Time needed to unload order and hand over order to customer 
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3 Models 

This chapter describes the models used in this project. It starts with a brief introduction on models 

in section 3.1. Then, the conceptual model is discussed, with its inputs, outputs, and model 

assumptions (section 3.2). The translation to a discrete event simulation is elaborated on in section 

3.3.   

3.1 Definition 

Models are commonly used to visualize a process or system. It allows to test the effect of changing 

conditions on the process or system, without having the potential danger of disturbing the actual 

operational process, incurring large costs, and/or without exposure to danger. Due to the broad 

applicability of models, many definitions exist. A general definition is given by Whitman, Huff, Worth, 

& Presley (1997):(Whitman, Huff, Worth, & Presley, 1997) 

“A model is a representation of reality.” 

This definition is very broad. When applying it to improvement projects, the definition can be 

narrowed down more. Damij, Damij, Grad, & Jelenc (2008) define a model in the business 

improvement field as follows: (Damij, Damij, Grad, & Jelenc, 2008) 

“A model is a representation of a business process, which reflects its reality by 

capturing all the necessary information on process behaviour.”  

A static model can be used to provide understanding of a system. When one wants to understand 

behavior though, a simulation can provide more insights. Simulations are dynamic models, able to 

track the system’s state during operation. In this project, simulation is applied. It allows us to make 

alterations to the assignment algorithm, and to quantify the performance change related to each 

alteration. The type of simulation and the setup of the simulation are discussed in section 3.3. 

3.2 Conceptual model 

The conceptual model is a model of the actual situation, which represents what is modelled, and 

how it is modelled. This section describes the inputs, outputs, and assumptions made.  

3.2.1 Inputs 

The input of the model consists of driver data, order data, and zone data. For this project, one full 

week of operations will be simulated, to account for the differences in dynamics per weekday. This 

subsection elaborates on the driver data, order data, and zone data required for the simulations.   

Driver data 

For drivers, start duty times, end duty times, driver ID’s, and driver zones are required. Shifts of 

drivers typically are flexible. Start times are mostly fixed, but shift durations could be higher than 

scheduled in case of high order demand. It is not uncommon for drivers to work overtime. In the 

simulation model, the following rule has been set: 

Drivers that are assigned to an order before end duty time, need to deliver this order even if 

this would mean overtime work.  
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Moreover, to prevent that some orders remain undelivered due to a shortage of drivers, the end 

duty rules are adapted as well: 

If a driver has an end duty time that is later than 22:00, he is required to deliver orders, even 

if these orders have a dispatch trigger which is later than the driver’s end duty time.  

For each day of simulation, four driver sets have been created. The first set is the actual driver log 

data. All drivers which their logon- and logoff-times are put into the model. This dataset has been 

used to test the validity of the model. Besides, three other driver sets are created. The first of these 

is an exact copy of the timetable for that given day. The other two sets are altered versions of the 

first one. Approximately 5% and 10% of the driver hours have been cut in these sets respectively. 

The 5% reductions are typically applied in the busiest delivery-hours: Between 17:00 and 21:00. The 

10% reductions are applied throughout the whole day.  

The variables given to drivers in the simulation are: 

Driver

ID

startDutyTime
endDutyTime
modelEndDutyTime
driverZone
driverSpeed
baseLocation (lat, long)
currentLocation (lat, long)  

destinationLocation (lat, long)
originLocation (lat, long)

customerLocationCurrentOrder (lat, long)

driverStatus

distanceToRestaurant

timeLastStatusChange

timeToRestaurant

currentOrder
nextOrder

hoursInAssignment

expFinishTimeCurrentOrder
  

During simulation, a driver can attain several statuses: 

 Unavailable: The driver is not in duty, but will be later; 

 Unavailable-end-shift: The driver is not on duty anymore; 

 Standby: The driver is currently on duty and is currently idle, waiting for an order assignment 

 Going to Restaurant: The driver travels to the restaurant of the order he is assigned to; 

 At Restaurant: The driver is at the restaurant, waiting and/or loading the order; 

 Going to Customer: The driver travels to the customer of the order he is assigned to; 

 At Customer: The driver is at the customer, handing over the order. 
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Order data 

For orders, all timestamps concerning the submission, preparation, and delivery are required for the 

simulation. Furthermore, the order ID’s, zone of the customer are required. An overview of all 

required data is shown in the figure on the next page. 

Order

Order ID

Customer Zone
Order Submit Time
Order acknowledged Time
Dispatch Trigger Time
Assignment creation time
Assignment acknowledgment time
Ready Time
Arrival time at restaurant
Confirmation arrival at restaurant
Order pickup time
Delivery Time
Arrival time at customer
Estimated loading time
Estimated preparation time
Estimated travel time
Target dispatch trigger
Target ready at
Target Delivery Time
Restaurant location (lat, long)
Customer location (lat, long)

 

Not all data is complete. The timestamps that need to be estimated are the Dispatch Trigger times 

(for 7.9% of the orders), and the Order Ready times (for 77.3% of the orders). The estimation 

methods are described in section 2.4. 

Important to note is that Deliveroo handles two types of orders. Either, orders are requested to be 

delivered as soon as possibly (ASAP), or delivered at a predetermined moment in the future 

(Scheduled). The former group forms the large majority of the orders (approximately 95%). For 

scheduled orders, the start preparation times are not known. To incorporate both types of orders, 

these start preparation times are estimated by subtracting the estimated transit time and the 

estimated preparation time from the target delivery time.  

During simulation, an order can acquire several statuses:  

 Submitted: Order has been submitted by the customer; 

 Almost Ready: Dispatch trigger has been activated; 

 Assigned: A driver has been assigned to the order; 

 Picked up: Order has been picked up by a driver; 

 Delivered: Order has been delivered to its customer. 

It is assumed that the transit times to the customer and the time to hand the order over to the 

customer are not driver-specific. This means that the actual durations of transportation to the 

customer could be used in the simulation as well. This ensures that the simulation results will only 
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change by the process that comes before the order pick up: The assignment process, preparation 

process, and travel to restaurant process, marked red in Figure 17, are thus the only processes in 

which time periods may vary from the actual situation.  

Ready

Assigned Arrival at 
restaurant

Delivery

Delivery

Orders

Drivers

 

Figure 17: Visualization of the time periods between sub-processes of the order delivery process, showing which parts are 

assumed to be (partly) variable (red-lined), and which parts are assumed to be deterministic (black-lined) 

The travel time to the restaurant depends on the location of the assigned driver. The travel time is 

a function of the Euclidean distance between this location and the restaurant’s location. It can be 

estimated by dividing the distance by the model speed for the given zone (see 2.4.4). The Euclidean 

distance is computed with the Haversine Distance Formula. The time it takes a driver to load an 

order, is assumed to be fixed.  

Where possible, available actual data will be used for simulation for the process that come before 

the order pick up.  

Zone data 

The model will need zone IDs, zone names, zone default velocities, and starting locations in the 

zone. When drivers start their duty, they typically start from home. For this model, it is assumed that 

there are up to 6 starting locations in each zone. Drivers are assigned to these waiting locations in 

sequential manner. The first driver logging in zone 𝑧 will be coupled to location 1, the second to 

location 2, etc. When the last specified location has been used, the numbering will start over again. 

The starting locations of all zones can be found in Appendix C. 
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Figure 18: Example of driver’s starting locations in one particular zone 

3.2.2 Model assumptions 

Assumptions have been made in the process of abstracting:  

 The velocity of each driver going to a restaurant in zone 𝑧 is assumed to be equal; 

 The shortest travel time between any two stops is assumed to be known and deterministic; 

 The order preparation time at restaurants is assumed to have a known probability 

distribution; 

 Each pick-up takes place before each delivery; 

 A driver cannot depart before the order is ready (before end preparation time);  

 Each driver can only handle one order at a time; 

 It is assumed that the order assignment method is only triggered by an order dispatch 

trigger. or when a driver starts duty or finishes a delivery; 

 Loading of orders requires a fixed time; 

 The process steps after order pick up are assumed to be constant. This means that the time 

to restaurant and the order delivery times that are present in the data, will be used, 

regardless of which driver is used. These times are thus order-specific rather than driver-

specific; 

 The process steps before order pick up,  

 It is not allowed to assign drivers to orders with customers from a different zone (i.e. driver 

borrowing); 

 When drivers finish delivering orders, they wait at the customer location for new orders; 

 It is assumed that all orders will be accepted by restaurants. 

 Drivers that are scheduled with an end duty time after 22:00 will have a flexible end time, to 

enhance the ability to serve all customers; 

 Orders can be assigned to drivers until 23:00. Orders unassigned after this time cannot be 

delivered; 

 Drivers have full functionality during their shifts. Bike malfunctions (e.g. flat tires, chains 

coming off) and mobile phone or app malfunctions are assumed to not occur. 
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3.2.3 KPIs 

A valid comparison between algorithms requires metrics that calculate the algorithm’s performance. 

The KPIs used by Deliveroo to measure operational performance will be used to test the 

performance with. These measures are: Driver Utilization. Driver Throughput, and Order Lateness. 

An extra measure average lateness will be used, to complement the information the lateness KPI 

gives. 

 

 

 

Besides these operational KPIs, an extra measure to determine the efficiency performance of 

assignment algorithms is included as well. Due to the dynamic nature of the operational process, a 

small processing time is required for each assignment. Therefore, the average running time 

(computation time) of the assignment algorithm in milliseconds will be determined too.  

3.3 Simulation model 

The conceptual model has been translated into a discrete event simulation. This chapter provides 

insights into discrete event simulations, the characteristics of the constructed model and the tests 

performed on this model. 

3.3.1 Discrete event simulation 

Several types of simulations can be distinguished, based on the characteristics of the model. The 

simulation can either be deterministic, or stochastic. A stochastic simulation is a simulation type that 

contains stochasticity; behavior that occurs with a certain probabilistic distribution. On the other 

hand, there is deterministic simulation which contains no such behavior. When running a 

deterministic simulation with a fixed set of input parameters, the output will always be identical. 

Simulations can further be classified based on the continuous or discrete nature. When a system’s 

state changes continuously over time, the simulation is called continuous. Contrarily, simulations can 

be modelled discrete, with events changing the state instantly at a certain point in time. In discrete 

simulations, a state change is always triggered by an event (Law & Kelton, 2000).  

   

Figure 19: Classification of simulation models 

Average lateness Avg L = 
∑ 𝑡𝑑,𝑖 − 𝑡𝑡𝑑,𝑖

𝑁

𝑖

 
where, 𝑙𝑖 ∈ {0,1} 

𝑁 
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The method applied in this master thesis is the ‘Discrete event simulation’. Discrete event simulations 

allow for altering the conditions of the model, and by doing so to determine the effects associated 

with these changes while not having the potential danger of disturbing the actual operational 

process. This is also captured in the definition of a discrete event simulation, by Giaglis & Paul (1996): 

“The process of designing a model of a real system and conducting experiments 

with this model for the purpose, either of understanding the behaviour of the 

system or of evaluating various strategies (within the limits imposed by a criterion 

or set of criteria) for the operation of the system (Giaglis & Paul, 1996).” 

3.3.2 Events 

A discrete event simulations runs through a list of events, until all events have been executed. Each 

event occurs at a particular time moment. All events have a run-method, which could result in the 

creation of new events, data-processing, or could trigger the assignment algorithm. The simulation 

starts with three types of events, which are called start-events: 

1. Driver start duty event; 

2. Driver end duty event; 

3. Order submit event. 

The first two types of events deal with the start and end time of drivers. These times are known, 

either from actual driver data, or from planning schedules. The third event type is derived from the 

database with order information. The time that orders are acknowledged by the system are used for 

this model as order submit times, since this is the time that orders are accepted by restaurants.  
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Make list of Start-events

Start Looping through 
events

If list of Events != empty

Run First event in list

(Create new 
event)

Sort list of events

True

False
Stop looping

(Trigger Driver 
Assignment)

(Write data)

 

Figure 20: Model of the execution of the simulation on an aggregated level 

The execution of an event often leads to the creation of new events (see Figure 20). The order submit 

events creates a Dispatch Trigger event and an Order Ready event, as can be seen in Figure 21. The 

assign event, which triggers the assignment algorithm, is created by Dispatch-trigger events, driver 

start duty events, and order delivery events.  

Order submit event

Order dispatch trigger

Order Ready event

Assign event

Driver assigned event

Driver arrives at 
restaurant event

Driver picks up order 
event

Driver arrives at 
customer event

Order delivery event

Driver start duty event

Driver end duty event

 

Figure 21: Sequence of event creation with the start events marked grey.  
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All events perform activities in their run-method. What activities are performed per event can be 

seen in Table 3 below.  

Table 3: Activities associated with each event in the discrete event simulation model 

Event Activities in Run-method 

Driver start duty event Create Assign Event 

Change driver status “Standby” 

Driver end duty event Log off driver 

Change driver status to “Unavailable-end-of-shift” 

Order submit event Create order dispatch-trigger event 

Create Ready event 

Change order status to “Submitted” 

Order dispatch-trigger event Create Assign event 

Change order status to “Almost Ready” 

Order Ready event Change order status 

Assign event Start assignment algorithm 

Create Driver assigned event 

Assigned event Connect driver to order 

Change order status to “Assigned” 

Change driver status to “Going to restaurant” 

Create Driver arrives at restaurant event 

Driver arrives at restaurant event Create Driver picks up order event 

Change driver status to “At restaurant” 

Driver picks up order event Create Driver arrives at customer event 

Change driver status to “Going to customer” 

Driver arrives at customer event Create Order delivery event 

Change driver status to “At customer” 

Order Delivery event Process order data 

Create Assign event 

Change order status to “Delivered” 

Change driver status to “Standby” 

 

All driver and order data that contains times, have been converted into integers. Each hour from 

midnight is represented by 3600 (seconds). 10:30 AM is converted to 37800 (37800 seconds from 

midnight).  
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4 Algorithms 

This chapter describes the algorithms that have been studied for the assignment problem at 

Deliveroo. The model of the current assignment algorithm is elaborated on first. The other 

subsections each elaborate on strategies to improve routing problems. Results of previous studies 

with these algorithms are given, followed by implications and possibilities for usage at Deliveroo. 

Each subsection ends with a description of how this method is implemented in the discrete event 

simulation.  

4.1 Current assignment algorithm 

The assignment algorithm discussed before in section 2.2, is modelled without the driver borrowing 

module. The assignment is triggered by either a driver start duty event, an order dispatch trigger, 

or an order delivery event. The rules of the assignment algorithm in the discrete event simulation 

model are as follows.  

Step 1 Start assignment algorithm in triggered zone 𝑧 

Step 2 Make a list of eligible drivers; 

a. if driver has status Standby and works in zone 𝑧, add driver to list 

b. if list of eligible drivers is empty, return 

c. if list of eligible drivers is not empty, go to step 3 

Step 3 Make a list of orders eligible for assignment: 

a. if order has status Almost Ready and customer’s location is in zone 𝑧, add this 

order to list 

b. if list of eligible orders is empty, return 

c. if list of eligible orders is not empty, go to step 4 

Step 4 Sort orders based on priority 

Step 5 while the lists of eligible drivers and orders are non-empty 

a. Determine locations of the drivers in list of eligible drivers 

b. Calculate travel times to restaurant of first order in list of eligible orders, for all 

drivers in list of eligible drivers 

c. Order the list of drivers on travel times from low to high 

d. Select the driver on top of this list for the order 

e. Process assignment data for order and driver 

f. Remove the first order in list of eligible orders 

g. Remove the first driver in list of eligible drivers 

Step 6 break 

The algorithm first makes a list of drivers that are eligible for assignment. A driver is considered 

eligible when its status is ‘Standby’. Then, a list is created of orders that are yet to be assigned. These 

orders should have the status almost ready, which they received at the order dispatch trigger-event. 

Orders that meet this criterion are added to the list, after which they are sorted on a certain 

prioritization. Then, until the list of eligible drivers or the list of eligible orders is exhausted, the 

algorithm assigns the closest drivers (in terms of transportation time) to orders.  
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4.2 Buffering strategies 

In static routing problems, requests are delivered sequentially, without any interruption. All order 

information is known before routes are being constructed; no new orders will be submitted and no 

order data will change during the day. In the case of dynamic problems however, orders arrive 

during the execution of deliveries. Typically, these newly arrived orders are assigned to drivers 

immediately. Buffering strategies work differently, by not distributing (non-urgent) orders 

immediately. By waiting to assign these orders to drivers, more urgent orders could become 

available that are closer to the driver’s current location (Pureza & Laporte, 2009). Orders that 

otherwise would have to be delayed or even rejected because the driver would have been engaged 

to other, less urgent orders. In routing problems, the number of order rejections could thus be 

reduced with this strategy. Moreover, it could reduce the travelling distances and travelling times, 

since a larger set of orders are available for dispatch at the time of a dispatch trigger.  

Buffering strategies have only scarcely been investigated, with references only in Pureza & Laporte 

(2009). In combination with waiting strategies, which makes drivers wait at strategic locations, 

buffering strategies resulted in smaller distances covered than algorithms with waiting strategies 

only. The number of route adjustment were also found to be lower when applying buffering 

strategies. 

Several buffering strategies can be distinguished. The first strategy is where assignments take place 

every X minutes, instead of dispatching drivers to orders immediately. Another strategy is to wait 

until a number of orders is in queue, waiting to be assigned. In most cases, this latter strategy is 

modelled in such a way, that assignment takes place either after a certain number of orders are 

stored in a queue, or when a certain time limit has been reached. This to ensure that orders are not 

waiting for a long time in the queue for new orders to arrive. 

In this project, the first strategy and the last strategy will be tested. The implementation of these two 

algorithms in the java program are as follows. Note that the actual assignment algorithm is 

unchanged when these strategies are applied.  

Buffering strategy 1: Assign drivers to orders every X minutes: 

Input: Value for parameter X, list of zones, list of events 

Output: List of assignment triggers in each zone for each time unit t=x*X, with X≥1 and x≥0 

 

Step 1 if bufferingStrategy 1 is activated 

Step 2 initiate variable t with value 0 

Step 3 while t < 86400 

a. Create assignment trigger for each zone 

b. Add X to t 

When the BufferingStrategy1 is used, the assignment triggers are built to occur every X minutes in 

each zone, until 86400 seconds (= 24 hours) have passed. Previously, assignment triggers were 

created by 3 events, which is not the case anymore with this strategy.  
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Buffering strategy 2: Assign drivers when X orders are waiting for assignment, or when Y minutes 

have passed after adding the first order in queue 

Input: Values for parameter X and Y, list of orders, time of trigger t 

Output: Assignment triggers every X orders, or Y minutes after including the first order in the 

queue 

 

If an order dispatch trigger is activated: 

Step 1 if bufferingStrategy 2 is activated 

a. Add order to list bufferedOrders 

b. Create assignment trigger for t + Y 

Step 2 if bufferedOrders.size >=X OR timeSinceAddition first Order >=Y 

a. Create assignment trigger for t 

If an order is delivered or a driver starts its duty: 

Step 1 if bufferingStrategy 2 is activated 

AND bufferedOrders.size >=X OR timeSinceAddition first Order >=Y 

Step 2 Create assignment trigger for t  

This buffering strategy creates assignment triggers immediately when one of the following two 

conditions is met: 

1. The list of buffered orders is larger or equal to the parameter X; 

2. Y minutes have passed after adding the first order in the list of buffered orders. 

Moreover, a check is performed exactly Y minutes after each order submission to the list, to ensure 

that orders do not wait for assignment longer than this time period Y.  

In the regular assignment algorithm, the assignment algorithm works immediately when an 

assignment trigger is created. For this problem, a check always occurs before actual assignment 

takes place, to verify that one of the 2 conditions still holds.  

4.3 Diversion 

Another strategy that is commonly used in Pickup and Delivery Problems (PDPs) and Vehicle Routing 

Problems (VRPs) is the diversion strategy. Drivers that are already in transit to their next destination 

may be directed away from this destination, when another driver is closer to the restaurant or when 

he is closer to a more urgent destination. The benefits of diversion are reduction in travel distances 

(Branchini, Armentano, & Løkketangen, 2009; Ichoua, Gendreau, & Potvin, 2000; Yang, Jaillet, & 

Mahmassani, 1999), reductions in total lateness (Ichoua et al., 2000), and a decrease in number of 

unserved customers (Branchini et al., 2009; Ichoua et al., 2000). A requirement for the diversion 

strategy is that the strategy computes solutions efficiently, since drivers move quickly. A driver that 

is closer to a restaurant now, may not be in a minute (Ichoua et al., 2000). 

The problem dealt with in this project is a truckload PDP. Diversion strategies in truckload PDPs are 

only useful when the drivers are heading to the pick-up location, under condition that vehicle 

capacities and speeds are identical. In this problem, we do deal with identical vehicles. The transit 
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between the driver’s location at assignment and the restaurant location can thus be considered for 

diversion. 

Note that drivers may not always be able to divert instantly. A driver might take some time to reach 

an intersection (for example) before he is able to go to the restaurant of the next order. In 

Amsterdam, all deliveries are executed with bikes, increasing the flexibility of operations of drivers 

and reducing this problem.  

Application 

When diversion is allowed, not only the drivers that are standby are included in the algorithm, but 

also the drivers that are on their way to the restaurant. For all drivers, the current location needs to 

be determined. A driver that is idle, is assumed to be waiting either at their starting location if no 

order has been assigned to it yet, or at the last customer’s location. For drivers that are currently 

going to restaurants, we also need an estimation of their distance to the restaurant and their current 

location. Before computing the transit times to restaurant, we thus compute the current location of 

drivers in latitude and longitude coordinates based on the origin location, destination location, and 

the fraction of time passed since assignment. In the example below, Figure 22, the driver finished 

1/3 of his transit to the restaurant (destination). When a driver is released from his order, this will be 

its waiting location. 

 

Figure 22: Visualization of how the current location of drivers are determined 

The most simple diversion strategy allows the modification of the current destination of one driver 

only. In the algorithm proposed below, all order assignments meeting certain criteria will be 

reinvestigated. This algorithm might result in multiple drivers diverting at once, similarly to the 

strategy proposed by Ichoua et al. (2000).  

Algorithm – Include already assigned orders and drivers in assignment algorithm 

Step 1 Start assignment algorithm for zone 𝑧 

Step 2 Make a list of eligible drivers:  

a. if driver has status Standby and works in zone 𝑧, add this driver to list 

b. if driver has status Going to Restaurant, works in zone 𝑧 and is at least x minutes 

away from restaurant, add this driver to list.  

c. if list of eligible drivers is empty, break 

d. if list of eligible drivers is not empty, go to step 3 

Step 3 Make a list of orders eligible for assignment:  



31 

 

a. If order has status Almost Ready and customer lives in zone 𝑧, add this order to list 

b. For all drivers that are in the list of eligible drivers, add the current order to list (if 

applicable) 

c. if list of eligible orders is empty, break 

d. if list of eligible orders is not empty, go to Step 4 

Step 4 Determine current locations of all drivers in the list 

Step 5 Sort orders in the list based on priority 

Step 6 While the lists of eligible drivers and orders are non-empty 

a. Calculate travel times to restaurant of first order in list of eligible orders, for all 

drivers in list of eligible drivers 

b. Order the list of drivers on travel times from low to high 

c. Select the driver on top of this list for the order 

d. Process order and driver data 

e. Notify the driver about assignment 

f. Remove the first order in list of eligible orders 

g. Remove the first driver in list of eligible drivers 

Step 7 if list of orders is not empty 

a. for each order in the list, if order had a current driver assigned to it, unlink driver 

and order 

b. else, go to step 8 

Step 8 if list of drivers is not empty 

a. for each driver in the list, if driver had a current order assigned to it, unlink driver 

and order 

b. else, go to step 9 

Step 9 break 

It is possible to restrict the number of possible diversions, by stating that orders may only be 

reassigned, when the driver is at least # minutes away from the restaurant. Intuitively, it does not 

make sense to reassign orders when the driver assigned to this order is only 1 minute away from the 

restaurant. The required time distance can be chosen by parameterizing the variable 

diversionBound.  

Furthermore, one would expect that a diversion takes a certain operating/handling time of drivers. 

The previously and newly assigned drivers need to be notified, and they are required to actively 

acknowledge this change. The time needed for both drivers to acknowledge the (re)assignment can 

be parameterized in the variable handlingTime. It is also possible to only allow deviations, when a 

certain threshold time gain is achieved. This is captured in the variable desiredTimeGain.  

4.4 Scheduling orders 

In the current algorithm, drivers are dispatched when the driver is Standby and when the order is 

almost ready to be picked up. It does not incorporate drivers that will become available several 

minutes later, and are in closer proximity of the restaurant.  

A possible method to increase efficiency is to schedule orders instead of ad-rem dispatching. By 

implementing a scheduling strategy, it is possible to incorporate drivers that become available one 
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minute before or after an order dispatch trigger. This should reduce the travel times to restaurant 

drastically.  

Besides just scheduling orders, it is possible to build in a feature that reassigns orders when new 

information becomes available. In dynamic problems, order information might change, new order 

arrivals occur, or delays occur in the delivery process of the current order. A solution obtained before 

may thus not be optimal several minutes later.  A solution is to reassign orders: Orders that are 

inserted in one driver’s queue, may be reassigned to another driver’s queue, if this is beneficial for 

the overall model (Yang et al., 1999).  

Application 

Each driver is given a queue of 1 order in addition to its current order slot, in which submitted orders 

can be placed. Each minute, all new orders will be sorted on priority. Then, the expected arrival times 

of drivers will be calculated for the order under consideration. For drivers that are idle, this is 

computed by dividing the distance between the driver’s current location and the restaurant location 

by the default vehicle speed in the zone. For drivers that are assigned to an order, the expected 

arrival time for the new order is a sum of the expected finish time of the current order, and the 

expected travel time between the customer’s location of the current order and the restaurant 

location of this new order. This expected finish time is updated at several moments in the order 

delivery process: When the driver is assigned, at order pickup, and at order delivery.  

The driver with the earliest expected arrival time will be selected. Note that drivers are likely to be 

assigned earlier compared to the current assignment algorithm. This will probably increase the 

average waiting times at restaurant. The time that orders wait for drivers on the other hand will likely 

be reduced.  

Algorithm – Include already assigned orders and drivers in assignment algorithm 

1. Start assignment algorithm for zone 𝑧 

2. Make a list of eligible drivers:  

a. if driver is not unavailable, add driver to list 

b. if list of eligible drivers is empty, return 

c. if list of eligible drivers is not empty, go to step 3 

3. Make a list of orders eligible for assignment:  

a. If order has status Submitted or Almost Ready and customer lives in zone 𝑧, add 

this order to list 

b. For all drivers that are in the list of available drivers, add the current order to list (if 

applicable) 

c. if list of eligible orders is empty, return 

d. if list of eligible orders is not empty, go to Step 4 

4. Sort orders based on priority 

5. while list of eligible orders and drivers are non-empty 

a. Calculate expected arrival times to restaurant of first order in list of eligible orders, 

for all drivers in list of eligible drivers 

b. Order the list of drivers on expected arrival times from low to high 

c. Select the driver on top of this list for the order 

d. Process order and driver data 
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e. Notify the driver about assignment 

f. Remove the first order in list of eligible orders 

g. Remove the first driver in list of eligible drivers 

6. if list of orders is not empty 

a. for each order in the list, if order had a current driver assigned to it, unlink driver 

and order 

b. else, go to step 7 

7. if list of drivers is not empty 

a. for each driver in the list, if driver had a current order assigned to it, unlink driver 

and order 

b. else, go to step 8 

8. break 

In this basic version of scheduling, a scheduled order cannot be reassigned to other drivers. An 

unexpected delay during the order delivery of a current order, would then automatically result in a 

potential delay for this scheduled order. An extra functionality added to this strategy is the reassign 

method. This strategy allows orders to be reassigned to another driver’s queue (in case this driver is 

currently working on an order), or to a driver’s current order slot (in case this driver is standby).  
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5 Results 

This chapter contains the simulation results of all algorithms. The first section elaborates on the 

validity of the model. It shows a comparison of the performance of the current assignment algorithm 

in the model with the actual (realized) performance. The discrepancies with the actual performance 

are discussed, and the implications associated with these discrepancies. The second section briefly 

describes the lower bound of the solution space of the simulation model. 

The other sections (from 5.3 to 5.7) show the results of each strategy. Each section starts with an 

overview of which set of algorithms and driver sets resulted in a feasible solution, and which did not. 

For each day, three driver sets have been created. An explanation on the creation of these sets is 

given in Appendix D. After the overview of feasible and infeasible solutions, the feasible solutions 

are discussed. Note that the computation times have been left out in the discussion of the results. 

All computations were executed split second. Hence, comparisons on this measure are not required. 

The simulation results per simulated day can be found in Appendix E.  

5.1 Validation current assignment algorithm 

The purpose of this subsection is to show the accuracy of the simulation model. The accuracy of the 

model affects the degree in which conclusions can be made upon the results of tested algorithms. 

The performance of the simulation model has been compared with the actual performance, by using 

actual driver and order data for the period 23-5-2016 to 29-5-2016. The results are shown below in  

Table 4. The average performance has been normalized to 1, i.e. the weighted average value for 

each indicator has been set to 1.  

Table 4: Model results compared with actual results on KPIs utilization, throughput, and lateness values, normalized 

Performance indicator Utilization Throughput Lateness 

Date Actual Model Actual Model Actual Model 

Mon 23/05/2016 1,17 1,09 1,16 1,13 2,43 2,25 

Tue 24/05/2016 0,89 0,88 0,95 0,96 0,52 0,64 

Wed 25/05/2016 1,03 0,95 1,02 0,99 0,69 1,21 

Thu 26/05/2016 0,82 0,78 0,87 0,86 0,75 0,75 

Fri 27/05/2016 0,96 0,88 0,93 0,93 0,67 0,66 

Sat 28/05/2016 1,06 0,95 1,00 0,98 1,16 0,97 

Sun 29/05/2016 1,06 1,00 1,06 1,08 0,78 0,97 

 

Overall, results are comparable for utilization and throughput with a deviation of only -0.11 as a 

maximum discrepancy. The results in lateness are also comparable, with 1 large overestimation 

though for Wednesday May 25th. The lateness rate of the simulation is 75% higher than the actual 

lateness rate. To see what causes the discrepancies in lateness, the delays mentioned before in 

Section 1.2, have been computed for the actual situation and the model.  

The values for delivery delays are equal, since the process after pick up is considered to be 

deterministic. To determine what causes these differences, a comparison has been made between 

the average values for the three other delay categories:  
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 Assignment delay: Time between target dispatch trigger and dispatch trigger 

 Transit time: Time between assignment and driver arrival at restaurant 

 Time at restaurant: Time between driver arrival and order pickup 

The result is shown below in Figure 23. A positive value indicates that the model has a higher average 

delay for the category than the actual situation.  

 

Figure 23: Discrepancies in delay per category between actual situation and simulation result 

One can see that the assignment delay is higher in the model for 6 out of 7 days. On the day with 

the highest lateness rates, Wednesday the 25th of May, the assignment delay discrepancy is the 

highest. The assignment delay discrepancy can partly be explained by the omission of the driver 

borrowing feature. When driver borrowing would be allowed, the travelling distances and thus 

travelling times would be reduced. Moreover, more drivers would be available, reducing the 

probability of an order staying unassigned after a dispatch trigger. A higher driver availability would 

lead to more efficient assignments.  

In general, the performance of the model would have been more accurate if dispatch trigger and 

preparation times were known for all orders and driver borrowing would have been included. Overall 

though, the model fits is accurate and could be used to test new algorithms with.  

5.2 Lower bound 

The lower bound has also been determined. The order data has been simulated by creating a 

large set of drivers, and marking the distance to restaurants 0km in any case, leading to an instant 

arrival at the restaurant. The results can be seen below (Table 5). The results have been normalized 

to the (weighted) average lateness of the driver sets with the driver hours from schedule.  
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Table 5: Lower bound, normalized to performance with the driver set 'Timetable' 

Date Lateness performance 

current algorithm 

Lower bound 

23-5 2,25 0,35 

24-5 0,64 0,09 

25-5 1,21 0,17 

26-5 0,75 0,18 

27-5 0,66 0,08 

28-5 0,97 0,16 

29-5 0,97 0,13 

 

This lower bound will be used to determine the quality of the assessed algorithms. 

5.3 Current assignment algorithm 

The current assignment algorithm has been tested with three driver sets for each given day. A bit 

surprising is that for some days, even sets with driver hours directly derived from the timetable did 

not result in a feasible solution; these simulations ended with at least one undelivered order, as can 

be seen in Figure 24 below. The red-shaded cells indicate an unfeasible solution. 

 Current 
Date T T-5 T-10 

23-05    

24-05    

25-05    

26-05    

27-05    

28-05    

29-05    

Figure 24: Feasible and unfeasible solutions for the given order and driver sets with the current assignment algorithm 

The results of this algorithm will be used to compare the results of other algorithms with. To allow 

for a fair comparison of the results, the weighted average has been taken from the three simulations 

that did result in a feasible solution with every driver set: the 25th, 26th and the 29th of May. The 

weighted average on the performance indicators utilization, throughput and lateness have been 

normalized to the value 1. The average lateness for the driver set Timetable has been set to 0. From 

here on, this result is referred to as the benchmark. The three driver sets are depicted respectively 

with “T”, “T-5”, and “T-10”. The table below (Table 6) can be read as follows: 

The utilization performance of the current algorithm for the driver set with 5% less driver hours is 

1,059. This means that the utilization rate is 5.9 higher than the average utilization rate of the current 

algorithm with the driver sets from schedule (the benchmark). For throughput and lateness, the 

calculation methods are identical. For average lateness, a value of 0,56 means that this algorithm 

results in an increase of the average lateness with 0.56 minutes compared to the benchmark.  

Table 6: Normalized performance (utilization, throughput, lateness, and average lateness of the current strategy for three 

different driver sets: The actual timetables and altered timetables with respectively 5 and 10% less driver hours 

 Utilization Throughput Lateness Average lateness 

Alg. T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

Current 1 1,059 1,111 1 1,048 1,097 1 1,099 1,371 0 0,56 2,23 
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The effects of a decrease in driver hours can clearly be seen in the results above. Utilization increases 

rapidly when the number of driver hours is diminished. Moreover, throughput and lateness increase 

as one would expect.  

5.4 Buffering strategy 1 

This buffering strategy checks for possible assignments every X minutes. To investigate the effect of 

this buffering strategy, the strategy has been tested on the known data for 23-05-2016 to 29-05-

2016. The following experimental factors have been used: 

 Set with driver data 

o Driver data from timetable; 

o Adjusted driver data (5% less driver hours); 

o Adjusted driver data (10% less driver hours); 

 The variable buffering period X (in minutes) has been given the values 1-10; 

For this strategy, the same combination of driver sets and order sets resulted in infeasible solutions: 

 Current Buffering 1 
Date T T-5 T-10 T T-5 T-10 

23-05       

24-05       

25-05       

26-05       

27-05       

28-05       

29-05       

Figure 25: Feasible and unfeasible solutions for the given order and driver sets with buffering strategy 1 
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Table 7 shows the performance of each simulation. In this table, the strategies are coded and can 

be found in the first column. The buffering strategies are denoted by B1-#, in which the # indicates 

the buffering period in minutes.  

Reading example: 

Buffering strategy 1 with a buffering period of 3 minutes is highlighted in grey. The utilization rate of 

the driver set with 5% less driver hours, is 4.2% higher than the benchmark. The benchmark is the 

average performance of the current assignment algorithm under normal conditions (100% 

workforce). Moreover, the lateness rate is 34.4% higher than this benchmark value. The average 

lateness increases with 2.13 minutes compared to the benchmark.  

  



39 

 

Table 7: Simulation results (utilization, throughput, lateness, and average lateness) for buffering strategy 1 with three different 

driver sets: The actual timetables and altered timetables with respectively 5 and 10% less driver hours. The results have been 

normalized to the benchmark. Empty cells indicate that simulations did not yield a feasible solution with this buffering time.  

 Utilization Throughput Lateness Average lateness 

Alg. T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

Current 1 1,059 1,111 1 1,048 1,097 1 1,099 1,371 0 0,56 2,23 

B1-1 0,993 1,053 1,106 1,001 1,051 1,100 1,072 1,213 1,444 0,45 1,02 2,68 

B1-2 0,988 1,048 1,097 1,004 1,051 1,103 1,103 1,290 1,479 0,88 1,60 3,08 

B1-3 0,983 1,042 1,095 1,004 1,052 1,103 1,208 1,344 1,589 1,51 2,13 3,81 

B1-4 0,979 1,034 1,089 1,005 1,053 1,103 1,240 1,396 1,740 1,86 2,48 4,35 

B1-5 0,974 1,032  1,005 1,055  1,341 1,541  2,48 3,20  

B1-6 0,975 1,025 1,080 1,007 1,052 1,103 1,448 1,630 1,903 3,23 3,91 5,57 

B1-7 0,963   0,999   1,645   3,99   

B1-8 0,966   1,004   1,647   4,46   

B1-9 0,959   1,006   1,767   4,88   

 

The results in the table clearly show a reduction in utilization, compared to the current algorithm. 

Lateness though increases rapidly. Lateness is strongly influenced by transit delays (to restaurant), 

preparation delays, assignment delays, and delivery delays. The size of the buffering period affects 

the lateness of orders the most. This can be seen in Figure 26, which shows the effects of the 

buffering time (X-axis). One can see that assignment delays increase rapidly, while a slight reduction 

in time at restaurants occurs. The latter is the direct effect of drivers arriving later at restaurants; 

Orders will be ready at arrival more often. Moreover, a marginal reduction in transit time can be 

found.  

 

 

Figure 26: Dynamics of assignment delay, transit time, and time at restaurant per buffering strategy 1 

Overall, the positive effects of buffering (small transit time gains and waiting time reductions) do not 

outweigh the negative effect (assignment delay), as can be seen in Figure 26 above. This buffering 

strategy does not result in overall improvements compared to the current algorithm. When a driver 

set is used with less driver hours, it results in higher utilization rates, higher throughput rates and 

increases in lateness.   
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5.5 Buffering strategy 2 

This strategy assigns drivers when X orders are waiting for assignment, or when Y minutes have 

passed after adding the first order in queue. To investigate the effect of this buffering strategy, the 

strategy has been tested on the known data for 23-05-2016 to 29-05-2016. The following 

experimental factors have been used: 

 Set with driver data 

o Driver data from timetable; 

o Adjusted driver data (5% less driver hours); 

o Adjusted driver data (10% less driver hours); 

 The variable maximum buffer-size X, with values 5 and 10; 

 The variable maximum waiting time Y in minutes, with values 1 to 5. 

Now, when a set of X orders is accumulated, an assignment is triggered. At peak hours this will result 

in a quick assignment, with a possibility of a higher efficiency. More orders, and likely, more drivers 

are available to choose from, to increase operational efficiency. At times when less orders are placed, 

assignment takes place every Y minutes. Again, several orders are accumulated and might be 

distributed more efficient. 

For this strategy, the number of feasible solutions and infeasible solutions was equal to the previous 

algorithms:  

 Current Buffering 1 Buffering 2 
Date T T-5 T-10 T T-5 T-10 T T-5 T-10 

23-05          

24-05          

25-05          

26-05          

27-05          

28-05          

29-05          

Figure 27: Feasible and unfeasible solutions for the given order and driver sets with buffering strategy 2 

The performance of buffering strategy 2 has been tested and compared to the current algorithm. 

The results are shown below for the simulation for 29-05-2016 in Table 8. The coding of this 

algorithm is as follows: 

B2-2-5 Buffering strategy 2 is applied 

B2-2-5 The maximum waiting time in minutes is set to 2 

B2-2-5 The maximum buffer-size is set to 5 

 

Table 8: Simulation results (utilization, throughput, lateness, and average lateness) for buffering strategy 2 with three different 

driver sets: The actual timetables and altered timetables with respectively 5 and 10% less driver hours. The results have been 

normalized to the benchmark 

 Utilization Throughput Lateness Average lateness 

Alg. T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

Current 1 1,059 1,111 1 1,048 1,097 1 1,099 1,371 0 0,56 2,23 

B2-1-5 0,991 1,053 1,108 1,001 1,047 1,099 1,023 1,171 1,379 0,24 0,89 2,49 

B2-2-5 0,988 1,050 1,106 1,001 1,051 1,101 1,054 1,156 1,396 0,52 1,12 2,67 
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 Utilization Throughput Lateness Average lateness 

Alg. T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

B2-3-5 0,987 1,048 1,103 1,001 1,049 1,099 1,073 1,192 1,475 0,74 1,30 2,94 

B2-4-5 0,985 1,048 1,099 1,000 1,050 1,096 1,125 1,303 1,524 0,84 1,50 2,96 

B2-5-5 0,988 1,048 1,103 1,001 1,048 1,100 1,096 1,248 1,515 1,00 1,56 3,17 

B2-6-5 0,987 1,041 1,103 0,999 1,049 1,100 1,167 1,277 1,513 1,16 1,62 3,22 

B2-1-10 0,992 1,047 1,110 1,001 1,049 1,099 1,054 1,097 1,438 0,35 0,74 2,68 

B2-2-10 0,988 1,047 1,103 1,002 1,051 1,100 1,121 1,207 1,454 0,79 1,24 2,86 

B2-3-10 0,984 1,045 1,104 1,002 1,051 1,103 1,112 1,236 1,485 1,12 1,66 3,25 

B2-4-10 0,980 1,152 1,097 1,001 1,050 1,100 1,155 1,290 1,502 1,39 1,91 3,39 

B2-5-10 0,980 1,036 1,101 1,001 1,048 1,100 1,209 1,301 1,570 1,57 2,06 3,80 

B2-6-10 0,981 1,041 1,094 1,001 1,052 1,098 1,189 1,329 1,640 1,84 2,26 3,89 

B2-1-15 0,992 1,046 1,112 1,001 1,049 1,099 1,054 1,092 1,447 0,34 0,73 2,71 

B2-2-15 0,988 1,047 1,103 1,002 1,051 1,101 1,084 1,231 1,509 0,82 1,31 2,93 

B2-3-15 0,981 1,040 1,104 1,003 1,050 1,101 1,113 1,256 1,544 1,09 1,61 3,00 

B2-4-15 0,983 1,040 1,098 1,001 1,050 1,099 1,217 1,306 1,564 1,57 2,06 3,66 

B2-5-15 0,978 1,038 1,095 1,002 1,050 1,098 1,260 1,371 1,730 1,82 2,30 4,05 

B2-1-20 0,992 1,046 1,112 1,001 1,049 1,099 1,054 1,092 1,447 0,34 0,73 2,71 

B2-2-20 0,986 1,048 1,103 1,002 1,051 1,101 1,084 1,216 1,509 0,82 1,33 2,93 

B2-3-20 0,980 1,042 1,103 1,002 1,050 1,102 1,112 1,247 1,542 1,11 1,67 3,36 

B2-4-20 0,979 1,043 1,097 1,001 1,050 1,100 1,191 1,400 1,558 1,55 2,21 3,61 

B2-5-20 0,982 1,037 1,094 1,001 1,049 1,098 1,284 1,346 1,716 2,05 2,41 4,07 

This buffering strategy results in both lower utilization rates and lateness rates, but a higher average 

lateness. This is caused by higher assignment delays, which are directly caused by the buffering 

methods. Moreover, the gain in transit time and the reduction in waiting time at the restaurant are 

marginal in comparison to this delay (see Figure 28). The time to compute this strategy was minimal. 

 

Figure 28: Dynamics of assignment delay, transit time, and time at restaurant per buffering strategy 2 

Overall, this strategy results in very small improvements in terms of utilization, and reduces the 

number of late orders slightly. The growth in average lateness makes this algorithm not favorable to 

the current assignment algorithm.  
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5.6 Diversion strategy 

Whereas a buffering strategy results in an increase in lateness and a decrease in utilization, a 

diversion strategy typically results in lower lateness and utilization results. This strategy does not 

differ from the original assignment algorithm, except that it allows for drivers to be reassigned to 

other orders, or being replaced by a driver that is closer to the restaurant. Driving distances will be 

cut, resulting in lower lateness rates.  

Three variables can be parameterized in the algorithm:  

1. Required handling time per diversion: The time required for drivers currently driving to 

restaurants to notice the diversion on their mobile phone, and to anticipate on this change. 

A higher value would result in less diversions, since the advantage of diversion would 

become lower; 

2. Diversion bound: The number of minutes between drivers expected arrival at the restaurant 

and the current time. A higher value would result in less diversions, since less drivers would 

be considered for diversion; 

3. Desired time difference: The minimal time gain that justifies a diversion. A higher value would 

result in less diversions. 

The following experimental factors have been used to test the effects of the diversion strategy: 

 Set with driver data 

o Driver data from timetable; 

o Adjusted driver data (5% less driver hours); 

o Adjusted driver data (10% less driver hours); 

 Required handling time per diversion of 1 minute; 

 Diversion bound of 2 and 5 minutes; 

 Desired time difference of 1-10 minutes. 

For this strategy, two more driver sets were feasible compared to the other three strategies (see 

Figure 29). This strategy seems to distribute the drivers more efficient, resulting in zero undelivered 

orders for these two driver sets.  

 Current Buffering 1 Buffering 2 Diversion 

Date T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

23-05             

24-05             

25-05             

26-05             

27-05             

28-05             

29-05             

Figure 29: Feasible and unfeasible solutions for the given order and driver sets with diversion strategies 

The (weighted) average results of the simulations are shown in Table 9. In this table, the strategies 

are coded and can be found under the first column. The coding is as follows: 

D1-5-10 A diversion strategy is applied 

D1-5-10 Handling time is set to 1 minute 

D1-5-10 The diversion bound is set to 5 minutes 
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D1-5-10 The desired time difference is set to 10 minutes 

 

The results of the simulations are shown in Table 9 below. The main performance improvements of 

the diversion strategy are a reduction in utilization and large reductions in lateness. The lateness 

reductions obtained are the result of lower assignment delays, transit times, and similar waiting times 

at restaurants. Even with a reduction in driver hours of 5%, it is able to improve the lateness result 

of the benchmark with up to 11.3%. Utilization and throughput rates are higher than the benchmark 

with this driver set, indicating that drivers are deployed more efficient. 

Table 9: Simulation results (utilization, throughput, lateness, and average lateness) for the diversion strategy with three 

different driver sets: The actual timetables and altered timetables with respectively 5 and 10% less driver hours. The results 

have been normalized to the benchmark 

 Utilization Throughput Lateness Average lateness 

Alg. T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

Current 1 1,059 1,111 1 1,048 1,097 1 1,099 1,371 0 0,56 2,23 

D1-2-3 0,955 1,006 1,056 1,001 1,050 1,101 0,858 0,915 1,115 -0,37 0,08 1,59 

D1-2-4 0,957 1,009 1,057 1,000 1,050 1,100 0,852 0,901 1,095 -0,43 -0,01 1,48 

D1-2-5 0,961 1,013 1,064 1,001 1,048 1,102 0,858 0,938 1,135 -0,42 -0,00 1,55 

D1-2-6 0,965 1,019 1,068 1,000 1,049 1,101 0,887 0,925 1,133 -0,42 0,01 1,52 

D1-2-7 0,967 1,022 1,075 1,000 1,050 1,103 0,839 0,956 1,126 -0,42 0,01 1,56 

D1-2-8 0,968 1,023 1,074 0,999 1,049 1,101 0,842 0,948 1,155 -0,47 0,02 1,57 

D1-2-9 0,973 1,025 1,079 1,001 1,048 1,101 0,881 0,948 1,165 -0,43 0,02 1,69 

D1-2-10 0,977 1,030 1,082 1,000 1,050 1,101 0,911 0,993 1,193 -0,33 0,12 1,80 

D1-5-3 0,968 1,020 1,068 1,000 1,051 1,101 0,831 0,877 1,092 -0,53 -0,14 1,36 

D1-5-4 0,968 1,020 1,069 1,000 1,049 1,102 0,817 0,886 1,113 -0,58 -0,14 1,32 

D1-5-5 0,970 1,022 1,074 1,001 1,049 1,102 0,852 0,904 1,119 -0,54 -0,14 1,40 

D1-5-6 0,974 1,029 1,079 1,002 1,050 1,102 0,874 0,931 1,175 -0,54 -0,02 1,49 

D1-5-7 0,973 1,028 1,077 1,001 1,050 1,100 0,869 0,943 1,144 -0,46 0,00 1,44 

D1-5-8 0,974 1,028 1,080 1,000 1,049 1,100 0,872 0,938 1,184 -0,49 -0,06 1,57 

D1-5-9 0,976 1,030 1,084 1,000 1,049 1,102 0,880 0,905 1,194 -0,44 -0,06 1,61 

D1-5-10 0,978 1,033 1,089 1,000 1,049 1,101 0,879 0,972 1,187 -0,44 0,03 1,67 

 

Overall, strategies with a desired time gain of 3 or 4 minutes score best in terms of utilization, and 

are among the best in terms of lateness and average lateness. A desired time gain of 3 or 4 minutes 

does result in many diversions. The number of diversions is preferably low, since diversions are prone 

to errors. Drivers need to be notified about a diversion taking place. A missed notification could 

result in two drivers going to the same restaurant for the same order, or orders not being picked up 

timely by drivers. 

The diversion strategies with a diversion bound of 2 typically have slightly lower utilization rates than 

strategies with a diversion bound of 5. Also in terms of lateness, the former group scores better. In 

average lateness on the other hand, D1-5-4 and D1-5-3 score best, with D1-2-3 and D1-2-4 generally 

following on places 4-6.  

Generally, diversion strategies result in lower utilization and lower lateness rates. This algorithm is 

thus very suitable to be applied to reduce driver hours used, or to improve delivery performance. 

There is not much difference between most of the diversion strategies, although strategies with a 
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desired time gain of 3 or 4 minutes show the most promising results. Higher diversion bounds or 

desired time gains lead to less diversions, with less utilization gains and less lateness improvements.  

5.7 Scheduling strategy 

Scheduling strategies reduce assignment delays to a minimum, since orders can now be assigned 

to the queue of a driver too. This decision is made based upon the expected arrival time of a driver 

at the restaurant of the corresponding order. Lower utilization rates and lateness rates are a 

consequence of this algorithm.  

For this strategy only 1 driver set was infeasible in combination with its order set: A simulation of the 

24th with 10% less driver hours than scheduled. This strategy seems to distribute the drivers the most 

efficient, resulting in zero undelivered orders for all sets except one (see Figure 30 below).  

 Current Buffering 1 Buffering 2 Diversion Scheduling 
Date T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

23-05                

24-05                

25-05                

26-05                

27-05                

28-05                

29-05                

Figure 30: Feasible and unfeasible solutions for the given order and driver sets with scheduling strategies 

Two scheduling strategies have been tested. The first one, called S-1, is a strategy that just assigns 

orders directly to drivers at the time of submission. The second strategy, called S-2, considers all 

orders that are in driver’s queues for reassignments as well, additionally increasing the operational 

performance. The results are shown below in Table 10. 

Table 10: Simulation results (utilization, throughput, lateness, and average lateness) for the scheduling strategies with three 

different driver sets: The actual timetables and altered timetables with respectively 5 and 10% less driver hours. The results 

have been normalized to the benchmark.  

 Utilization Throughput Lateness Average lateness 

Alg. T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

Current 1 1,059 1,111 1 1,048 1,097 1 1,099 1,371 0 0,56 2,23 

S-1 1,123 1,178 1,230 0,991 1,043 1,095 0,633 0,675 0,934 -2,62 -2,25 -0,78 

S-2 1,122 1,176 1,230 0,995 1,043 1,095 0,579 0,616 0,861 -2,93 -2,61 -0,98 

 

The scheduling strategies give the best results for the given data sets. A higher value for utilization 

can be found, but this is the result of assigning orders immediately at order submission. Previously, 

orders were assigned at the time of an order dispatch trigger. Drivers are assigned to orders a large 

portion of their working time.  

The lateness results are the lowest values found in the simulations. A reduction in lateness of 36% is 

reached when applying scheduling without reassigning, compared to the current situation. Even with 

10% less driver hours, a lateness reduction of 13% can be achieved in this model. One might have 

expected a similar lateness rate for this strategy as for the diversion strategy. The difference can 

partly be explained by the driver handling time that is not required for this strategy. For each 

diversion, a 1-minute delay was built in for drivers to notice and acknowledge the change. What also 
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adds to the lateness difference, is that the diversion strategy only considered diversion for orders if 

drivers were a certain distance away (in travel time) from the restaurant. Scheduling strategies work 

differently, by considering all drivers and is therefore more efficient in terms of order driver hour 

usage and throughput time.  

The set with the reassigning module scores better than the scheduling strategy without this module. 

In terms of average lateness, the difference between both strategies is 0.20 to 0.30 minutes. In 

conclusion, scheduling strategies are most suitable to reduce the driver hours spent while 

maintaining a high service level to customers.   

5.8 Comparison of algorithms 

Four different strategies have been tested in this project. The results in terms of lateness are shown 

graphically in Figure 31. The current assignment algorithm’s score is shown in grey. The average 

lateness value for this algorithm is normalized to 1. Note that this average is based on three days: 

the 25th, the 26th, and the 29th of May.  

One can see that the buffering strategies result in higher lateness rates than the benchmark. Strategy 

S-2 on the other hand, which is scheduling with reassigning, results in the lowest lateness rates, 

directly followed by S-1 and D-1-5-4. These strategies can reduce the performance gap between the 

lower bound and the actual performance.  

 

Figure 31: The lateness results of the best tested algorithms, normalized to the weighted average lateness of orders of the 

25th, 26th, and 29th of May 

 

Figure 32: The utilization results of the best tested algorithms, normalized to the weighted average utilization of orders of 

the 25th, 26th, and 29th of May 

One can see that the utilization rates of buffering strategies and diversion strategies are lower than 

the benchmark, and far lower than the rates for the scheduling strategies. As mentioned before, the 

scheduling strategies assign orders earlier, increasing the time that drivers are assigned to orders. 

The increased utilization rate is thus a direct consequence of this strategy. All other strategies show 

lower utilization rates and thus use up less driver hours than the current algorithm. In terms of 

utilization, these strategies score better than the current algorithm. 
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Figure 33: The throughput results of the best tested algorithms, normalized to the weighted average throughput of orders 

of the 25th, 26th, and 29th of May 

The throughput results are shown above in Figure 33. The throughput rates are very similar to the 

current algorithm’s. Since throughput is defined as the number of orders per logged hour, it is not 

likely that large changes occur when different algorithm are used for the same driver and order sets.  

One can see though that the average throughput of the scheduling strategies are only a fraction 

lower than the other algorithm’s throughput rates. The difference is at maximum 0.01. This 

discrepancy is caused by the selection of drivers in this model: Drivers that are expected to arrive 

earlier at a restaurant are assigned to the order based on the expected finish time of orders. This 

causes that at the end of the day, the delivery of the current orders might be delayed slightly, 

increasing the total driver hours used. This effect is very small and therefore negligible.   

The best results were obtained with the scheduling strategies, followed by the diversion strategies. 

Large lateness reductions were achieved, with similar driver hour usages. Buffering strategies did 

result in more efficient assignments, but also resulted in higher lateness rates. 
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6 Conclusions and recommendations 

In this chapter, the conclusions that can be drawn from this research are discussed. Moreover, 

recommendations will be given towards Deliveroo, for further research and prospective 

improvement projects.  

6.1 Conclusion 

The goal of this master thesis project was to reduce the time spent on transportation per order by 

drivers, under condition that of all deliveries, at least 95% of the deliveries should be on time or at 

most 10 minutes late. The company believed that changes to the order-driver-assignment algorithm 

could result in large efficiency gains. This study was successful in finding algorithms that improve 

efficiency while not negatively affecting the delivery performance.  

Below, the answers to the research questions are given.  

1) How can the performance of the assignment algorithm be measured? 

The performance indicators that are currently used at the company to determine the operational 

performance have been used for the simulation as well, which are driver throughput, driver 

utilization, and order lateness. Besides, two other performance indicators have been added: Average 

lateness and Computation Time. Average lateness has been added to have more insights in the 

effect on throughput/lateness time. The computation time is used to determine the efficiency of the 

algorithm: Routing problems with a highly dynamic nature require a short computation time.  

2) What is the performance of the current assignment algorithm in the model? 

The performance of the current assignment algorithm in the model did not deviate much from the 

actual performance for the KPIs driver throughput and driver utilization. For the order lateness KPI, 

the deviations were slightly higher. It is likely that this is a consequence of the preparation time 

estimations and omitting the driver borrowing feature.   

3) What performance is considered to be the lower bound to the problem’s solution sets? 

A simulation showed that the lower bound in lateness is 70% lower than the lateness of the current 

assignment algorithm. Lower bounds for utilization and throughput have not been computed.  

4) Can new algorithms be developed with a better performance than the current algorithm? 

5) What algorithms’ performance is closest to the lower bound?  

The diversion and scheduling strategies outperform all other strategies in terms of utilization and 

lateness. Especially the scheduling algorithm scores well on the lateness performance indicator. For 

diversion strategies, a handling time is required for drivers to notice and acknowledge the change. 

Scheduling strategies on the other hand do not have such a ‘time penalty’, since no reassignment 

of current orders takes place. With scheduling strategies, driver’s operations will be similar to the 

current operations method. The scheduling strategies are clearly the best and come closest to the 

lower bound values, as can be seen in Figure 34.  
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Figure 34: The lateness results of the tested algorithms, normalized to the weighted average lateness of orders of the 25th, 

26th and 29th of May 

For all tested algorithms, solution computation times were minimal. All computations were executed 

in a split second.  

6) How do changes in the number of drivers affect the solution? 

The only change considered in this master thesis project was a change in driver hours. Three sets 

have been tested on the algorithms: 

 The actual timetable for that given day; 

 An altered timetable with 5% less driver hours compared to the original timetable; 

 An altered timetable with 10% less driver hours compared to the original timetable.  

It was found that a reduction in workforce (i.e. less scheduled driver hours) resulted in higher 

utilization, throughput, and lateness rates when the current algorithm was applied. What was also 

found, is that the diversion and scheduling strategies scored better with a lower workforce (-5%), 

than the current algorithm with the normal workforce (100%) in terms of lateness rates. These 

strategies could thus be applied to reduce driver hours while maintaining or even improving the 

delivery performance of Deliveroo.  

Overall conclusion 

The general conclusion for the company is that large reductions in lateness and utilization (and 

improvements in throughput) can be made by implementing a different assignment algorithm. The 

diversion strategy results in much better results, but has a risk attached to it. Drivers need to be 

notified in such a way that mistakes are minimized, e.g. two drivers arriving at the same restaurant 

for the same order. The scheduling strategy does not have these potential flaws and results in a 

performance which is even higher. It is thus possible to reduce the driver hours required, while 

maintaining a high service level to the customers. 

6.2 Recommendations 

Based on the research executed, the following recommendations have been composed for 

Deliveroo.  

Improve the completeness of data 

A general recommendation is to improve the quality and completeness of data. Some orders missed 

timestamps for important process steps, e.g. the dispatch trigger times or end preparation times. 

For this project, estimations had to be made which reduced the accuracy of the created model. With 

more complete preparation data, it is possible to investigate the waiting times of orders and drivers 

and consequently take actions to reduce both. Reductions in waiting times would ultimately result 

in lower throughput times (and thus lower lateness times).  

LB

C

S-1S-2 D1-5-4

D-1-2-4

B2-1-5

B1-1

0,16 0,26 0,36 0,46 0,56 0,66 0,76 0,86 0,96 1,06 1,16

Lateness rate (normalized)
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Investigate the Dispatch Trigger timings 

It is highly recommended to further investigate the causes of dispatch triggers that are placed too 

early. It was found that when dispatch was triggered in less than 1 minute, the average waiting time 

of a driver is larger compared to situations in which the dispatch was triggered a longer time after 

acknowledgment. If this problem is tackled, large reductions in throughput times could be obtained.  

Further investigate the effects of the algorithms on situations with different characteristics 

The model assumed that driver borrowing was not possible, whereas in real life a fair part of the 

orders is being delivered by drivers from other zones. It might be interesting to see what the effect 

on the performance indicators will be of adding a driver borrowing-feature. 

Moreover, the case study has been conducted on one of the many cities that Deliveroo services. It 

is possible that the dynamics of deliveries in Amsterdam are different than those in London, or other 

large cities. It is highly recommended to test the effects of the algorithms for other cities as well. 

Results might vary, for instance when other transportation methods are used concurrently, e.g. 

motorized vehicles and bikes. 

It might also be interesting to add batch deliveries to the scheduled assignment algorithm. Since 

orders are dispatched to drivers at the time of submission, more time is available to merge the 

delivery of several orders into one routing. This could further increase throughput.  

Demand management 

Currently, there is one way in which Deliveroo applies demand management: It could close a zone 

in case the demand exceeds the capacity. Other methods that have been successfully applied in 

other fields, could be of use for Deliveroo as well. A fairly new method is differentiating in price given 

a certain busyness. One could think of increasing the order charge in peak hours, or decreasing the 

charge for periods which have less demand.  
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Appendix A: Dispatch trigger timing 

Approximately 8% of the dispatch trigger timestamps are missing. For simulation, a value is required 

for all orders. The missing values for the trigger time markings can be estimated based on the 

assignment target, which is known for every order and is a variable stating when an assignment 

should have taken place. Values can be drawn from a normal distribution with a mean value of -

3.079 and a standard deviation of 7.705. The formula for the preparation time is: 

𝐷𝑖𝑠𝑝𝑎𝑡𝑐ℎ 𝑡𝑟𝑖𝑔𝑔𝑒𝑟 𝑡𝑖𝑚𝑖𝑛𝑔 =  𝑎𝑠𝑠𝑖𝑔𝑛𝑚𝑒𝑛𝑡 𝑡𝑎𝑟𝑔𝑒𝑡 –  𝑥 

The Q-Q plot for this normal distribution is given below. This estimate will be used for 

approximately 8% of the orders. 

 

Figure 35: Normal Q-Q plot of the estimate results for the preparation time to the actual preparation time 
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Appendix B: Regression analyses on 

preparation times 

The table below (Table 11) shows the results of the regression analyses that have been performed to 

find an accurate estimate for the preparation times. A "Yes" indicates that the variable(s) are included 

in the model. A * indicates a significance for one or more of the variables.  

Table 11: Regression analysis results on preparation times.  

 Estimated 

Preparation 

time 

Order value Cuisine_type 

(dummies) 

Time between 

dispatch trigger 

target and 

dispatch trigger 

Target 

delivery 

time 

(dummies) 

Adjusted r² 

Model 1 Yes*     0.187 

Model 2  Yes    0.000 

Model 3   Yes (29/53*)   0.131 

Model 4     Yes 0.000 

Model 5 Yes*  Yes (28/53*)   0.241 

Model 6    Yes*  0.965 

Model 7 Yes*   Yes*  0.970 

Model 8 Yes* Yes*  Yes*  0.970 
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Appendix C: Modelled starting locations of 

drivers 

 

Figure 36: Starting locations of drivers in zone 1 

 

Figure 37: Starting locations of drivers in zone 2 
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Figure 38: Starting locations of drivers in zone 3 

 

Figure 39: Starting locations of drivers in zone 4 
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Figure 40: Starting locations of drivers in zone 5 
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Appendix D: Altered driver sets 

For the simulations, three driver sets have been used per day. First, there is a set of drivers with 

corresponding driver hours, which are directly derived from the timetable for the given day. The 

other two sets are variants of this set, with a reduction in driver hours. In the first altered sets, named 

Timetable -5%, driver hours have been cut with approximately 5%. In the second altered sets, named 

Timetable -10%, driver hours have been cut with approximately 10%.  

Table 12: Percentages of driver hours in altered driver sets, compared to the original set 

Date Altered set 1 ‘-5%’ Altered set 2 ‘-10%’ 

23-05 94.8% 90.9% 

24-05 94.9% 89.9% 

25-05 95.3% 90.6% 

26-05 95.5% 90.5% 

27-05 94.9% 89.1% 

28-05 95.0% 90.5% 

29-05 95.3% 90.9% 
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Appendix E: Simulation results per day 

This appendix shows the simulations results for the order data for the following days: 24-05, 25-05, 

26-05 and 29-05. Not all simulations resulted in a solution in which all orders were delivered. If this 

occurred, the algorithm with the corresponding driver set have been deleted from the data analysis. 

The following table shows which combination of algorithms and driver sets resulted in feasible 

solutions, and which did not. 

 Current Buffering 1 Buffering 2 Diversion Scheduling 
Date T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 T T-5 T-10 

23-05                

24-05                

25-05                

26-05                

27-05                

28-05                

29-05                

Figure 41: Feasible and unfeasible solutions for the given order and driver sets with all strategies 
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24-05-2016 
Table 13: Simulation results for 24-05 for the current assignment algorithm and diversion strategies 

  

 

  

Algorithm Driver set Utilization (%)  Throughput Lateness (%)  Average lateness (min) 

Current Original 104,46%                     1,05 116,67%                                               0,92 

Current Timetable 100,00%                     1,00 100,00%                                                  -   

Current Timetable -5% 105,35%                     1,04 96,30%                                               0,35 

Current Timetable -10%

Diversion-1-2-3  Timetable 96,72%                     1,00 88,89%                                             -0,07 

Diversion-1-2-4  Timetable 97,04%                     1,00 81,48%                                             -0,08 

Diversion-1-2-5  Timetable 97,29%                     1,00 81,48%                                             -0,22 

Diversion-1-2-6  Timetable 98,13%                     1,00 81,48%                                             -0,07 

Diversion-1-2-7  Timetable 98,20%                     1,00 92,59%                                             -0,22 

Diversion-1-2-8  Timetable 98,36%                     1,00 100,00%                                             -0,08 

Diversion-1-2-9  Timetable 98,33%                     1,00 96,30%                                              -0,17 

Diversion-1-2-10  Timetable 98,00%                     1,00 79,63%                                             -0,35 

Diversion-1-5-3  Timetable 97,31%                     1,00 85,19%                                             -0,22 

Diversion-1-5-4  Timetable 97,73%                     1,00 88,89%                                              -0,17 

Diversion-1-5-5  Timetable 98,14%                     1,00 85,19%                                             -0,22 

Diversion-1-5-6  Timetable 98,19%                     1,00 85,19%                                             -0,22 

Diversion-1-5-7  Timetable 99,08%                     1,00 81,48%                                              -0,12 

Diversion-1-5-8  Timetable 98,83%                     1,00 100,00%                                             -0,03 

Diversion-1-5-9  Timetable 98,49%                     1,00 100,00%                                              -0,12 

Diversion-1-5-10  Timetable 98,34%                     1,00 92,59%                                             -0,33 

Diversion-1-2-3  Timetable -5% 101,54%                     1,05 96,30%                                               0,10 

Diversion-1-2-4  Timetable -5% 102,03%                     1,05 100,00%                                               0,17 

Diversion-1-2-5  Timetable -5% 102,06%                     1,05 88,89%                                                  -   

Diversion-1-2-6  Timetable -5% 102,21%                     1,04 96,30%                                               0,12 

Diversion-1-2-7  Timetable -5% 102,28%                     1,04 100,00%                                               0,07 

Diversion-1-2-8  Timetable -5% 102,34%                     1,04 88,89%                                             -0,02 

Diversion-1-2-9  Timetable -5% 102,24%                     1,04 103,70%                                             -0,02 

Diversion-1-2-10  Timetable -5% 103,14%                     1,05 100,00%                                               0,08 

Diversion-1-5-3  Timetable -5% 102,82%                     1,04 100,00%                                               0,15 

Diversion-1-5-4  Timetable -5% 102,26%                     1,04 103,70%                                             -0,08 

Diversion-1-5-5  Timetable -5% 102,26%                     1,04 103,70%                                             -0,08 

Diversion-1-5-6  Timetable -5% 103,16%                     1,05 96,30%                                             -0,03 

Diversion-1-5-7  Timetable -5% 103,01%                     1,05 100,00%                                             -0,07 

Diversion-1-5-8  Timetable -5% 104,10%                     1,04 109,26%                                               0,22 

Diversion-1-5-9  Timetable -5% 103,95%                     1,05 100,00%                                               0,15 

Diversion-1-5-10  Timetable -5% 104,38%                     1,05 105,56%                                               0,18 

Diversion algorithm

24-5-2016
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Table 14: Simulation results for 24-05 for Buffering Strategy 1 

  

Table 15: Simulation results for 24-05 for Buffering Strategy 2 (1) 

 

  

Buffering-1  Timetable 99,90%                     1,00 105,56%                                               0,45 

Buffering-2  Timetable 99,85%                      1,01 137,04%                                               0,95 

Buffering-3  Timetable 99,29%                      1,01 129,63%                                               1,33 

Buffering-4  Timetable 98,81%                      1,01 144,44%                                               1,65 

Buffering-5  Timetable 97,83%                      1,01 150,00%                                               2,08 

Buffering-6  Timetable 98,02%                      1,01 172,22%                                               2,93 

Buffering-7  Timetable 96,58%                      1,01 157,41%                                               3,23 

Buffering-8  Timetable 97,60%                      1,01 192,59%                                               3,72 

Buffering-9  Timetable 97,60%                      1,01 209,26%                                               4,02 

Buffering-10  Timetable 96,95%                      1,01 233,33%                                               4,95 

Buffering-1  Timetable -5% 105,59%                     1,05 127,78%                                               0,77 

Buffering-2  Timetable -5% 104,92%                     1,05 140,74%                                               1,20 

Buffering-3  Timetable -5% 104,21%                     1,05 144,44%                                               1,53 

Buffering-4  Timetable -5% 104,26%                     1,05 174,07%                                               2,08 

Buffering-5  Timetable -5% 103,49%                     1,05 164,81%                                               2,47 

Buffering-6  Timetable -5% 103,03%                     1,05 168,52%                                               3,03 

Buffering-7  Timetable -5% 102,38%                     1,05 205,56%                                               4,43 

Buffering-8  Timetable -5% 103,50%                     1,05 212,96%                                               4,33 

Buffering-9  Timetable -5% 102,84%                     1,05 246,30%                                               4,73 

Buffering-10  Timetable -5% 102,24%                     1,05 274,07%                                               5,50 

Buffering Strategy 1

B1-5  Timetable 98,88%                     1,00 116,67%                                               0,52 

B1-10  Timetable 99,08%                     1,00 103,70%                                               0,57 

B2-5  Timetable 97,82%                     1,00 129,63%                                               0,60 

B2-10  Timetable 98,58%                     1,00 137,04%                                               1,00 

B3-5  Timetable 98,66%                     1,00 129,63%                                               6,98 

B3-10  Timetable 97,91%                     1,00 116,67%                                               1,43 

B4-5  Timetable 98,15%                     1,00 109,26%                                                1,15 

B4-10  Timetable 97,95%                     1,00 127,78%                                               1,87 

B5-5  Timetable 104,30%                     1,00 120,37%                                               1,33 

B5-10  Timetable 96,78%                     1,00 133,33%                                               2,10 

 B6-5  Timetable 

 B6-10  Timetable 

 B7-5  Timetable 

 B7-10  Timetable 

 B8-5  Timetable 

 B8-10  Timetable 

 B1-15  Timetable 99,08%                     1,00 103,70%                                               0,57 

 B1-20  Timetable 99,08%                     1,00 103,70%                                               0,57 

 B2-15  Timetable 98,82%                     1,00 133,33%                                               1,07 

 B2-20  Timetable 98,82%                     1,00 133,33%                                               1,07 

 B3-15  Timetable 97,88%                     1,00 127,78%                                               1,48 

 B3-20  Timetable 104,18%                     1,00 127,78%                                               1,48 

 B4-15  Timetable 97,08%                      1,01 116,67%                                               1,72 

 B4-20  Timetable 97,31%                      1,01 120,37%                                               1,73 

 B5-15  Timetable 96,32%                     1,00 144,44%                                               2,30 

 B5-20  Timetable 96,29%                      1,01 137,04%                                               2,25 

 B6-15  Timetable 

 B6-20  Timetable 

Buffering Strategy 2
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Table 16: Simulation results for 24-05 for Buffering Strategy 2 (2) 

 

 

Table 17: Simulation results for 24-05 for the Scheduling Strategy 

  

B1-5  Timetable -5% 105,13%                     1,05 133,33%                                               0,80 

B1-10  Timetable -5% 104,89%                     1,05 124,07%                                               0,82 

B2-5  Timetable -5% 104,24%                     1,05 148,15%                                               1,07 

B2-10  Timetable -5% 104,82%                     1,05 150,00%                                               6,78 

B3-5  Timetable -5% 104,56%                     1,05 148,15%                                               1,33 

B3-10  Timetable -5% 103,84%                     1,05 153,70%                                               1,65 

B4-5  Timetable -5% 103,53%                     1,05 120,37%                                               1,37 

B4-10  Timetable -5% 103,71%                     1,05 157,41%                                               2,20 

B5-5  Timetable -5% 102,84%                     1,05 124,07%                                               1,38 

B5-10  Timetable -5% 102,88%                     1,05 153,70%                                               2,37 

 B6-5  Timetable -5% 

 B6-10  Timetable -5% 

 B7-5  Timetable -5% 

 B7-10  Timetable -5% 

 B8-5  Timetable -5% 

 B8-10  Timetable -5% 

 B1-15  Timetable -5% 104,89%                     1,05 124,07%                                               0,82 

 B1-20  Timetable -5% 104,89%                     1,05 124,07%                                               0,82 

 B2-15  Timetable -5% 104,07%                     1,04 148,15%                                               1,30 

 B2-20  Timetable -5% 104,07%                     1,04 148,15%                                               1,30 

 B3-15  Timetable -5% 104,43%                     1,05 164,81%                                               1,82 

 B3-20  Timetable -5% 104,73%                     1,05 164,81%                                               1,83 

 B4-15  Timetable -5% 102,94%                     1,05 150,00%                                               2,07 

 B4-20  Timetable -5% 103,39%                     1,05 150,00%                                               2,13 

 B5-15  Timetable -5% 102,30%                     1,05 137,04%                                               2,40 

 B5-20  Timetable -5% 102,64%                     1,05 148,15%                                               2,47 

 B6-15  Timetable -5% 

 B6-20  Timetable -5% 

Schedule-0-F Timetable 114,42%                     1,00 64,81%                                             -2,23 

Schedule-0-T Timetable 114,50%                     1,00 35,19%                                             -2,55 

Schedule-0-F Timetable -5% 119,93%                     1,05 79,63%                                              -1,75 

Schedule-0-T Timetable -5% 119,72%                     1,05 40,74%                                              -2,18 

Schedule-0-F Timetable -10%

Schedule-0-T Timetable -10%
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25-05-2016 
Table 18: Simulation results for 25-05 for the current assignment algorithm and diversion strategies 

 

Algorithm Driver set Utilization (%) Throughput Lateness (%) Average lateness (min)

Current Original 101,9% 101,1% 97,6% 0,80

Current Timetable 100,0% 100,0% 100,0% 0,00

Current Timetable -5% 105,4% 104,8% 114,6% 0,77

Current Timetable -10% 111,4% 109,8% 138,2% 1,73

Current Unlimited

Diversion-1-2-3  Timetable 94,0% 100,2% 83,7%                                        -0,57 

Diversion-1-2-4  Timetable 94,7% 100,2% 81,3%                                        -0,63 

Diversion-1-2-5  Timetable 94,5% 100,2% 78,9%                                        -0,68 

Diversion-1-2-6  Timetable 95,1% 100,0% 84,6%                                        -0,67 

Diversion-1-2-7  Timetable 95,2% 100,0% 78,9%                                        -0,72 

Diversion-1-2-8  Timetable 95,5% 100,2% 78,9%                                        -0,80 

Diversion-1-2-9  Timetable 95,8% 100,0% 81,3%                                        -0,55 

Diversion-1-2-10  Timetable 96,4% 100,0% 88,6%                                        -0,42 

Diversion-1-5-3  Timetable 95,3% 100,0% 82,1%                                        -0,72 

Diversion-1-5-4  Timetable 95,4% 100,0% 77,2%                                        -0,78 

Diversion-1-5-5  Timetable 95,6% 100,0% 81,3%                                        -0,70 

Diversion-1-5-6  Timetable 96,0% 100,2% 84,6%                                        -0,72 

Diversion-1-5-7  Timetable 95,8% 100,2% 88,6%                                        -0,65 

Diversion-1-5-8  Timetable 95,5% 100,0% 81,3%                                        -0,80 

Diversion-1-5-9  Timetable 95,9% 99,7% 82,1%                                        -0,68 

Diversion-1-5-10  Timetable 96,4% 100,0% 83,7%                                        -0,70 

Diversion-1-2-3  Timetable -5% 98,5% 105,0% 91,9%                                          0,12 

Diversion-1-2-4  Timetable -5% 99,4% 105,3% 86,2%                                        -0,08 

Diversion-1-2-5  Timetable -5% 99,7% 105,0% 89,4%                                         -0,10 

Diversion-1-2-6  Timetable -5% 100,4% 105,0% 87,0%                                             -   

Diversion-1-2-7  Timetable -5% 100,8% 105,0% 95,9%                                          0,03 

Diversion-1-2-8  Timetable -5% 100,3% 105,0% 89,4%                                        -0,07 

Diversion-1-2-9  Timetable -5% 100,9% 104,8% 98,4%                                          0,08 

Diversion-1-2-10  Timetable -5% 101,5% 105,0% 98,4%                                          0,33 

Diversion-1-5-3  Timetable -5% 99,8% 105,0% 84,6%                                        -0,32 

Diversion-1-5-4  Timetable -5% 100,7% 105,3% 89,4%                                         -0,12 

Diversion-1-5-5  Timetable -5% 99,8% 104,8% 89,4%                                        -0,22 

Diversion-1-5-6  Timetable -5% 101,3% 105,0% 95,1%                                          0,13 

Diversion-1-5-7  Timetable -5% 101,5% 105,0% 100,0%                                          0,13 

Diversion-1-5-8  Timetable -5% 101,4% 105,0% 95,9%                                        -0,05 

Diversion-1-5-9  Timetable -5% 101,4% 104,8% 89,4%                                        -0,08 

Diversion-1-5-10  Timetable -5% 101,3% 105,0% 93,5%                                          0,07 

Diversion-1-2-3  Timetable -10% 104,1% 110,6% 95,1%                                          0,43 

Diversion-1-2-4  Timetable -10% 104,2% 110,3% 95,9%                                          0,17 

Diversion-1-2-5  Timetable -10% 105,3% 110,6% 103,3%                                          0,48 

Diversion-1-2-6  Timetable -10% 105,4% 110,3% 93,5%                                          0,27 

Diversion-1-2-7  Timetable -10% 106,3% 110,9% 91,9%                                          0,28 

Diversion-1-2-8  Timetable -10% 106,1% 110,6% 100,8%                                          0,53 

Diversion-1-2-9  Timetable -10% 107,3% 110,9% 102,4%                                          0,58 

Diversion-1-2-10  Timetable -10% 107,7% 110,6% 103,3%                                          0,77 

Diversion-1-5-3  Timetable -10% 105,0% 110,6% 88,6%                                        -0,08 

Diversion-1-5-4  Timetable -10% 105,8% 110,9% 91,9%                                          0,10 

Diversion-1-5-5  Timetable -10% 106,3% 110,6% 95,1%                                          0,32 

Diversion-1-5-6  Timetable -10% 106,0% 110,3% 100,0%                                          0,25 

Diversion-1-5-7  Timetable -10% 106,1% 110,0% 95,1%                                          0,32 

Diversion-1-5-8  Timetable -10% 106,3% 110,3% 100,8%                                          0,42 

Diversion-1-5-9  Timetable -10% 107,4% 110,6% 108,1%                                          0,58 

Diversion-1-5-10  Timetable -10% 107,9% 110,3% 103,3%                                          0,58 

25-5-2016

Diversion algorithm
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Table 19: Simulation results for 25-05 for Buffering Strategy 1 

 

Buffering-1  Timetable 98,7% 100,2% 98,4%                                          0,37 

Buffering-2  Timetable 98,3% 100,2% 108,1%                                          0,92 

Buffering-3  Timetable 98,2% 100,2% 124,4%                                          1,75 

Buffering-4  Timetable 97,3% 100,4% 117,1%                                          2,03 

Buffering-5  Timetable 97,0% 100,2% 132,5%                                          2,72 

Buffering-6  Timetable 96,6% 100,4% 143,1%                                          3,10 

Buffering-7  Timetable 96,3% 99,5% 174,8%                                          5,03 

Buffering-8  Timetable 95,7% 100,0% 156,9%                                          4,50 

Buffering-9  Timetable 95,2% 100,2% 172,4%                                          5,07 

Buffering-10  Timetable 96,0% 99,7% 214,6%                                          7,60 

Buffering-1  Timetable -5% 105,0% 104,8% 119,5%                                          1,40 

Buffering-2  Timetable -5% 104,1% 104,8% 130,1%                                          1,77 

Buffering-3  Timetable -5% 103,8% 104,8% 138,2%                                          2,62 

Buffering-4  Timetable -5% 102,8% 104,8% 144,7%                                          3,18 

Buffering-5  Timetable -5% 102,9% 105,0% 167,5%                                          3,88 

Buffering-6  Timetable -5% 101,3% 104,6% 167,5%                                          4,27 

Buffering-7  Timetable -5% 101,5% 104,1% 213,0%                                          6,87 

Buffering-8  Timetable -5% 100,6% 104,6% 189,4%                                          5,88 

Buffering-9  Timetable -5% 100,1% 104,6% 213,0%                                          7,45 

Buffering-10  Timetable -5% 100,7% 104,1% 261,8%                                          9,97 

Buffering-1  Timetable -10% 111,3% 109,6% 138,2%                                          2,38 

Buffering-2  Timetable -10% 109,7% 110,3% 135,0%                                          2,47 

Buffering-3  Timetable -10% 108,7% 109,8% 154,5%                                          3,00 

Buffering-4  Timetable -10% 108,4% 110,0% 165,9%                                          3,90 

Buffering-5  Timetable -10% 107,5% 109,3% 193,5%                                          5,37 

Buffering-6  Timetable -10% 106,9% 109,6% 187,0%                                          4,97 

Buffering-7  Timetable -10% 107,0% 109,0% 239,0%                                          7,63 

Buffering-8  Timetable -10% 

Buffering-9  Timetable -10% 106,4% 109,0% 287,8%                                         11,22 

Buffering-10  Timetable -10% 

 Buffering Strategy 1 
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Table 20: Simulation results for 25-05 for Buffering Strategy 2 (1) 

  

 B1-5  Timetable 99,0% 100,2% 100,8%                                          0,27 

 B1-10  Timetable 98,9% 100,2% 105,7%                                          0,35 

 B2-5  Timetable 98,4% 99,7% 103,3%                                          0,47 

 B2-10  Timetable 98,7% 100,0% 113,8%                                          0,90 

 B3-5  Timetable 98,0% 99,7% 107,3%                                          0,78 

 B3-10  Timetable 98,3% 100,2% 114,6%                                           1,15 

 B4-5  Timetable 98,3% 100,2% 118,7%                                          0,93 

 B4-10  Timetable 97,8% 100,0% 116,3%                                          1,50 

 B5-5  Timetable 98,2% 100,0% 107,3%                                          0,93 

 B5-10  Timetable 96,9% 100,0% 114,6%                                          1,35 

 B6-5  Timetable 98,2% 99,7% 114,6%                                          1,27 

 B6-10  Timetable 97,2% 99,7% 122,0%                                          1,82 

 B7-5  Timetable 97,8% 99,7% 116,3%                                          1,30 

 B7-10  Timetable 97,5% 100,0% 126,0%                                          2,03 

 B8-5  Timetable 98,1% 99,7% 123,6%                                          1,47 

 B8-10  Timetable 98,0% 99,7% 148,8%                                          2,68 

 B1-15  Timetable 98,9% 100,2% 105,7%                                          0,35 

 B1-20  Timetable 98,9% 100,2% 105,7%                                          0,35 

 B2-15  Timetable 98,8% 100,0% 109,8%                                          0,92 

 B2-20  Timetable 98,1% 100,0% 109,8%                                          0,92 

 B3-15  Timetable 97,9% 100,4% 107,3%                                          0,92 

 B3-20  Timetable 97,8% 100,4% 105,7%                                          0,92 

 B4-15  Timetable 98,7% 99,7% 126,0%                                          1,73 

 B4-20  Timetable 98,0% 100,0% 119,5%                                          1,62 

 B5-15  Timetable 98,0% 99,7% 128,5%                                          1,93 

 B5-20  Timetable 98,6% 100,0% 126,0%                                          2,12 

 B6-15  Timetable 97,1% 100,0% 122,0%                                          2,13 

 B6-20  Timetable 97,3% 100,2% 126,0%                                          2,25 

 B1-5  Timetable -5% 105,5% 104,3% 128,5%                                          1,45 

 B1-10  Timetable -5% 105,3% 104,8% 116,3%                                          1,30 

 B2-5  Timetable -5% 103,7% 104,6% 113,8%                                          1,25 

 B2-10  Timetable -5% 104,6% 104,6% 126,0%                                          1,50 

 B3-5  Timetable -5% 104,7% 105,0% 124,4%                                          1,67 

 B3-10  Timetable -5% 104,5% 104,8% 135,0%                                          2,05 

 B4-5  Timetable -5% 104,5% 105,0% 135,0%                                          1,92 

 B4-10  Timetable -5% 104,5% 104,8% 140,7%                                          2,35 

 B5-5  Timetable -5% 104,7% 104,6% 133,3%                                          2,00 

 B5-10  Timetable -5% 103,2% 104,3% 137,4%                                          2,60 

 B6-5  Timetable -5% 104,3% 104,6% 128,5%                                          2,03 

 B6-10  Timetable -5% 103,5% 105,0% 135,0%                                          2,50 

 B7-5  Timetable -5% 105,5% 104,8% 137,4%                                          2,62 

 B7-10  Timetable -5% 103,9% 104,6% 145,5%                                          2,97 

 B8-5  Timetable -5% 103,7% 104,8% 130,9%                                          1,97 

 B8-10  Timetable -5% 103,6% 105,3% 154,5%                                          3,15 

 B1-15  Timetable -5% 105,3% 104,8% 116,3%                                          1,30 

 B1-20  Timetable -5% 105,3% 104,8% 116,3%                                          1,30 

 B2-15  Timetable -5% 104,9% 104,8% 126,8%                                          1,67 

 B2-20  Timetable -5% 104,9% 104,8% 126,8%                                          1,67 

 B3-15  Timetable -5% 104,4% 104,8% 135,0%                                          2,00 

 B3-20  Timetable -5% 104,3% 104,8% 132,5%                                          1,98 

 B4-15  Timetable -5% 104,2% 104,6% 137,4%                                          2,52 

 B4-20  Timetable -5% 104,7% 104,6% 145,5%                                          2,75 

 B5-15  Timetable -5% 104,7% 104,8% 145,5%                                          2,73 

 B5-20  Timetable -5% 103,5% 104,6% 139,8%                                          2,75 

 B6-15  Timetable -5% 104,1% 104,8% 149,6%                                          3,18 

 B6-20  Timetable -5% 103,9% 104,8% 152,0%                                          3,17 

Buffering Strategy 2
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Table 21: Simulation results for 25-05 for Buffering Strategy 2 (2) 

  

Table 22: Simulation results for 25-05 for the Scheduling Strategy 

  

  

 B1-5  Timetable -10% 111,3% 109,8% 132,5%                                          1,83 

 B1-10  Timetable -10% 112,1% 109,8% 140,7%                                          2,28 

 B2-5  Timetable -10% 110,3% 110,0% 122,0%                                          1,70 

 B2-10  Timetable -10% 110,3% 109,8% 133,3%                                          2,02 

 B3-5  Timetable -10% 110,7% 109,8% 138,2%                                          2,32 

 B3-10  Timetable -10% 111,3% 110,3% 142,3%                                          2,60 

 B4-5  Timetable -10% 109,8% 109,6% 137,4%                                          2,17 

 B4-10  Timetable -10% 109,8% 109,8% 140,7%                                          2,63 

 B5-5  Timetable -10% 110,6% 110,0% 145,5%                                          2,50 

 B5-10  Timetable -10% 110,5% 109,8% 145,5%                                          3,10 

 B6-5  Timetable -10% 110,3% 110,0% 133,3%                                          2,38 

 B6-10  Timetable -10% 110,3% 110,0% 151,2%                                          3,30 

 B7-5  Timetable -10% 111,0% 109,8% 140,7%                                          2,80 

 B7-10  Timetable -10% 110,2% 109,8% 156,1%                                          3,50 

 B8-5  Timetable -10% 110,3% 109,8% 139,8%                                          2,63 

 B8-10  Timetable -10% 110,0% 109,6% 163,4%                                          3,73 

 B1-15  Timetable -10% 112,1% 109,8% 140,7%                                          2,28 

 B1-20  Timetable -10% 112,1% 109,8% 140,7%                                          2,28 

 B2-15  Timetable -10% 111,4% 110,0% 142,3%                                          2,33 

 B2-20  Timetable -10% 111,4% 110,0% 142,3%                                          2,33 

 B3-15  Timetable -10% 111,0% 109,8% 148,8%                                          2,65 

 B3-20  Timetable -10% 111,0% 109,8% 149,6%                                          2,67 

 B4-15  Timetable -10% 110,1% 109,3% 149,6%                                          3,08 

 B4-20  Timetable -10% 110,7% 110,0% 152,0%                                          3,00 

 B5-15  Timetable -10% 110,3% 109,6% 168,3%                                          3,60 

 B5-20  Timetable -10% 109,7% 109,6% 158,5%                                          3,32 

 B6-15  Timetable -10% 110,8% 110,0% 165,9%                                          3,63 

 B6-20  Timetable -10% 109,6% 109,8% 154,5%                                          3,28 

Schedule-0-F Timetable 109,2% 99,5% 68,3%                                        -2,73 

Schedule-0-T Timetable 108,9% 99,7% 65,0%                                        -2,97 

Schedule-0-F Timetable -5% 114,5% 104,6% 74,8%                                         -2,18 

Schedule-0-T Timetable -5% 114,0% 104,3% 68,3%                                        -2,38 

Schedule-0-F Timetable -10% 119,5% 110,0% 73,2%                                         -1,70 

Schedule-0-T Timetable -10% 119,3% 109,8% 67,5%                                        -2,08 

Scheduling orders
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26-05-2016 
Table 23: Simulation results for 26-05 for the current assignment algorithm and diversion strategies 

  

Algorithm Driver set Utilization (%) Throughput Lateness (%) Average lateness (min)

Current Original 109,5% 106,8% 125,4% 0,55

Current Timetable 100,0% 100,0% 100,0% 0,00

Current Timetable -5% 107,2% 105,1% 127,1% 0,82

Current Timetable -10% 112,8% 109,9% 157,6% 1,83

Diversion-1-2-3  Timetable 96,7% 100,2% 79,7%                                        -0,22 

Diversion-1-2-4  Timetable 96,9% 100,0% 81,4%                                        -0,20 

Diversion-1-2-5  Timetable 97,7% 100,0% 89,8%                                         -0,17 

Diversion-1-2-6  Timetable 98,1% 100,2% 86,4%                                         -0,12 

Diversion-1-2-7  Timetable 97,8% 100,0% 84,7%                                         -0,13 

Diversion-1-2-8  Timetable 97,7% 99,7% 86,4%                                        -0,23 

Diversion-1-2-9  Timetable 98,3% 100,0% 89,8%                                        -0,20 

Diversion-1-2-10  Timetable 98,4% 100,0% 94,9%                                         -0,15 

Diversion-1-5-3  Timetable 98,0% 100,2% 81,4%                                        -0,20 

Diversion-1-5-4  Timetable 98,4% 100,2% 86,4%                                        -0,20 

Diversion-1-5-5  Timetable 98,3% 100,0% 89,8%                                        -0,23 

Diversion-1-5-6  Timetable 98,5% 100,0% 93,2%                                         -0,18 

Diversion-1-5-7  Timetable 98,3% 100,0% 89,8%                                        -0,23 

Diversion-1-5-8  Timetable 99,1% 100,0% 93,2%                                         -0,13 

Diversion-1-5-9  Timetable 99,3% 100,2% 93,2%                                         -0,17 

Diversion-1-5-10  Timetable 99,3% 100,0% 94,9%                                         -0,12 

Diversion-1-2-3  Timetable -5% 102,9% 105,3% 89,8%                                          0,28 

Diversion-1-2-4  Timetable -5% 103,6% 105,5% 100,0%                                          0,40 

Diversion-1-2-5  Timetable -5% 103,5% 105,3% 103,4%                                          0,35 

Diversion-1-2-6  Timetable -5% 104,2% 105,5% 106,8%                                          0,45 

Diversion-1-2-7  Timetable -5% 104,3% 105,3% 100,0%                                          0,43 

Diversion-1-2-8  Timetable -5% 104,2% 105,3% 111,9%                                          0,38 

Diversion-1-2-9  Timetable -5% 104,2% 105,3% 106,8%                                          0,40 

Diversion-1-2-10  Timetable -5% 105,2% 105,5% 113,6%                                          0,47 

Diversion-1-5-3  Timetable -5% 104,3% 105,5% 94,9%                                          0,35 

Diversion-1-5-4  Timetable -5% 104,3% 105,3% 98,3%                                          0,32 

Diversion-1-5-5  Timetable -5% 104,5% 105,3% 100,0%                                          0,33 

Diversion-1-5-6  Timetable -5% 104,8% 105,3% 106,8%                                          0,35 

Diversion-1-5-7  Timetable -5% 104,9% 105,3% 103,4%                                          0,35 

Diversion-1-5-8  Timetable -5% 105,0% 105,3% 103,4%                                          0,35 

Diversion-1-5-9  Timetable -5% 105,3% 105,5% 103,4%                                          0,32 

Diversion-1-5-10  Timetable -5% 105,8% 105,5% 120,3%                                          0,40 

Diversion-1-2-3  Timetable -10% 107,5% 109,9% 122,0%                                          1,33 

Diversion-1-2-4  Timetable -10% 107,6% 109,9% 116,9%                                          1,23 

Diversion-1-2-5  Timetable -10% 108,1% 110,1% 122,0%                                          1,27 

Diversion-1-2-6  Timetable -10% 108,9% 109,9% 139,0%                                          1,42 

Diversion-1-2-7  Timetable -10% 109,5% 110,1% 135,6%                                          1,43 

Diversion-1-2-8  Timetable -10% 109,4% 110,3% 139,0%                                          1,33 

Diversion-1-2-9  Timetable -10% 110,0% 110,3% 135,6%                                          1,40 

Diversion-1-2-10  Timetable -10% 109,9% 110,1% 139,0%                                          1,48 

Diversion-1-5-3  Timetable -10% 109,1% 109,9% 125,4%                                          1,32 

Diversion-1-5-4  Timetable -10% 109,0% 110,1% 130,5%                                          1,22 

Diversion-1-5-5  Timetable -10% 109,1% 110,1% 127,1%                                           1,18 

Diversion-1-5-6  Timetable -10% 110,0% 110,1% 135,6%                                          1,33 

Diversion-1-5-7  Timetable -10% 110,1% 110,3% 139,0%                                          1,28 

Diversion-1-5-8  Timetable -10% 110,4% 110,1% 139,0%                                          1,35 

Diversion-1-5-9  Timetable -10% 109,9% 110,1% 140,7%                                          1,33 

Diversion-1-5-10  Timetable -10% 110,5% 110,1% 144,1%                                          1,38 

26-5-2016

Diversion algorithm
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Table 24: Simulation results for 26-05 for Buffering Strategy 1 

  

Buffering-1  Timetable 99,7% 100,2% 103,4%                                          0,35 

Buffering-2  Timetable 100,1% 100,3% 111,9%                                          0,85 

Buffering-3  Timetable 99,3% 100,5% 113,6%                                          1,23 

Buffering-4  Timetable 98,9% 100,3% 125,4%                                          1,60 

Buffering-5  Timetable 98,2% 100,5% 120,3%                                          1,98 

Buffering-6  Timetable 97,7% 100,7% 135,6%                                          2,38 

Buffering-7  Timetable 96,4% 99,7% 161,0%                                          3,27 

Buffering-8  Timetable 98,3% 100,7% 169,5%                                          3,57 

Buffering-9  Timetable 96,8% 100,5% 193,2%                                          3,90 

Buffering-10  Timetable 97,7% 101,3% 193,2%                                          4,27 

Buffering-1  Timetable -5% 106,7% 105,7% 135,6%                                          1,07 

Buffering-2  Timetable -5% 106,8% 105,7% 144,1%                                          1,68 

Buffering-3  Timetable -5% 105,7% 105,7% 147,5%                                          1,97 

Buffering-4  Timetable -5% 105,1% 105,7% 152,5%                                          2,20 

Buffering-5  Timetable -5% 104,3% 106,2% 140,7%                                          2,52 

Buffering-6  Timetable -5% 105,3% 105,9% 176,3%                                          3,37 

Buffering-7  Timetable -5% 102,8% 105,3% 201,7%                                          3,95 

Buffering-8  Timetable -5% 104,1% 105,9% 216,9%                                          4,27 

Buffering-9  Timetable -5% 103,7% 105,9% 225,4%                                          4,90 

Buffering-10  Timetable -5% 104,7% 106,6% 252,5%                                          5,78 

Buffering-1  Timetable -10% 110,7% 110,1% 169,5%                                          1,90 

Buffering-2  Timetable -10% 111,4% 110,1% 183,1%                                          2,80 

Buffering-3  Timetable -10% 111,3% 111,0% 183,1%                                          3,23 

Buffering-4  Timetable -10% 110,8% 110,5% 216,9%                                          3,68 

Buffering-5  Timetable -10% 110,2% 111,0% 206,8%                                          4,18 

Buffering-6  Timetable -10% 110,7% 110,5% 230,5%                                          4,87 

Buffering-7  Timetable -10% 107,3% 109,6% 242,4%                                          5,18 

Buffering-8  Timetable -10% 109,8% 110,3% 272,9%                                          5,83 

Buffering-9  Timetable -10% 109,1% 110,8% 274,6%                                          6,65 

Buffering-10  Timetable -10% 110,1% 111,2% 328,8%                                          7,83 

 Buffering Strategy 1 
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Table 25: Simulation results for 26-05 for Buffering Strategy 2 (1) 

  

 B1-5  Timetable 99,4% 100,0% 120,3%                                          0,60 

 B1-10  Timetable 100,0% 100,0% 116,9%                                          0,70 

 B2-5  Timetable 99,3% 100,2% 113,6%                                          0,92 

 B2-10  Timetable 98,7% 100,2% 122,0%                                          1,07 

 B3-5  Timetable 99,3% 100,3% 122,0%                                           1,18 

 B3-10  Timetable 98,9% 100,2% 120,3%                                          1,65 

 B4-5  Timetable 98,6% 99,7% 125,4%                                          1,33 

 B4-10  Timetable 97,9% 100,0% 133,9%                                          1,92 

 B5-5  Timetable 99,1% 100,2% 127,1%                                          1,53 

 B5-10  Timetable 97,9% 100,0% 144,1%                                          2,35 

 B6-5  Timetable 99,3% 100,0% 147,5%                                          1,78 

 B6-10  Timetable 98,9% 100,5% 139,0%                                          2,63 

 B7-5  Timetable 

 B7-10  Timetable 

 B8-5  Timetable 

 B8-10  Timetable 

 B1-15  Timetable 100,0% 100,2% 116,9%                                          0,70 

 B1-20  Timetable 100,0% 100,2% 116,9%                                          0,70 

 B2-15  Timetable 98,5% 100,2% 120,3%                                          1,03 

 B2-20  Timetable 98,5% 100,2% 120,3%                                          1,03 

 B3-15  Timetable 98,7% 100,2% 125,4%                                          1,72 

 B3-20  Timetable 98,5% 100,0% 125,4%                                          1,72 

 B4-15  Timetable 97,7% 100,0% 135,6%                                          2,05 

 B4-20  Timetable 97,3% 100,2% 133,9%                                          1,92 

 B5-15  Timetable 97,1% 100,2% 144,1%                                          2,45 

 B5-20  Timetable 98,0% 100,3% 152,5%                                          2,68 

 B6-15  Timetable 98,1% 99,7% 171,2%                                          3,20 

 B6-20  Timetable 97,8% 100,2% 171,2%                                          3,15 

 B1-5  Timetable -5% 105,7% 105,3% 116,9%                                          1,00 

 B1-10  Timetable -5% 105,7% 105,5% 113,6%                                          0,97 

 B2-5  Timetable -5% 105,9% 105,7% 116,9%                                          1,37 

 B2-10  Timetable -5% 105,6% 105,7% 140,7%                                          1,63 

 B3-5  Timetable -5% 106,1% 105,5% 144,1%                                          1,73 

 B3-10  Timetable -5% 105,1% 105,5% 127,1%                                          2,02 

 B4-5  Timetable -5% 105,4% 105,3% 152,5%                                          1,85 

 B4-10  Timetable -5% 153,9% 105,3% 161,0%                                          2,55 

 B5-5  Timetable -5% 105,1% 105,5% 140,7%                                          1,95 

 B5-10  Timetable -5% 104,2% 105,5% 149,2%                                          2,72 

 B6-5  Timetable -5% 103,9% 105,5% 154,2%                                          2,25 

 B6-10  Timetable -5% 104,5% 105,7% 162,7%                                          2,83 

 B7-5  Timetable -5% 105,5% 105,5% 144,1%                                          2,20 

 B7-10  Timetable -5% 105,5% 105,5% 184,7%                                          3,38 

 B8-5  Timetable -5% 106,2% 105,5% 149,2%                                          2,43 

 B8-10  Timetable -5% 104,5% 105,1% 193,2%                                          3,55 

 B1-15  Timetable -5% 105,7% 105,5% 113,6%                                          0,98 

 B1-20  Timetable -5% 105,7% 105,5% 113,6%                                          0,98 

 B2-15  Timetable -5% 105,4% 105,5% 139,0%                                          1,63 

 B2-20  Timetable -5% 105,4% 105,5% 139,0%                                          1,63 

 B3-15  Timetable -5% 104,6% 105,5% 130,5%                                          1,98 

 B3-20  Timetable -5% 104,5% 105,5% 130,5%                                          1,98 

 B4-15  Timetable -5% 104,2% 105,3% 140,7%                                          2,42 

 B4-20  Timetable -5% 104,7% 105,5% 184,7%                                          2,75 

 B5-15  Timetable -5% 104,4% 105,5% 176,3%                                          3,03 

 B5-20  Timetable -5% 104,7% 105,5% 176,3%                                          3,10 

 B6-15  Timetable -5% 104,6% 105,7% 196,6%                                          3,57 

 B6-20  Timetable -5% 104,9% 105,7% 196,6%                                          3,70 

Buffering Strategy 2
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Table 26: Simulation results for 26-05 for Buffering Strategy 2 (2) 

 

Table 27: Simulation results for 26-05 for the Scheduling Strategy 

  

 B1-5  Timetable -10% 111,6% 110,1% 166,1%                                          2,13 

 B1-10  Timetable -10% 111,8% 110,1% 166,1%                                          2,15 

 B2-5  Timetable -10% 111,7% 110,5% 176,3%                                          2,63 

 B2-10  Timetable -10% 110,6% 110,3% 183,1%                                          2,70 

 B3-5  Timetable -10% 110,8% 110,1% 188,1%                                          2,88 

 B3-10  Timetable -10% 110,7% 110,5% 179,7%                                          3,20 

 B4-5  Timetable -10% 110,4% 109,6% 201,7%                                          2,98 

 B4-10  Timetable -10% 110,0% 110,1% 201,7%                                          3,57 

 B5-5  Timetable -10% 110,6% 110,3% 193,2%                                          3,18 

 B5-10  Timetable -10% 110,6% 110,5% 216,9%                                          4,07 

 B6-5  Timetable -10% 111,0% 110,3% 198,3%                                          3,43 

 B6-10  Timetable -10% 109,9% 110,1% 211,9%                                          4,17 

 B7-5  Timetable -10% 110,9% 110,1% 215,3%                                          3,50 

 B7-10  Timetable -10% 110,4% 110,3% 228,8%                                          4,55 

 B8-5  Timetable -10% 111,2% 110,1% 196,6%                                          3,63 

 B8-10  Timetable -10% 109,9% 110,5% 203,4%                                          4,57 

 B1-15  Timetable -10% 111,8% 110,1% 166,1%                                          2,15 

 B1-20  Timetable -10% 111,8% 110,1% 166,1%                                          2,15 

 B2-15  Timetable -10% 110,5% 110,1% 188,1%                                          2,72 

 B2-20  Timetable -10% 110,5% 110,1% 188,1%                                          2,72 

 B3-15  Timetable -10% 110,6% 110,5% 183,1%                                          3,25 

 B3-20  Timetable -10% 110,6% 110,5% 183,1%                                          3,27 

 B4-15  Timetable -10% 110,2% 110,3% 193,2%                                          3,62 

 B4-20  Timetable -10% 110,2% 110,3% 193,2%                                          3,62 

 B5-15  Timetable -10% 109,8% 110,5% 237,3%                                          4,08 

 B5-20  Timetable -10% 110,7% 110,3% 244,1%                                          4,40 

 B6-15  Timetable -10% 109,9% 109,9% 233,9%                                          4,77 

 B6-20  Timetable -10% 110,3% 110,3% 228,8%                                          4,82 

Schedule-0-F Timetable 117,2% 99,1% 67,8%                                        -2,50 

Schedule-0-T Timetable 117,1% 99,4% 62,7%                                        -2,65 

Schedule-0-F Timetable -5% 123,6% 104,5% 72,9%                                         -2,13 

Schedule-0-T Timetable -5% 123,3% 104,5% 66,1%                                        -2,37 

Schedule-0-F Timetable -10% 128,1% 109,2% 84,7%                                         -1,43 

Schedule-0-T Timetable -10% 128,8% 109,2% 76,3%                                         -1,48 

Scheduling orders
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29-05-2016 
Table 28: Simulation results for 26-05 for the current assignment algorithm and diversion strategies 

  

Algorithm Driver set Utilization (%)  Throughput Lateness (%)  Average lateness (min)  

Current Original 111,91%                      1,11 98,97%                                    0,07 

Current Timetable 100,00%                     1,00 100,00%                                       -   

Current Timetable -5% 105,70%                     1,05 100,00%                                    0,28 

Current Timetable -10% 110,14%                     1,10 128,87%                                     2,77 

Diversion-1-2-3  Timetable 95,85%                     1,00 89,69%                                   -0,35 

Diversion-1-2-4  Timetable 95,81%                     1,00 89,69%                                   -0,45 

Diversion-1-2-5  Timetable 96,40%                     1,00 89,69%                                   -0,40 

Diversion-1-2-6  Timetable 96,74%                     1,00 92,78%                                   -0,45 

Diversion-1-2-7  Timetable 97,21%                     1,00 87,63%                                   -0,40 

Diversion-1-2-8  Timetable 97,15%                     1,00 87,63%                                   -0,42 

Diversion-1-2-9  Timetable 97,73%                     1,00 92,78%                                   -0,50 

Diversion-1-2-10  Timetable 98,11%                     1,00 91,75%                                   -0,38 

Diversion-1-5-3  Timetable 97,05%                     1,00 84,54%                                   -0,60 

Diversion-1-5-4  Timetable 96,94%                     1,00 83,51%                                   -0,68 

Diversion-1-5-5  Timetable 97,43%                     1,00 86,60%                                   -0,63 

Diversion-1-5-6  Timetable 97,66%                     1,00 87,63%                                   -0,63 

Diversion-1-5-7  Timetable 97,75%                     1,00 84,54%                                   -0,48 

Diversion-1-5-8  Timetable 97,74%                     1,00 89,69%                                   -0,50 

Diversion-1-5-9  Timetable 97,94%                     1,00 90,72%                                   -0,45 

Diversion-1-5-10  Timetable 98,02%                     1,00 88,66%                                   -0,47 

Diversion-1-2-3  Timetable -5% 100,91%                     1,05 91,75%                                   -0,07 

Diversion-1-2-4  Timetable -5% 100,55%                     1,05 89,69%                                   -0,20 

Diversion-1-2-5  Timetable -5% 101,20%                     1,05 93,81%                                   -0,15 

Diversion-1-2-6  Timetable -5% 101,87%                     1,05 91,75%                                   -0,25 

Diversion-1-2-7  Timetable -5% 102,22%                     1,05 93,81%                                   -0,25 

Diversion-1-2-8  Timetable -5% 102,70%                     1,05 92,78%                                   -0,15 

Diversion-1-2-9  Timetable -5% 102,69%                     1,05 87,63%                                   -0,25 

Diversion-1-2-10  Timetable -5% 103,02%                     1,05 94,85%                                   -0,22 

Diversion-1-5-3  Timetable -5% 102,45%                     1,05 87,63%                                   -0,32 

Diversion-1-5-4  Timetable -5% 101,84%                     1,05 84,54%                                   -0,43 

Diversion-1-5-5  Timetable -5% 102,56%                     1,05 87,63%                                   -0,38 

Diversion-1-5-6  Timetable -5% 102,97%                     1,05 86,60%                                   -0,33 

Diversion-1-5-7  Timetable -5% 102,64%                     1,05 86,60%                                   -0,28 

Diversion-1-5-8  Timetable -5% 102,78%                     1,05 88,66%                                   -0,32 

Diversion-1-5-9  Timetable -5% 103,03%                     1,05 86,60%                                   -0,27 

Diversion-1-5-10  Timetable -5% 103,43%                     1,05 91,75%                                   -0,22 

Diversion-1-2-3  Timetable -10% 105,74%                     1,10 120,62%                                    2,45 

Diversion-1-2-4  Timetable -10% 105,83%                     1,10 117,53%                                    2,43 

Diversion-1-2-5  Timetable -10% 106,19%                     1,10 118,56%                                    2,37 

Diversion-1-2-6  Timetable -10% 106,83%                     1,10 119,59%                                    2,37 

Diversion-1-2-7  Timetable -10% 107,32%                     1,10 120,62%                                    2,43 

Diversion-1-2-8  Timetable -10% 107,25%                     1,10 118,56%                                    2,35 

Diversion-1-2-9  Timetable -10% 107,33%                     1,10 120,62%                                    2,55 

Diversion-1-2-10  Timetable -10% 107,74%                     1,10 124,74%                                    2,62 

Diversion-1-5-3  Timetable -10% 106,96%                     1,10 119,59%                                    2,27 

Diversion-1-5-4  Timetable -10% 106,69%                     1,10 119,59%                                     2,13 

Diversion-1-5-5  Timetable -10% 107,26%                     1,10 119,59%                                    2,20 

Diversion-1-5-6  Timetable -10% 108,12%                     1,10 124,74%                                    2,35 

Diversion-1-5-7  Timetable -10% 107,65%                     1,10 120,62%                                    2,23 

Diversion-1-5-8  Timetable -10% 108,09%                     1,10 124,74%                                    2,42 

Diversion-1-5-9  Timetable -10% 108,42%                     1,10 120,62%                                    2,40 

Diversion-1-5-10  Timetable -10% 108,80%                     1,10 121,65%                                    2,52 

29-5-2016

Diversion algorithm
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Table 29: Simulation results for 29-05 for Buffering Strategy 1 

 

Buffering-1  Timetable 99,59%                     1,00 115,46%                                    0,57 

Buffering-2  Timetable 98,62%                     1,01 111,34%                                    0,87 

Buffering-3  Timetable 97,94%                     1,00 120,62%                                     1,53 

Buffering-4  Timetable 97,83%                     1,01 128,87%                                     1,92 

Buffering-5  Timetable 97,18%                     1,01 140,21%                                    2,62 

Buffering-6  Timetable 97,97%                     1,01 149,48%                                    3,82 

Buffering-7  Timetable 96,28%                     1,00 157,73%                                    3,78 

Buffering-8  Timetable 96,33%                     1,01 169,07%                                    4,97 

Buffering-9  Timetable 96,00%                     1,01 174,23%                                    5,33 

Buffering-10  Timetable 96,59%                     1,01 200,00%                                    6,38 

Buffering-1  Timetable -5% 104,85%                     1,05 117,53%                                     0,77 

Buffering-2  Timetable -5% 104,23%                     1,05 122,68%                                     1,45 

Buffering-3  Timetable -5% 103,71%                     1,05 126,80%                                     1,93 

Buffering-4  Timetable -5% 103,08%                     1,05 130,93%                                    2,20 

Buffering-5  Timetable -5% 102,91%                     1,06 148,45%                                     3,18 

Buffering-6  Timetable -5% 101,96%                     1,05 154,64%                                    4,02 

Buffering-7  Timetable -5% 101,14%                     1,05 174,23%                                    4,30 

Buffering-8  Timetable -5% 101,35%                     1,05 181,44%                                    5,38 

Buffering-9  Timetable -5% 101,30%                     1,06 182,47%                                    5,92 

Buffering-10  Timetable -5% 101,80%                     1,06 230,93%                                     7,37 

Buffering-1  Timetable -10% 110,11%                     1,10 140,21%                                    3,32 

Buffering-2  Timetable -10% 108,83%                     1,10 145,36%                                    3,63 

Buffering-3  Timetable -10% 109,13%                     1,10 153,61%                                    4,65 

Buffering-4  Timetable -10% 108,35%                     1,10 164,95%                                    5,03 

Buffering-5  Timetable -10% 107,75%                      1,11 168,04%                                    5,63 

Buffering-6  Timetable -10% 107,42%                      1,11 178,35%                                    6,37 

Buffering-7  Timetable -10% 107,03%                     1,10 208,25%                                    7,58 

Buffering-8  Timetable -10% 105,96%                     1,10 207,22%                                    7,63 

Buffering-9  Timetable -10% 105,91%                     1,10 228,87%                                    8,73 

Buffering-10  Timetable -10% 106,16%                      1,11 259,79%                                    9,65 

 Buffering Strategy 1 
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Table 30: Simulation results for 29-05 for Buffering Strategy 2 (1) 

  

B1-5  Timetable 99,00%                     1,00 96,91%                                    0,02 

B1-10  Timetable 99,05%                     1,00 101,03%                                     0,13 

B2-5  Timetable 98,87%                     1,00 104,12%                                    0,32 

B2-10  Timetable 98,85%                     1,00 107,22%                                    0,57 

B3-5  Timetable 98,76%                     1,00 102,06%                                    0,45 

B3-10  Timetable 98,17%                     1,00 105,15%                                    0,78 

B4-5  Timetable 98,52%                     1,00 103,09%                                    0,48 

B4-10  Timetable 98,20%                     1,00 108,25%                                     1,00 

B5-5  Timetable 99,08%                     1,00 105,15%                                    0,72 

B5-10  Timetable 98,74%                     1,00 117,53%                                     1,25 

 B6-5  Timetable 98,71%                     1,00 107,22%                                    0,72 

 B6-10  Timetable 98,20%                     1,00 109,28%                                     1,38 

 B7-5  Timetable 98,91%                     1,00 106,19%                                    0,70 

 B7-10  Timetable 98,24%                     1,00 113,40%                                     1,33 

 B8-5  Timetable 

 B8-10  Timetable 97,78%                     1,00 120,62%                                     1,38 

 B1-15  Timetable 98,97%                     1,00 101,03%                                     0,12 

 B1-20  Timetable 98,97%                     1,00 101,03%                                     0,12 

 B2-15  Timetable 98,90%                     1,00 103,09%                                    0,63 

 B2-20  Timetable 98,90%                     1,00 103,09%                                    0,63 

 B3-15  Timetable 98,01%                     1,00 109,28%                                    0,83 

 B3-20  Timetable 97,93%                     1,00 110,31%                                    0,87 

 B4-15  Timetable 98,33%                     1,00 113,40%                                     1,18 

 B4-20  Timetable 98,14%                     1,00 113,40%                                     1,28 

 B5-15  Timetable 98,06%                     1,00 117,53%                                     1,38 

 B5-20  Timetable 98,11%                     1,00 121,65%                                     1,63 

 B6-15  Timetable 98,09%                     1,01 116,49%                                     1,65 

 B6-20  Timetable 97,94%                     1,00 120,62%                                     1,85 

 B1-5  Timetable -5% 104,90%                     1,05 108,25%                                    0,48 

 B1-10  Timetable -5% 103,80%                     1,05 103,09%                                    0,27 

 B2-5  Timetable -5% 105,45%                     1,05 116,49%                                    0,88 

 B2-10  Timetable -5% 104,26%                     1,05 109,28%                                    0,85 

 B3-5  Timetable -5% 104,30%                     1,05 106,19%                                    0,82 

 B3-10  Timetable -5% 104,32%                     1,05 113,40%                                     1,22 

 B4-5  Timetable -5% 104,80%                     1,05 118,56%                                     1,03 

 B4-10  Timetable -5% 103,84%                     1,05 108,25%                                     1,25 

 B5-5  Timetable -5% 104,60%                     1,05 112,37%                                     1,07 

 B5-10  Timetable -5% 103,51%                     1,05 117,53%                                     1,33 

 B6-5  Timetable -5% 104,17%                     1,05 117,53%                                    0,98 

 B6-10  Timetable -5% 104,31%                     1,05 120,62%                                     1,78 

 B7-5  Timetable -5% 104,09%                     1,05 107,22%                                    0,90 

 B7-10  Timetable -5% 

 B8-5  Timetable -5% 

 B8-10  Timetable -5% 103,78%                     1,05 130,93%                                     1,78 

 B1-15  Timetable -5% 103,67%                     1,05 102,06%                                    0,23 

 B1-20  Timetable -5% 103,67%                     1,05 102,06%                                    0,23 

 B2-15  Timetable -5% 104,32%                     1,05 114,43%                                    0,90 

 B2-20  Timetable -5% 104,35%                     1,05 111,34%                                    0,93 

 B3-15  Timetable -5% 103,58%                     1,05 116,49%                                     1,15 

 B3-20  Timetable -5% 103,98%                     1,05 116,49%                                     1,30 

 B4-15  Timetable -5% 103,81%                     1,05 121,65%                                     1,57 

 B4-20  Timetable -5% 103,76%                     1,05 119,59%                                     1,57 

 B5-15  Timetable -5% 102,92%                     1,05 116,49%                                     1,60 

 B5-20  Timetable -5% 103,38%                     1,05 115,46%                                     1,78 

 B6-15  Timetable -5% 104,41%                     1,05 134,02%                                     2,18 

 B6-20  Timetable -5% 104,08%                     1,05 134,02%                                    2,30 

Buffering Strategy 2
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Table 31: Simulation results for 29-05 for Buffering Strategy 2 (2) 

 

  

Table 32: Simulation results for 29-05 for the Scheduling Strategy 

 

 B1-5  Timetable -10% 110,13%                     1,10 131,96%                                     3,10 

 B1-10  Timetable -10% 109,98%                     1,10 138,14%                                    3,23 

 B2-5  Timetable -10% 110,18%                     1,10 140,21%                                    3,28 

 B2-10  Timetable -10% 110,06%                     1,10 141,24%                                    3,47 

 B3-5  Timetable -10% 109,71%                     1,10 140,21%                                    3,35 

 B3-10  Timetable -10% 109,69%                     1,10 142,27%                                    3,68 

 B4-5  Timetable -10% 109,75%                     1,10 146,39%                                    3,43 

 B4-10  Timetable -10% 109,60%                     1,10 139,18%                                    3,75 

 B5-5  Timetable -10% 109,94%                     1,10 141,24%                                    3,57 

 B5-10  Timetable -10% 109,49%                     1,10 144,33%                                    4,08 

 B6-5  Timetable -10% 110,04%                     1,10 148,45%                                    3,62 

 B6-10  Timetable -10% 108,57%                     1,10 156,70%                                     4,10 

 B7-5  Timetable -10% 109,81%                     1,10 151,55%                                    3,57 

 B7-10  Timetable -10% 108,85%                     1,10 156,70%                                     4,15 

 B8-5  Timetable -10% 

 B8-10  Timetable -10% 108,65%                     1,09 167,01%                                    4,27 

 B1-15  Timetable -10% 110,33%                     1,10 140,21%                                    3,30 

 B1-20  Timetable -10% 110,33%                     1,10 140,21%                                    3,30 

 B2-15  Timetable -10% 109,45%                     1,10 144,33%                                    3,42 

 B2-20  Timetable -10% 109,45%                     1,10 144,33%                                    3,42 

 B3-15  Timetable -10% 109,87%                     1,10 148,45%                                    3,07 

 B3-20  Timetable -10% 109,68%                     1,10 147,42%                                    3,85 

 B4-15  Timetable -10% 109,37%                     1,10 148,45%                                    4,03 

 B4-20  Timetable -10% 108,89%                     1,10 145,36%                                    3,98 

 B5-15  Timetable -10% 108,80%                     1,10 153,61%                                    4,32 

 B5-20  Timetable -10% 108,61%                     1,10 155,67%                                    4,33 

 B6-15  Timetable -10% 

 B6-20  Timetable -10% 108,09%                     1,10 165,98%                                    4,62 

Schedule-0-F Timetable 111,97%                    0,99 57,73%                                   -2,62 

Schedule-0-T Timetable 112,01%                    0,99 50,52%                                   -3,07 

Schedule-0-F Timetable -5% 117,23%                     1,04 59,79%                                   -2,35 

Schedule-0-T Timetable -5% 117,22%                     1,04 54,64%                                   -2,88 

Schedule-0-F Timetable -10% 122,90%                     1,09 112,37%                                     0,17 

Schedule-0-T Timetable -10% 122,57%                     1,09 104,12%                                       -   

Scheduling orders
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